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1. EXECUTIVE SUMMARY

This report deals with work conducted and activities in the Hans Merensky Legacy Foundation
(HMLF) funded EucXylo Chair over the period 2019 to 2023, the first five-year phase of the
project. Despite the unprecedented interruption of a year of COVID-19 lockdowns and
restrictions in 2020, the project has supported 19 student projects (honours, M.Sc. and PhD;
in one case the same student on more than one project), four post-doctoral fellows (PDFs)
and two staff members. Of the students, seven have graduated, two were unable to complete
and six will complete their projects in 2023 or 2024. Ten papers have already been published
in peer-reviewed literature with several currently under review or at an advanced stage of
preparation for imminent submission. Students, staff and PDFs have represented a broad
racial and gender diversity. An emphasis which has emerged in the work has been to
understand the effects of drought on growth, wood formation and wood properties. This
research has naturally separated into five themes looking at eco-physiological processes,
xylogenesis dynamics, wood property variability, model formulation and method
development. The first phase of the work allowed the setting up of much needed facilities,
including two new laboratories and an outdoor experimental space, and most projects were
conducted at small- to medium-tree scale. This has been an important step, especially for
technique development and to build valuable foundational knowledge. But a gap was
identified during the project; research at the large-tree and stand scale is needed, and it was
strongly recommended during various stakeholder engagements that this should be a major
part of future work. To this end, a new flagship research facility has been proposed and is in
the process of being implemented for a second phase of the research. This facility will form
the base of a range of coordinated projects exploring how diverse Eucalyptus spp. interact
and compete under various spacings and how this impacts their growth, physiology and wood
formation processes. The major novelty of the project will be the intensity of the scale of

measurement and monitoring.



2. BACKGROUND

The Hans Merensky Chair in Advanced Modelling of Eucalypt Wood Formation, also known as
“EucXylo” (EUCalypt XYLOgenesis), was officially signed into being May 2019 as a ten-year
Research Chair at the department of Forest and Wood Science (DFWS), Stellenbosch
University (SU). This report provides an overview of activities, achievements, and outputs up
until October 2023; the fifth year of the project and the last of the first five-year phase (Phase

1) of the research, but with a particular emphasis on activities in 2023.

Experimental activities across developmental stages

Characterisation of phenotype

i IS

RA 4: Simulation framework

FIGURE 1. DIAGRAM CAPTURING THE CONCEPTS OF THE EUCXYLO PROGRAM.

Ly, = Ly enan( 1 =fEnW) ™=

The overarching goal of EucXylo is to better understand and model how eucalypts (particularly
the genus Eucalyptus but also Angophora and Corymbia) grow and form their wood. Much of
the research undertaken within HM EucXylo is therefore basic and fundamental, although
applied projects are also within scope. This was in response to the great passion of Dr. Hans
Merensky for eucalypts as a sustainable plantation species in South Africa, and in keeping
with his great love of the scientific method to advance knowledge. In the project proposal
developed in 2018 for the first phase of the work, the concept was put forward for a research
program that would conduct a range of experimental and observational studies, generally as
student projects, in parallel with modelling activities that captured the scientific
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understanding of the phenomena of growth, wood formation and wood properties variability

(Figure 1).

It was proposed that the work would focus on questions at multiple spatial and temporal
scales. Much of the proposed research in this first phase of work was planned to be
undertaken on small plants (seedlings, cuttings) but with some projects also considering full-

size trees and stands, particularly in a modelling context.



3. THE EUCXYLO TEAM

Prof. David Drew (Figure 2) heads the project, appointed in a permanent academic position
within the Faculty of Agrisciences at SU. Prof. Drew’s salary is not paid HMLF, as he retains a
full academic teaching and administrative load at DFWS. The HMLF funds Dr. Leandra Moller
(Figure 2) as the project technical officer in a full-time contract position. Her contract was
renewed in October 2022. The HMLF also funds Ms. Liesel Strauss (Figure 2) as project

administrator in a part-time contract position. Her contract is due for renewal late in 2023.

L& 4 v R
: /.

Prof. D. Drew Dr. L. Moller Ms. L. Strauss

FIGURE 2. STAFF MEMBERS OF EUCXYLO.

The project to date has supported 17 students (in one case the same student in two academic
projects) from Bachelors to Ph.D. level (Table 1; Figure 3). Of this number, several students
have already graduated, while two did not complete their projects. The remaining students

are still registered (Figure 4), with the majority due for graduation in March 2024.

TABLE 1. EUCXYLO STUDENTS WHO ARE CURRENTLY ENROLLED OR HAVE GRADUATED BETWEEN 2019 AND 2023.

Degree Student Project status Registration
B.Eng. Steyl, Frances Graduated 2022 Engineering
B.Sc. Hons. Richards, Jenna Suspended for personal reasons Science

M.Eng. Erasmus, Christopher Due for December 2024 graduation  Engineering
M.Sc. Gakenou, Oluwaseun Graduated 2021 Agrisciences
M.Sc. Mbuyisa, Yenziwe Due for December 2023 graduation  Science

M.Sc Mfuni, Tiza Graduated 2022 Agrisciences
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TABLE 1 CONTINUED

Degree Student Project status Registration

M.Sc Mhlabane, Fezile Graduated 2020 Partial coursework
through AIMS

M.Sc. Roseveare, Jenna Due for March 2024 graduation Agrisciences
coursework with
reduced thesis

M.Sc. Sibiya, Gabigabi Graduated 2021 Agrisciences

M.Sc. Tonkin, Chris Graduated 2023 Science

M.Sc. Van Eyssen, Matthew Due for March 2024 graduation Agrisciences

Ph.D. Gakenou, Oluwaseun Year 1 of part-time; Due for Agrisciences

December 2026 graduation
Ph.D. Gama, Gugu Due for December 2024 graduation  Agrisciences
Ph.D. Katati, Sylvia Suspended project for personal Agrisciences
reasons

Ph.D. Keret, Rafael Due for March 2024 graduation Science

Ph.D. Khumalo, Mpilo Due for December 2024 graduation  Agrisciences

Ph.D. Mandigora, Brian Due for December 2023 graduation  Agrisciences

Ph.D. Saunders, Alta Graduated 2022 Agrisciences

Affiliate Gakenou, Oluwaseun Completed in March 2023 Agrisciences

researcher
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Doctoral students

W

Mr. O. Gakenou Ms. G. Gama Mr. R. Keret Mr. M. Khumalo Mr. B. Mandigora

Mr. Chris Erasmus Ms. Y. Mbuyisa Ms. L. Nevhungwili Ms. J. Roseveare Mr. M. van Eyssen

FIGURE 3. CURRENT DOCTORAL AND MASTERS STUDENTS AT EUXYLO.

Graduated students

Mr. T. Mfuni Ms. A. Saunders Ms. G. Sibiya

Ms. F. Steyl Mr. C. Tonkin

FIGURE 4. GRADUATED STUDENTS FROM PHASE 1 OF EucXyLO.
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EucXylo has also supported four post-doctoral fellowships during Phase 1, one of which could
not be completed (Table 2; Figure 5). A summary of completed and ongoing student and post-

doctoral projects is provided later in this report.

TABLE 2. POST-DOCTORAL FELLOWS FROM 2019-2023.
Name Post-doctoral fellowship Status

Dr. Kim Martin Linking forestry concepts, models, and experimental findings Ongoing

via a Knowledge Graph

Dr. Letitia Schoeman Advanced imaging of developing xylem Fellowship
ending
December
2023

Dr. Michelle Eckert Project manager for the intensive monitoring of planted Ongoing

competing trees (IMPACT) (EucXylo Phase 2). Using the bait-
laminae method as a monitoring tool for soil biological activity
(a proxy of soil functioning and health) in Eucalyptus
plantations at IMPACT

Dr. Vitalis Lagat Modular modelling approaches for simulating xylem Resigned *

* Dr. Lagat resigned from his position prematurely for personal reasons

L7

Dr. K. Martin Dr. L. Schoeman Dr. M. Eckert

FIGURE 5. CURRENT POST-DOCTORAL FELLOWS AT EUCXYLO.

Given the importance of the Merensky legacy, which supports and inspires the project, the
development of South Africa’s young human capital is vital. Of particular concern is to address
past injustices and previous disadvantage in South Africa. The EucXylo team represents a
broad racial and gender diversity (Figure 6). A priority in the first phase of the program has

been to attract and train black, as well as female, South African students.
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B FemaleWhiteSA FemaleBlackSA

= FemaleColouredSA FemaleBlackNon-SA
= MaleWhiteSA = MaleBlackSA

® MaleBlackNon-SA

FIGURE 6. REPRESENTATION OF THE RACIAL AND GENDER PROPORTIONS (IN PERCENT) AMONGST EUCXYLO MEMBERS
(STUDENTS, POST-DOCTORAL AND STAFF) FROM 2019 10 2023.
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4. PARTNERS AND COLLABORATORS

Many exceptional academics and scientists have made major contributions to EucXylo’s work
(Table 3). These collaborations and partnerships have been vital to the progress and
achievements to date. In particular, valuable co-supervision arrangements between Prof.
Drew, Dr. Paul Hills, Prof. Guy Midgley, Prof. Hugh Patterton and Prof. Thinus Booysens at
Stellenbosch University are worth noting, in which students have been registered at Faculty

of Science/ Engineering, but working in the EucXylo Program. A partnership with Dr. Jan

Greyling around informatics solutions has also been exceptionally valuable.

TABLE 3. PARTNERS AND COLLABORATORS (IN ALPHABETICAL ORDER BY SURNAME) DURING PHASE 1 OF EUCXYLO.

Name

Organisation

Role(s)

Booysens, Prof. Thinus

Bekker, Prof. Annie

Brink, Prof. Willie

Britz, Dr. Arina

Burger, Prof. Albert

Colling, Dr. Janine
Crous, Dr. Jacob
Dovey, Dr. Stephen
Du Boisson, Me. Sonia
Du Toit, Prof. Ben

Germishuizen, Dr. llaria

Gray, Dr. Alasdair

Faculty of Engineering,
Stellenbosch University

Faculty of Engineering,
Stellenbosch University

Applied Mathematics,
Stellenbosch University

Centre for Artificial Intelligence
Research (CAIR) / University of
Stellenbosch

School of Mathematical and
Computer Sciences, Heriot-Watt
University

Central Analytical Facilities,
Stellenbosch University

Sappi Ltd

Sappi Ltd

Hans Merensky Holdings

Forest and Wood Science,
Stellenbosch University
Institute for Commercial Forestry
Research

School of Mathematical and
Computer Sciences, Heriot-Watt

University

Collaboration on smart nursery project and
IOT concepts, co-supervision of students

Partnership in laser doppler testing

Significant assistance with data analysis

Advice / collaboration around data

representation

Providing advice in Dr. Martin’s project;
expressed an interest in additional future
collaboration

Advice and provision of specialised isotope
equipment

Provision of data and advice

Provision of data and advice

Provision of seedlings and cuttings
Assistance with student supervision and on
technical matters

Assistance with data analysis and provision
of data

Providing advice in Dr. Martin’s project;
expressed an interest in additional future

collaboration
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TABLE 3 CONTINUED

Name

Organisation

Role(s)

Greyling, Dr. Jan

Hills, Dr. Paul

Kotze, Mr. Heyns

Kunneke, Mr. Anton

Lee, Prof. David

Meyer, Prof. Petrie

Midgley, Prof. Guy

Patterton, Prof. Hugh

Phiri, Dr. Ethel

Seifert, Prof. Thomas

Strever, Dr. Albert

Watson, Prof. Bruce

Wessels, Prof. Brand

Agrolnformatics Initiative,

Stellenbosch University

Institute for Plant Biotechnology,
Stellenbosch University

Mondi Ltd

Forest and Wood Science,
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

Agri Innovation & Informatics
Centre for Artificial Intelligence
Research (CAIR) / University of
Stellenbosch

Forest and Wood Science,

Stellenbosch University

Lead, Agrolnformatics Initiative; co-
supervision of Mr. Gakenou’s training as a
Data Steward

Assistance with student supervision and
technical advice and support.

Provision of data and advice

Laser scanning and spatial data analysis

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 and

microscopy of stems and microcores

Assistance with data solutions
Advice / collaboration around data

representation

Technical assistance and student co-

supervision
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5. PROJECT PROGRESS

Several students have already graduated, with several more due to graduate in March 2024

(See Table 1). A greater number had originally been expected to graduate in 2022, but the

onset of the COVID-19 pandemic and the subsequent national lockdown in South Africa from

March 2020 had a major and generally negative effect on the progress and mental health of

many candidates. Despite the huge setback of the lockdown so early in the project, much

progress has still been made. Ten peer-reviewed papers have been published by staff,

students and post-docs in the program, with several more under review or at an advanced

stage of preparation and ready for imminent submission.

Papers that have been published, in press or under review:

Drew, D.M. (2021). Exploring new frontiers in forecasting forest growth, yield and
wood property variation. Annals of Forest Science, 78(2), 1-2.

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, 1-
16.

Eckes-Shephard, A.H., Ljungqvist, 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.

Gakenou, O., Martin, K., Germishuizen, ., & Drew, D.M. (In Press). Parameter testing
and application of the 3PG model for Eucalyptus grandis x urophylla in subtropical
conditions in South Africa. CERNE (In Press).

Keret, R., Hills, P., & Drew, D. (2023). The evolution of in vitro tracheary element
systems from annual to perennial plant species. Plant Cell, Tissue and Organ Culture
(PCTOC), 153(2), 257-271.

Mandigora, B.G., & Drew, D.M. (2022). Enhancing predictive precision of dominant
height projection equations for eucalypts by incorporating rainfall and temperature

terms. Southern Forests: A Journal of Forest Science, 84(4), 271-282.
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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.

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.

Saunders, A., Drew, D.M., & Brink, W. (2021). Machine learning models perform better
than traditional empirical models for stomatal conductance when applied to multiple
tree species across different forest biomes. Trees, Forests and People, 100139, 1-12.
Schoeman, L., & Drew, D.M. (2023). Advanced imaging and quantification of the
cambium and developing xylem in eucalypts using X-ray micro- and nano-computed
tomography (CT). IAWA Journal (published online ahead of print).

Keret, R., Schliephack, P.M., Stangler, D.M., Seifert, T., Hills, P.N., & Drew, D.M. (Under
Review: Plant Science). An open-source approach for obtaining high quality

guantitative wood anatomy data in juvenile Eucalyptus diffuse porous wood.

Papers that are in an advanced state of preparation, and will be submitted within the next

few months:

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

Hammerbacher, A., Moller, L., Knopperson, A.S., Joubert, J.C., Bose, T., Solis, M.,
Fourie, A., Barnes, |., Drew, D.M., & Wingfield, B.D. Fungal pathogens from the genus
Ceratocystis, infecting woody hosts, produce auxin to attenuate host defence
responses and to alter cell wall structure.

Keret, R., Drew D., & Hills, P. Architectural and genetic rearrangements in xylem
parenchyma serve to enhance cavitation resistance in Eucalyptus grandis.

Keret R., Hills, P., & Drew, D. Xylem cell size regulation is a key adaptive response to
water deficit in Eucalyptus grandis.

Khumalo, M., & Drew, D.M. Contrasting dynamics of diurnal stem size variation among

four eucalypt clones as a function of short-term environmental conditions.
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e Khumalo, M., & Drew, D.M. Early canopy evolution and changes in branch angle a

major determinant of light attenuation among four contrasting eucalypt clones.

e Schoeman, L., & Drew, D.M. (2023). Influence of previous drought exposure on the 3D

microstructure of the cambium in Eucalyptus clones: An X-ray CT investigation. Plant

Science (submitted).

Student and postdoctoral fellows in the team have worked in various areas of research, at a

variety of scales (Figure 7). These could be roughly grouped into the following themes:

1.

Modelling and data science in which students developed new or further developed
existing modelling systems and/or developed methods and approaches for handling
the complex data produced in the EucXylo research.

Growth, yield and wood properties in which students undertook analysis of patterns
of growth and pith-to-bark wood property variability and attempted to understand
how these patterns were influenced or driven by environmental variation.

Growth, ecophysiology and xylem structure in which students focussed on organism-
and leaf-level physiological processes, with a particular focus on how this related to
hydraulic properties in the trees and response to drought.

Fundamental drivers of xylogenesis in which students explored in detail the drivers of
structural adjustments and developmental dynamics in the narrow band of cambial
and differentiating xylem.

Measurements and sensors in which students worked to solve methodological issues
by pioneering new techniques or to develop new high-tech sensors, with an emphasis

on open-access and open-source solutions.
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FIGURE 7. FIVE THEMES OF RESEARCH IN EUCXYLO, WITH STUDENTS AND POST-DOCTORAL FELLOWS (PDFS) IN EACH.
TEXT SHOWN IN WHITE ARE PROJECTS STILL TO BE COMPLETED, IN YELLOW ARE COMPLETED PROJECTS WHICH LED TO
STUDENT GRADUATIONS. ORANGE TEXT ARE STUDENTS OR PDFS WHO HAD TO PREMATURELY END THEIR PROJECTS.
BANDED NAMES INDICATE STUDENTS WHO HAVE WORKED ACROSS RESEARCH AREAS.

Research from these five themes contributed at different levels and scales to the cyclical
research objectives defined previously in Figure 1. An over-arching theme that has emerged
in EucXylo has been the effect of drought. This can be seen as a thread which runs through

almost all of the student and PDF projects summarised in the following sections.



6. POSTDOCTORAL RESEARCH

This project has developed a prototype of a tool (‘EuXBrain’) to assist researchers in the field
of eucalypt wood formation and ecophysiology to explore concepts, 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. EuXBrain is intended to facilitate the capture of linked information
that can allow complex questions to be asked, such as: 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 (using common metadata standards and terms) and may serve as a valuable

framework for collaborative knowledge capture, exploration, and hypothesis generation.

The aim is to capture information in a multi-level Knowledge Graph (Figure 88) that
distinguishes between ‘Non-quantitative Concepts’ (NC; abstract terms, useful for discussing
concept at a higher level), ‘Quantitative Concepts’ (QC; terms that have metrics associated
with them, and may be proxies for more abstract NC terms), along with additional terms that

relate more directly to models, experiments, and datasets.

While the Knowledge Graph will be structured along the lines described above (‘Non-
guantitative Concept’, ‘Quantitative Concept’, etc.), the aim is to, where possible, include
terms from existing ontologies in common use in forestry and related fields, to enable

additional information to be included from other sources with shared terms.
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FIGURE 8. DIAGRAM SHOWING HOW KNOWLEDGE GRAPH NODES REPRESENTING ‘NON-QUANTITATIVE CONCEPTS’,
‘QUANTITATIVE CONCEPTS’ (ANNOTATED WITH INFORMATION SUCH AS MEASUREMENT UNITS), AND MODELS OR
EXPERIMENTAL DATASETS COULD BE INTERLINKED IN A USEFUL WAY.

Dr. Martin has been building a working prototype using the Python Streamlit platform, which
has much of the basic desired functionality: users are able to load existing Knowledge Graph
data into a Neo4j graph database instance, add new information (in the form of connected
nodes and edges in the Knowledge Graph) and explore the Knowledge Graph visually using a
graphical user interface (Figure 9). The prototype also allows contributions from other users
to be viewed, which may be a useful feature in the context of student supervision in the

future.

In addition, Dr. Martin has been engaging with the Stellenbosch University Computer Science
Division, and has taken on supervision of a team of final-year Software Engineering students
who are currently working on a web-based prototype with the aim of enabling users to
interact in a controlled way with the primary Knowledge Graph (accessing data, exploring and
adding new information in a safe ‘sandbox’ environment, and submitting suggested changes
to the primary Knowledge Graph to be reviewed by an administrator). The student team has
been making good progress developing a conceptual model in discussion with Dr. Martin
(Figure 1010) and a basic working product with login and data-capture functionality has

already been developed .

22



Explore the following: Ex p lo re E u x B ra i n

Associations Select one or more models

Conflicts
© Models CABALA x § CAMBIUM x o v

Users
Select a viewing option

Show inputs and outputs b4

JI
. T ‘Propomon allocation to stem (qm}‘ .

e ®

FIGURE 9. SCREENSHOT OF DEMONSTRATION OF EUXBRAIN PYTHON-STREAMLIT WORKING PROTOTYPE DEVELOPED
BY DR. MARTIN. SHOWN IS THE 'EXPLORE MODELS' FUNCTIONALITY, ALLOWING CONNECTIONS BETWEEN MODELS
(CABALA AND CAMBIUM) TO BE VISUALISED.

Login/Sign Up
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FIGURE 10. CONCEPTUAL MODEL FOR EUXBRAIN WEB INTERFACE, DEVELOPED BY STUDENT SOFTWARE ENGINEERING
TEAM IN DISCUSSION WITH DR. MARTIN.

EUXBRAIN

Continuing work with EuXBrain involves expanding the functionality of the prototypes
towards a functional and scalable tool for the use of EucXylo members and collaborators. This
will involve user-testing with the working prototypes (using members of the EucXylo team to

give feedback on their needs and the suitability of the developing tool). Key future
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developments will include identifying ways to progressively evolve a set of defined terms that
will cover EucXylo’s needs, while also promoting cross-links with existing ontologies to allow

information to be imported from other databases in the future.

The cambium plays a very important role in plant growth and development. Furthermore, the
formation of wood (i.e., xylogenesis) occurs in the cambium and a narrow zone of subsequent
differentiation. However, the dynamics of xylogenesis remain relatively poorly understood, in
large part due to challenges in sampling, imaging, and characterising the cambial tissue, due
its complex nature and its localization between layers of xylem and phloem cells. Dr.
Schoeman’s research focused on using non-destructive techniques to characterise and
guantify the developmental processes in differentiating xylem in eucalypts with a strong focus

on the cambium.

In plant biology research, X-ray computed tomography (CT) has been demonstrated to be
useful for exploring the complex tissues of trees qualitatively and quantitatively. Antecedent
environmental conditions may have a substantial impact on plant responses to drought and
recovery dynamics. Therefore, the overarching aim of this study was to investigate how water
availability preceding a severe drought affects the cambium development of two commercial
Eucalyptus clones by using X-ray CT to monitor the development of the cambium during a
four-week experimental trial consisting of well-watered, mild drought, severe drought, and

rewatering phases.

The development of a complete X-ray CT workflow from sample preparation, to optimising
scanning parameters and image acquisition, reconstruction, and analysis, allowed the
estimation of relevant cambial parameters to track developmental changes. This shed some
light on whether previous exposure to limited water conditions may provide increased
protection during future droughts and how the cambium changes during these conditions. To
explore this further, an experiment was set up in a controlled growth chamber (Figure 111)
to track cambial development using the developed X-ray CT workflow. Studies tracking

cambial microstructural changes within the same sample over time are, to the best of our
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knowledge, completely absent. This study, therefore, provides the first data on the cambial
developmental dynamics of Eucalyptus species subjected to a range of water availabilities
using X-ray CT. To track microstructural changes, the plants were imaged weekly with non-
destructive X-ray micro-computed tomography (uCT) (Figure 122). On the last day of the
experiment, high-resolution X-ray nano-CT was also performed to investigate the cambium
cellular structure in the same eucalypts. CT results were validated by microscopically
investigating thin sections prepared of paraffin wax embedded samples. No significant (p >
0.05) differences were observed in the measurements obtained from X-ray CT and brightfield

microscopy, demonstrating CT to be a suitable technique for such measurements.

FIGURE 11. GROWTH CHAMBER CONTAINING 16 EUCALYPTUS GRANDIS CLONES, WHERE EACH SAMPLE HAS ITS OWN
WATERING PIPELINE CONNECTED TO IT FOR THE RESPECTIVE WELL-WATERED AND DROUGHT TREATMENTS.

25



Week 1 Week 2 Week 3 Week 4

@ @ @ ® @
GC (n=4) GC (n=4) GC (n=4) GC (n=4)
GU (n=4) GU (n=4) GU (n=4) GU (n=4)
GC (n=4) GC (n=4) GC (n=4) GC (n=4)
GU (n=4) GU (n=4) GU (n=4) GU (n=4)
Well-watered Mild drought Severe drought Rewatering/recovery
& X-ray pCT @ X-ray nano-CT

FIGURE 12. EXPERIMENTAL DESIGN AND TIMELINE FOR THE RESPECTIVE TREATMENT GROUPS FOR THE FOUR-WEEK
EXPERIMENTAL PERIOD. COLOURS INDICATE THE INTENSITY AND DURATION OF THE RESPECTIVE TREATMENT AND
REWATERING PHASE. SYMBOLS INDICATE THE TIMING OF X-RAY uCT AND NANO-CT IMAGE ACQUISITION. EACH SAMPLE
WAS SUBJECTED TO ONE X-RAY uCT SCAN PER WEEK, WHILST X-RAY NANO-CT WAS ONLY PERFORMED ON THE LAST DAY
OF WEEK FOUR.

Our results demonstrated that antecedent mild drought conditions modified the cambial
activity, which was translated into different responses upon subsequent severe drought
stress and the recovery dynamics. Trees subjected to earlier well-watered conditions were
more affected by the severe drought, compared to plants previously exposed to mild drought
conditions. After the resumption of irrigation, the plants previously exposed to mild drought
conditions also responded quicker as they were able to resume radial growth and cambium
activity faster than the previously well-watered samples; thus, showing greater resilience to
water deficit. Hence, prior exposure to water stress conditions can facilitate morphological
adjustments, which potentially enhances drought tolerance during subsequent drought
events. This work has been submitted to the journal Plant Science for publication and is

currently under review.

This study demonstrated how laboratory-based X-ray uCT in combination with X-ray nano-CT

can be used to explore the cambium in living plants and excised tissue, respectively, which,

until now, have been difficult to study using other methods.
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A major part of Dr. Eckert’s role in EucXylo is to help design and establish the core experiment
for EucXylo Phase 2 (see brief summary at the end of the report). This will be a long-term
research facility to intensively monitor the growth of Eucalyptus when planted at different
levels of competition. Intensive Monitoring of Planted And Competing Trees (IMPACT) will be
a flagship site, one of the first intensive monitoring programs on eucalypts in South Africa,
using a multi-species, multi-density approach. Additionally, the goal is to use highly
specialised equipment and cutting-edge research protocols to examine eucalypt growth and
development. In the spirit of Dr. Merensky, this site will also offer opportunity for
collaboration between researchers from different research sectors and disciplines (e.g.

Forestry, Conservation Ecology, Soil Science, Engineering, and many more).

In collaboration with Lourensford Wine Estate, based in Somerset West, two compartments
have been made available for the establishment of IMPACT. As mentioned, one of the goals
is to investigate the role of competition on eucalypt growth and physiology which will be
achieved by planting the trees at different spacings. Additionally, to introduce contrast, four
physiologically and morphologically distinct eucalypts, each with its own industrial or
economic significance will be included in these trials. Currently, the chosen species are
Eucalyptus cladocalyx, Eucalyptus grandis, Eucalyptus urophylla and Eucalyptus cloeziana.
Using a square-spacing design (i.e. the between- and within-row distances are kept constant
between the different spacing treatments), experimental blocks will be randomized and
replicated three times per species per spacing treatment between the two compartments.
This is to minimise variation in the compartments with regard to available sunlight and
changes in soil conditions. The latter will be determined by means of a soil survey, which will
occur in November-December 2023. The spacing treatments include 1.2m x 1.2m (6944
trees/ha), 2m x 2m (2500 trees/ha), 3m x 3m (1111 trees/ha) and 5m x 5m (400 trees/ha).
These stand densities have been selected to give high contrast between the level of

competition the trees will experience during the trials.
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Since September 2023, work is underway to clear the two compartments at Lourensford Wine
Estate to prepare for the planting of seedlings in May 2024. To accomplish this, Dr. Eckert is
responsible for the designing the research facility and acting as a liaison between Prof. Drew

and Lourensford Wine Estate to ensure the work plan is on schedule.

Due to import restrictions, the decision was made to germinate the E. cladocalyx seeds in-
house. In September 2023, Dr. Eckert and Dr. Moller started the germination process, as this
is a slow-growing species. Currently, the seedlings are being cultivated in the nursery area of
DFWS (Figure 133). In total, just over 4000 seeds have been germinated to ensure that there
are enough trees to plant in May 2024. The seedlings of the other species will be ordered

from our partners in November 2023.

FIGURE 13. GERMINATION PROCESS IN SEPTEMBER 2023. SHOWN IS A) THE SEEDS PLACED IN THE GROWTH CHAMBER
TO GERMINATE, AND B) THE PLACEMENT OF THE SEEDLINGS AFTER SUCCESSFUL GERMINATION INTO THE NURSERY
TUNNEL FOR FURTHER DEVELOPMENT.

In addition to her role as project manager, Dr. Eckert will also be one of the first researchers
to conduct a soil functioning study at IMPACT once the research facility has been established.
Her study will be examining the use of the bait-lamina method as a monitoring tool for soil

function in Eucalyptus plantations. The main goal of her work will be to determine how soil
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biological activity (which is a proxy for soil health and functioning) is affected by stand density
and Eucalyptus species, which will build on the passions that Dr. Merensky had for sustainable

forestry. To this end, Dr Eckert is waiting on the outcome of an NRF proposal to leverage

further funding support for her project.

29



7. CURRENT DOCTORAL RESEARCH

Understanding adaptation strategies at the cellular level is critical because it involves
xylogenesis dynamics, which affect the quality / quantity of xylem and thus wood. Hence, the
goal of this project is to characterise 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 in Eucalyptus cladocalyx. First,
the short-term response of E. cladocalyx to six cyclic drought treatments was investigated, by

analysing microscopy images of stem samples taken every 3™ day throughout the study.

A second experiment compared the morphological and physiological adaptation of E.
cladocalyx to that of Eucalyptus grandis (more drought sensitive) when preconditioned
(intermediate drought treatment) (PI) and non-preconditioned (continual irrigation
treatment) (Cl) trees were exposed to a severe drought. During the study environmental
factors, stem diameter and stomatal conductance were measured on a weekly basis. Stem
samples were collected to microscopically investigate cellular level responses, by analysing

the image with QuPath and ImageJ software tools.

Although, preliminary results showed that there was no difference between the diameters of
Pl and CI trees during the course of the experiment, the final diameter of the Cl trees was
greater than that of the Pl trees. This trend was seen in the height as well. To analyse the
microscopy images, Qupath and R was used to construct an image analysis algorithm to

examine the cell formation over time (Figure 14).
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FIGURE 14. ILLUSTRATION OF IMAGE ANALYSIS ALGORITHM FOR ALLOCATION OF VESSELS. A) ALLOCATION OF VESSELS
TO DIFFERENT ZONES, AND B) ACTUAL IMAGE OVERLAID WITH PLOT OF VESSELS TO INSURE THEY CORRESPOND.

This algorithm revealed that the vessel cell area was greater in the Cl treatment than in the
Pl treatment, while the vessel number density was greater in the Pl treatment than in the Cl
treatment. Knowledge obtained from this study will add to the general understanding of how
drought-tolerant trees adapt to limited water availability. The findings from this project will
produce estimates of parameters and enable further development of concepts that are used
in process-based growth and wood formation models. Currently, the final data analyses and
dissertation write up are underway. Ms. Gama aims to submit her dissertation for graduation

in December 2024.

7.2. The physiological and genetic underpinnings that influence the
xylem properties of Eucalyptus grandis, when subjected to different
levels of water availability ~ Ph.D. of Mr. Rafael Keret

The aim of this study is to investigate how Eucalyptus grandis genetic mechanisms influence
stem morphology during prolonged water deficit, and how this governs tree physiology.
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 trees to 1) analyse the wood

anatomy by preparing thin transverse cross sections and imaging on a fully automated light
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microscope, 2) determine lignin composition using the Klason’s lignin method and 3) perform

transcriptomic analysis via lllumina RNA sequencing and a bioinformatics pipeline.

After the microscopy images were obtained, a new cell detection algorithm was optimised in

QuPath for recognising cells in the images, while another random trees algorithm was trained

to subset the recognised cells into their respective classes. These algorithms were coded into

an automated detection and subsetting script from which several cell parameters (cell size,

cell wall thickness, etc.) were obtained. After the raw RNA data was obtained a bioinformatics

pipeline was created to assess read quality, trim the reads, map to the reference genome,

guantify the reads and to perform a gene set enrichment analysis (Figure 15).
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FIGURE 15. ENRICHMENT NETWORK MAP PLOT, DISPLAYING THE SIGNIFICANTLY ENRICHED BIOLOGICAL PROCESS
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Although this study yielded numerous important results, the key finding is the interplay

between the physiology, wood anatomy and transcriptomics in E. grandis (Figure 16).
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Eucalyptus grandis
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FIGURE 16. THE INFLUENCE OF WATER AVAILABILITY ON EUCALYPTUS GRANDIS PHYSIOLOGY, WOOD ANATOMY AND
TRANSCRIPTOME.

In brief, the drought treatment reduced the water content in the soil, resulting in a highly
negative leaf water potential and a reduction in stomatal conductance. This can lead to a
reduction of photosynthate production which can explain why droughted plants had reduced
heights and stem diameters. The wood anatomy data suggests that the anatomical adaptation
to drought in E. grandis is more targeted at producing smaller vessel and fibre cells, as well as
more rays and ray vessel contacts, rather than thick walls. This adaptation results in a higher
implosion resistance and an increased ray network reach to effectively distribute water,
carbohydrates, lipids, and ions throughout the xylem during abiotic stress. Additionally, there
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was an increase in the lignin content on a per unit area basis which may have important
implications for the hydraulic, strength and structural properties of the wood. These
physiology and anatomy processes were underpinned by the genetic expression, where genes
that inhibit cell size or enlargement were highly expressed in the droughted plants, while
genes responsible for the biosynthesis of cellulose and numerous hemicelluloses were
expressed under control conditions. Additionally, many ontologies related to osmotic
regulation by various sugars and ions emerged as enriched under water stress. Central to

these processes was the stress response, that is likely serving as a triggering mechanism.

To date, Mr. Keret has already published an open-source review article on the topic of
xylogenic research and one paper has been submitted for publication in Plant Science. Final

writing of the dissertation is underway and Mr. Keret aims to graduate in March 2024.

The aim of this project is to investigate and compare the behaviour of different Eucalyptus
varieties, namely Eucalyptus grandis, Eucalyptus urophylla, Eucalyptus grandis x Eucalyptus
urophylla and Eucalyptus grandis x Eucalyptus nitens. From October 2020 to November 2022,
an extensive high-resolution field data collection campaign was conducted to investigate tree
growth, ecophysiology, and their interactions with environmental factors. In addition,
between the 1% to the 31%t of March 2022, a drought was simulated to determine the
response of the different varieties. During this campaign, comprehensive tree growth
assessments were conducted by measuring diameter and height, ecophysiological
parameters and environmental drivers. Additionally, the site was scanned with a state of the
art Terrestrial Laser Scanner (TLS) to estimate parameters such as volume and architectural
changes. At the end of the study, destructive sampling occurred to obtain information on

guantitative xylem properties by examining wood density and wood anatomy.

One interesting result obtained in this study is that although all of the trees’ diameter

increased with over 8 cm during the two years (Figure 17), some varieties demonstrated more
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radial growth during specific seasons and even drought. This suggests environmental
conditions strongly influence growth, which holds implications for forest management and

conservation.
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FIGURE 17. CHANGES IN STEM DIAMETER PATTERNS OF EUCALYPTUS GRANDIS, EUCALYPTUS GRANDIS X NITENS,
EUCALYPTUS GRANDIS X UROPHYLLA AND EUCALYPTUS UROPHYLLA FROM OCT 2020 TO OCT 2022 SHOWING SEASONAL
AND DROUGHT-INDUCED VARIATIONS.

During this study, it was found that sap flow was significantly influenced by environmental
factors, including solar radiation, soil moisture, VPD/RH, and air temperature (Figure 18). It's
worth noting that analyses are still ongoing to unravel these intricate relationships. Currently,
Mr Khumalo is in the process of employing the TLS data, CT scans and microscopy techniques
to conduct parallel macro- and micro-scale analyses while writing up his findings as research

papers. Mr. Khumalo aims to graduate in December 2024.
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FIGURE 18. GRAPHICAL REPRESENTATION OF FACTORS (RELATIVE HUMIDITY, TEMPERATURE, STEM RADIAL SIZE (SRS)
AND SOLAR RADIATION (SR)) THAT AFFECT SAPFLOW VELOCITY (SV) IN (A) EUCALYPTUS GRANDIS, (B) EUCALYPTUS
UROPHYLLA, (C) EUCALYPTUS GRANDIS X UROPHYLLA AND (D) EUCALYPTUS GRANDIS X NITENS.

7.4. Climate sensitive models for predicting future forest growth, yield
and wood properties in Eucalyptus plantations ~ Ph.D. of Mr. Brian
Mandigora

The aim of this research is to develop 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. The goal is to develop new models of growth and

wood property variation incorporating environmental conditions at appropriate spatial and
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temporal scales for Eucalyptus grandis x Eucalyptus urophylla (EGU) plantations in the

KwaZulu-Natal (KZN) region of South Africa.

A paper has been published recently reporting the development of a set of new dominant
height projection models that explicitly include climate variability for EGU in South Africa.
Results showed that growth functions modified by climatic 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 second paper will be submitted soon, reporting on
the variation of cellulose content, kraft pulp yield (KPY) and lignin content in EGU across sites

with a moisture gradient in coastal KZN (Figure 19).
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FIGURE 19. RESULTS SHOWING THAT SITE TYPE, GROWTH STAGE AND THEIR INTERACTION INFLUENCES LIGNIN AND
CELLULOSE CONTENT AS WELL AS KRAFT PULP YIELD (KPY) IN EUCALYPTUS GRANDIS X EUCALYPTUS UROPHYLLA (EGU).

Results obtained showed that mean cellulose and KPY content in the trees increased from
pith to bark (hence over time), while lignin content had a decreasing trend. Furthermore, the

weighted means of the three wood properties investigated differ significantly between the
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“wet” sites and the “dry” sites. Mr. Mandigora aims to submit his dissertation for graduation

in December 2024.

The aim of this research is to characterise the spatiotemporal dynamics of crown architecture
and quantify its influence on the function and performance of young eucalypts. This project
will be conducted at IMPACT (see section 6.3 and at the end of this report for more

information on IMPACT) on Eucalyptus grandis, E. cladocalyx, E. urophylla and E. cloeziana.

The RIEGL VZ-400i terrestrial laser scanner will be employed to capture point cloud data of
the trees. Additionally, drones will be deployed to gather airborne laser scanning data. The
acquired scan data will be registered into a common local reference coordinate system using
the RiScan Pro software. Machine learning algorithms available in the CloudCompare

software will be used to further process the point cloud data (Figure 20).

FIGURE 20. INDIVIDUAL TREE POINTS CLOUD ISOLATION USING TREEISO PLUGIN IN CLOUDCOMPARE.

To reconstruct the trees and generate a detailed model of their branching architecture

TreeQSM, a software developed in MATLAB, will be utilised. Structural metrics will be derived
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from the individual tree point clouds and their corresponding quantitative structure models

using R and Python (Figure 21).

FIGURE 21. TREE RECONSTRUCTION USING THE ARCHI R PACKAGE.

In October 2023, Mr. Gakenou presented his doctoral research proposal, which was accepted

by the department of DFWS. Fieldwork for this study is scheduled to commence in May 2024.
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8. CURRENT MASTERS RESEARCH

8.1. Effects of temperature on the water use efficiency and carbon
isotopic discrimination of Eucalyptus grandis and Syzygium guineense
~ M.Sc. of Ms. Yenziwe Mbuyisa

The goal of this study is to evaluate 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, Australia) and Syzygium guineense (a
local species found predominantly in the eastern parts of South Africa). The study aims to
determine whether WUE varies between the two species under different temperatures and
whether isotopic data (particularly the difference between 3C and 2C [6%3C]) 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 (Figure 22).
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FIGURE 22. EXPERIMENTAL DESIGN SHOWING THE DROUGHTED (RED) AND WELL-WATERED (WHITE) TREES ACROSS A
TEMPERATURE GRADIENT.

These treatments were run over eight weeks, with continual environmental measurements
and six weeks of regular measurements of height, diameter, weight, stomatal conductance

readings, as well as sap flow and soil water content measurements. The last two weeks of the
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experiment were used for intensive data collection to obtain the diurnal stomatal

conductance using the LI-COR Li-600 porometer / fluorometer.

Thereafter, the samples were harvested and the final height and growth data were obtained.
The samples were dried, milled and submitted for isotopic testing and analysis. The obtained
data will be used to investigate the relationship between productivity, physiology, and the
carbon distribution throughout the two species and to determine how these variables are
affected by varying temperatures and water availability. Currently, analysis of the isotopic
data and final write-up of the thesis is underway and Ms. Mbuyisa aims to graduate in

December 2023.

The focus of this study is to monitor the behaviour of the cambial zone (vascular cambium
and differentiating cells in response to environmental conditions between four Eucalyptus
varieties (Eucalyptus grandis, Eucalyptus grandis x Eucalyptus nitens, Eucalyptus grandis x
Eucalyptus urophylla and Eucalyptus urophylla). Data was collected during March 2022 when
the trees were droughted (see Section 6.3, adjacent to Mr. Khumalo’s work) and in September
2022 (season variation). During both periods, growth (height and diameter) and soil moisture
content were measured and wood microcores were taken with a Trephor tool for sectioning
and microscopy. Several optimisations were made to the embedding and sectioning protocol

to obtain clear microscopy images of the cambium of all the studied Eucalyptus varieties.

During March 2022, the stem diameter of all trees was reduced within the first 17 days since
the induction of the drought. The fast-growers (E. grandis and E. urophylla) had a faster
decline in stem radius during the drought compared to the slow-growers (E. grandis x
E. urophylla and E. grandis x E. nitens). All varieties responded to the one-day irrigation
application and returned to almost the same diameter as at the start of the experiment.
However, in terms of cambial area and width, there was no response to the irrigation

application across all varieties.
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During September 2022, the eucalypt varieties responded differentially in terms of their
diameter and cambial zone width, especially during mid-spring (Figure 23). Environmental
drivers, such as temperature and rainfall, could have potentially caused these shifts. In
particular, E. urophylla appeared to be sensitive to increased temperature (Figure 23). Ms.
Nevhungwili has completed all imaging work and is now in the process of final data analyses

and writing up of her thesis. Ms. Nevhungwili aims to graduate in March 2024.
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FIGURE 23. PATTERNS OF DIAMETER CHANGE BETWEEN FOUR EUCALYPTUS VARIETIES DURING THE SPRING SEASON.
THE DOTTED LINE REPRESENTS THE AVERAGE TEMPERATURE. EG = EUCALYPTUS GRANDIS, EGU = EUCALYPTUS
GRANDIS X UROPHYLLA, EGN = EUCALYPTUS GRANDIS X NITENS, EU = EUCALYPTUS UROPHYLLA.

This M.Sc. project is different from most in EucXylo given that it is a one-year thesis as part of
a course-work M.Sc. registered outside DFWS. The overall aim of this study is to examine if a
Medicago sativa (lucerne) cover crop can be grown in the presence of eucalypts and the effect
that this may have on tree growth. Two varieties were used in this experiment, namely
Eucalyptus grandis x camaldulensis (a drought-tolerant variety, GC) and Eucalyptus grandis x

urophylla (a sub-tropical variety, GU).
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Using a randomised block design, four different treatments were tested, 1) where the trees
were grown without the presence of lucerne (serving as control 1), 2) where trees were grown
with Rhizobium meliloti inoculated lucerne, 3) where trees were grown with non-inoculated
lucerne, and 4) R. meliloti inoculated lucerne were grown on its own (serving as control 2). All
plants were grown in 30 L circular bags containing standard growth medium. Stem diameter,
tree height and soil moisture were measured on a weekly basis from January 2023 to May

2023. At the end of the lucerne flowering period (June 2023), the trees and the lucerne were

harvested to measure biomass accumulation.
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FIGURE 24. BOX-PLOT GRAPHS SHOWING A) STEM DIAMETER AND B) TREE HEIGHT WITH AND WITHOUT THE PRESENCE
OF LUCERNE. ALSO SHOWN IS C) STEM DIAMETER AND D) THREE HEIGHT BETWEEN THE TWO EUCALYPT VARIETIES.

Surprisingly, the presence of lucerne had no significant effect on stem diameter (Figure 24A)
r tree height (Figure 24B). Stem diameter did differ between the two species (Figure 24C), but
not tree height (Figure 24D). Lucerne mortality was also significantly greater when planted
with the eucalypts and inoculation did not have a significant effect on nodule viability. Ms.

Roseveare is in the process of writing up her M.Sc. work and will graduate in March 2024.
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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 four cardinal strips collected from the
selected trees at various heights. The strips have been analysed with Silviscan and Sliverscan

(NIR) (Figure 25) to predict various chemical and physical wood properties, which give

detailed radial variation data within a tree.
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FIGURE 25. PREDICTED WOOD DENSITY OF ONE RADIAL STRIP OBTAINED FROM THREE INDEPENDENT MEASUREMENT
TECHNIQUES, SHOWING THAT THE PREDICTIONS OF THE TECHNIQUES DO NOT ALIGN.

Data was also collected from the two sites using non-destructive tools, such as the
resistograph (Figure 26) to predict radial tree density changes from bark to pith. A major
aspect of the work is the careful re-scaling of data from a pith-to-bark (distance) axis to a
time-based axis. Assessing when a particular portion of wood formed is extremely challenging

in eucalypts, which do not form regular annual rings, and this has proved to be a major

technical contribution of this thesis.
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Interestingly, the trees are not showing the same responses to crucial events. It might be
because it is hard to predict where a certain volume of wood was formed and correlate it to
that specific year. Some main factors do, however, correspond well to known literature. For
example, using a smoothing technique (Figure 26), an upward trend in density from the pith
to cambium can clearly be seen. 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. Mr. van Eyssen is currently

writing up his thesis and aims to graduate in March 2024.
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8.5. The development of a wireless dendrometer ~ M.Eng. of Mr.
Christopher Erasmus (EucXylo Phase 2)

The study of Mr Erasmus will be an electronic design and loT (Internet of Things) project under
co-supervision of Prof. Booysens with the main aim to develop a wireless dendrometer
utilising LoORaWAN (Long Range Wide Area Network) technology. LoRaWAN represents a
groundbreaking advancement in the field of dendrometry and forestry management. By
incorporating LoORaWAN, a low-power, long-range communication protocol, this innovative
dendrometer system allows high velocity, remote monitoring and data collection from trees
and forests. This technology not only enhances the accuracy and frequency of forest data
collection, but also minimises the need for physical intervention in the forest, reducing

potential disturbance to the ecosystem.

With the integration of LoORaWAN, the wireless dendrometer (an example of a dendrometer
is shown in Figure 27) opens up new avenues for efficient and sustainable forest

management, aiding in the preservation and sustainable use of our vital forest resources.

FIGURE 27. AN EXAMPLE OF A POINT DENDROMETER.
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Furthermore, in parallel with the integration of LoRaWAN technology, the development of a
zero-friction magnetic dendrometer represents an additional leap forward in dendrometry
innovation. This cutting-edge dendrometer design utilizes a magnetic encoder that eliminate
the need for physical contact within a traditional dendrometer, increasing product lifetime
and accuracy. Up to this point, the testing of a LoRaWAN communication device prototype
had been completed. The device was able to transmit data at least 310 m before any data loss

had been observed.
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9. COMPLETED STUDENT RESEARCH PROJECTS

The project focused on investigating the hydraulic responses, as well as the photosynthetic /
gas-exchange responses, of two Eucalyptus hybrids (Eucalyptus grandis x Eucalyptus
camaldulensis (EGC) and Eucalyptus urophylla x Eucalyptus grandis (EUG)) during drought and
drought recovery (or post-drought). During the experimental period the stomatal responses,
together with transpiration rates, photosynthetic capacity and biomass allocation was
measured. The results showed EGC was more resistant to embolism formation as compared
to EUG; however, EGC showed lower levels of hydraulic recovery after rewatering.
Additionally, EGC was more resistant to embolism formation, however, could not recover
hydraulic conductance to the same extent as EUG. The inclusion of a delayed or reduced
hydraulic recovery component improved model predictions for EGC slightly, however, not for
EUG, which can be related to EUG being able to recover lost hydraulic conductance and
therefore can maintain stomatal conductance regardless of hydraulic risk. EGC also showed a
more resistant strategy where gas exchange was tightly regulated with decreases of growth
and production during drought, whereas EUG showed a more resilient strategy where gas
exchange and growth were maintained during drought. Lastly, it was showed that machine
learning (ML) can be a useful tool for predicting stomatal response based on climate variables
and species traits. ML models were able to capture these trends parsimoniously without prior
knowledge of the underlying physiology of the tree species. The dissertation was defended
successfully and Dr. Saunders graduated in 2022. The first, second and fourth experimental

chapters were also successfully published.

This study aimed to compare and calibrate the 3PG (Physiological Processes Predicting

Growth) model compared to other simpler modelling approaches in predicting the
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productivity for Eucalyptus grandis x Eucalyptus urophylla across various sites in the coastal
Zululand region, South Africa. To generate a set of reliable point estimates of weather data
for growth modelling, he evaluated the performance of two spatial interpolation techniques
(Random Forest and the R package “Meteoland”) using Mean Absolute Error, Root Mean
Square Error, Coefficient of Determination, Index of Agreement and the Nash Sutcliffe Model
Efficiency Index. He collected long-term weather data from the South African Weather
Services (SAWS) and the South African Sugarcane Research Institute (SASRI). Weather stations
spread across the KwaZulu-Natal region were used for the performance analysis. The results
from this study demonstrated that both models have great potential, however, the Random
Forest model was the best performing model used to generate weather data in this study for
growth modelling. Overall, the 3PG model gave a good but slightly overestimated stand
volume prediction at the validation sites. The 3PG model was then compared with three
simpler models. The forest companies’ statistical growth and yield models outperformed all
other models in terms of all metrics used, followed by a very simple model using the
cumulative rainfall model. The 3PG model can be calibrated using published parameter sets
from a different region to characterise E. grandis x E. urophylla hybrid stands in South Africa.
The thesis was successfully submitted and Mr. Gakenou graduated in 2022. A paper reporting

these findings was accepted by the journal CERNE and will be officially published in July 2023.

This project considered the potential impact of climate change on both yield and production
risk of eucalypts. The aim of this study was to project future mean annual temperature (MAT),
mean annual precipitation (MAP), species site suitability, forest yield and the risk of the
Leptocybe invasa pest for Eucalyptus grandis x Eucalyptus urophylla (EGU) in coastal Zululand
of South Africa. The study utilised projected future climate variables from Global Circulation
Models (GCMs) used in phase five of the coupled Model Intercomparison Project (CMIP5) for
use in the R version of 3PG (Physiological Processes Predicting Growth; r3PG) to simulate
forest stand volume. The climate data was also combined with recorded presence of the L.

invasa pest to develop an ecological niche model using the Maximum Entropy (Maxent)
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model and project the possible risk of the pests’ infestation in the study site. Generally,
projected future climates revealed increasing MATs amid reducing MAP over most of the
study points in both RCP 4.5 and 8.5, as well as shifts in species site suitability for EGU. After
validating and testing the r3PG model for use in coastal Zululand using field data, the r3PG
runs across the future scenarios projected a pattern of reducing volume yield for EGU. A
second species that was tested, Pinus elliottii, exhibited a relatively more severe trend of
reducing yields from the current scenario through the future scenarios. These projected
changes were observed amidst a reducing risk of L. invasa over the study grid points in both
pathways by the end of the century. This study showed how integrating projected climate
information, processed-based growth models and pest risk models can improve the
information available to South Africa’s Forest industry. The integration of these data and
models could contribute to the preparedness of the forest industry and inform policymaking
towards mitigating uncertain climate futures. The thesis was successfully submitted and Mr.

Mfuni graduated in 2022.

This project was undertaken as a “mini-thesis” as part of a one-year M.Sc. program offered
under the auspices of the AIMS program, through Stellenbosch University. This study
investigated the hypothesis that wood formation is due a growth hormone, known as auxin,
which governs how cells grow and divide. In particular, the study investigated whether this
hormone could provide enough information to tree cells such that the overall radial growth
of wood is controlled. This was done by introducing a mathematical model, which was
implemented using the Python programming language. Simulations of the model provided a
good agreement with observed physical experiments, particularly in the early part of the
annual growing season. However, the model did not necessarily capture the decline of the
growth rate towards the end of the growing season until wood ceases to grow. The results of
this study therefore conclude that auxin plays a significant role in controlling cell growth, but
there must be other mechanisms introduced. The thesis was successfully submitted and Ms.

Mhlabane graduated in 2020.
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The aims of this research were to (1) partly parameterise and initialise and (2) test the CABALA
process-based model for hybrid Eucalyptus grandis x Eucalyptus urophylla clones in the
Zululand region of South Africa. To achieve these aims, detailed data was obtained from a set
of 18 sites at which permanent sample plots had been monitored for seven or more years.
The model was run using two sources of weather data, being based on 1) long-term mean
weather data (1949-1999) obtained from a variety of weather stations from South African
Sugarcane Research Institute (SASRI) and 2) daily weather data (2008-2018) obtained from
Mondi, VitalWeather Systems and the South African Weather Services (SAWS). The output
from CABALA predictions were compared to observed stand volume, mean diameter at breast
height (DBH), and mean height for the 18 study sites. Overall, when the long-term mean
monthly weather data was used, CABALA overestimated stand mean DBH, mean height, and
stand volume. When the daily weather data was used, the model gave better estimations of
mean DBH but tended to underestimate mean height and stand volume, especially on higher
productivity sites that generally received high mean annual precipitation. The leaf area index
(LAI) estimated by CABALA was compared to estimates from the MODIS LAI product and while
CABALA overestimated LAl in many instances, it predicted the LAl drop trend observed during
the drought period 2014-2016 as soon as the daily weather conditions were introduced.
Additionally, results showed that the model, with its modified parameter set, underestimated
mortality in all sites irrespective of weather conditions. The thesis was successfully submitted

and Ms. Sibiya graduated in 2021.

This study explored drought responses of two eucalypt hybrids (Eucalyptus grandis x
Eucalyptus longirostrata (EGL) and Corymbia henryi x Corymbia torelliana (CHT)) with

contrasting water use strategies, to identify how key leaf-level functional traits (stomatal and
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light harvesting behaviour) influence the trade-off between growth rate and drought
tolerance traits. Experimental plants were grown from rooted cuttings of each clone and
subjected to a 12-week drought period. The data showed distinct water-use strategies in the
two varietals, resulting in a differential fit between responses predicted by a gain:risk
approach in the two varietals. Model predictions more closely matched measurementsin EGL,
which showed a more isohydric response to drought (i.e. more rapid stomatal closure) and
less closely in CHT which showed a more anisohydric response (i.e. lower but less drought-
responsive stomatal conductance). Both varietals showed no damage to photosynthetic
apparatus under drought conditions, revealing the resilience of light harvesting in both water
use strategies. This suggests that stomatal optimisation modelling approaches need to better
incorporate longer term adaptive responses that affect the gain:risk trade-off. Varietal
differences in growth measures reflected these leaf level functional traits, with CHT showing
a significantly higher relative increase in biomass than EGL by the end of the experiment,
regardless of water treatment. Prioritisation of stem diameter growth in CHT may support
xylem development that is more tolerant of cavitation, while the EGL varietal prioritised apical
stem growth which would likely support greater productivity under sustained ideal water
supply conditions, but this accumulative effect would require more time to emerge than
permitted by this experiment. The thesis was successfully submitted and Mr. Tonkin

graduated in March 2023.

This project was undertaken as a “mini-thesis” under the supervision of Prof. Petrie Meyer as
fulfilment of the B.Eng. requirements. This project investigated if a Laser Doppler Vibrometer
(LDV) can be used to measure the vibrations of a eucalypt to detect cavitations in the xylem
vessels. The cavitations must be detected by and the data recorded by the vibrometer in order
to be counted and used to determine the water status of the eucalypt. The results from the
study demonstrated the detection of cavitations in the time domain. Distinct peaks could be
identified in the measurements taken on Day 2, and when isolating these peaks a decaying

response was observed, as expected from the cavitations. Laser Doppler Vibrometry proved
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to be a viable solution for measuring the vibrations caused by cavitations in young plants with
thin bark. This exploratory project was considered a test case to potentially develop further

research in this direction.
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10. EQUIPMENT, FACILITIES AND EXPERIMENTAL
INFRA-STRUCTURE

At the onset of the EucXylo program in 2019, two laboratories and a nursery area behind the
main DFWS building were available, but these were not in a state where they could be used
immediately. A major goal in Phase 1 of EucXylo was to get the nursery area and laboratories
ready and equipped. Therefore, considerable strides have been made in acquiring equipment

and upgrading facilities to support the individual student and postdoctoral projects.

During Phase 1, the available growth tunnel in the nursery area at DFWS was upgraded to
allow students to use them to perform experiments. To this end the hedge sand troughs were
cleaned out and a replaced with a free draining plastic platform. New irrigation pipes with the
option to use drippers or sprayers, depending on experimental needs, were put down and
linked to the current irrigation control in the nursery. The broken wet wall was refitted with
new cooling pads and pumps and linked to an existing timer system running the tunnel fans.
These upgrades allowed for the automatic control of the irrigation, fans and wet wall, which
was needed for the projects of Dr. Saunders, Ms. Mbuyisa and Mr. Tonkin. This area is also
now being used for the cultivation of the Eucalyptus cladocalyx seedlings that will be used for

IMPACT (Phase 2) and will be used for small-scale projects as needed during Phase 2.

An outdoor facility was created to allow for the detailed monitoring of larger trees.
Sometimes referred to as the Phenomenological trial (or “Phen trial”) it was more officially
called the Medium Term Observational Facility (MTOF). The concept was to have a facility
where trees could grow unrestrained while being measured intensively with a wide range of
sensor systems. Designed as a Latin rectangle, the behaviour of four varieties, namely
Eucalyptus grandis, E. urophylla, E. grandis x E. urophylla and E. grandis x E. nitens was
compared for roughly two years (Figure 28). To achieve this, considerable upgrades were

made to the nursery area at DFWS, which included laying down gravel and brick platforms, as
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well as installing proper irrigation. A year into the trial, a mounting arm for safe storage of

logger boxes and a wooden platform for mounting the pyranometers were also installed.

The observational trial has been used mainly by Mr. Mpilo Khumalo for his Ph.D. study and
Ms. Lucy Nevhungwili for her M.Sc. study, see section 7.3 and section 8.2 for more

information on their results, respectively, and was terminated in December 2022.

FIGURE 28. THE PHENOMENOLOGICAL TRIAL IN PICTURES. (A) THE AREA IN THE NURSERY WAS
UPGRADED TO HOUSE THE EUCALYPTUS TREES AND (B) THE FOUR VARIETIES WERE PLANTED IN 1000
L BAGS. THE TREES AFTER (C) ONE YEAR (OCT 2021) AND (D) TWO YEARS (OCT 2022).

10.3. Ecophysiological and environmental equipment

During Phase 1, several pieces of equipment were acquired from various manufacturers or
developed from components (e.g. the dendrometers were built in-house) (Table 4). The listed
equipment has been vital for research and has been extensively used in several student
projects. Furthermore, most of the equipment will be used in Phase 2 to intensively monitor

trees at IMPACT, while more will also be acquired based on needs.
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TABLE 4. EQUIPMENT ACQUIRED DURING PHASE 1 OF EUCXYLO AND THE PROJECTS THAT UTILISED THE EQUIPMENT.

Equipment Manufacturer Use Projects used in
Handheld / portable devices
Digital callipers RS components  Diameter All student projects to date

Hydrosense Il Soil ~ Campbell Soil moisture Ph.D. of M. Khumalo (Phen Trial);

Moisture probe Scientific M.Sc. of Y. Mbuyisa,

L. Nevhungwili & J. Roseveare
iButtons Maxim Temperature and relative Ph.D. of R. Keret & A. Saunders;
humidity M.Sc. of Y. Mbuyisa

LI-600 portable LI-COR Stomatal conductance and Ph.D. of G. Gama, R. Keret,

porometer / chlorophyll A fluorescence M. Khumalo (Phen Trial) &

fluorometer A. Saunders; M.Sc. of Y. Mbuyisa,
L. Nevhungwili, J. Roseveare &
C. Tonkin

LI-6400 IRGA LI-COR Photosynthesis Ph.D. of M. Khumalo (Phen Trial)
& A. Saunders; M.Sc. of C. Tonkin

Pressure Bomb Skye Xylem water potential Ph.D. of A. Saunders & G. Gama;
M.Sc. of G. Sibiya

Terrestrial laser RIEGL Canopy structure Ph.D. of M. Khumalo (Phen Trial)

scanner & 0. Gakenou

Sensors

ClimaVue50 Campbell Air temperature, relative Ph.D. of G. Gama & M. Khumalo

weather station Scientific humidity, vapor pressure, (Phen Trial); M.Sc. of

barometric pressure, wind, L. Nevhungwili & J. Roseveare
solar radiation, precipitation
and lightning strike

Drill & drop Sentek Soil moisture & temperature at  Ph.D. of M. Khumalo (Phen Trial)

probes 9 points down soil profile

Heat balance Dynamax Sap flow Ph.D. of A. Saunders; M.Sc. of

probes Y. Mbuyisa

Heat pulse AquamEt Sap flow Ph.D. of M. Khumalo (Phen Trial)

velocity (HPV)

sensors

Point RS components  Radial growth Ph.D. of M. Khumalo (Phen Trial)

dendrometers *

Pyranometers Apogee Incoming solar radiation Ph.D. of R. Keret, M. Khumalo
(Phen Trial) & A. Saunders; M.Sc.
of Y. Mbuyisa

Soil Water Campbell Soil moisture & temperature Ph.D. of R. Keret & A. Saunders;

Content Scientific M.Sc. of Y. Mbuyisa

Reflectometers

Other

CR1000x Campbell Control and log all incoming Ph.D. of G. Gama, R. Keret,

dataloggers Scientific data from sensors M. Khumalo (Phen Trial) &

A. Saunders; M.Sc. of Y. Mbuyisa,
L. Nevhungwili, J. Roseveare &
C. Tonkin

* Dendrometers were built in-house from RS component potentiometers and mounts manufactured by members of the EucXylo team
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10.4. Laboratories

At the start of Phase 1, basic but somewhat disused laboratory space was available at DFWS,
but several upgrades were needed to laboratory 1042 (the “wet” laboratory; FIGURE 29) and
laboratory 1040 (microscope, microtomy and tree-ring laboratory; FIGURE 3030) to suit

EucXylo’s research needs.

FIGURE 29. CHANGES TO LABORATORY 1042, FROM (A) END OF 2020 WITH SERVICED EQUIPMENT
AND FULLY FUNCTIONAL GROWTH CABINET, TO (B) END OF 2021 WITH MORE FUNCTIONALITY
TOWARDS PROCESSING WOOD SAMPLES TO (C, D AND E) TODAY WITH COMPLETE WORKFLOWS FOR
WOOD AND CORE SAMPLING PROCESSING.
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FIGURE 30. CHANGES TO LABORATORY 1040, FROM (A) EARLY 2020 BEFORE REFURBISHMENT, TO (B)
2021 WITH MOST EQUIPMENT IN PLACE, TO (C, D AND E) TODAY WITH ALL EQUIPMENT AND
COMPLETE WORKFLOWS IN PLACE.

The wet laboratory was refurbished and key equipment was serviced and/ or upgraded with
the intention of having the laboratory functional by late 2020. Due to COVID-19, the
refurbishment (replacing carpet with vinyl, raising bench-tops and painting) of the
microscopy, microtomy and tree-ring laboratory was delayed and only completed in early

2021.

In 2021, upgrades to the laboratories were undertaken to support ecophysiology work and
perform detailed anatomy/ xylogenesis research on small wood samples and microcores.
First, the Leica rotary microtome was upgraded with sample holders and knife blocks for thin
sectioning of wax and resin embedded wood samples and later a tissue processing unit was
obtained on loan from Tygerberg campus. The existing microscopes (i.e., a Leitz polarizing
microscope, a Motic polarizing microscope, a Motic stereo microscope, and a WILD stereo

microscope) were serviced and brought back into use. Additionally, a second-hand Nikon
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Eclipse bright-field and fluorescence microscope was obtained and fitted with a state-of-the-

art Pixelink camera that produces high quality brightfield and fluorescence images.

In 2022, the decision was made to ensure that all the equipment needed to perform wood
anatomy research is available in-house. Therefore, a tissue processor, a histology water bath
and embedding station were purchased in 2022. Finally, the Nikon Eclipse E400 microscope
was upgraded with a polarizing filter, as well as a Prior XYZ stage this year; the latter allowing
for the automatic stitching and stacking of microscope images, to obtain a crisp composite
image of a large sample, e.g. a microcore or stem sample. This upgrade was the last piece of
the puzzle, and the laboratories are now fully equipped, and workflows are in place to process
wood samples from start to finish to obtain high-quality images for answering xylogenesis

questions.
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11. DATA AND CODE MANAGEMENT

The Research Data Management at EucXylo involves using what we call “electronic lab
notebooks”, based on the Microsoft Teams platform to provide access to, store, process and
analyse active datasets in the group. Archiving and data protection is in this way taken care
of by the University. It allows easy collaboration with different supervisors, while the data are

structured into specific subfolders that are easy to navigate.

At the end of every research project, all outputs, i.e. data, code and microscopy images,
together with the associated metadata are stored and curated in data / code / microscopy
specific repositories that support the FAIR (Findable, Accessible, Interoperable, Re-usable)
guiding principles. Data generated in EucXylo are managed in a technical data management
and analysis platform named GEMS (Genetics, Environment, Management, Socioeconomics)
(Figure 31), as it promotes collaboration and discovery, while giving data owners full control

over data sharing.
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FIGURE 31. EUCXYLO DATA PRODUCTS PUBLISHED IN GEMS.

In addition, the FAIR data principles lie at the very core of the GEMS design and operation.
Code generated in EucXylo are archived on GitHub, as it allows for iterative or exploratory
work to be done without risking loss of functionality, while the Micro-Meta App, which is an
intuitive, highly interoperable, open-source software tool, is used to document microscopy

image provenance and metadata.
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12. CONFERENCES, WORKSHOPS AND TRAINING

During EucXylo Phase 1, the aim was to provide all team members the opportunity to grow
professionally in several ways, such as partaking in regular group report back meetings,
attending HMLF research days (see section 14) and specialised workshops (e.g. EucXylo
writing retreats, GitHub training and a public speaking course), as well as visiting international
institutions and conferences. Below is a brief summary of the international conferences and

visits (Table 5), as well as training and workshops (Table 6), partaken in by the EucXylo team.

TABLE 5. INTERNATIONAL CONFERENCES, WORKSHOPS AND VISITS.
Team member 2022 2023
Drew, Dave Attended the IUFRO All Division 5 meeting in
Cairns, Australia. Gave two presentations: (1)
on a new individual tree growth and wood
properties conceptual model and (2) on
further results from the X-Ray CT Scanning
work of Dr Schoeman
Keret, Rafael  Visited the University of Freiburg, Germany to
use the Nikon eclipse Ni-E upright motorized
microscope for scanning micro-sections. The
collaboration allowed EucXylo to improve
existing techniques to generate high quality
micro-section images
Martin, Kim Visited the UK to present at the 6th Visited a number of universities in the UK to
International Conference on Research do a detailed survey of how they provide
Software Engineering (RSECon22). Also gave their researchers and computationally
several presentations to academics at Heriot- intensive research programs with software

Watt University and the University of engineering support. The findings will be
Edinburgh. Good feedback and suggestions,  presented to Stellenbosch University as part
as well as expressions of interest in future of a proposal to establish software
collaborations were received engineering-related support for groups such

as EucXylo; presented at RSECon23

Moller, Leandra Visited the Albert-Ludwigs-University
Freiburg, Germany for a month to receive
hands-on training in creating thin sections of
wood microcores and imaging these sections
under a microscope

Saunders, Alta Attended the sixth international conference
on Plant Vascular Biology in Berlin, Germany
and presented a poster titled “Modelling
drought responses of Eucalyptus using
photosynthetic gain and hydraulic risk”

Schoeman, Attended the Fifth Xylem International

Letitia Meeting (XIM5), held in Wirzburg, Germany
and presented a poster titled “Advanced
imaging and quantification of the cambium
and developing xylem in eucalypts using X-ray
micro- and nano-computed tomography
(CT)”
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TABLE 6. TRAINING & WORKSHOPS ATTENDED BY TEAM MEMBERS DURING PHASE 1.

Team member 2021 2022 2023
Gakenou, R Training Data & research data Point cloud data
Oluwaseun management workshops; processing online
Carpentries instructor training; course
SQL workshop
Gama, Gugu R Training; Statistics Course ESI-UNAM lJoint School 2022; R training; Scientific &
Writing & publishing workshop ~ writing workshops
Keret, Raf LI-600 training Embedding & Microtome

Eckert, Michelle

Khumalo, Mpilo

Mandigora,
Brian

Martin, Kim

Mbuyisa, Yenzi

Mfuni, Tiza
Moller, Leandra

Nevhungwili,
Lucy

Roseveare,
Jenna

Saunders, Alta

Schoeman,
Letitia

R Training

Writing and publishing
course

CarpentryConnectZA
Instructor Training; NODES

2021 conference; R Training;

SeptembRSE conference;
Software Carpentry
Workshop

Stable isotope mass
spectrometry workshop; R
Training

R Training

R Training; Stable isotope
mass spectrometry
workshop

Al Programming; Microsoft
Azure Al Fundamentals
Program

Principles & Applications in
Neuroimaging; Micro-CT
workshop; Postdoc
workshop; SEM & STEM
training

sectioning; NIS elements
scanning microscopy

4th Q-NET workshop;
International Microscopy
Workshop; LI-COR training;
Plant Canopy Imager Live
Training; Research data
management workshop;
Writing & publishing workshop
Code-Based Publishing
workshop; Data Visualisation
workshop; Writing & publishing
workshop

Neo4j Certified Professional
training; Research Data Indaba
(SU); Prenomics/Genomics
(Cloud-SPAN)

Microsoft Word training

CRBasic Datalogger / LoggerNet
Virtual Training; International
Microscopy Workshop

Data carpentry workshop; Data
management workshop;
Referencing training

4th Q-NET workshop; Grant
Writing workshop; Writing &
publishing workshop

LI-COR training - Eddy
covariance, leaf and
soil gas flux

LI-COR training - Eddy
covariance, leaf and
soil gas flux

Semantic Web
Bootcamp (Semantic
Arts)

LI-COR training - Eddy
covariance, leaf & soil
gas flux

R Training

R Training; Climate &
Forestry workshop;
Writing skills workshop
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TABLE 6 CONTINUED

Team member 2021

2022 2023

Strauss, Liesel

Van Eyssen,
Matthew

DRD Capacity Building

Workshop; Effective office

communication &

documentation workshop

Microsoft Word training; R Training
Referencing training
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13. EUCXYLO WEBSITE

Our website showcases the EucXylo project (Figure 32). The blog is active, and various
members of the team regularly post interesting articles (Figure 33), updates on activities, and
opinions or ideas. The website can be found at the following link:

https://blogs.sun.ac.za/eucxylo.

ABOUT EUCXYLO

FIGURE 32. HOME PAGE OF EUCXYLO’S WEBSITE.

ATTENDING THE 6TH Q-NET
WORKSHO

Posted on October 9, 2023 by letitiaschoeman @ [cave a Comment

Post authored by Dr Letitia Schoeman

EucXylo members recently attended the sixth virtual workshop hosted by O-NET —a
rapidly-growing network aimed at providing better understanding of Quantitative Wood
Anatomy (QWA) in various contexts.

FIGURE 33. BLOG POST BY DR. LETITIA SCHOEMAN ON THE 6TH Q-NET WORKSHOP ATTENDED BY EUCXYLO MEMBERS.
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14. REGULAR STAKEHOLDER MEETINGS

An important forum for EucXylo has been the annual meeting with HMLF Trustees and invited
members of the South African forestry industry and research community. Every year, from
2021, a full day of presentations and discussions were held at Stellenbosch at which students
gave detailed reports on their work (as seen in Figure 34.). These sessions are of great value
to the students, who receive detailed feedback from a wide range of industry partners and
scientists from other institutions. The project also benefits from the wide range of additional
perspectives; a repeated comment made during stakeholder meetings in 2021 and 2022 was
the need to translate the work done on small plants (the focus of Phase 1), into findings that
could be interpreted in full-size trees in the landscape, which is now a major aspect of the

newly proposed Phase 2.

FIGURE 34. PHOTOGRAPHS OF EUCXYLO’S ANNUAL RESEARCH DAY PRESENTATIONS IN A) 2021, B) 2022 AND C-D)
2023.
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15. EUCXYLO: YEAR 2023 AND PHASE 1IN CONCLUSION

The EucXylo program has grown from merely a concept in 2019, to having supported a large
and diverse group of students as the end of the first phase approaches in 2023. The program
has explored growth and wood formation in diverse eucalypts at a full range of scales. Student
projects have focused on exploring the responses of eucalypts at the molecular (focusing on
the transcriptome), cellular (particularly cambial and developing xylem cells), organ (e.g.,
leaf), organism (tree) and stand (forest) levels, while measurements and predictions have
been made from minutes to months. In most projects, students have worked with or
developed predictive models of one or more processes or output variables, and an
overarching approach to connecting concepts has been proposed in the form of the EuXBrain
prototype. A number of projects have developed new scientific methods, including image
analysis of xylem micrographs, tracking ecophysiology in young eucalypts, and the exciting

use of X-Ray CT to potentially observe the living cambium.

The first five-year phase of the proposed ten-year program has, however, not been without
some challenges. The first of these was the rather extreme set of difficulties that arose from
nearly a full academic year of lock-down in 2020 due to COVID-19. Despite this unprecedented
situation, the program has still managed to graduate multiple students and produce
significant and valuable research outcomes. The setting up of fully functional labs have been
achieved and are actively used by current students. These facilities set DFWS and the EucXylo

program up to successfully undertake a wide range of new work in the future.

Another major challenge has been securing the right students and post-doctoral fellows for
the project goals and objectives. The original concept was built heavily on the idea of inter-
playing biological experimentation and simulation modelling. However, it became evident
that students, at least in the South African context, with the right combination of skills to
realise this vision fully, were very rare. In particular, students with an understanding of tree
ecophysiology or wood formation and xylem anatomy, who were also competent and
interested to undertake computer simulation and modelling, were almost but impossible to

find and attract. As a result, it was often necessary to adjust project goals to suit the capacity
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and skills of individual students who were recruited. This has generally worked well and
enabled the program to grow and gain good momentum, while advancing the level of
understanding of the interplay between eucalypt ecophysiology, growth and wood formation.
It was also unfortunately true that personal circumstances and complexities of life sometimes
get in the way and frustrate even the best plans. It was disappointing and frustrating to lose

some students and post-doctoral fellows before their projects were completed.

Even with these challenges, however, Phase 1 of the EucXylo project is approaching a most
satisfying conclusion. The team of students and post-doctoral researchers who have
contributed their skills and talents to a valuable, but under-researched, topic of science will
be a new diaspora. The young scientists who have been trained in the EucXylo program take
with them friendships, skills and ideas that will provide them the underpinning to contribute
meaningfully in the coming decades, in line with Dr. Merensky’s legacy, to forest and wood

science research in South Africa and abroad.
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16. PHASE 2 AND THE IMPACT FACILITY

This proposed experiment which will form the basis of work to be undertaken the second
phase of EucXylo is designed to allow (1) research in a single facility and facilitate clear
synergies between student projects but with clear and deliberate linkages to earlier work and
(2) the focus of work to be substantially on large trees at the stand (whole forest) scale. In
particular, the new facility (Intensive Monitoring of Planted And Competing Trees; IMPACT)
will be designed to allow the study of wide-ranging contrasts between diverse eucalypt
species growing at varied levels of competition. It will be particularly novel and cutting edge
in that it will involve extremely detailed monitoring at high spatiotemporal resolution to give
unparalleled insight into how the trees respond to competition from neighbours and
environmental variability, and how this impacts their wood formation processes. Progress is
already underway (as was described previously) with a suitable 15 ha site secured at the farm
Lourensford (near Somerset West) (Figure 35), seedling material sourced and site preparation
advanced. The plan is to plant seedlings in May 2024. Student recruitment has already begun,
with a group of new students in 2024 already lined up. Recruitment will be ramped up in 2025

as the trees begin to interact clearly and approach canopy closure.

FIGURE 35. THE SITE BEING PREPARED FOR THE IMPACT EXPERIMENT
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