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2 INTRODUCTION

This report provides an overview of activities, challenges, highlights, and project status for the year
2020 for the Hans Merensky Chair in Advanced Modelling of Eucalypt Wood Formation (or EucXylo).
This year, the year of COVID-19, has been unprecedented. No sooner had new team members
arrived for the academic year, when we were all separated by the stage 5 lockdown in March 2020.
Building the Team was suddenly far more challenging than anyone could have imagined!

While everyone did a great job of keeping busy and active, getting on as best they could with their
lives and project work, lockdown took its toll. Many students began to feel major effects on their
physical and mental health, and their ability to focus on their projects was, inevitably, affected. The
same was also true of staff members. At least four staff and students have had to seek professional
counselling and/or medical support for their mental health. It has been difficult to operate as we
had planned.

Several trips were cancelled which would have made a big difference to our research activity. Dr.
Leandra Moller’s planned trip to Germany and France, where she was to familiarise herself with
equipment and techniques at labs doing advanced xylogenesis research, was cancelled. We remain
unsure when/if this can take place. Dr. Dave Drew’s trip to Sweden to establish a closer alliance with
the world-leading group at Umea was also cancelled and may not be possible in the future. An
international conference, planned in Stellenbosch in June 2020, and where some of our students
were to present, could not be run. We had secured independent funding to bring over Dr. Giai Petit,
an expert in the field from the University of Padova (Italy), to visit as part of that meeting and work
closely with some of our students, which could not happen.

But despite these many challenges, 2020 has also seen many successes and a great deal of truly
encouraging progress in all areas of our research. The EucXylo project is well on its way.

3 THE EUCXYLO TEAM

In total, ten students and one post-doctoral fellow have been appointed to projects in EucXylo
during 2020 (Table 1). During this year, Dr Drew has expanded the base of support for EucXylo via
additional student funding from a combination of consortium funding, managed by Forestry South
Africa, and the Faculty of Agrisciences. One student was also supported by funding through the
African Institute of Mathematical Sciences (AIMS). In 2020, five students have been (or allocated to
be) fully supported by funding from Hans Merensky Foundation.



TABLE 1: EUCXYLO STUDENTS ADMITTED OR REGISTERED IN 2020.

2021 due to difficult family
circumstances

by HMF

Student Project status Funding/support | Research/modelling
arrangements scale
Gakenou, M.Sc. (Proposal accepted) Funded by the Stand-level
Oluwaseun DST SIF/Forestry
South Africa
Gama, Gugu | Provisional admission granted but Ph.D. | To be fully Cell- to tissue-level
registration delayed to January 2021 supported by
due to circumstances with M.Sc. and HMF
COVID-19
Katati, Sylvia | Ph.D. Student unlikely to re-register in Fully supported Cell- to tissue-level

Keret, Rafael

Registered in July 2020 (Proposal
presentation to be given in 2021)

Fully supported
by HMF

Molecular to tissue-
level

Mandigora, Ph.D. (Proposal accepted and finally Industry Within-tree- to
Brian admitted) consortium + stand-level
some tail-end
support from
HMF
Mfuni, Tiza M.Sc. (Year 1 in 2020 via PGD with Funded by the Stand- to landscape-
proposal) DST SIF/Forestry | level
South Africa
Mhlabane, Project completed (AIMS structured AIMS Cell- to tissue-level
Fezile single-year M.Sc.)
Saunders, Ph.D. (Proposal accepted — final Fully supported Organ- to plant-
Alta admission expected after October by HMF level
Faculty Committee meeting)
Sibiya, Gabi | M.Sc. (Due for submission end of 2020) Industry Stand-level
consortium +
Faculty of
Agriscience
Tonkin, M.Sc. (Proposal presentation delayed — Fully supported Plant-level
Chris now due end of 2020) by HMF

Of our ten 2020 students, 50% are female. Three of these students are black South Africans, one is a
black siSwati and the fifth is a white South African. Of the male students, three are black (Nigerian,
Zambian and Zimbabwean) and the remaining two are white South Africans. Dr. Kim Martin, the
current post-doctoral fellow, is a white South African female. Dr. Leandra Moller, the technical
officer who supports all projects, is also a white South African female.

Ms. Gugu Gama (Black, South African female), who already obtained admission for her Ph.D. studies,
could not register in 2020 because of unforeseen circumstances related to the COVID-19 lockdown.
She will register in January 2021 to undertake her Ph.D. with EucXylo. She is currently looking for
accommodation and aims to travel to Stellenbosch early in 2021.

A detailed update on individual project progress by students, where applicable, is given below under
“Project progress”.




3.1 WEEKLY MEETINGS

During the early phases of lockdown, a weekly meeting was instituted on a Monday morning via the
Microsoft Teams platform (Figure 1).
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FIGURE 1: A MONDAY TEAMS MEETING EARLY IN THE LEVEL 5 LOCKDOWN. NOT ALL TEAM MEMBERS COULD
PARTICIPATE DUE TO CONNECTIVITY ISSUES; WITH THE EASING OF COVID CONSTRAINTS, WE’VE THANKFULLY BEEN ABLE
TO START MEETING (MOSTLY) IN PERSON.

This has subsequently transitioned to become (as originally planned) a dual medium (face-to-face +
online) gathering. It has played a very valuable part in building a team dynamic and keeping track of
what the group is doing. A structured approach has been taken, with each meeting having an
agenda. All team members, students and staff, are tasked on a rotational basis with different roles
or tasks:

e Chairing the meeting: it is a valuable skill for our students to learn how to lead and control a
meeting.

e Presenting an “elevator pitch”: a brief and pithy summary of an interesting, pertinent
research paper.

e Presenting a “journal club presentation”: detailed analysis of relevant, recent research
work.

e Project discussions: A brief but comprehensive overview of new developments, progress and
challenges in student projects.



e A written piece discussion: Students write a short scientific piece, and the group makes
comments and corrections. This is discussed in the meeting. We are planning to transition
this to a periodic “writing workshop”.

e Open topic: Any subject of interest to the group. Topics have included: how to do a
presentation, data management and professional etiquette.

3.2 TEAM-BUILDING IN A DIFFICULT YEAR

Keeping the team motivated was an important priority, particularly during lockdown, as many
people suffered quite serious mental health and other issues during the first two levels of lockdown.
Once the lockdown regulations had been adjusted, so that it was possible to do so, we organised
some local trips in the open air!

The first of these was a trip in August to Paarl Mountain, when most of the team hiked to the top of
“the rock” (Figure 2). It was extremely helpful to have the group physically together again after
months in forced isolation. The second trip was a refreshing visit to our own Stellenbosch University
botanical garden to have a look at some interesting botanical specimens and show the students
some large and inspiring eucalypts and other trees!

FIGURE 2: THE EUCXYLO TEAM, MASKED BUT HAPPY, ON THE TOP OF PAARL ROCK (LEFT) AND CONSIDERING THE
PHYSIOLOGICAL MYSTERIES OF A BONSAIED DECIDUOUS SWAMP CYPRESS AT THE STELLENBOSCH BOTANICAL GARDEN
(RIGHT).

3.3 NEW POST-DOCTORAL FELLOW (PDF)

In October, we appointed the second Hans Merensky EucXylo PDF, Dr. Letitia Schoeman (Figure 3).
This post-doctoral fellowship will focus on the complex problem of non-destructive imaging and
measurement of the eucalypt cambial zone. The ideal outcome of Letitia’s fellowship will be to
develop or enhance techniques that allow cambial zone characterisation in living plants.
Technologies that can potentially be employed in this problem include X-ray CT scanning and PET-
MRI. Cutting edge microscopic and alternative sample preparation techniques will also be explored.
Successful “live cell imaging” in the cambial zone would be a revolutionary step in xylogenesis
research and would be a step change in xylogenesis modelling. The work will be conducted in
collaboration with Prof. Jan van der Bulcke at the University of Gent, Belgium, who is pursuing
similar research.



FIGURE 3: NEW POST-DOCTORAL FELLOW, DR. LETITIA SCHOEMAN.

Letitia has previously developed non-destructive techniques for imaging cell structure and internal
properties in fruit and other plant structures. From the short-list, and in the interview process,
Letitia stood out as an exceptional candidate. She achieved her undergraduate degree with
distinction and was allowed to upgrade her M.Sc. to a Ph.D. degree because of its very high quality.
All applicants were required to submit a brief essay describing their vision for the research. Letitia’s
submission was outstanding, clearly distinguishing her as a researcher and scholar of the highest
calibre. She will begin in this position from February 2021.

3.4 ANTICIPATED NEW STUDENT RECRUITS

Offers have been made to two new students, Ms. Fezile Mhlabane (Black, siSwati female) and Ms.
Tarryn Surajpal (Indian, South African female) to join the EucXylo team to undertake M.Sc. degrees
registered through Applied Mathematics. It is expected that Fezile will build on the work she did in
her AIMS degree in 2020, possibly extending the simple morphogenic gradient modelling to 2-D.
Tarryn’s possible project is not yet decided. The students have not confirmed their acceptance, but
we expect confirmation by early November 2020 from both students.

We are also advertising for a new PhD student to begin in the first half of 2021. We will be targeting,
if possible, a black South African for this position. This student will be asked to develop a project
around the phenomenological trial.

3.5 CEASING STUDENT

Ph.D. student, Mrs. S. Katati, unfortunately made the decision in October 2020 to abandon her
studies and leave the EucXylo team. Mrs. Katati experienced several bereavements in her
immediate and extended family between May and October of 2020. Her current family situation
remains very difficult, and she felt that it would remain so. She believes she can no longer pursue
her studies under the circumstances. She has stated that she is not in a position to repay the
scholarship she received (in full) for her first year as a Ph.D. student, which is a difficult situation.

We are presently awaiting further information from the student, and a formal signed confirmation of
discontinuation of studies.



4 PROJECT PROGRESS

4.1 INTEGRATED MODELLING OF GROWTH AND WOOD FORMATION IN EUCALYPTS

This overview project is being led by Dr. Kim Martin. It is focused on developing approaches to allow
the integration between multiple models operating at varied scales and different levels of
aggregation and detail. An interesting modelling problem, which Dr. Martin is exploring, is how to
handle the interaction most efficiently between differentiating xylem cells in 3-D.

4.1.1 Exploratory R model

To gain familiarity with some of the key components, processes and data flows to be taken into
account in holistically modelling eucalypt xylogenesis, and as a catalyst for discussion within the
group, Dr. Martin wrote a collection of short R scripts coding a parsimonious exploratory model of
xylogenesis (see Figure 4). For ease of modification, the model was written in a modular way; the
code was divided into a series of R scripts, each of which contains the functions that are responsible
for distinct components of the xylogenesis pathway.
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FIGURE 4: SIMPLE R MODEL OF XYLOGENESIS. THE OUTPUT IS A SERIES OF PLOTS OF THE DEVELOPMENT OF A SINGLE
RADIAL FILE, SHOWING CELL TYPES, STATES, AND WALL THICKNESS (ALL REPRESENTED IN THE BOTTOM PART OF EACH
PLOT), ALONG WITH RELATIVE AUXIN LEVELS IN EACH CELL.

This early version uses only a varying auxin level, an important question to test in EucXylo. Levels in
each cell emerge as a result of the rates of transport between cells in the file (via the apoplasm),
with efflux and influx transport rates as variables that are tracked independently for each cell. The
auxin levels control key transitions in cell state (e.g. from meristematic to enlarging; from enlarging
to wall-thickening) and cell type (e.g. from xylem mother cell to fibre). The model provides a basis
for exploring hypotheses relating to these phenomena.

While this simple model continues to inspire discussion and exploration of the processes and
parameters of interest (and also on the subject of the choice of different data structures for efficient



simulation), it has significant limitations, especially since it is effectively one-dimensional
(representing a single file or 'queue’ of cells).

Most attempts made to simulate xylogenesis to date have been performed with two-dimensional
models (representing a horizontal slice through a tree trunk), which themselves miss out on
significant, important relationships and processes running along the vertical axis: EucXylo see this as
a key frontier for xylogenesis simulation, and one that we intend to explore. One avenue that we are
currently looking at is represented by the VirtualLeaf algorithm first published in 2011 by Merks et
al. !, which has since been applied by other research groups, including in the field of xylogenesis. The
VirtualLeaf algorithm is notable in that it explicitly includes the interplay between cell wall elasticity
and turgor pressure (key features in plant development), and it is also able to accommodate
representations of important processes, such as the transport of auxin between cells (Figure 5).
While VirtualLeaf is itself a two-dimensional representation, we are interested in the potential of
adapting it to at least a partial representation of 3-D xylogenesis.

FIGURE 5: EXAMPLE OUTPUT OF THE VIRTUALLEAF SOFTWARE PRODUCED BY MERKS ET AL. - DEPICTING AUXIN DRIVEN
GROWTH.

4.1.2 ModMap

Dr. Martin is currently exploring an approach to visualise models and their interrelationships based
on a flexible annotative format and an R script, whereby 'atomic facts' and relationships are
recorded as specially-formatted text annotations in situ (within text files which may be prose or
code). These are subsequently extracted and compiled by what we have called the ‘ModMap’ script
into a single network, which can then be visualised using the powerful, open-source Cytoscape tool
(https://cytoscape.org/) (see Figure 6).

! Merks, R. M., Guravage, M., Inzé, D., and Beemster, G. T., 2011. VirtualLeaf: an open-source
framework for cell-based modeling of plant tissue growth and development. Plant physiology, 155(2),
p656.


https://cytoscape.org/
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FIGURE 6: SIMPLE EXAMPLE OF A NETWORK, WHICH HAS BEEN COMPILED FROM TEXT ANNOTATIONS IN SIX SEPARATE
PLAIN-TEXT FILES, EACH OF WHICH CONTAINS SUPPORTING INFORMATION FOR EACH 'ATOMIC FACT' REPRESENTED BY
EDGES (LINES) LINKING NODES (SHAPES). THIS NETWORK REPRESENTS AN OVERVIEW OF THREE SEPARATE MODELS (EACH
COLOUR-CODED), SHOWING ONLY THEIR INPUTS AND OUTPUTS (THE SMALLER COLOURFUL NODES) ALONG WITH THE
RELEVANT 'QUANTIFIABLE CONCEPTS' THAT THE INPUT/OUTPUT VALUES REPRESENT (THE COLOURLESS NODES).

Cytoscape is an open-source software platform that is widely used for visualising and analysing
complex networks, with features such as automatic layout algorithms, and sophisticated search and
filter functionality. Nodes representing successive levels of detail of models can be grouped and
'folded' to present a simplified view for more high-level visualisation of relationships between
models and concepts (see Figure 7).
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UNFOLDED FOLDED

FIGURE 7: NETWORK REPRESENTING THE RELATIONSHIPS BETWEEN THREE DIFFERENT MODELS (EACH COLOUR-CODED),
SHOWN AT LEFT WITH INPUT/OUTPUT VALUES EXPLICITLY SHOWN, AND AT RIGHT WITH THE INPUT/OUTPUT VALUES
FOLDED AWAY TO SIMPLIFY THE VIEW.

Given the flexibility of the approach of compiling networks from text annotations, it is possible to
represent relationships between concepts that are not (yet) represented by code; conceptual
models and key findings from the literature can be visualised alongside the network representations
of computational models (see Figure 8). This will be valuable in highlighting where existing models
lack important information, and in inspiring hypotheses or ideas for new models.

Effectve —
_INC{E;§k - | carboxylation |- uvué EAaES
~—’ - = -
i o i

i

Environmental
variahlas )

_IN c@%Es_

/
/ ; -
1
/ // ~
/
/ y _—
] . l
coz | Max
Air Relative Solar Wind Atmospheric compensation electran Atmaspheric
lemperature humidity radiation speed pressure point transport P2 concentration|
rate
T \\J\ ~_ ™~
— — —~ ~ ~
k / [T~ ~ ~ ~ ~ ~ ~

FIGURE 8: PART OF THE EXAMPLE NETWORK SHOWING A NUMBER OF 'QUANTIFIABLE CONCEPTS', DEMONSTRATING HOW
CONCEPTS CAN BE LINKED TOGETHER TO REPRESENT RELATIONSHIPS. IN THIS EXAMPLE, AIR TEMPERATURE AND
ATMOSPHERIC O; CONCENTRATION BOTH INCREASE THE EFFECTIVE CARBOXYLATION KM RATE CONSTANT, WHICH IN
TURN IS HYPOTHESISED TO INCREASE THE CO; COMPENSATION POINT.

Developing this approach to incremental model development in EucXylo is intended to have some of
the following applications:

e tracking how variables/data are passed between different modules/models, even if written
in different programming languages;
e comparing different versions of the same model side by side;
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e linking variables in models to concepts from the literature (ensuring clarity in
representation);

e connecting concepts in the literature together to highlight where models might be missing
important connections;

e visualising hypothesised / planned models in context prior to writing code (ideally,
annotations in this case can serve as high-level pseudocode).

4.2 PHOTOSYNTHETIC AND HYDRAULIC TRADE-OFFS DURING DROUGHT RECOVERY IN EUCALYPTS

This project is being led by Ph.D. candidate, Alta Saunders. Alta is focusing on optimisation models
of assimilation and stomatal conductance in eucalypts (Figure 9). She will give particular attention to
how timing/effects of post-drought recovery in the xylem impacts subsequent stomatal
conductance, and how this relates to variable drought sensitivity between eucalypt varieties. She is
paying a great deal of attention to hydraulic properties in the functional xylem.

‘?(L“a.(r

FIGURE 9: ALTA SAUNDERS BUSY SETTING UP THE LI-COR 6400 IN THE EUCXYLO LABORATORY.

Alta presented her proposal on 12 August 2020 to an open audience and her defence panel. It was
extremely well received. From Prof Shayne Jacobs, a plant physiologist at the Faculty of Agrisciences
she received the comment “Really great project proposal, and very interesting work, all the best
with the research.” Prof Guy Midgley, an NRF A-rated biological scientist, made the comment that
“this was exactly what a PhD should be: excellent, fundamental research exploring new areas and
with the potential to lead to very exciting new findings”. Her application for final admission will be
finally considered at a Faculty Board meeting in November 2020.

Alta has already produced a draft of her first manuscript, in which she has made use of micro CT-
scanning to detect the recovery of individual vessels from drought-induced embolism (Figure 10). In
concert, she has completed a range of physiological measurements and microscopic work, exploring
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the role xylem physiology plays in different drought tolerance, and recovery strategies, between E.
grandis X E. camaldulensis and E. grandis x E. urophylla hybrids (Figure 11).

FIGURE 10: 3-D RECONSTRUCTIONS OF X-RAY CT SCANS OF A PORTION OF LIVING STEM IN A YOUNG EUCALYPT. THE
EMBOLISED VESSELS CAN BE CLEARLY SEEN AS BLACK POINTS OR LINES.

FIGURE 11: STAINS SHOWING WATER MOVEMENT (RED COLOURING) BETWEEN TISSUES AROUND XYLEM VESSELS (LEFT),
EMBOLISED (RED DOTS)) AND RECOVERED (GREEN DOTS) VESSELS (MIDDLE) AND VESSELS WHICH EMBOLISED (YELLOW
COLOURING) OR NEVER EMBOLISED (WHITE) (RIGHT) IN A EUCALYPT HYBRID.
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4.3 CAMBIAL DYNAMICS IN EUCALYPTS IN RESPONSE TO VARIED WATER AVAILABILITY OR
TEMPERATURE

This project was being led by Ph.D. candidate Sylvia Katati. She had begun working with an available
dataset, which contains detailed measurements of stem growth, environmental variables, and leaf
water potential for Eucalyptus cladocalyx exposed to six cycles of drought and re-watering. A large
number of cambial samples were taken from the trees by a previous student and microscopic images
were produced. Sylvia was in the process of getting an overview of how cells properties in these
time-series of images relate to the environmental and growth data and was developing image
analysis procedures (Figure 12). This was very difficult for her, but she was building an exciting new
skillset with help from the EucXylo team. A second study was being planned during which a detailed
investigation of temperature effects on cambial activity would’ve been made, using the controlled
growth chamber in the EucXylo laboratory. Aspects of this project will be transferred to another
student (possibly Ms Gama).
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FIGURE 12: CAMBIAL IMAGES, TEMPERATURE AND LEAF WATER POTENTIAL MEASUREMENTS AND STEM GROWTH DATA
IN E. CLADOCALYX DURING TWO CYCLES OF DROUGHT AND RE-WATERING (TOP). A MICROSCOPY IMAGE OF RECENTLY
FORMED FIBRES AND VESSELS, AND CAMBIUM (RIGHT), SEGMENTED INTO A BINARY IMAGE FOR ANALYSIS AND
MEASUREMENTS (LEFT).
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4.4 THE COMPARATIVE VALUE OF USING 3PG AS A MODEL OF STAND-LEVEL GROWTH AND
WOOD FORMATION IN HYBRID EUCALYPTUS GRANDIS X UROPHYLLA

Oluwaseun Gakenou, who is leading this project, successfully proposed his M.Sc. thesis research to
his panel on 22 July. He has made excellent progress in setting up the well-known 3PG process-
based growth model for Eucalyptus grandis x urophylla in coastal Zululand, KwaZulu-Natal. He has
also set up a number of other models, as a basis for comparison with 3PG, including an FAO model
which has been similarly tested in Brazil. Oluwaseun has rapidly developed his skills in R, and has
pioneered the use of the new 3PG package which was recently released on CRAN (Figure 13).
Oluwaseun has already completed a full set of model runs using Brazilian parameters for Eucalyptus
grandis x E. urophylla at several South African sites and had encouraging results (Figure 14).

FIGURE 13: A MODEL RUN IN R (USING RSTUDIO) WITH THE R3PG PACKAGE.
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FIGURE 14: COMPARISON OF PREDICTIONS OF STAND TIMBER VOLUMES FOR E. GRANDIS X UROPHYLLA PREDICTED BY 3PG
COMPARED TO MEASUREMENTS MADE IN FIELD.
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https://cran.r-project.org/web/packages/r3PG/index.html

4.5 PRIORITY OF CARBON ALLOCATION TO STEM WOOD IN TWO CONTRASTING EUCALYPT
HYBRIDS

This project is being led by M.Sc. candidate Christopher Tonkin. The project is being co-supervised
by Professor Guy Midgley (Department of Botany, Faculty of Science).

The driving factors behind why eucalypts are highly productive, in terms of wood formation, are still
predominantly unknown. The objectives of this study are to grow two different eucalypt hybrids
with different growing strategies (fast growing vs. slow growing) and determine the differences in
carbon uptake, biomass allocation and water use efficiency (WUE) between the clones. The second
objective is to determine the effect that Climate Change induced drought will have on the
productivity, carbon uptake and biomass allocation of the eucalypts. This will be studied in a
greenhouse environment by subjecting Eucalyptus grandis x E. longirostrata and Corymbia henryii x
C. torelliana (Figure 15) clones to a weekly drought treatment for four months. Several parameters,
e.g. growth, stomatal conductance and photosynthetic rate (to name a few) will be monitored
during this time.

FIGURE 15: THE EUCALYPTUS AND CORYMBIA PLANTS THAT CHRIS TONKIN WILL BE STUDYING.

4.6 CLIMATE SENSITIVE MODELS FOR PREDICTING FUTURE FOREST GROWTH, YIELD AND WOOD
PROPERTIES IN EUCALYPTUS PLANTATIONS

This project is being led by Ph.D. candidate Brian Mandigora. Brian is developing an approach to
model short-term variation in wood properties, including wood density, as a function of prevailing
environmental conditions at the time of the formation of the wood. This is technically challenging in
eucalypts, as many species (and particularly hybrids like E. grandis X E. urophylla in sub-tropical
conditions) do not produce annual rings. Brian is using an innovative approach to link detailed
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dendrometer data (measurements made weekly or 2- weekly over four years) to small portions of
wood along a radial profile to environmental conditions at particular time (Figure 16).
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FIGURE 16: ASSESSING THE TIMING OF VARIATIONS IN WOOD FORMATION LEADING TO WOOD DENSITY FLUCTUATION IN
RELATION TO GROWTH RESPONSES IN EUCALYPTUS GRANDIS X E. UROPHYLLA.

4.7  INTRA-CELLULAR MOLECULAR MECHANISMS INVOLVED IN VESSEL DETERMINATION IN EUCALYPTUS GRANDIS

This project is being led by Ph.D. candidate Rafael Keret. He is being co-supervised by Dr. Paul Hills
(Institute of Plant Biotechnology, Faculty of Science).

Rafael is currently developing his proposal. The project direction which he is likely to take will test
the hypothesis that vessel development is linked to canalisation of key hormonal signals leading to
variable expression, location and activity of aquaporins, as well as various wall loosening enzymes.
Rafael plans to explore the questions he is formulating by comparing trees grown under controlled
growing conditions (Figure 17), testing moderate drought with trees not exposed to drought at all,
which can be expected to lead to wood with very different types and frequencies of vessels.

Unfortunately, the kick-off of Rafael’s project was delayed by COVID-19. He only registered in June
2020 and expects to finish midway through 2023. He has started pilot testing and technique
development work.
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FIGURE 17: RAFAEL HAS BEEN TESTING PROGRAMS AND MACHINE FUNCTIONING, AS WELL AS MEASUREMENT AND
SAMPLING TECHNIQUES, USING SOME EUCALYPTUS GRANDIS PLANTS IN THE CONTROLLED GROWTH CHAMBER IN THE
EUCXYLO LAB.

4.8 UsSING THE CABALA MODEL IN SOUTH AFRICAN EUCALYPT PLANTATIONS

Gabi Sibiya is leading this project to parameterise and test the CABALA process-based growth model
for sub-tropical hybrid Eucalyptus grandis x urophylla in coastal Zululand in South Africa. She is now
at an advanced stage and plans to submit her thesis for graduation in March 2021. Gabi did
extensive measurements of allometric relationships in field-grown eucalypts, and took a
comprehensive set of soil samples for analysis, which furnished her with a valuable set of skills quite
rare in the scientific community in forestry. She has dramatically increased her capability to use R,
becoming confident to script her data analysis. The model has shown potential, although Gabi’s
thesis draws attention to the complexity of the model and its use as a commercial tool.

4.9 A MATHEMATICAL MODEL OF WOOD GROWTH BASED ON 1-D MORPHOGENETIC GRADIENTS

This project was undertaken by Fezile Mhlabane as the “mini-thesis” portion of her structured one-
year M.Sc. program offered under the auspices of the AIMS program, through Stellenbosch
University. These single year M.Sc. AIMS degrees are generally considered equivalent to an Honours
degree. The work was co-supervised by Dr. Nick Hale and Dr. Andie De Villiers (Applied
Mathematics, Faculty of Science). Fezile successfully implemented an algorithm based on an existing
model of cambial and xylem developmental dynamics first published by Hartmann et al. (2017)?
(Figure 18). This model has potential to be further developed, perhaps by Fezile in a follow-up study,
for eucalypts. She submitted her thesis and was awarded her degree earlier this year.

2Hartmann, F.P., Rathgeber, C.B., Fournier, M. and Moulia, B., 2017. Modelling wood formation and
structure: power and limits of a morphogenetic gradient in controlling xylem cell proliferation and
growth. Annals of forest science, 74(1), p.14.
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FIGURE 18: PROCESSES MODELLED AT EACH TIME-STEP IN FEZILE’S IMPLEMENTATION OF THE ALGORITHM OF HARTMANN
ETAL. (LEFT) AND AUXIN CONCENTRATION PROFILES, AS MODELLED BY FEZILE, FOR THE EACH POSITION IN A MODELLED
XYLEM CELL FILE AT 0 AND 80 DAYS (RIGHT).

5 WEBSITE AND INFORMATICS

5.1.1 Website

We have been building and curating a website to showcase the EucXylo project. The website
includes an active blog component where the team posts interesting articles, updates on activities,
and opinions or ideas. The website can be found at the following link:
https://blogs.sun.ac.za/eucxylo.

In addition to the website, EucXylo members have been exploring the potential of a number of social
media platforms for raising the profile of the group. We see these platforms as a very significant
component in our ongoing need to recruit students and post-doctoral fellows:

e Linkedln (https://www.linkedin.com/company/eucxylo),

e Twitter (https://twitter.com/EucXylo),

e Facebook (https://www.facebook.com/eucxylo), and

e  YouTube (https://youtube.com/channel/UCkC7z0eMI6-ky5zYuyGzeUw).

Over the past three months, over 30% of visitors to the EucXylo website arrived following links that
had been shared on various social media platforms; the majority from Facebook, but also from the
other platforms listed above. Over the same period, the website has had visitors from 36 countries,
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in addition to those from South Africa, of which approximately 1/6 were in other countries within
Africa. The majority of visitors from other countries were in the United States (~33%) and Europe
(~33%), although there were also visitors from elsewhere in the world (Figure 19).

- 4

1 . 124

FIGURE 19: MAP SHOWING THE LOCATION OF VISITORS TO THE EUCXYLO WEBSITE BETWEEN 3 AUGUST AND 19 OCTOBER
2020, TAKEN FROM GOOGLE ANALYTICS. THIS HIGHLIGHTS THE POTENTIAL VALUE OF THE WEBSITE AND LINKED SOCIAL
MEDIA PLATFORMS FOR RAISING THE PROFILE OF EUCXYLO INTERNATIONALLY, AND POTENTIALLY AIDING IN RECRUITING
NEW STUDENTS AND COLLABORATORS.

5.1.2 Data management

The initiative led by Drs. Moller and Martin to establish a Microsoft Teams-based 'Electronic Lab
Notebook' (ELN) for the use by all the students has been a great success, both in promoting clear
recording of work done by students, and in assisting senior EucXylo members (and co-supervisors
outside EucXylo) to efficiently supervise and mentor students together (Figure 20).
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FIGURE 20: SCREENSHOT OF ONE OF THE STUDENTS' TEAMS-BASED 'ELECTRONIC LAB NOTEBOOK'. MICROSOFT TEAMS
ALLOWS EACH STUDENT TO ORGANISE AND SHARE FILES IN DEDICATED 'CHANNELS' (SHOWN LISTED AT THE LEFT), AND TO
HAVE STRUCTURED DISCUSSIONS WITH EUCXYLO’S SENIOR MEMBERS ABOUT THEIR ONGOING WORK.

The organization of the students’ ELNs was standardised through discussion with students (including
types and naming conventions of Channels, folder contents and organisation, and basic
documentation including overviews of Channel contents), and the creation of an elaborate 'working
example' for demonstration purposes.

As discussed in the previous report, we intend to use the Teams ELNs as a platform to assist students
to prepare their datasets for finally uploading into suitable data repositories for permanent storage
with all associated metadata, in order to promote re-use and collaboration. Several datasets are in
the process of being prepared for submission, and the current repository-of-choice is the Open
Science Framework (OSF), an attractive platform provided as a free service by the non-profit Center
for Open Science ( https://www.cos.io/ ).
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6 EQUIPMENT, FACILITIES AND EXPERIMENTAL INFRASTRUCTURE

6.1 MEDIUM-TERM TREE PHENOMENOLOGICAL TRIAL

An important experiment which will provide a detailed dataset for model calibration and validation
is the so-called “phenomenological trial”, for which the trees have now been planted. This will
involve the detailed monitoring, over a period of 18 — 24 months, of growth, wood formation and a
range of physiological responses in 12 Eucalyptus trees grown in large, 1000 L bags to allow them to
reach a relatively large size and grow rapidly (Figure 21). We intend for this experiment to form the
basis of one PhD project on its own, but also to provide calibration and validation data for other
student projects. The experiment, designed as a Latin rectangle, will compare behaviour over this
period between four species/hybrids: E. grandis, E. urophylla, E. grandis X E. urophylla and E. grandis
X E. nitens. Two clear contrasts can be considered:

e The dynamics of the two distinct species (E. grandis vs. E. urophylla) can be investigated by
comparing their behaviour with that of the hybrid (E. grandis x E. urophylla) between these
two species.

e Second, the differences between hybrids can be explored by comparing a cold tolerant
hybrid (E. grandis x E. nitens) to a hybrid bred for sub-tropical and tropical deployment (E.
grandis x E. urophylla), as well as by comparing their dynamics to non-hybridised E. grandis.
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FIGURE 21: LAYING THE BLOCKS (TOP LEFT) AND MIXING THE SOIL (TOP RIGHT) FOR THE EUCALYPT “PHENOMENOLOGICAL
TRIAL”. DR. DREW FINISHING THE PLANTING OF THE LAST LITTLE TREE (BOTTOM).

6.2 ECOPHYSIOLOGICAL AND ENVIRONMENTAL EQUIPMENT

6.2.1 LI-COR LI600 Porometer/Fluorometer

In a 50/50 cost-share arrangement with Prof. Guy Midgley (Department of Botany, Faculty of
Science) a new LI-COR LI600 porometer/fluorometer was purchased in August 2020 (Figure 22). The
LI-600 is a compact porometer, measuring stomatal conductance, and includes a Pulse-Amplitude
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Modulation (PAM) fluorometer for estimating chlorophyll A fluorescence. The instrument is a
brand-new release from LI-COR (we hope to publish some of the first work in which it is used). Itis
perfectly suited to the time-response type research we’re doing in EucXylo, as it allows researchers
to take a measurement in seconds, and thus to perform multiple replications rapidly and repeatedly.

FIGURE 22: THE NEW LI-COR LI-600 WHICH WILL BE A CRITICAL TOOL FOR SEVERAL EUCXYLO PROJECTS.

6.2.2 Campbell data loggers

We have acquired three Campbell Scientific dataloggers (Figure 23).
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FIGURE 23: THE ULTRA-FLEXIBLE CAMPBELL SCIENTIFIC CR1000X (LEFT) AND CHEAPER WORKHORSE CR200X (RIGHT) DATA
LOGGERS.
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These are considered the industry leaders, reliable, robust and cutting edge, and will be used to

provide flexible data-logging capability for student projects, where needed, and to log data from the

new weather station and phenomenological trial.

6.2.3 Automatic Weather station and other sensors

We acquired an all-in-one weather sensor which will be installed adjacent to the phenomenological

trial to keep constant track of all weather conditions being experienced by the trees (Figure 24).
Quantum sensors will be deployed in that and other experimental work to better understand

eucalypt light attenuation. We will be making use of nifty, easily deployable i-Buttons to measure air

temperature and relative humidity (RH) in several of the projects.

FIGURE 24: THE CLIMAVUES0, WHICH USES THE SDI-12 PROTOCOL TO REPORT AIR TEMPERATURE, RELATIVE HUMIDITY,
VAPOR PRESSURE, BARO-METRIC PRESSURE, WIND (SPEED, GUST, AND DIRECTION), SOLAR RADIATION, PRECIPITATION,
AND LIGHTNING STRIKE (LEFT). LICOR QUANTUM SENSORS (CENTRE) WILL BE USED TO MEASURE LIGHT ATTENUATION
THROUGH TREE CANOPIES AND A SET OF IBUTTONS (RIGHT) WILL BE USED IN VARIOUS EXPERIMENTS TO MEASURE AIR
TEMPERATURE AND RH.

6.2.4 Sap flow systems

Two types of sap flow systems have been acquired from two different providers. An initial set
consisting of two systems of the heat-pulse velocity type, suitable for larger trees, were sourced
from Dr Colin Everson (AquamET), while six sets of Dynamax heat balance probes for smaller trees
were ordered through Campbell Scientific (Figure 25).
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FIGURE 25: THE HEAT PULSE VELOCITY SAP FLOW SYSTEM BEING USED ON A LARGE EUCALYPT (LEFT) AND AN EXAMPLE OF
THE DYNAMAX DYNAGAGE SAP FLOW SOLUTION OR SMALL DIAMETER TREES OR BRANCHES (RIGHT).

6.2.5 Soil sensors

A set of nine Sentek “drill-and-drop” probes were ordered to monitor water content in the large
1000 L bags which are being used to grow the trees for the “phenomenological” trial (see above),
while three more will be acquired soon. These probes provide continuous water content estimates
through the profile (Figure 26). For other experimental work, smaller reflectometry-based probes
supplied by Campbell Scientific will be used.

FIGURE 26: ONGOING SOIL WATER CONTENT DOWN THE FULL SOIL PROFILE WILL BE MEASURED IN THE LARGE BAGS FOR
THE MEDIUM-TERM “PHENOMENOLOGICAL” TRIAL USING SENTEK “DRILL-AND-DROP” PROBES (LEFT). FOR EXPERIMENTS
IN GLASSHOUSE ENVIRONMENTS OR CHAMBERS, CS650 REFLECTOMETRY-BASED SOIL WATER AND TEMPERATURE PROBES
WILL BE USED (RIGHT).
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6.3 LABS1042 AND 1040

The refurbishment and upgrades in laboratory 1042 are complete. The lab is already being used by
Alta Saunders, Rafael Keret and Sylvia Katati. The controlled growth chamber has been serviced and
calibrated and is now fully operational (Figure 27). This will be an important asset for students who
will be doing highly controlled experimental work, as EucXylo students will get first priority.

FIGURE 27: A VIEW OF EUCXYLO LAB 1042 WITH THE CONTROLLED GROWTH CHAMBER VISIBLE AT THE TOP LEFT.

Laboratory 1040 is being changed to become a microscopy, microtomy and tree-ring lab to provide
students with a facility specially geared for sectioning and preparation of samples of developing
xylem.

FIGURE 28: SPACE IS NOW OPENED UP AS A DEDICATED MICROTOME ROOM (LEFT) TO HOUSE THE LEICA ULTRA-
MICROTOME (CENTRE). THE HIGH QUALITY WILD STEREO-MICROSCOPE HAS BEEN THOROUGHLY SERVICED AND
CALIBRATED FOR SAMPLE PREPARATION AND SOLID-SAMPLE OBSERVATION WORK (RIGHT).
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Changes to the lab (including reflooring and bench-top raising, update of power points and
installation of storage) were delayed by COVID-19, but plans have finally been approved and
contractors appointed. An alcove adjoining 1040 has already been prepared as a dedicated
microtome room (Figure 28) and is ready to receive the Leica Ultramicrotome, which is soon to be
serviced and adapted for small embedded wood samples. The Faculty of Agrisciences has agreed to
cost share approximately 30% of the refurbishment of the lab.
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