Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



Quantitative Markers of Phase Change, and
Modelling the Size and Complexity of Trees

A thesis presented in partial fulfilment of the
requirements for the degree of

Doctor of Philosophy
in
Plant Biology

at the
Institute of Molecular BioSciences
Massey University, Palmerston North,
New Zealand

Milos Sismilich

2001



MASSEY UNIVERSITY

APPLICATION FOR APPROVAL OF REQUEST TO EMBARGO A THESIS
(Pursuant to AC98/168 (Revised 2), Approved by Academic Board 16.02.99)

Name of Candidate: Mides StsmiLicu |.D. Number-: O{TBH'TQ-LH

Beyree. P D Bwpl / luslilute / Sulivl. lnst. Mal. RioScremces
Thesis Title QL\O\U\{"\ = hve [uodf‘(&fs of Phase Cl/\(\\;\.q,i), and
Modratimq tre Sl2e and  Cowple by of Trees .

Name of Chief Supervisor: DY R d/\bx C‘Q,Me Wns Telephone Ext: QASTO .

As author of the above named thesis, | request that my thesis be embargoed from public

access until (date) 21 December Q2 Qo for the following reasons:

E/Thesis contains commercially sensitive information.

[ Thesis contains information which is personal or private and / or which was given on the
basis that it not be disclosed.

F_»?]/immediate disclosure of thesis contents would not allow the author a reasonable
opportunity to publish all or part of the thesis.

@/Other (specify) : Pdfff’ vt Spplicahon Lndss Cosi CIQS'_‘:—‘{—LI‘_‘U\

Nease auslain hare why yau thinli this ragusst is justifiad:
*> Seveval O\‘SDQCJ% of the fResis cowd ecvn R audwgr anvd
ot Um\mﬂm,\. s ntowae. A pribe cted oned dovelsspedt viz. &2 recmcw\g
Sustewn fir avclaite chaga tur&nv\qh\,m the < offiuarte Fr Qe sis
ol dafa ond Dava wmofE e calcuwatan ,' e NOWel PGverh@)‘:'q_nu MQ}&;?&A

Gnd e Kuow-uao Associctams orh Ge use of (oaa,
%GC(J\QLC(!.) Q.(-E’S-

&Q Ak
2‘) Bac cuise o-f PexS cﬂﬂlﬁé»{» c,c;big;f:g,w:} 4)1” ‘M\/) weft k]_DL--'L\_ PUSS ble ‘!\_, Mﬂﬂﬁs‘u
Signed (Candidate): Ao e ' Date: <& <2 22/
Endorsed (Ch/nczf/Superwsor) 2 NEAMAAATY y Date: [ 9 10(5_(

Approved / NetsAppreved (Representative of VC). ///L, é}t.:’,l Date: __ (] /"[’ 2001

Note: Copies of this form, once approved by the representative of the Vice Chancellor, must
be bound into gvery copy of the thesis.

[MURET app! form Disk 15]



ABSTRACT

Quantitative markers of ontogenetic phase change were sought to track the
restoration of the adult state in plants of Metrosideros excelsa (pohutukawa) that
had been rejuvenated by micropropagation (plantlets). The potential markers of
leaf carbon isotope discrimination and tree architecture were examined in
association with leaf morphology for plantlets, and juvenile and adult plants at a
range of temperatures (32/24, 24/16 and 16/8 °C day/night). Changes in leaf
morphology of plantlets and juvenile plants that were indicative of vegetative
phase change were associated with a decrease in carbon isotope discrimination.
Phase change, judged by these two markers, occurred most rapidly at 24/16 °C,
and in plantlets faster than in juvenile plants. Adult plants showed long-term

stability.

It was hypothesised that phase change could be quantified by changes in plant
growth rate, expressed through canopy topological size and complexity
parameters. A model of tree architecture (the Metrosideros Model) was developed
that would allow tree size and 2D structural complexity to be recorded and
analysed quantitatively. A further hypothesis was that juvenile plants and plantlets
must attain a certain size and/or structural complexity before passing to the adult
state and this was evaluated using the Metrosideros Model. Dynamics of growth
and structural change were examined using both non-linear and linear analyses.
The Metrosideros Model was successfully tested, confirming the hypothesis of
quantitative differences between juvenile plants, plantlets and adult plants in
structural complexity and branching patterns. The model was able to separate
parameters of plant size from those of structural complexity. Complexity was
indicative of ontogenetic state, and tracked the progress of phase change in
Juvenile plants and plantlets independently of temperature. Adult plant parameters
of structural complexity, as 8'*C, also remained stable at all temperatures. On the
other hand, the growth rate of size parameters was not associated with phase

change, but was responsive to temperature.

It was concluded that while leaf morphology, carbon isotope discrimination and

crown architecture can be used to track phase change, each relates to a program of



change that might occur largely independently of others. Crown architecture was
less affected by temperature than were leaf characteristics, and was, therefore, the

most reliable marker of phase change of those studied.
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Plate 1 Metrosideros excelsa (pohutukawa), the New Zealand Christmas tree



