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1.BACKGROUND

The Hans Merensky Chair in Advanced Modelling of Eucalypt Wood Formation was officially
signed into being in May 2019. Also known as EucXylo (EUCalypt XYLOgenesis), the Hans
Merensky Foundation (HMF)-funded Research Chair is presently held by Prof. David Drew,
based in the Department of Forest Science at the University of Stellenbosch. This report
provides an overview of activities, challenges, highlights, and project status of the fourth year

of the project, for the period from October 2021 to October 2022.

2.THE EUCXYLO TEAM

Prof. Drew heads the project, appointed in an academic position within the Faculty of
Agrisciences at Stellenbosch University. The HMF funds Dr Leandra Moller as the project
technical officer in a full-time contract position. Her contract will be renewed in October 2022.
The HMF also funds Ms. Liesel Strauss as the project administrator in a part-time contract

position. Her contract is due for renewal in 2023.
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Figure 1. The EucXylo team in 2022. From the back (left) is Dr. L. Schoeman, Dr. L. Moller, Ms. Y. Mbuyisa,
Prof. D. Drew, Mr. O. Gakenou, Ms. L, Nevhungwili and Mr. M. Khumalo. From the front (left) is Ms. G. Gama,
Mr. R. Keret, Dr. K. Martin and Mr. B. Mandigora.



In total, fifteen students and four post-doctoral fellows were registered and worked on

projects in EucXylo during the latter part of 2021 into 2022 (Figure 1; Table 1). Three students

graduated in December 2021 or March 2022 (Table 2). A detailed update on individual project

progress by students and post-docs is given in the Project Progress section that follows.

Table 1. EucXylo students admitted and registered in 2022.

Degree Student Project status Funding/support arrangements  Registration
during 2022
Ph.D. Gama, Gugu Proposal accepted. Fully supported by HMF Agrisciences
Laboratory work fully
underway
Ph.D. Keret, Rafael Due for December Fully supported by HMF Science
2023 graduation
Ph.D. Khumalo, Due for December Fully supported by HMF Agrisciences
Mpilo 2023 graduation
Ph.D. Mandigora, Due for March 2023 Some support from HMF Agrisciences
Brian graduation (including payment for teaching
assistance)
M.Sc. Mbuyisa, Due for March 2023 Fully supported by HMF Science
Yenziwe graduation
M.Sc. Nevhungwili, Due for December Fully supported by HMF Agrisciences
Lucy 2023 graduation
M.Sc. Roseveare, Due for December Supported by HMF for thesis Agrisciences
Jenna 2023 graduation component of partial-
coursework M.Sc.
M.Sc. Tonkin, Chris Due for December Self-supported in 2022 Science
2022 graduation
Van Eyssen, Due for December Fully supported by HMF Agrisciences
M.Sc. Matthew 2023 graduation
B.Sc. hons. Richards, Jenna  Suspended for Some support from HMF Science
personal reasons (project expenses)
Affiliate Gakenou, Due for completion in Partially supported by HMG Agrisciences
researcher Oluwaseun March 2023

Table 2. Student graduations in 2021/2022.

Degree Student Project status Funding/support Research/modelling
arrangements during 2022 scale
M.Sc. Gakenou, Graduated Funded by the DST Stand-level
Oluwaseun December 2022. SIF/Forestry South Africa

M.Sc. Mfuni, Tiza Graduated March Funded by the DST Stand- to landscape-
2022. SIF/Forestry South Africa level

Ph.D. Saunders, Alta Graduated March Fully supported by HMF Organ- to plant-level
2022




2.1 Racial and gender diversity

Of our fourteen students this past year, six (40%) are female and seven (47%) are black (Figure
2). Of the black students, four (57%) are South African citizens. Of the four post-doctoral
fellows who are/were part of the team, three (75%) are female (all South African, white). One
post-doctoral fellow is black (male), but not South African. Prof. Drew is a white South African
male, Dr. Moller is a white South African female and Ms. Liesel Strauss is a coloured South

African female.

Students, post-docs & staff

m White female (ZA) = Black female ZA = White male ZA

Black male ZA m Black male non-ZA = Coloured female ZA

Figure 2. Representation of racial and gender proportions amongst EucXylo students, post-doctoral fellows
and staff.

2.2 The post-doctoral fellows

Dr. Kim Martin and Dr. Letitia Schoeman continued working on their post-doctoral fellowships
during 2022. Both are on track to complete their fellowship in early 2023. Dr. Vitalis Lagat
(black male, from Kenya) joined the team as a post-doctoral fellow in April 2022. He worked
with EucXylo in a part-time arrangement. Unfortunately, for personal reasons, Dr. Lagat asked
to resign his fellowship in August 2022. It is possible that he may be able to take up this
position again in January 2023 if circumstances permit. Dr. Michelle Eckert joined the team in
September 2022. She will be leading a project to develop a new phase of research for EucXylo

in established forest experiments. The post-doctoral team can be seen in Figure 3.



Figure 3. EucXylo post-doctoral fellows. From left to right are Dr. Kim Martin, Dr. Letitia Schoeman, Dr. Vitalis
Lagat and Dr. Michelle Eckert.

2.3. Anticipated 2023 student recruits

Ms. Jenna Roseveare, who is already registered for the coursework component of an M.Sc. in
Sustainable Agriculture, will join the EucXylo team in 2023 for her one-year thesis project. She
intends to work with Prof. Drew and Dr. Ethel Phiri to look at growth in eucalypts when grown
in concert with Nitrogen fixing legumes. It is planned that Mr. Oluwaseun Gakenou will re-
join the team to undertake a PhD starting in 2023. It is proposed that he will work alongside
Dr. Eckert as the first student to do research in the new forest experiment that will be installed

during 2023. We also hope to add one additional M.Sc. student, if a student can be found.

3.TRAINING

All members of the team have had the opportunity to participate in training in various areas
during this year. Allowing students and staff to grow in their skills and confidence has been a
priority for EucXylo. A summary of training opportunities undertaken by different team

members is given in Table 3.

Table 3. Summary of training undertaken by EucXylo team members.

Date Student/staff member Training title Training provider
Feb/Dec 2022 Yenziwe Mbuyisa French 178 Department of Modern
Foreign Languages
Feb 2022 Matthew van Eyssen, MS-word and Thesis Ms. René Robbertze
Yenziwe Mbuyisa formatting
March/November Matthew van Eyssen, Shared Humanity module Fanelesibonge Philasande
2022 Yenziwe Mbuyisa Ndebele (Coordinator)




Table 3 continued

Date Student/staff member Training title Training provider
March/November Matthew van Eyssen, Shared Humanity module Fanelesibonge Philasande
2022 Yenziwe Mbuyisa Ndebele (Coordinator)
March/May 2022 Oluwaseun Gakenou SQL for data science with R Hosted by Coursera,
offered by IBM
March 2022 Lucy Nevhungwili Introduction to data Stellenbosch university
management planning library: Samuel Simango
March 2022 Lucy Nevhungwili Referencing 101 Stellenbosch university
library: Bruce Lewis
March 2022 Lucy Nevhungwili, Mendeley for reference Stellenbosch university
Matthew van Eyssen management library: Van deventer
Kirchner
March 2022 Mpilo Khumalo CI-110 Plant Canopy Imager CID BioScience
Live Training
March 2022 Kim Martin Neo4j Certified Professional Graph Academy

April/Aug 2022

April 2022

May/June 2022

May 2022

May 2022

May 2022

May 2022

May 2022

May 2022

June 2022

June 2022

June 2022

Rafael Keret

Mpilo Khumalo

Leandra Moller

Mpilo Khumalo,
Oluwaseun Gakenou
Mpilo Khumalo
Mpilo Khumalo
Mpilo Khumalo
Leandra Moller,

Mpilo Khumalo
Liesel Strauss

Letitia Schoeman,
Mpilo Khumalo

Lucy Nevhungwili

Oluwaseun Gakenou

Embedding & Microtome
sectioning

The next decade of scientific
computing

Thin sectioning techniques
and scanning transmittance
light and polarizing
microscopy

DRD info session: Managing
research data and data
privacy at Stellenbosch
university

AgriScience Postgraduate
Information Session
Preparation for Publication
Webinar

Data Visualisation with
Power Bl (Webinar)
AflInMic: WA - International
Microscopy Workshop

DRD Capacity Building
Workshop: Understanding
the Policies and Risks related
to Management of Research
Contracts

4th Q-NET workshop:
Quantitative bark anatomy —
state of the art and open
questions

Data carpentry Workshop

Carpentries instructor training

Collaboration with
University of Freiburg
African Institute for
Mathematical Sciences &
Praelexis

Chair of Forest Growth and
Dendroecology, University
of Freiburg

Offered by Division of
Research Development

Stellenbosch University,
Faculty of AgriSciences
Postgraduate Office

Library and Information
Service

African Inclusive
Microscopy (AFINMIC)
The Division for Research
Development (DRD)

Q-NET Coordination Team:
Ilana Shtein and Alan
Crivellaro

The Stellenbosch
Agrolnformatics Initiative:
Kim Martin, Mpilo Khumalo
and Janetta Steyn

Offered by The Carpentries




Table 3 continued

Date Student/staff Training title Training provider
member
June 2022 Brian Mandigora, EucXylo public speaking Miss Zimbili Sibiya
Kim Martin, workshop
Letitia Schoeman,
Lucy Nevhungwili,
Matthew van Eyssen,
Mpilo Khumalo,
Oluwaseun Gakenou,
Yenziwe Mbuyisa
June 2022 Oluwaseun Gakenou  H3ABioNet Research Data Offered by Pan African
Management course Bioinformatics Network for
H3Africa
June 2022 Mpilo Khumalo Plant Physiology LI-COR Biosciences
Measurements with LI-COR
June 2022 Gugu Gama ESI-UNAM Joint School 2022 Stellenbosch Universty,
and University of Namibia
July 2022 Brian Mandigora Writing and publishing an Prof. Ruth Albertyn: African
article in the final phases of the  Doctoral Academy
PhD
July 2022 Brian Mandigora A quick start to data Ms Marie Roux:
visualisation with Tableau Stellenbosch University
Public Library
July 2022 Oluwaseun Gakenou  FSCI2022: Collaboration for Offered by FORCE11
action: sharing knowledge
across boundaries
Aug/Sept 2022 Liesel Strauss Effective office communication  SU Language Centre
and documentation
Aug 2022 Letitia Schoeman, Avoiding rejection: How to Taylor & Francis Group, in
Mpilo Khumalo successfully navigate the association with SANLIC
publishing process
Aug 2022 Letitia Schoeman Successful Grant Writing: Postdocs from Stellenbosch
Experiences from Postdocs University who recently
received high impact
grants: Dr. Chioma
Ohajunwa, Dr. Wynand
Goosen and Dr. Suventha
Moodley
Aug 2022 Brian Mandigora Code-Based Publishing: University of Bologna: Dr.
Introduction to Quarto Arthur Small & Dariia
Mykhailyshyna
Aug 2022 Oluwaseun Gakenou  Introduction to research data Offered by SU library
management
Aug 2022 Rafael Keret NIS elements scanning Collaboration with
microscopy University of Freiburg
Aug 2022 Gugu Gama Avoiding rejection: how to Taylor & Francis group
successfully navigate the
publishing process
Sept 2022 Leandra Moller CRBasic Datalogger/LoggerNet  Offered by Campbell

Virtual Training

Scientific USA. Presenter:
Mr. Eric McGahhey




4. INTERNATIONAL VISITS AND CONFERENCES

4.1. Leandra Moller to Freiburg: May —June 2022

Dr. Moller visited the laboratory of Prof. Thomas Seifert at the Albert-Ludwigs-University
Freiburg from the end of May until the end of June 2022. This visit was funded through an
NRF fellowship which Dr. Moller was awarded, as well as by HMF. During this time, she

received hands-on training in preparing wood microcores for thin sectioning and microscopy.

Figure 4. After embedding a microcore in paraffin wax (A), the embedded sample (B) is section on a
rotary microtome (C). After staining the thin sections, the microcore is visualised under a bright-field and
polarizing light transmission microscope (D).

Techniques learned included: embedding samples in paraffin wax (Figure 4A); thin sectioning
the blocked sample (Figure 4B) using a semi-automatic rotary microtome (Figure 4C); and
using a fully automated transmission microscope (Figure 4D) to image stained thin sections

under bright-field and polarizing light (Figure 5).
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By honing these techniques, she is now able to provide the needed assistance to team
members when they are preparing their wood samples for anatomical or wood formation
investigations. During this visit, Dr. Moller made new connections with wood anatomy
researchers. Discussions with these colleagues increased her knowledge of the field and
improved her understanding of issues surrounding the imaging of wood cellular structures.
This visit also strengthened the bond between our research group and that of Prof. Seifert,

thereby facilitating knowledge exchange and collaboration.
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Figure 5. Thin section of a Eucalyptus nitens microcore under bright-field (top) and polarizing (bottom) light,
showing the xylem (A), cambium (B) and phloem (C).

4.2. Rafael Keret to Freiburg: July 2022

During July, Rafael visited the University of Freiburg to make use of the Nikon eclipse Ni-E
upright motorized microscope for scanning micro-sections. This microscope is coupled to a

motorized stage that enables full samples to be scanned, with a high level of detail. While
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EucXylo will be soon equipped similarly, this was not available at the time when Rafael needed
the capability. The collaboration in Germany was fruitful and helped EucXylo to improve upon
existing techniques to generate high quality micro-section images and subsequently analyse
the wood properties of these micro-sections. Currently, Rafael, Prof. Drew and Dr. Hills (IPB),
in collaboration with the Chair of Forest Growth and Dendroecology, Albert-Ludwigs-
University Freiburg are working on an open-source methods publication to make these
techniques available to scientists around the world who are interested in studying the wood

properties of plants.

4.3. Alta Saunders to Berlin: July 2022

Alta attended the sixth international conference on Plant Vascular Biology (held from July

17th to 21%Y) in Berlin, Germany (https://www.pvb2022.0rg/). She presented a poster on her

research entitled “Modelling drought responses of Eucalyptus using photosynthetic gain and

hydraulic risk”.

4.4. Letitia Schoeman to Wirzburg: September 2022

In September 2022, Letitia attended and presented her X-ray CT research at the Fifth Xylem

International Meeting (XIM5), held in Wiirzburg, Germany (https://xim5.de/). She presented

a poster (Figure 6) on her research titled “Advanced imaging and quantification of the
cambium and developing xylem in eucalypts using X-ray micro- and nano-computed
tomography (CT)”. This conference brought together scientists and students from all over the
world with a strong interest in the various fields of plant hydraulics. The focus of the meeting

was on the adaptation and evolution of plants in a changing climate.

12


https://www.pvb2022.org/
https://xim5.de/

i, P
2% Advanced imaging and quantification of the cambium
and developing xylem in eucalypts using X-ray micro- .
and nano-computed tomography (CT) -

Figure 6. Letitia presenting her poster at the XIM5 conference in Germany.

4.5. Kim Martin to Edinburgh: September 2022

Dr. Martin visited the UK to present at the 6th International Conference on Research Software

Engineering in the first week of September (https://rsecon2022.society-rse.org/). Funding

was provided by the Society of Research Software Engineering and the Software Sustainability
Institute. Additional funds were provided by EucXylo to enable Dr. Martin to visit several
academics in Edinburgh with expertise in Semantic Web technologies, to get input into her

postdoctoral research project.

Dr. Martin made several presentations to academics at Heriot-Watt University and the
University of Edinburgh, and received good feedback and suggestions, and expressions of
interest in future collaborations. She met with multiple important researchers in the area in

which she is working.

5. PARTNERS AND COLLABORATORS

During 2022, several people have made major contributions to the work we’re doing at
EucXylo (Table 4). We're grateful for this support. Openness and a collaborative spirit are key

pillars of the EucXylo vision.
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Table 4. Partners and collaborators (in alphabetical order by surname) in 2022.

Name

Organisation

Role/s

Booysens, Prof. Thinus

Burger, Prof. Albert

Colling, Dr. Janine
Du Boisson, Me. Sonia
Du Toit, Prof. Ben

Gray, Dr. Alasdair

Greyling, Dr. Jan

Hills, Dr. Paul

Lee, Prof. David
Meyer, Prof. Petrie
Midgley, Prof. Guy

Patterton, Prof. Hugh

Phiri, Dr. Ethel

Seifert, Prof. Thomas

Faculty of Engineering,
Stellenbosch University

School of Mathematical and
Computer Sciences, Heriot-Watt
University

Central Analytical Facilities,
Stellenbosch University

Hans Merensky Holdings

Forest and Wood Science,
Stellenbosch University

School of Mathematical and
Computer Sciences, Heriot-Watt
University

Agrolnformatics Initiative,
Stellenbosch University

Institute for Plant Biotechnology,
Stellenbosch University
University of Sunshine Coast

Faculty of Engineering,
Stellenbosch University

Faculty of Science, Stellenbosch
University

Director: Centre for
Bioinformatics and Computational
Biology, Stellenbosch University
Agronomy, Stellenbosch
University

Chair of Forest Growth and
Dendroecology, Albert-Ludwigs-
University Freiburg

Collaboration on smart nursery
project and IOT concepts
Providing advice in Dr. Martin’s
project; expressed an interest in
additional future collaboration
Advice and provision of
specialised isotope equipment
Provision of seedlings and
cuttings

Assistance with student
supervision

Providing advice in Dr. Martin’s
project; expressed an interest in
additional future collaboration
Lead, Agrolnformatics Initiative;
co-supervision of Oluwaseun
Gakenou’s training as a Data
Steward

Assistance with student
supervision

Provision of advice and possible
eucalypt plant material
Partnership in Laser-doppler
research

Assistance with student
supervision

Assistance with student
supervision

Assistance with student
supervision

Collaboration on thin sectioning &
microscopy of stems and
microcores

6.PROJECT PROGRESS

A number of papers have been published, are under review or are in advanced stages of
preparation for publication.

Papers which have been published during 2022 by members of the EucXylo team:
e Drew, D.M., Downes, G.M,, Seifert, T., Eckes-Shepard, A., & Achim, A. (2022). A review
of progress and applications in wood quality modelling. Current Forestry Reports, (In
Press).
e Saunders, A., & Drew, D.M. (2022). Stomatal responses of Eucalyptus spp. under
drought can be predicted with a gain—risk optimization model. Tree Physiology, 42(4),
815-830.
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Saunders, A., & Drew, D.M. (2022). Measurements done on excised stems indicate
that hydraulic recovery can be an important strategy used by Eucalyptus hybrids in
response to drought. Trees, 36(1), 139-151.

Eckes-Shephard, A.H., Ljunggvist, F.C., Drew, D.M., Rathgeber, C.B., & Friend, A. D.
(2022). Wood formation modelling — A research review and future perspectives.
Frontiers in Plant Science, 265.

Papers authored/co-authored by one or more members of our team are also currently under

review:

Mandigora, B., Drew, D.M., Enhancing predictive precision of dominant height
projection equations for Eucalyptus by incorporating rainfall and temperature terms.
Under review at Southern Forests.

Papers within an advanced state of preparation, and will be submitted to respective journals

within the next few months:

Keret, R., Schoeman, L., Hills, P. & Drew, D.M., Advancements in induction and
visualisation techniques for investigating xylogenic development.

Gakenou, 0., Martin, K., Germishuizen, |.,, Drew, D.M., Parameter testing and
application of the 3PG model for Eucalyptus grandis x urophylla on the Zululand
coastal plain, South Africa.

Keret, R., Schliephack, P.M., Stangler, D.M., Seifert, T., Hills, P.N., Drew, D.M., An open-
source approach for obtaining high quality quantitative wood anatomy data in juvenile
Eucalyptus diffuse porous wood.

Schoeman, L., Drew, D.M. Advanced imaging and quantification of the cambium and
developing xylem in eucalypts using X-ray micro- and nano-computed tomography
(CT).

Gama, G., Martin, K., Drew D. Xylem developmental dynamics in E. cladocalyx in
response to cycles of drought.

For current information on published papers (which will be updated as submitted papers are

accepted), see https://blogs.sun.ac.za/eucxylo/publications/.
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7. POSTDOCTORAL RESEARCH

7.1. Dr. Kim Martin - Using a Knowledge Graph approach to link
metadata from forestry models and datasets, to assist analysis and
hypothesis generation

This project aims to assist researchers in the field of eucalypt wood formation and
ecophysiology to explore datasets and computational models in a flexible and integrative
way. The goal is to encompass models of phenomena at different scales; ranging from
process-based models of the cellular determinants of wood formation, to empirical models
of gross tree growth in different environmental contexts. The linked information should allow
complex questions to be asked, including: how similar models differ; which datasets can be
repurposed to test different model outputs; and identifying whether and how different
models can be composed together. This will promote open scientific practices in this research
area (through the use of common metadata standards and terms), and may serve as a

valuable framework for collaborative knowledge capture and exploration.

Dr. Martin is participating in a long-term programme of training and mentorship in Open
Science (with a focus on establishing community involvement where possible) - the OLS

programme (https://openlifesci.org/). Her aims in this programme are to produce an open

knowledge graph of forestry-specific datasets and models (focusing on wood formation and
ecophysiology), along with a usable web-based prototype to assist researchers with minimal

familiarity with metadata or knowledge graphs to populate and explore it.

Through the OLS programme, Dr. Martin was connected with a mentor who introduced her

to a promising existing framework for creating Open Knowledge Graphs (https://knowledge-

graph-hub.github.io/). Exploring this avenue required Dr. Martin to begin familiarising herself

with several new technologies, including WSL (Windows Subsystem for Linux) and Docker (a
containerization technology), as well as beginning the process of migrating from the R
language to Python. It also introduced her to the importance and value of semantic
technologies in building scalable, flexible knowledge graphs that can potentially span multiple

databases across the web.
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PREFIX up: <http://purl.uniprot.org/core/>

SELECT ?tree ?species ?protein ?proteinName
WHERE {
tree wdt:P105 wd:Q7432; # is a species (id - "taxon rank’ "species’)
wdt 1 P171 wd:Q45669; # in genus Eucalyptus (id - 'parent taxon' - 'Eucalyptus®
W 25 ?species; # with scientific name (id taxon name pecies)
wdt:P366 wd:Q134@459. # with a specific use (id - "has use’ - “"insect repellant’)
SERVICE <https://sparql.uniprot.org/sparql> { # get proteins found in these species from UniProt databa

forganism up:scientifichame ?species.
?protein a up:Pr i

®- @ 148 results in 2183 ms >Code  &Download> & Link~
tree species protein proteinName
Q wd:Q162822 Eucalyptus camaldulensis <http://purl.uniprot.org/uniprot/G0Z2C 3> Cellulose synthase
62822 Eucalyptus camaldulensis <http://purl.uniprot.org/uniprot/T1QLGE> Cytochrome b559 subunit alpha
Q wd Eucalyptus camaldulensis <http://purl.uniprot.org/uniprot/ T1QMN3> DNA-directed RNA polymerase subunit beta
Q wd:Q162822 Eucalyptus camaldulensis <http://purl.uniprot. org/uniprot/Q93X00> Potassium channel

Figure 7. Screenshot of a 'federated query' written in SPARQL, showing how sophisticated queries can be
made across multiple separate databases (in this case, taking results from the general information database
Wikidata, and combining them with results from the specialist bioinformatics database called Uniprot).

This developing interest in semantic web technologies and approaches led Dr. Martin to reach
out to several experts during a visit to the UK (as detailed in a previous section of this report),
which in turn has resulted in some fruitful discussions and potential new collaborative
relationships. One of UK academics in particular - Dr. Alasdair Gray - made a useful suggestion
that the EucXylo knowledge graph could be developed using the same technology that

underlies the massive collaborative database called 'Wikidata' (https://www.wikidata.org/).

This technology (a software platform called Wikibase) has a graphical user interface that
meets the criteria of ease-of-use previously identified as desirable, and it also enables

sophisticated queries using a specialist language called SPARQL (Figure 7).

Dr. Martin will continue to meet with Dr. Gray and other members of the Semantic Web Lab
(SWel) and work to populate a prototype Wikibase database with information about
computational models and experimental datasets of interest to the EucXylo group, to test her
proposed model for representing and combining such knowledge in a useful way (including

establishing links to other databases on the web where appropriate).
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7.2. Dr. Letitia Schoeman - Advanced imaging of developing xylem.

This research is mainly focused on using non-destructive techniques to characterise and
qguantify the developmental processes in differentiating xylem in eucalypts with a strong focus

on the cambium tissue.
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Figure 8. Results obtained of the cambium ROI using X-ray micro-CT. Shown is the results for the irrigated (A)
and droughted (B) samples. The results are represented as before and after the treatment. Before illustrates
results obtained from the first uCT scan (before the treatment) and after illustrates the results from the
second scan (after the treatment) for the same sample.
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The aim was to assess various approaches to non-destructively visualise and quantify the
developmental processes in differentiating xylem in eucalypts, making use of cutting-edge
techniques such as X-ray micro- and nano-computed tomography (CT). The first objective was
to explore the feasibility of X-ray uCT to non-destructively characterise and quantify the
cambium tissue in living plants repeatedly. Secondly, high-resolution X-ray nano-CT was
performed to investigate the cellular structure of the cambium in the same plants. Thirdly

microscopy techniques were explored and optimised to validate the CT data.

Wood formation and its dynamics are strongly influenced by environmental conditions, such
water availability. Therefore, a trail was performed to explore the feasibility of using X-ray CT
to visualise and quantify the cambial zone in eucalypts to observe how environmental
perturbations alter cambium development. From the X-ray uCT data, similar trends were
observed for the respective irrigated and droughted samples. Figure 8 demonstrates some of

the results obtained from a representative irrigated and droughted sample, respectively.

AVERAGE
THICKNESS OF
CELLS

Avg. thickness: 13 um Avg. thickness: 9,7 um

Figure 9. Results obtained from X-ray nano-CT, visualizing the cellular structure of the cambium in an irrigated
and droughted sample, respectively.
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The results obtained from nano-CT were in alignment with the puCT findings, as the cambium
width was smaller in the droughted samples than in the irrigated samples (Figure 9). From our
results it was clear that different environmental conditions result in microstructural
differences in the cambium tissue, and this could be detected using both X-ray micro- and
nano-CT technology. The CT results were validated using an optimised paraffin wax

embedding technique. Cross sections of the irrigated and droughted stems can be seen in

Figure 10.
20X magnification
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Figure 10. Bright-field microscopy cross-sections of irrigated and droughted Corymbia stems, magnified at a
20x and 40x objective lens. The red arrows indicate the cambium ROI.

This study served as a proof of concept and established image analysis protocols for both X-
ray micro- and nano-CT. This research is now in the final process of being written up with the
targeted journal for this publication being the “IAWA (International Association of Wood

|”

Anatomists) Journa
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8.DOCTORAL RESEARCH

8.1. Climate sensitive models for predicting future forest growth, yield
and wood properties in Eucalyptus plantations.

This PhD project is being led by Mr. Brian Mandigora. The aim of his research is to develop
new models of growth and wood property variation incorporating environmental conditions
at appropriate spatial and temporal scales for Eucalyptus grandis x E. urophylla plantations in

the KwaZulu-Natal (KZN) region of South Africa.
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Figure 11. Mean wood properties over the three site types (wet, medium and dry) explored in this study.

Brian submitted a paper to the journal Southern Forests titled “Enhancing Predictive Precision
of Dominant Height Projection Equations for Eucalyptus grandis x urophylla (E. g x u) by
Incorporating Rainfall & Temperature Terms”. Reviewers’ comments were received at the
end of August, and Brian is currently working on these for submission back to the journal by
the end of October 2022. The main aim of the paper is to report on the development of a set
of new dominant height projection models that explicitly include climate variability for

E. grandis x urophylla in South Africa. Results show that growth functions modified by climatic
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variables recorded during the growth period of the forest stands perform better in predicting

growth than those modified by averaged, long term weather data.

A paper titled “Site type and growth stage explain variation of wood cellulose content, kraft
pulp yield and lignin content in South African Eucalyptus grandis x urophylla plantations” is
currently being finished off. The aim of the paper is to investigate the variation of cellulose
content, kraft pulp yield (KPY) and lignin content in E. grandis x urophylla across sites with a
moisture gradient in coastal KZN. Results obtained show that mean cellulose and KPY content
in the trees increased from pith to bark (hence over time), while lignin content showed a
decreasing trend. Furthermore, the weighted means of the three wood properties

investigated differ significantly between the “wet” sites and the “dry” sites.

8.2. Responsiveness and adaptability of xylogenesis dynamics in
Eucalyptus cladocalyx.

This PhD study, led by Ms. Gugu Gama, is focused on the xylogenesis dynamics in a drought
tolerant eucalypt, Eucalyptus cladocalyx. Plant adaptation includes developmental changes
like cell proliferation and differentiation. These are critical considerations when trees are
exposed to a variety of changing environments. This development includes the cambium,
which is responsible for responding to changes in the environment (e.g. water availability). As
a result, understanding adaptation strategies at the cellular level is critical because it involves

xylem tissue and xylogenesis dynamics, which affect the quality/quantity of xylem.

The goal of the research is to characterize the short-term response of cambial and xylem
differentiation, as well as to understand how xylem properties contribute to longer-term
physiological adaptations to various environmental conditions. To date, the short-term

response of E. cladocalyx has been carried out, analysing six cyclic drought treatments.

A second experiment compared the adaptation of E. cladocalyx (Figure 12) to that of more
drought-sensitive Eucalyptus grandis (Figure 13) when preconditioned (intermediate drought
treatment) and non-preconditioned (continual irrigation treatment) trees were exposed to a
severe drought. Throughout the experiment, growth, environmental and physiological data

(i.e. height, diameter, temperature, and stomatal conductance) were collected.
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Figure 13. Visual results for Eucalyptus grandis between irrigated and droughted treatments.

8.3. The physiological and genetic underpinnings that influence the
xylem properties of Eucalyptus grandis, when subjected to different
levels of water availability.

This PhD study, led by Rafael Keret, seeks to unveil how gene expression in Eucalyptus grandis
leads to changes in stem xylem morphology during prolonged water deficit. The overarching
aim is to provide insight into xylogenesis in E. grandis to uncover how the interplay between

plant physiology and genetics can lead to changes in wood properties and function during
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drought. Growth experiments were set up in a controlled growth chamber, to target an equal

subset of plants for drought and controlled (well-watered) conditions.

Upon completion of the growth experiments, stem samples were harvested from the plants
to (i) analyse the wood architecture, (ii) determine lignin composition and (iii) extract RNA for
transcriptomic analysis. Wood is a complex structure that comprises of numerous cell types,
which makes it difficult to obtain stem micro-sections that are devoid of sectioning artifacts
(fractured cells, particles or aberrant shapes under a microscope) (Figure 14A). To minimise
this, paraffin wax embedding was chosen (Figure 14B) and in collaboration with the University
of Freiburg an optimal sectioning protocol was developed (Figure 14C). These samples were

taken to the University of Freiburg, where full sections could be scanned at a high resolution.

Currently, all 72 samples have been successfully scanned, and stored.

i‘r’fs“%

Figure 14. lllustrated is (A) micro-section of Eucalyptus grandis stem with red arrows indicating cellular
artifacts, imaged under 20x objective lens, (B) paraffin embedded stem segment mounted to a rotary
microtome and (C) optimised E. grandis micro-section scanned under 20x objective lens. All micro-sections
were stained with safranin Alcian-blue.

QuPath software was used for quantitative wood anatomy (Figure 15A, B). Furthermore, a
Random Forest machine learning algorithm was trained in QuPath, to distinguish the cell
types of the stem (Figure 15C). In an effort contribute to the field of xylogenesis, an open-
source article documenting these steps is being submitted to the The Journal of Biological
Methods.
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Figure 15. lllustrated is (a) a selection of an ellipse region of interest in QuPath multi viewer pane, (b) cell
annotations generated in QuPath via optimisation of the cell detection parameters and (c) application of
Random Forest machine learning algorithm in QuPath to subset cells into fiber, parenchyma, and vessel
fractions. All micro-sections were stained with safranin Alcian-blue.

Furthermore, to elucidate what potential differences may be present in the stem of
droughted and control E. grandis saplings, the lignin and SG ratio was quantified (Figure 16).
He also looked at lignin distribution in the stem’s cells, to determine whether the lignin is
more dispersed within the droughted or control plants (Figure 16). Lastly, considering the
genetic aspect of the project, RNA was extracted from the stem samples immediately after

harvest for subsequent transcriptomic analysis, using the Illumina NGS platform.
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Figure 16. lllustrated is (A) the E. grandis stem shavings ready for packaging and sending to SAPPI for lignin
analysis and (B) the depiction of the hypothetical difference in the distribution of lignin within the cell wall.

As of the 1 of September 2022, all laboratory related work has been completed and data
collected. The remainder of 2022 and for the most part of 2023 will entail processing the data
and implementing data analytics such that the research questions can be answered,

additional articles be written, and PhD dissertation synthesized. Furthermore, a review paper,

25



pertaining to inducing and visualizing tracheary elements in vitro, has been submitted to

“Current Forestry Reports”, with the paper passing the initial round of acceptance.

8.4. Plant eco-physiological interactions and resultant variability in
xylem properties in four contrasting clones of Eucalyptus.

This PhD project is being led by Mr. Mpilo Khumalo. The aim of his project is to investigate
and compare the behaviour of different Eucalyptus varieties, namely Eucaluptus grandis,
Eucalyptus urophylla, Eucalyptus grandis x urophylla and Eucalyptus grandis x nitens. Fine-
scale eco-physiological responses in general, and how these impact on wood formation, has
been very little studied in Eucalyptus, despite the significance of this genus. During the past
year, he simulated a drought to determine the response of the different varieties, between
the 1%t to the 31°t of March 2022. There are some interesting preliminary results from this.
The drought caused a sharp reduction in soil moisture. The drought was almost fatal to the

trees after 15 days, so irrigation was applied on the 16™ and 17t day (Figure 18).
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Figure 17. Soil moisture in all trees during the drought period (1st — 31ST March 2022). Irrigation was applied
on the 16th and 17th to keep the trees alive.

Low soil moisture led to the reduction in water moving up the stem, which resulted in the

shrinkage in radial stem size as observed with both the callipers and dendrometers (Figure
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18). All trees started wilting, changing colour and dropping their bottom canopy leaves after

11 days of drought, except for E. grandis x E. nitens (Figure 19).
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Figure 18. A) the diameter of each tree before, during and after the drought. The trees were growing until a
couple of days into the drought, then shrinkage started. The increase in stem diameter after the 16th is due
to irrigation. B) Dendrometers show more detailed fluctuations in stem radial size during the drought with
measurements every 10 minutes.
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Figure 19. lllustrated is A) E. grandis one week before and B) one week after the drought. Also shown is C)
E. grandis x nitens one week before and D) one week after the drought.

9. MASTERS RESEARCH

9.1. Effects of temperature on the water use efficiency and carbon
isotopic discrimination of Eucalyptus grandis and Syzygium guineense.

This project, led by Yenziwe Mbuyisa, evaluates the effects of temperature on the water use
efficiency (WUE), physiology, and isotopic discrimination of two Myrtaceae species, namely
Eucalyptus grandis (a species originally from New South Wales) and Syzygium guineense (a

local species found predominantly in the eastern parts of South Africa). The study aims to
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determine whether WUE varies between the two species under different temperatures and

whether 63C can be used as a reliable signal of historic WUE.

Seedlings of each species were exposed to drought or continual irrigation and arranged along
a temperature gradient. These treatments were run over 8 weeks, with continual
environmental measurements and 6 weeks of physical and physiology measurements of
height, diameter, weight, porometer and fluorometer readings as well as sap flow and soil
water content measurements. The last two weeks of the experiment were used for intensive
data collection measuring the diurnal stomatal conductance, using the Li-Cor 600. Thereafter
the samples were harvested. After the experiment and sampling, final physical measurements
were taken and the samples were dry, milled and are currently being prepped for isotopic

testing and analysis.

Although Ms. Mbuyisa still has some data to analyse (i.e. isotopic analysis), she is in the
write-up phase of her thesis, which comprises of three chapters. This includes a literature
review, the comparative growth of E. grandis and S. guineense under a varying temperature
and watering regimes, and lastly the carbon isotope discrimination and water use efficiency
between E. grandis and S. guineense under a temperature gradient and varying water
availability at the whole plant level. These three chapters will complement each other in
showing the relationship between productivity, physiology, and the carbon distribution
throughout the plant and how these variables are affected by varying temperatures and water

availability.

9.2. Cambial responsiveness in four contrasting eucalypt varieties to
varying environmental conditions.

This study, led by Lucy Nevhungwili, is focused on monitoring the behaviour of the secondary
meristem (vascular cambium) in response to different environmental conditions between
four Eucalyptus varieties (Eucalyptus grandis, Eucalyptus grandis x nitens, Eucalyptus grandis
x urophylla and Eucalyptus urophylla) with the aim to analyse if there are any general
differences in the vascular cambium activity and xylem developmental phenology, and how
this affects the growth of the tree. The goal of the study is to provide a better understanding

of the physiology of wood formation at the cellular level as it is important in improving the
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interpretation of species productivity and wood property variation in eucalypt varieties

growing in different conditions.

The first data collection (illustrated in Figure 20) was carried out in March 2022 when the
trees were exposed to drought. During this period, growth (height and diameter) and soil
moisture content were measured together with the collection of wood cores for sectioning

and microscopy.

. G )
Figure 20. Data collection process in the nursery entailed (A) measuring height with a 4 m ruler (B) measuring
diameters with a digital caliper, (C) wood cores collection using Trephor corer and (D) soil moisture content
measurement using Hydro sense.

Currently Ms. Nevhungwili is in the second phase of data collection, which started on the 1s
of August 2022 for spring and summer seasons, and she is also processing wood cores
collected during irrigation suspension. The first collected wood cores were embedded in

paraffin wax, trimmed and are now being sectioned.

Figure 21. Microscope images of a microcore taken from a (A) droughted Eucalyptus grandis x urophylla and

(B) a droughted Eucalyptus grandis showing the cambial region (black arrows).

30



There are challenges that Ms. Nevhungwili is currently encountering during sectioning, such
as torn cambium images as shown by the arrow in Figure 21A, therefore she is continuing
exploring different strategies to produce clear images of all the Eucalyptus varieties that she
is studying. Despite of the challenges, Ms. Nevhungwili has managed to produce clear
cambium image of Eucalyptus grandis as shown by the arrow in Figure 21B. For the remainder
of 2022, Ms. Nevhungwili will continue with data collection and processing the wood cores
while the focus for the year 2023 will be on analysing the microscopic pictures taken and

writing up her thesis.

9.3. Radial variation in wood properties as effected by environmental
factors and silvicultural regimes in Eucalyptus grandis.

With this study, led by Matthew van Eyssen, the main aim is to provide insight into the wood
property variation in Eucalyptus grandis, using historic environmental and silvicultural
practices that lead to changes in wood properties. The project is a time-based study, using
diameter at breast height (DBH) data form two existing long-rotation (20 years and older)
permanent sample plots to predict and measure growth increments from pith-to-bark, on 4
cardinal strips on the selected trees at various heights. The strips will be analysed using
Silviscan and Sliverscan (NIR) to predict various chemical and physical wood properties, which
will give detailed radial variation data within a tree. The data can be used to analyse significant
changes in the wood properties and linked to silvicultural practices and environmental
changes throughout the tree’s life. This data will also be linked to a study aimed at collapse

using the same selected trees commenced by Mr. George Dowse at Merensky Timbers.

Data was also collected on the two sites using various non-destructive tools, such as the tree
sonic to predict the modulus of elasticity (MOE) and the resistograph to predict radial tree

density changes from bark to pith.
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Figure 22. (A) Marking the felled tree disks on site R21. (B) One of the larger tree disks in obtained in data
collection with a 58cm diameter at breast height (DBH). (C) Collecting soil data to predict available water

content (AWC) using a soil auger.

Figure 23. (A) Measuring and marking the 4 cardinal strips on each disk. (B) Processing each disk to get pith to
bark strips. (C) Some of the disks spilt on impact form felling. The strips were taken out avoiding the splits as
much as possible.
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9.4. Priority of carbon allocation to stem wood in two contrasting
eucalypt hybrids.

This project is being led by Mr. Christopher Tonkin. The project is being co-supervised by Prof.
Guy Midgley (Department of Botany, Faculty of Science). The work focusses on clonal

Corymbia henryi x torelliana and Eucalyptus grandis x longirostrata.

Two treatments were imposed on the plants: a well-watered (control) treatment and a
drought treatment. Once a week the height and diameter of the plants were measured (Figure
24). Three harvests were also performed during the experiment. At each harvest, plants were
randomly selected for harvest were used to generate light response curves and A/Ci curves

using a Li-Cor 6400.
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Figure 24. This line plot shows the relative increase in stem diameter (top) and stem height (bottom) for each
group. The plot shows that the two hybrids had two distinct growth strategies.
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He is analysing differences in relative biomass and diameter for each treatment and predicting
the stomatal conductance of hybrids using an optimization model created by a recently

graduated PhD student in the group (Dr. Alta Saunders).

Well-watered C. henryi x torelliana prioritized stem thickening over vertical growth, while the
well-watered E. grandis x longirostrata grew taller but had a narrower stem. The drought
treatment decreased both stem diameter and stem height for both hybrids, but the stem
diameter of C. henryi x torelliana seemed to be most sensitive to drought. Figure 25 shows

that the model was best at predicting the outcome of the droughted E. grandis x longirostrata.
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Figure 25. The above four scatterplots display the outcome of the optimization model for each treatment.
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10. EQUIPMENT, FACILITIES AND EXPERIMENTAL INFRA-
STRUCTURE

10.1. Medium-term phenomenological trial

The 12 Eucalyptus (3 x E. grandis, 3 x E. urophylla, 3 x E. grandis x E. urophylla, and 3 x
E. grandis x E. nitens) trees in our phenomenological trial have been in the 1000 L bags for
just over two years now and have moved from the juvenile to mature stage (Figure 26). This
trial forms the basis of Mr. Mpilo Khumalo’s PhD where he’s intensively monitoring the trees

for growth, wood formation and a range of physiological responses.

Figure 26. The trees have grown substantially in the medium-term observational trial from March 2021 (A) to
December 2021 (B) and finally until October 2022 (C).
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Another physiological measurement that was included this year, was measuring the amount
of light that is attenuated by the leaves. To achieve this, a wooden structure was built
between the trees in November 2021 (Figure 27A) that allowed for the 12 pyranometers to
be placed approximately one third up in the canopy. Each pyranometer was installed on an
adjustable dropper (Figure 27B), which allows for the pyranometers to be shifted upwards as

the trees grow.
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Figure 27. The wooden structure installed around the trees (A) which houses the droppers (red arrows) that
the pyranometers are installed on (B).

10.2. Ecophysiological and environmental equipment

A second LI-600 was purchased as the shared instrument bought in a cost-share arrangement
with Prof. Guy Midgley was becoming a bottleneck. Now, a LI-600 instrument is permanently

available in both Prof. Midgley’s lab and the EucXylo lab.

10.3. Wood anatomy equipment

We recently upgraded the workflow in lab 1042, which allows for more students to work in
the lab at the same time (Figure 28). We also acquired additional equipment to conduct key
wood anatomy and xylogenesis research. This includes obtaining our own tissue processor
(Figure 29A) instead of the loan unit that we had, a histology water bath to improve the
transfer of thin sections to microscope slides (Figure 29B). Another piece of important
equipment that we purchased this year is a Zeedo embedding station, which allows for easy

blocking and medium sample throughput (Figure 29C).
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Figure 29. lllustrated is the a) Sakura embedding machine, b) the histology water bath and c) the Zeedo
embedding station. All were bought this year (2022) for wood anatomy and xylogenesis research.

We are in the process of installing a Prior XYZ stage for the Nikon E400 brightfield &
fluorescent microscope (Figure 30). This addition to the microscope allows the user to obtain

one microscope image from a large sample, for example a microcore, using the software’s

37



automatic stitching feature. The biggest benefit of this stage, however, is the automatic
stacking feature, which allows a user to take several photos of the sample in different planes
whereof a composite image is automatically created by the software. This eliminates the need

for very thin samples, while yielding a high-resolution image.

Figure 30. Nikon Eclipse E400 bright-field and fluorescent microscope.

11. DATA AND CODE MANAGEMENT

Research data management (RDM) is the process of planning how research data will be
managed during and after the research process. This includes controlling the collection,
processing, analysis, sharing, curation, and reuse of research data (Figure 31). To ensure the
EucXylo team is on the right track with RDM, Mr Oluwaseun Gakenou joined the team as an

affiliate student to act as a data steward and propose a data strategy for the group.
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Figure 31. Research data lifecycle.

11.1. Data management planning

This is a process during which researchers describe how they plan to manage data during and
after their research projects. Oluwaseun attended a data management seminar by the SU
library and the Data Steward Wizard (Figure 32) was recommended for this task. In future,

there will be more training on how to create and share DMP.

E Questionnaire L Metrics @ Preview [ Documents 05 Settings

View Comments TODOs Version history 0
= @ What existing data formats/types will you be using? + = !
i

Before Submitting Have you identified types of data that you will use that are used by others too? Some types of data (for example "images” or "tables") are used by
many different projects. For such data, often common standards exist (in our example "JPG" and “CSV" [comma separated values]) that help to make
these data reusable. Are you using such common data formats?

Chapters

Please make sure you list all the data types that are important for your project. You should make sure also to list the formats used in any data sets that

I. Administrative i... 1 you:are.re-using
Desirable: Before Submitting the Proposal

Il. Re-using data 1

B Data Stewardship for Open Science: njy

lll. Creating and co. o + Add ‘

£ Are you running the pr...
© Will you be collecting p...

© How will you do file na... . g ) . k5 a . s
SR - B What g encodings/ter logies/vocabularies/ontologies will you be using? + a1
What existing data form...

O What existina encoding... v Horizon 2020 DMP | Horizon Europe DMP

Figure 32. Creating and Collecting data section in the Data Steward Wizard.
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11.2. Data collection

An excel spreadsheet (Figure 33) was designed to control data collection during an
experiment. The excel spreadsheet helps to track what type of data was collected and how it
was collected. This also helps the student record what goes wrong during the experiment and

if there was any change in experimental plans.

Average / max file (MB) __Approx total (GB) 22 March 2017 23 March 2017 24 Mar

Sites Notes

|Tunnet 72 dayls) [ ] 1 1
Specimens Notes

Block A 44  specimen(s)  Destructively harvested at various points

Block B 44 specimen(s)  Destructively harvested at various points

Block C 44 specimen(s)  Destructively harvested at various points

Block D 44 specimen(s)  Destructively harvested at various points

Total remaining NB:Have extra ‘placeholder plants 240 240 2
Incidents & management Notes

Insecticide application 1 application(s) Fungicide was applied to tree A3.

Mortality 4 incident(s)  Tree died. Unknown cause

Micronutrients application 1 application(s) Organic feed added to all trees

Fertilizer 1 licati Applied foliar fertilizer to all blocks. Suspected Fe deficiency in trees

Experimental treatments Notes

Block A & D (periodic irrigation) 39 dayls) Record manual irrigation application % 1
Block B & C (continuous irrigation) 72 day(s) Record manual irrigation application 1 1
Simulated drought - Block A & D 33 dayls) Record drought treatment

Samples Notes

Leaf biomass. 176  sample(s) Complete samples from each specimen (destructive)

Fixed samples 528  sample(s) For histology (stored in ethanol), 10cm for nano

Histology blocks 176 sample(s) For histology

Histology slides 352 sample(s) For histology

Raw data Notes

Histology images (BF) : HREFL tiff(s) Brightfield histology images

Figure 33. Experimental plan spreadsheet.

11.3. Data processing, analysis and sharing

EucXylo uses a concept we call the “electronic lab notebook” (ELN) (Figure 34) on the
Microsoft Teams platform to provide access to, store, process and analyze active datasets.
The ELN also allows easy collaboration with the PI. The ELN has different channels for various
activities. The data channel is structured to have subfolders for raw data, R project for

processing and manipulating specific data type, and a cleaned data folder.

> Stellenbosch University > LucyN EucXylo ELN - D Growth data

Name B Status Date modified Type
growth_cleaned_data ©) 2022/08/06 13:33 File folder
growth_raw_data O 2022/08/06 14:35 File folder
growthR @) 2022/08/06 14:50 File folder

Figure 34. Example of a data channel structure in the ELN.

11.4. Data and code archiving

At the end of every research project, data and code generated along with their metadata are

curated and archived in data/code specific repositories. The (meta) data and codes are
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published in environment that support the FAIR (Findable, Accessible, Interoperable, Re-
usable) guiding principles. GEMS (Genetics, Environment, Management, Socioeconomics) is
the key tool we have opted to use (Figure 35). GEMS is a technical data management and
analysis platform which helps to improve collaboration and discovery by giving data owner
full control over what (meta) data they share, when they share it and with whom. The FAIR
data principles lie at the very core of the GEMS design and operation. Some of its key features
includes smart data sharing, rich metadata, ontology matching, data licensing, data

versioning, and a growing suite of data cleaning, imputation, and standardization tools.

...'.. Logged in as

) " & ”

o G E M S ann-DnvenAgn:ul:urul Innovation ) OLUWASEUN FRIDAY Users Teams Help [GILING
GENETICS - VRONMENT * MANAGEMINT - 30CIOHCONCUICS Cakenou

EXPLORE m ANALYZE

GEMS Products

EucXylo_Zululand2018_002 - Modelling productivity of hybrid clones on the Zululand coastal plain - PSP information E 2008 - 2018 Stellenbosch University £sv (<]
EucXylo_Zululand2018_003 - Modelling productivity of hybrid clones on the Zululand coastal plain - NIR_ Wood_Properties E 2008 - 2018 Stellenbosch University £Lsv (<]
EucXylo_Zululand2018_001 - Modelling productivity of hybrid clones on the Zululand coastal plain - Growth data & 2008 - 2018 Stellenbosch University £V (<]
Eucxylo_Zululand2018_004 - Modelling productivity of hybrid clones on the Zululand coastal plain - Wood_Density E 2008 - 2018 Stellenbosch University sV @
EucXylo_Zululand2018_005 - Modelling Productivity of hybrid clones on the Zululand coastal plain - Weather Data £ 2008-2018 Stellenbosch University osv (==}
Euckylo_Zululand2018_006-Modelling productivity of hybrid clones on the Zululand coastal plain-Supplementary_Wood_Density 3 2008-2018 Stellenbosch University v @
Euckylo_Zululand2018_007 - Modelling productivity of hybrid clones on the Zululand coastal plain - Soil texture data E 2018-2018 Stellenbosch University csv (<=}
EucXylo_Zululand2018_008 - Modelling productivity of hybrid clones on the Zululand coastal plain - Soil chemistry data E 2018-2018 Stellenbosch University £sv (<)
EucXylo_Zululand2018_009 - Modelling productivity of hybrid clones on the Zululand coastal plain - Soil bulk density 3 2018-2018 Stellenbosch University v @
EucXylo_Nursery2017_001 - Effect of cyclical drought on Eucalyptus cladocalyx seedlings - Climate data 2017-2017 Stellenbosch University sV @
Rowsperpage: 10 v 1-100f 10
Figure 35. EucXylo data products published in GEMS.
we” N\ EucXylo Follow

Hans Merensky Foundation-funded Eucalyptus Xylogenesis Research Group
@© Stellenbosch, South Africa @ https://blogs.sun.acza/eucxylo/ W @EucXylo

(A Overview EJ Repositories 11 B Projects 1 @ Packages AX Teams 12 A Ppeople M

Pinned s
® View as: Public v
e You are viewing the README and pinned repositories

[ ML-stomatal-conductance-models = Public B gain_risk model  Public g ¢ B
= as a public user.
Forked from altazietsman/ML-stomatal-conductance-models Forked from altazietsman/gain_risk_model

You can create a README file visible to anyone.
@ Python oR

Peopl
[ Repositories eople

—

nlle ey |
Q Find a repository. Type ~ Language ~ Sort ~ m ,l, &a‘

O2aS
Random_Forest_weather_prep  Private
Using Random Forest to predict weather at sites using surrounding weather stations

Top languages
OR Yo w20 W1 (D4 I11  Updated 17 days ago

®R @ Python

Figure 36. EucXylo GitHub page.
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Similarly, Python and R code, along with their metadata, are archived on GitHub (Figure 36).
For the microscopy images generated in the group, we use the Micro-Meta App (Figure 37)
to document microscopy image provenance and metadata. The Micro-Meta App is an
intuitive, highly interoperable, open-source software tool designed to facilitate the extraction
and collection of relevant microscopy metadata. The MMA generates two JSON files: a
Microscope.JSON file containing a description of the hardware components of a Microscope,
as well as Settings.JSON file containing a description of the settings used to acquire the image

data file. We are currently working on gaining access to the OMERO platform to archive and

share microscopy images.

Additional Magnification Components _!) Hardware explorer b

| MicroscopyAccessories ¥

‘ Software WV
Transmitted_LightSource ¥
Fluorescence_LightSource

Magnification N

FluorescencelightPath ¥
‘ Stage v
Focusing
OpticalAssembly
‘ OpticsHolder
Aperture
‘ Filter
MirroringDevice
Lens.

AdditionalOptics

Detector

4 4 4 4 4 4 4 4 4« 4«

P AR A
» Camera

Figure 37. Micro-Meta app for documenting microscopy image provenance and metadata.

12. SOCIAL MEDIA AND WEBSITE

12.1. The EucXylo website

Our website showcases the EucXylo project (Figure 38). The blog is active, and various
members of the team regularly post interesting articles, updates on activities, and opinions

or ideas. The website can be found at the following link: https://blogs.sun.ac.za/eucxylo.
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https://blogs.sun.ac.za/eucxylo

ABOUT EUCXYLO

EucXylo is the Hans Merensky Research Chair in Advanced Modelling of Eucalypt Wood
Formation, funded by the 1 and based at
,in South Africa. Research in the! program explores in detail all aspects

Recent Posts

of growth but pamcularly the dynamics of wood formation (xylogenesis), in the extremely

ra . A key part of our research activity is
focussed on developmg mathematical, computational models of tree growth and xylem
production.

R B R

Figure 38. Screenshot of the EucXylo website main page.

This year (from of 1 January 2022 to 11 October 2022) the number of visitors, throughout the
world, to the EucXylo website increased by 104.67%, from 450 (2021) to 921. From these
statistics the majority of the visitors were from South Africa, with an increase of 55.18% (from

328 to 509 SA visitors), when comparing 2021 with 2022 (Figure 39).

1 N 328 1 . 509

Figure 39. There was an increase in the number of visitors to the website from around the world from 328 to
509, comparing Jan 2021 to Oct 2021 (left panel) to Jan 2022 to Oct 2022 (right panel); the majority of visitors
were from South Africa, but an increasing number of other countries were also represented.
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Most visitors from other countries were in the United States, United Kingdom, India and
Germany, but Brazil, Ethiopa, and Kenya also were the source of a significant number of
visitors. Compared to last year the number of page views increased by 54.74% (from 2722 to

4212).

12.1. GitHub

Version control is an important tool in the effective development of computer code (whether
as software or for one-time analysis of data), as it allows for iterative or exploratory work to
be done without risking loss of functionality through missteps or misadventure. The EucXylo
team was trained in basic use of GitHub for management of code (e.g. analysis scripts) and
documents at the annual writing retreat on 29 August 2022. Students will be encouraged and

eventually expected to manage their scripts this way in the future.

13. ACTIVITIES, WORKSHOPS AND MEETINGS

13.1. Research presentations: 3 October 2022

This year we were able to present our research findings to the HM Foundation trustees on
October 3. All students and postdocs presented their findings at the STIAS building as part
of the Hans Merensky Research Day (Figure 40).

Those who could not be present in person, were able to enjoy the presentations online via
Teams. After all the presentations were delivered, we also received excellent feedback from
the audience and trustees (Figure 41). Read more about our HMF Research Day here:

https://blogs.sun.ac.za/eucxylo/2022/10/12/eucxylo-hosts-its-annual-hmf-research-day/.
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Figure 41. Positive feedback was received from the audience and trustees at the end of the day.

13.2. Regular team meetings

Team meetings this year were solely face-to-face meetings, with some persons dialling in via

teams when travelling for conferences etc. Similar to last year, our meetings took place every
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second Wednesday, but the format of the meetings have changed considerably. Journal club
meetings now include a short presentation on a paper’s findings by one person followed by
an in-depth discussion on the paper’s limits and strengths by the whole group. During other
meetings we retained the “elevator pitch” (a brief summary of an interesting paper), and
students still get the chance to chair and manage the meetings. But to increase support to all,
we have employed the “stand-up meeting model” with a twist: “the good, the bad and the
future”, where each person shares their positive, negative and future endeavours while
receiving constructive participation from the rest of the group. This change in format has
proven valuable as members now get quicker feedback and help from others in the group

who might have had similar challenges in the past.

13.3. The writing retreat

This year we visited The River House again from 29 - 31 August for the annual EucXylo writing
retreat. Each student had to discuss with Prof. Drew a project that they would bring. Some
students chose to work on and complete a thesis chapter, or to get a paper ready for review
(Figure 423A). In addition, the time was very valuable for general discussion, as well as team-
building. Dr. Martin led a session on how to manage data and analysis code using GitHub on
Monday afternoon (Figure 423B). On Tuesday we did a personality profiling test and discussed
how our different strengths and weaknesses could be used to best effect. For more
information on this year’s retreat, see the blog post written by student Ms. Mbuyisa at:

https://blogs.sun.ac.za/eucxylo/2022/09/19/eucxylo-writing-retreat/.

46


https://blogs.sun.ac.za/eucxylo/2022/09/19/eucxylo-writing-retreat/

Figure 42. EucXylo on their writing retreat where A) the students were working hard on their projects, and B)
the group spent their evenings playing team building games.
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14. CONCLUSION

The 2021/2022 year for the EucXylo team has been a period of consolidation. The group has
reached a sustainable number of students and post-docs and achieved what we believe is
now “critical mass”. We have also achieved a palpable level of research momentum. A great
deal of energy and enthusiasm from everyone on the team has been a key part of this. It has
become evident, however, that the work will now need more coherence, and this will be an
important focus of strategic adjustments in the coming years. But the EucXylo program is now
running well, and in a position to grow in numbers and impact. We believe the program is a
powerful demonstration of the potential of people and science and reflects the Merensky

legacy which we hope is at the centre of everything we do.
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