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2 INTRODUCTION 

This report provides an overview of activities, challenges, highlights, and project status during the year 

2021 for the Hans Merensky Chair in Advanced Modelling of Eucalypt Wood Formation (or EucXylo).   

2021 was the third year of the project and has been one of accelerated progress for the team.  After 

a slow start in 2019 and the major disruptions of 2020, we reached our target number of students in 

2021, even despite the loss of one student towards the end of 2020.  Our lab upgrades and installation 

of necessary infrastructure are complete, and we have even had our first papers published in the peer-

reviewed literature. 

The report gives an overview of who has joined/been part of the team during 2021.  It gives brief 

summaries of the research outputs already produced, and a vignette of the interesting work of our 

team members. A short report is given of activities and events, and finally of the status of the EucXylo 

facilities. 

3 THE EUCXYLO TEAM 

In total, nine students and two post-doctoral fellows were registered and worked on projects in 

EucXylo during 2021 (Table 1 and Figure 1). In addition to direct funding from HMF, some funds were 

sourced from a DST co-funded consortium managed by Forestry South Africa (including Mondi and 

Sappi Ltd) and the Faculty of Agrisciences. These funds supported/partially supported three students, 

while six students were fully supported by funding from Hans Merensky Foundation.   

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

“Project progress”. 

TABLE 1: EUCXYLO STUDENTS ADMITTED OR REGISTERED IN 2021 

Degree Student Project status Funding/support 
arrangements 

Research/modelling 
scale 

M.Sc. Gakenou, 
Oluwaseun 

Due for December 2021 
graduation 

Funded by the DST 
SIF/Forestry South Africa 

Stand-level 

M.Sc. Mbuyisa, 
Yenziwe 

Proposal due October 
2021 

Fully supported by HMF Plant- to organ-level 

M.Sc. Mfuni, Tiza Due for March 2022 
graduation 

Funded by the DST 
SIF/Forestry South Africa 

Stand- to landscape-
level 

M.Sc. Tonkin, Chris Due for March 2022 
graduation 

Fully supported by HMF Plant-level 

Ph.D. Gama, Gugu Proposal accepted. 
Laboratory work fully 
underway. 

Fully supported by HMF Cell- to tissue-level 

Ph.D. Keret, Rafael Proposal presentation 
accepted. Laboratory 
work fully underway. 

Fully supported by HMF Molecular to tissue-
level 

Ph.D. Khumalo, 
Mpilo 

Proposal accepted.  Field 
and laboratory work fully 
underway. 

Fully supported by HMF Plant to tissue-level 

Ph.D. Mandigora, 
Brian 

Due for March 2022 
graduation 

Industry consortium + 
some tail-end support 
from HMF 

Within-tree- to stand-
level 

Ph.D. Saunders, 
Alta 

Due for March 2022 
graduation 

Fully supported by HMF Organ- to plant-level 
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FIGURE 1: THE EUCXYLO TEAM (BACK ROW, FROM LEFT TO RIGHT: MR OLUWASEUN GAKENOU, DR LEANDRA MOLLER, MR 
MPILO KHUMALO, MRS ALTA SAUNDERS AND DR LETITIA SCHOEMAN. MIDDLE ROW, FROM LEFT TO RIGHT: PROF DAVID 
DREW, MR CHRIS TONKIN, MR RAFAEL KERET AND MS GUGU GAMA. FRONT ROW: DR KIM MARTIN. PHOTO CREDIT 
ENGELA DUVENAGE).  INSET AT RIGHT (FROM TOP TO BOTTOM) ARE MR BRIAN MANDIGORA, MS YENZIWE MBUYISA, MR 
TIZA MFUNI, AND MRS LIESEL STRAUSS 

In May, Mrs Liesel Strauss joined the team as a part-time administrator for the project and Dr Leandra 

Moller was appointed from a part-time to full-time position.  Dr Letitia Schoeman joined the team as 

a Post-Doctoral Fellow in February 2021. 

Of our nine students this past year, three (33%) are female and six (66%) are black.  Of the black 

students, three (33%) are South Africans.  Dr Kim Martin and Dr Letitia Schoeman, the current post-

doctoral fellows, are both white South African females.  Dr Leandra Moller, the technical officer who 

supports all projects, is also a white South African female.   

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

“Project progress”. 

3.1 USING MS TEAMS AS A PROJECT MANAGEMENT TOOL 

The EucXylo program has benefitted from having access to the MS Teams product rolled out and 

supported by Stellenbosch University.  All students have an individual ’Team’ (referred to in the group 

as the “Electronic Lab Notebook” [ELN]) (Figure 2) in which they are able to keep manuscripts in 

progress, working datasets, admin documents, etc., and facilitate easy and traceable communication 

and mutual-discussion/editing from supervisors and other project stakeholders. General teams 

(e.g. for the group as a whole, or for those team members doing modelling work) have also worked 

excellently to facilitate file sharing, idea discussions, code sharing, etc. 
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FIGURE 2: AN EXAMPLE OF SOME TEAMS AND 'ELECTRONIC LAB NOTEBOOKS' 

3.2 ANTICIPATED NEW STUDENT RECRUITS 

Three students have been provisionally admitted (depending on results in their current degrees) to 

undertake M.Sc. degrees within EucXylo in 2022.  Mpho Tshego (Black, South African male) and Lucy 

Nevhungwili (Black, South African female) are both former graduates from Venda University and 

currently finishing up post-graduate diplomas in Forest Science at Stellenbosch University. Mr 

Matthew Van Eyssen (White, South African male) is currently finishing up his B.Sc. degree in Wood 

Products Science at Stellenbosch University.  We are hopeful that they will be able to join us next year. 

3.3 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 

2. 
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TABLE 2: SUMMARY OF TRAINING UNDERTAKEN BY EUCXYLO TEAM MEMBERS 

Team member(s) Dates 
(inclusive) 

Training title Training provider Summary of training 

Letitia Schoeman 8 Apr 2021 PET/MRI Occupancy Studies – 
Basic Principles and 
Applications in Neuroimaging 

The Bruker Webinar Team Core principles of neuroimaging and potential 
application of receptor occupancy studies using 
simultaneous PET/MR 

All EucXylo members 19 May 2021 2nd Q-NET Workshop The Q-NET Coordination Team Study design & field work, anatomical sample 
preparation, measuring techniques, data 
analysis and xylogenesis 

Leandra Moller, Yenziwe 
Mbuyisa 

26 May 2021 Mini workshop on stable 
isotope mass spectrometry 

Prof Judith Sealy & Dr Julie Luyt Fundamentals in isotope data analysis and 
sample preparation 

Kim Martin 17 Jun 2021 NODES 2021 conference Neo4j, Inc Applications of the Neo4j graph database and 
associated tools 

Oluwaseun Gakenou, Kim 
Martin, Mpilo Khumalo, 
Gugu Gama, Leandra 
Moller, Tiza Mfuni, 
Yenziwe Mbuyisa 

5 - 9 Jul 2021 useR! 2021 conference The R Foundation Applications of the R programming language 

Alta Saunders 5 Jul - 27 Sept 
2021 

AI Programming with Python 
Nanodegree 

Udacity Essential foundations of AI: the programming 
tools (Python, NumPy, PyTorch), the math 
(calculus and linear algebra), and the key 
techniques of neural networks (gradient descent 
and backpropagation) 

Letitia Schoeman 22 Jul 2021 Using Micro-CT to understand 
plant responses to drought 

The Bruker Webinar Team Use of micro-CT for plant biology research, plant 
vascular transport analysis and 3D visualization 
of micro-CT data 

Brian Mandigora 22 - 24 Jul 
2021 

Creating a successful 
dissertation 

The African Doctoral Academy 
(Stellenbosch University) 

Skills to produce a good-quality thesis 

Letitia Schoeman 26 Jul 2021  Introduction to biological 
sample preparation for SEM 

CAF Training Workshop presented 
by Madelaine Frazenburg 

Preparing samples for SEM investigations 

Letitia Schoeman 27 Jul 2021 Basic principles for Imaging 
Electron Microscopy  

CAF Training Workshop presented 
by Madelaine Frazenburg  

Using a scanning electron microscope (SEM) to 
produce high-resolution electron images by 
choosing the correct and appropriate settings 
and detectors 
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Team member(s) Dates 
(inclusive) 

Training title Training provider Summary of training 

Kim Martin 28-30 Jul 2021 Software Carpentry Remote 
Workshop 

University of Würzburg Use of the Unix shell, Python, and collaborative 
version control with Git 

Letitia Schoeman 29 Jul 2021  Basic principles for STEM CAF Training Workshop presented 
by Dr Alicia Botes 

Scanning Transmission Electron Microscopy 
(STEM) biological sample preparation: factors 
influencing image quality (staining, sectioning, 
choice of grid, etc) 

Brian Mandigora 2 - 6 Aug 2021  Writing and publishing an 
article during the doctorate 

The African Doctoral Academy 
(Stellenbosch University) 

Skills to produce a publication during PhD 

Letitia Schoeman 26 Aug 2021 Postdoc Workshop Facilitated by Prof Eugene Cloete, 
DVC- Research, Innovation and 
Postgraduate students 

Achieving the Extraordinary with ordinary 
people; challenges of being a postdoc during 
Covid times 

Kim Martin 6-30 Sept 2021 SeptembRSE (international 
Research Software 
Engineering conference) 

Society of Research Software 
Engineering 

Best practices in generating and managing 
research software and data 

Kim Martin 13-17 Sept 
2021 

CarpentryConnectZA 
Carpentry Instructor Training 
Workshop 

The Carpentries (Software 
Carpentry, Data Carpentry) 

Best practices in teaching how to conduct 
efficient, open, and reproducible research (using 
software tools including Python/R and Git) 

Rafael Keret 29 Sept 2021 Complimentary 
measurements with the LI-
600 Porometer/ Fluorometer 
and LI-6800 Portable 
Photosynthesis System 

LI-COR Combining measurements from the LI-6800 
Portable Photosynthesis System and the LI-600 
Porometer/Fluorometer 

Alta Saunders 11 Oct 2021 - 
Jan 2022  

Microsoft Azure AI 
Fundamentals Program 

Coursera Implementing AI workloads on Azure 

Gugu Gama 11 Oct - 10 Dec 
2021 

Introduction to Statistics RSU (School for Data Science and 
Computational Thinking) 

Use of the programming language R for 
statistical analysis, basic data manipulation and 
graphical representations 
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3.4 PARTNERS AND COLLABORATORS 

During 2021, several people have made major contributions to the work we’re doing at EucXylo (Table 

3).  We’re grateful for this support. Openness and a collaborative spirit are key pillars of the EucXylo 

vision. 

TABLE 3: PARTNERS AND COLLABORATORS (IN ALPHABETICAL ORDER BY SURNAME) IN 2021 

Name Organisation Role/s 

Prof Annie Bekker Faculty of Engineering, 
Stellenbosch University 

Partnership in laser doppler testing. 

Prof Willie Brink Applied Mathematics, Stellenbosch 
University 

Significant assistance with data analysis. 

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

Advice/collaboration around data 
representation 

Dr Janine Colling Central Analytical Facilities, 
Stellenbosch University 

Advice and provision of specialised 
equipment. 

Dr Jacob Crous Sappi Ltd Provision of data and advice. 
Dr Stephen Dovey Sappi Ltd Provision of data and advice. 

Ms Sonia Du Boisson Hans Merensky Holdings Provision of seedlings and cuttings. 

Prof Ben Du Toit Forest and Wood Science, 
Stellenbosch University 

Co-supervision of B. Mandigora. 

Dr Ilaria Germishuizen Institute for Commercial Forestry 
Research 

Assistance with data analysis and 
provision of data. 

Dr Paul Hills Institute for Plant Biotechnology, 
Stellenbosch University 

Co-supervision of R. Keret. 

Mr Heyns Kotze Mondi Ltd Provision of data and advice. 
Mr Anton Kunneke Forest and Wood Science, 

Stellenbosch University 
Laser scanning and spatial data analysis. 

Prof Petrie Meyer Faculty of Engineering, 
Stellenbosch University 

Partnership in laser doppler testing. 

Prof Guy Midgley Faculty of Science, Stellenbosch 
University 

Co-supervision of Y. Mbuyisa and C. 
Tonkin. 

Mr Rob Smith SMM Instruments Microscopy and laboratory solutions. 

Dr Albert Strever Agri Innovation & Informatics Assistance with data solutions 

Mr Willem Swart Advanced Laboratory Solutions Microscopy solutions 

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

Advice/collaboration around data 
representation 

4 ACTIVITIES, WORKSHOPS AND MEETINGS 

4.1 STUDENT RESEARCH PRESENTATIONS: OCTOBER 2021 

On the 7th of October, EucXylo students and post-doctoral fellows presented their research to the HMF 

Board of Trustees, to various invited guests from the forestry industry, and academics from 

Stellenbosch and other universities.  The meeting was set up as a hybrid event, involving participants 

online, as well as in-person. The in-person meeting was hosted at the Manor House library at the 

lovely STIAS facility on the Stellenbosch University campus.   
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Prof Michael Wingfield and Mr Chris Pienaar attended in-person from the HMF Board, as did Prof 

Karen Theron.  From industry, Ben Pienaar and Giovanni Sale, heads of research at Mondi and Sappi 

respectively, came to the meeting in Stellenbosch, along with Eric Droomer from York Timbers.  In 

total, there were 28 people (including students) who attended in person, and approximately another 

20 people who joined online. 

The program was well received.  Students had well-prepared and interesting presentations, and the 

meeting had a strong interactive, workshop feel about it (Figure 3 and Figure 4). The students 

benefited enormously from this opportunity, and without exception expressed their gratefulness to 

guests who attended for allowing them to share their work in this kind of forum. For more information, 

please visit https://blogs.sun.ac.za/eucxylo/2021/10/15/eucxylo-hosts-its-very-first-research-day/.  

 

FIGURE 3: PHOTOS OF GUESTS AND STUDENTS ENGAGING IN EXCELLENT DISCUSSION AT THE STUDENT RESEARCH 
PRESENTATION DAY HELD ON 7 OCTOBER 2021 

 

https://blogs.sun.ac.za/eucxylo/2021/10/15/eucxylo-hosts-its-very-first-research-day/
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FIGURE 4Υ {¢¦59b¢{ !b5 D¦9{¢{ 9bWh¸LbD Ψ/!b!t9{ ¦b59w ¢I9 /!bht¸Ω Lb ¢I9 b¦w{9w¸ !w9! !C¢9w ¢I9 5!¸Ω{ 
PRESENTATIONS 

4.2 REGULAR TEAM MEETINGS 

The team has shifted, whenever possible, to a face-to-face meeting which takes place every second 

Wednesday (Figure 5). As in 2020, the goal of these meetings is not just technical, but also to give the 

students opportunities to chair and manage group meetings, and to ensure a regular gathering of 

ideas. Meetings have retained some important elements which continue to work well.  These include: 

(1) the ‘elevator pitch’, a brief and pithy summary of an interesting, pertinent research paper; and (2) 

a regular ‘journal club presentation’, in which students share a detailed analysis of relevant, recent 

research work.  Other meetings involve one or more students giving a brief but comprehensive 

overview of new developments, progress, and challenges in their projects. 
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FIGURE 5: THE TEAM HARD AT WORK DURING A REGULAR JOURNAL CLUB MEETING 

4.3 THE Q-NET ONLINE WORKSHOP 

In May 2021, several members of the team attended the second virtual workshop hosted by Q-NET – 

a network aimed at providing better understanding of Quantitative Wood Anatomy (QWA). The 

workshop engaged on study design & field work, anatomical sample preparation, measuring 

techniques, data analysis, and xylogenesis (Figure 6). It included over 250 participants from several 

countries and EucXylo was the main group from Africa.  EucXylo students were able to get a better 

understanding of anatomical data and its relation wood formation focusing on factors such as critical 

dates of xylogenesis, activity and dormancy of the cambium, and tree ring formation. Such factors may 

be different in Temperate and Mediterranean areas. The workshop highlighted a need for future 

workshop topics on quantitative wood anatomy and xylogenesis in non-temperate species and 

conditions, e.g., in the Mediterranean. For more information about the Q-Net workshop, visit 

https://blogs.sun.ac.za/eucxylo/2021/05/28/attending-the-second-q-net-workshop/. 

 

https://blogs.sun.ac.za/eucxylo/2021/05/28/attending-the-second-q-net-workshop/
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FIGURE 6: SCREENSHOT FROM THE 2ND Q-NET VIRTUAL WORKSHOP SHOWING THE QUANTITATIVE WOOD ANATOMY 
(QWA) TOPIC 'STOPOVERS' 

4.4 THE WRITING RETREAT 

Keeping the team motivated was an important priority during this year. A major milestone for the 

team was a three-day retreat held at a secluded venue near Worcester. The time away started with 

structured sessions dedicated to brainstorming around the cross-overs between student topics in the 

team, led by Dr Kim Martin (Figure 7). She did this with a focus on ‘collaborative concept mapping’ 

and the group was also tasked to develop a ‘shared vocabulary’. On the second day this work was 

continued, along with focused time on pre-determined writing projects. Some students worked on 

their project proposals, while others made great headway on draft papers or chapters from their 

theses. Prof Drew enjoyed the opportunity to be able to contribute to the work each of the students 

was doing, and easily draw connections between projects as he did so. For more information about 

the writing retreat, visit https://blogs.sun.ac.za/eucxylo/2021/08/31/eucxylo-goes-on-a-writing-

retreat/. 

https://blogs.sun.ac.za/eucxylo/2021/08/31/eucxylo-goes-on-a-writing-retreat/
https://blogs.sun.ac.za/eucxylo/2021/08/31/eucxylo-goes-on-a-writing-retreat/
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FIGURE 7: TEAM MEMBERS BUSY AT THE EUCXYLO ANNUAL WRITING RETREAT 

4.5 YEAR-END FUNCTION 2020 

The year 2020 was a tough one for the team.  Students struggled with loneliness, a sense of isolation, 

fear of the future and in some cases, severe depression. To draw everyone together and celebrate the 

successes, the whole Team along with Prof Drew took a day off in early December 2020 and visited 

the Two Oceans Aquarium in Cape Town (Figure 8). Some students had never seen an aquarium, which 

made the visit even more special. It was a great day and contributed significantly to the excellent team 

dynamic and camaraderie that our students enjoy. 
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FIGURE 8: DR MOLLER AND PROF DREW ENJOYING THE SIGHTS AT TWO OCEANS AQUARIUM AT THE 2020 YEAR-END GET-
TOGETHER 

5 PROJECT PROGRESS 

5.1 PUBLICATIONS 

Three papers have been published during 2021 by members of the EucXylo team. 

¶ Saunders, A. and Drew, D.M., 2021. Measurements done on excised stems indicate that 

hydraulic recovery can be an important strategy used by Eucalyptus hybrids in response to 

drought. Trees, pp.1-13. 

¶ Saunders, A., Drew, D.M. and 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, p.100139. 

¶ Drew, D.M., 2021. Exploring new frontiers in forecasting forest growth, yield and wood 

property variation. Annals of Forest Science, 78(2), pp.1-2. 

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

review. 

¶ Saunders, A., Drew, D. (Submitted). Stomatal responses of Eucalyptus spp. under drought can 

be predicted with a gain-risk optimisation model.  Tree Physiology. 

¶ Saunders, A., Martin, K. and Drew, D. (Submitted). The coordination of stomatal regulation, 

hydraulic properties, and biomass allocation influence drought strategies in two Eucalyptus 

hybrids. South African Journal of Botany. 

¶ Mandigora, B., Drew, D. (Submitted). Enhancing Predictive Precision of Dominant Height 

Projection Equations for Eucalyptus by Incorporating Rainfall and Temperature Terms. 

Southern Forests. 
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¶ Eckes-Shephard, A., Ljungqvist, F.C., Drew, D.M., Rathgeber, C., Friend, A.D. (In Prep). Wood 

formation modelling – a research review and future perspectives. Frontiers. 

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

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

5.2 INTEGRATED MODELLING OF GROWTH AND WOOD FORMATION IN EUCALYPTS 

This project (run by Dr Kim Martin) aims to develop a framework for expressing and exploring 

relationships between key concepts in the EucXylo research domain, along with key information about 

relevant models and datasets. 

The work is motivated by the manifest complexity of this field, especially given the ambitious nature 

of the EucXylo project (with students working on projects spanning scales from molecule, to cell, to 

tissue, to tree, and up to stand level). In addition to this fundamental challenge, researchers in EucXylo 

must also integrate results from experiments and different computational models, which brings its 

own difficulties (in part, the need to carefully track the source and meaning of values, along with 

details such as the units, the time periods represented, and the level and type of data aggregation 

used). 

Dr Martin's project has evolved throughout the year, from the initial 'ModMap' concept that was 

presented in the previous annual report. The platform of choice has changed from Cytoscape to Neo4j 

- a powerful platform for storing and analysing graph databases that has been gaining in popularity in 

recent years, due in part to its sophisticated and flexible open-source query language, Cypher. Dr 

Martin benefited from attending the inspirational NODES 2021 online conference in June, which 

included several Neo4j demonstrations and tutorials, and has also been taking advantage of the 

extensive training materials provided by the Neo4j company. In addition, the original ModMap 

concept has been improved and extended with further (and ongoing) development of a schema for 

representing and connecting the key information (with more focus on the details of how to usefully 

connect components relating to data and algorithms).  

This refining process has been aided through soliciting inputs from the other members of the EucXylo 

team, which primarily took place during the 'collaborative concept mapping' workshop held during 

the writing retreat. This process encouraged members of the team to work together to establish a 

shared vocabulary, while at the same time working independently to map out their individual research 

areas in a structured way. The structure was provided by the light-weight schema (Figure 9) suggested 

by Dr Martin, which distinguished between the more abstract 'CONCEPT' level, and the more granular 

and specific 'QUANTITATIVE CONCEPT' and 'DATA/MODEL' levels (allowing for various relationships 

within levels, and a 'REPRESENTED BY' relationship between levels). The outcomes of the workshop 

included valuable feedback for Dr Martin on the types of concepts and relationships that are needed 

by the group to express their work in a structured form. It also provided the material to construct a 

prototype knowledge graph containing over 300 richly-connected nodes. 

  

https://blogs.sun.ac.za/eucxylo/publications/
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FIGURE 9Υ ¢IL{ {Lat[9 9·!at[9 59ahb{¢w!¢9{ Ih² bh59{ w9tw9{9b¢LbD !.{¢w!/¢ Ψ/hb/9t¢{Ω όLb .[¦9ύ /!b .9 
CONNECTED TO Ψv¦!b¢L¢!¢L±9 /hb/9t¢Ω bh59{ όLb TEAL) AND NODES REPRESENTING MODEL INPUTS/OUTPUTS OR 
VARIABLES IN EXPERIMENTAL DATASETS (IN YELLOWύ ±L! Ψw9tw9{9b¢95 .¸Ω w9[!¢Lhb{ILt{ 

The prototype knowledge graph generated from the outputs of the Writing Retreat was useful as a 

test case for the use of the Neo4j Cypher graph query language (Figure 10): it is possible to selectively 

extract 'chains' of related concepts, which may be a valuable means of identifying complex (indirect) 

interactions that might otherwise be difficult to explore or communicate with clarity. Graph databases 

like Neo4j are designed to efficiently query connected information, and - with a well-designed 

underlying schema - this raises possibilities of combining information from different levels of 

abstraction to provide useful answers. It was raised during one of the Q-Net Workshops that a 

'catalogue' of computational models related to forestry research would be valuable for the field: a 

knowledge graph could represent the models and also assist in identifying what inputs (datasets, or 

outputs from other models) could be put to use with them. Possibly more interesting: linking more 

abstract concepts to the values used to represent them as inputs and outputs of models, and linking 

concepts together (by known or hypothesized interactions), could make it possible to identify more 

easily where an existing model is failing to take important inputs into account (e.g. where its outputs 

are related to concepts that are known/suspected to be affected by other concepts, but where the 

latter are not represented in the inputs of the model). 
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FIGURE 10: THE NEO4J GRAPH QUERY LANGUAGE (CYPHER) ALLOWS FOR SELECTIVELY QUERYING Ψt!¢I{Ω ¢Iwh¦DI ! 
KNOWLEDGE GRAPH, ALLOWING A USER TO IDENTIFY INDIRECT CONCEPTS BETWEEN RELATIONSHIPS 

A knowledge graph could also serve as a powerful way of tracking and exploring existing datasets, 

whether generated within the EucXylo group, or else made publicly available by other researchers. 

This approach could facilitate effective use of existing data (e.g. by clarifying when a new hypothesis 

could be examined by repurposing existing datasets, which could be identified as containing values 

representing the concepts of interest). This requires the application of a carefully-designed schema, 

and fortunately many ontologies (standardized, structured vocabularies) that have been developed 

by the research community could be put to use for this end. One such ontology is the Plant 

Phenotyping Experiment Ontology (PPEO) which is a formal schema for recording metadata about any 

given plant phenotyping experiment - it is based on the MIAPPE metadata standard (Minimal 

Information About a Plant Phenotyping Experiment), which has been under intensive development by 

the community. 

5.3 ADVANCED IMAGING OF DEVELOPING XYLEM 

This project (run by Dr Letitia Schoeman) is mainly focused on using non-destructive techniques to 

characterise and quantify the developmental processes in differentiating xylem in eucalypts with a 

strong focus on the cambium tissue.  

The development of methods that can non-invasively visualise plant microstructure and characterise 

changes that occur during growth and development is of paramount importance. In Eucalyptus, 

cambium development involves multiple complex interactions and to describe and understand this 

development, a non-destructive method for visualising and quantifying developmental processes is 

potentially very useful.  

Knowledge of the process by which the cambium produces wood has progressed very slowly. This 

knowledge gap is largely due to difficulties in visualising the 3D organisation of the cambium and the 

lack of non-destructive methods with sufficient resolution to study the developmental processes of 

wood formation. Assessment has also been difficult in living materials due to the requirement of 

destructive measurements, making repeated analysis on the same sample impossible. Thus, non-

destructive visualisation of developing xylem in living, growing plants is an exciting frontier. 
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The aim of this study 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 µCT 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 will be explored to 

validate the CT data. The goal would be to visualise and characterise the properties of living xylem 

quickly and repeatedly, with as little damage to the tree as possible to better understand how 

eucalypts form their wood, focussing on the biological and developmental processes of xylogenesis. 

Nowadays X-ray CT is increasingly used to investigate plant structure to develop intrinsic relationships 

between structure and properties. Recently high-resolution X-ray CT showed to be an efficient avenue 

to investigate tree xylogenesis for a wide range of wood anatomies, structures, and species. However, 

to date no study has been performed on the characterisation of the development of the cambium 

tissue in Eucalyptus using X-ray CT.   

X-ray CT is a non-invasive and non-destructive imaging technique through which consistent 2D and 3D 

microstructural data can be obtained. It entails three phases (see Figure 11), firstly image acquisition 

followed by image reconstruction and lastly image analysis. During image acquisition a tomographic 

scan is accomplished by rotating the sample around an axis perpendicular to the X-ray beam while 

collecting radiographs of the sample at small angular increments. When many such images are 

recorded reconstruction software transforms the 2D projection images into a 3D volume using a 

filtered back-projection algorithm. During image analysis specialised software is used to perform 2D 

and 3D characterisation to obtain quantitative results.  

 

 

FIGURE 11: REPRESENTATION OF THE THREE PHASES OF X-RAY CT: IMAGE ACQUISITION, IMAGE RECONSTRUCTION AND 
IMAGE ANALYSIS 

Growth in plants take place in specialised tissues, the so-called meristems, which act as central control 

points for growth and development. Xylogenesis is mainly driven by the vascular cambium (see Figure 

12), which is, a layer of meristematic cells producing xylem or wood towards the inside of the vascular 

cambium and phloem towards the outside.  
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FIGURE 12: THE LOCATIONS OF THE SECONDARY XYLEM, VASCULAR CAMBIUM, SECONDARY PHLOEM, CORTEX, CORK 
CAMBIUM AND BARK. THE INTERIOR OF THE STEM IS ON THE LEFT AND THE EXTERIOR IS TO THE RIGHT 

Since the characterisation of the cambium using X-ray CT has not been done before, a trial was firstly 

performed to explore the feasibility of using X-ray CT to visualise and quantify the cambium zone. The 

focus was on small plant samples (see Figure 13A), because imaging of living plants is best performed 

on small seedlings/saplings, since the smaller the sample, the higher the resolution that can be 

obtained. With X-ray µCT the cambium could be visualised as a bright ring, as demonstrated in Figure 

13B, due to the high-density tissue that could be distinguished from other lower density tissues. What 

makes X-ray µCT so ideal is that one can scan the same section of the same tree over time, allowing a 

direct comparison before and after the treatment, and also between treatments.  

 

FIGURE 13: (A) PHOTOGRAPH OF A CORYMBIA SEEDLING USED FOR X-RAY CT; (B) X-RAY CT 2D TOMOGRAPH 
DEMONSTRATING THE CAMBIUM AS A BRIGHT RING FROM THE TOP VIEW OF A STEM SECTION 

When imaging living samples, sample mounting requires careful consideration, firstly to avoid sample 

movement artefacts and secondly to ensure that the sample is not harmed in the mount if it is to be 

re-scanned at a later stage. It was thus important to devise a suitable sample holder before any 

scanning could be performed. The sample mounting set-up for both X-ray µCT and nano-CT is 

displayed in Figure 14. For the µCT scans a piece of tape on the outside of the stem served as a 

reference marker to allow the same section to be re-scanned at the same location. The whole sapling 

was placed in a thin PVC cylinder to stabilise the sample and reduce vibrations and stem movement. 

For the nano-CT scans a sub-section of the same sample was wrapped in parafilm and mounted on a 

glass rod for image acquisition. 

A B 
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FIGURE 14: DEMONSTRATION OF THE SAMPLE MOUNTING SET-UP FOR X-RAY MICRO- AND NANO-CT IMAGE ACQUISITION  

Suitable scan parameters were tested and optimised to minimise radiation exposure, while 

maintaining a sufficient contrast to resolve the cambial zone. For the micro-CT scans the whole sample 

were scanned at parameters of 90 kV and 170 μA, which achieved a suitable image quality with a voxel 

size of 9.5 μm and scan time of 30 minutes. For the nano-CT scans a sub-section of the stem was 

scanned at parameters of 80 kV and 180 μA, which achieved a resolution of 1.25 micron and scan time 

of 54 minutes. Figure 15 demonstrates the X-ray µCT and nano-CT instruments used to perform image 

acquisition, as well as the sample set-up inside the instruments and the 2D tomographs and 3D 

volumes obtained from image analysis.  

 

FIGURE 15:THE GENERAL ELECTRIC PHOENIX VTOMEX L240 MICRO-CT SCANNER AND THE NANOTOM S NANO-CT SCANNER 
USED TO PERFORM IMAGE ACQUISITION, ALONG WITH THE SAMPLE SET-UP INSIDE THE INSTRUMENTS AND THE 2D 
TOMOGRAPHS AND 3D VOLUMES OBTAINED FROM IMAGE ANALYSIS 
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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. X-ray µCT was used in combination with X-ray nano-CT to resolve the full 

impact of irrigated and drought conditions on the cambium structure (see Figure 16 for the 

experimental design). The experiment consisted of small plants which were subjected to X-ray µCT 

scanning before the start of the experiment, after which they were exposed to two different 

environmental conditions: either irrigated conditions or drought conditions. The same plants were 

subjected to X-ray µCT scanning again 6 days after the respective treatments. X-ray µCT systems have 

a limited resolution which is not sufficient for analysing the cellular structure. Thus, high-resolution X-

ray nano-CT was also applied to a sub-sample to gain more detailed cellular information, without the 

need to do very time-consuming sectioning or mounting. After the last µCT scan a sub-section of the 

same region-of -interest (ROI) was scanned using nano-CT and the sample was stored for microscopy 

analysis.   

 

FIGURE 16: SCHEMATIC REPRESENTATION OF THE EXPERIMENTAL TRIAL PERFORMED TO EXPLORE THE FEASIBILITY OF USING 
X-RAY CT TO CHARACTERISE AND QUANTIFY THE CAMBIAL ZONE IN EUCALYPTS 

Image processing involved image reconstruction and image analysis with VGStudio max software 

where characterisation and quantification was performed. To obtain quantitative data from the X-ray 

µCT scans, the sample was virtually divided into two respective ROI’s: the stem section and the 

cambium. On the stem section some of the quantitative measurements included the volume, surface 

area, porosity, and the dimensions. Observing the cambium, parameters evaluated included, volume, 

surface area, dimensions, the percentage that the cambium comprise of the stem ROI and the average, 

max and min thickness. 

From the X-ray µCT data, similar trends were observed for the respective irrigated and droughted 

samples. Figure 17, Figure 18 and Figure 19 demonstrates some of the results obtained from a 

representative irrigated and droughted sample, respectively. In the irrigated sample the volume of the 

stem ROI selected increased after the irrigation treatment and this corresponds with the increase in 

stem diameter measured (Figure 17A). In contrast, in the droughted sample the volume of the ROI 
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selected decreased and there was also a decrease in stem diameter after a six-day drought treatment 

(Figure 17B).     

 

FIGURE 17: RESULTS OBTAINED OF THE STEM ROI USING X-RAY MICRO-CT FOR A REPRESENTATIVE (A) IRRIGATED AND (B) 
DROUGHTED SAMPLE, RESPECTIVELY. THE RESULTS ARE PRESENTED AS BEFORE AND AFTER THE TREATMENT, WHERE 
BEFORE INDICATES RESULTS OBTAINED FORM THE FIRST MICRO-C 

In Figure 18, the top row indicates the cambial zone in yellow in a 2D slice image and 3D volume. In 

the irrigated sample (Figure 18A), the cambium volume was 6.29 mm3 before the treatment and 10.59 

mm3 after the treatment. In contrast, the cambium volume was 6.65 mm3 before the drought 

treatment (Figure 18B) and decreased to 5.89 mm3 after the treatment.  Images in the bottom row of 

Figure 18 visualises the 3D structure of the extracted cambium. 

 

FIGURE 18: RESULTS OBTAINED OF THE CAMBIUM ROI USING X-RAY MICRO-CT FOR A REPRESENTATIVE (A) IRRIGATED AND 
(B) DROUGHTED SAMPLE, RESPECTIVELY. THE RESULTS ARE PRESENTED AS BEFORE AND AFTER THE TREATMENT, WHERE 
BEFORE INDICATES RESULTS OBTAINED FORM THE FIRST MICRO-CT SCAN (BEFORE TREATMENT) AND AFTER THE RESULTS 
FROM THE SECOND SCAN (AFTER TREATMENT) FOR THE SAME SAMPLE 

Thickness analyses was also performed on the extracted ROI, where the colour bar indicated the 

thickness of the specified area in the cambium. For the sample in Figure 19A, the average thickness of 

the cambium was 103.65 micron before the irrigation treatment, and it expanded to 160.43 micron 

after the treatment. In the bottom row the thickness distribution curve indicates the voxel count over 

A B 

A B 
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the thickness. Here a shift to the right can be observed, corresponding with the increase in cambium 

thickness. From Figure 19B it can be observed that average thickness of the cambium was 101.89 

micron before the drought treatment, and it decreased to 95.84 micron after the treatment. In the 

thickness distribution histogram, a shift to the left can be observed, corresponding with the decrease 

in cambium thickness. 

 

FIGURE 19: RESULTS OBTAINED OF THE CAMBIUM THICKNESS USING X-RAY MICRO-CT FOR A REPRESENTATIVE (A) IRRIGATED 
AND (B) DROUGHTED SAMPLE, RESPECTIVELY. THE RESULTS ARE PRESENTED AS BEFORE AND AFTER THE TREATMENT, 
WHERE BEFORE INDICATES RESULTS OBTAINED FORM THE FIRST MICRO-CT SCAN (BEFORE TREATMENT) AND AFTER THE 
RESULTS FROM THE SECOND SCAN (AFTER TREATMENT) FOR THE SAME SAMPLE 

The results obtained from nano-CT were in alignment with the µCT findings, as the cambium width 

was smaller in the droughted samples than in the irrigated samples (Figure 20). Furthermore, with 

nano-CT the average cell thickness could be determined, being 13 micron and 9.7 micron in an 

irrigated and droughted sample, respectively. These values agree with literature reporting the 

thickness of cambium cells to be in the range of 4 to 19 micron. With nano-CT differences with regards 

to cell size, cell count, surface area, diameter, sphericity, and compactness was also detected between 

the two treatments. 

A B 
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FIGURE 20: RESULTS OBTAINED FROM X-RAY NANO-CT VISUALISING THE CELLULAR STRCTURE OF THE CAMBIUM IN AN 
IRRIGATED AND DROUGTED SAMPLE, RESPECTIVELY 

 

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. This was the first study in which X-ray CT was used to non-destructively demonstrate the 
effect of environmental conditions on the development of the cambium. Future work will include 
validating the CT data with microscopy techniques and other non-destructive imaging techniques such 
magnetic resonance imaging (MRI) and positron emission tomography (PET) will also be explored. It 
might also we worthwhile to explore nucleus-specific X-ray stains for the investigation of 3D virtual 
histology. This initial study served as a proof of concept and established image analysis protocols for 
both X-ray micro- and nano-CT, which opened the avenue for a more robust study to be performed in 
future.  

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

This project (run by Mrs Alta Saunders) focused on investigating the hydraulic response as well as the 

photosynthetic/ gas-exchange response of two Eucalyptus hybrids during drought and drought 

recovery (or post-drought). During the year of 2021 focus was given to analysing all data collected 

during the previous year and writing 4 papers focusing each on a different aspect of the project. Please 

find below a brief description of each paper, including a summary of the work and the status of each 

paper. All work was done on two Eucalyptus hybrids: E. grandis X E. camaldulensis (GxC) and 

E. urophylla X E. grandis (UxG). Focus was given to these two hybrids since they had two distinct 

hydraulic and drought strategies, where GxC was more resistant to drought compared to UxG. The 

research was written in the form of four inter-linked research papers as well as a literature review. 
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FIGURE 21: THE DROUGHT SET-¦t ¦{95 Chw ![¢!Ω{ a!Lb 9·t9wLa9b¢ 

The first paper focused on the hydraulic recovery response seen within plants and determining 

whether Eucalyptus were able to recover lost hydraulic pathways post-drought and whether this is 

related to their hydraulic strategies. The both traditional hydraulic methods, as well as CT-scans, were 

used to measure and visualize the recovery response of the two plant hybrids (Figure 21). During 

analysis it was clear that both hybrids could recover lost hydraulic pathways, however to different 

extents, which was related to their drought and hydraulic strategies.  

The second paper focused on modelling the hydraulic and photosynthetic trade-off during drought. 

Focus was given to using the gain-risk optimization model previously developed and adapting it to 

include the recovery response previously seen within the used Eucalyptus hybrids.  Plants were subject 

to a drought-recovery experiment where they were droughted periodically, while various 

physiological and environmental parameters were measured to test the prediction accuracy of the 

model.  
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FIGURE 22: MICROSCOPIC AND CT-SCAN IMAGES OF WOOD IN A SAMPLE (TOP) AND STAINING OF TISSUES AROUND 
DEVELOPING VELLSES (BOTTOM).  SEE PAPER BY SAUNDERS AND DREW (2021) FOR MORE INFORMATION 

The third paper focused on understanding the stomatal responses and growth responses of the 

hybrids and how they relate to the drought strategies of the plants. During the drought-recovery 

experiment, growth of all plants was monitored together with their stomatal responses. Based on 

their stomatal strategies two drought strategies were observed: a resistant strategy where water loss 

through stomata were minimized, however this also reduced carbon uptake, and a resilient strategy 

where water loss was sacrificed to increase carbon uptake even when soil water was limited.  

The fourth paper focused on investigating the use of Machine Learning models to model plant 

responses on a global scale. Data collected during a review study was used, which included data from 

36 different tree species across the globe. During this study the machine learning models could predict 

stomatal responses and outperformed the more traditionally used empirical models, such as the Ball-

Berry model.  



28 
  

5.5 PRIORITY OF CARBON ALLOCATION TO STEM WOOD IN TWO CONTRASTING EUCALYPT 

HYBRIDS 

This project is being led by M.Sc. candidate Mr Christopher Tonkin.  The project is being co-supervised 

by Professor Guy Midgley (Department of Botany, Faculty of Science). At the start of 2021, Mr Tonkin 

prepared for the commencement of his experiment, which involved preparing the plant material by 

repotting the cuttings into bigger, 5 litre bags, and then moving them across to the growth tunnel in 

the nursery area where the experiment would take place. Sensors and a logger were installed in the 

tunnel to record environmental conditions and an automated irrigation system were installed which 

allowed to control the watering regime. Once this was all completed, the plants were given a few 

weeks to acclimatize to the new area before the experiment started.  

Mr Tonkin’s experiment started on the 16th March and ran until the 16th June. Once a week the height 

and diameter of the plants were measured. Three harvests were also performed during the 

experiment. The first harvest took place at the beginning of the experiment to establish the initial 

mass of the plants. The second harvest took place on the 16th May and the final harvest took place at 

the end of the experiment. At each harvest, the plants randomly selected for harvest were used to 

generate light response curves and A/Ci (net CO2 assimilation rate, A, versus calculated internal CO2 

concentrations, Ci) curves (Figure 23) using a Li-Cor 6400. The experiment was ended a month early 

due to a failure in the irrigation system which resulted in the mortality of several plants (the failure 

was caused by Eskom loadshedding). More intensive measurements were taken over the course of a 

week in May which involved measuring the stomatal conductance and soil moisture of each plant 

daily.  

Mr Tonkin is currently finishing up analysis and busy writing his thesis.  He is planning to hand in his 

thesis in December 2021 for March 2022 graduation. 

 

  

FIGURE 23: CHRIS TONKIN MAKING LEAF-LEVEL MEASUREMENTS ON EUCALYPTUS PLANTS (LEFT).  PHOTOSYNTHETIC 
LIGHT-RESPONSE CURVES SHOW THE DIFFERENCES BETWEEN THE EUCALYPTUS AND THE CORYMBIA PLANTS 

5.6 CLIMATE SENSITIVE MODELS FOR PREDICTING FUTURE FOREST GROWTH, YIELD AND WOOD 

PROPERTIES IN EUCALYPTUS PLANTATIONS 

This PhD project is being led by PhD candidate Brian Mandigora. The aim of his research is to develop 

new models of growth wood property variation incorporating environmental conditions at 
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appropriate spatial and temporal scales for Eucalyptus grandis x E. urophylla plantations in the 

KwaZulu-Natal (KZN) Region of South Africa.  

Brian has submitted a paper to the journal Southern Forests titled “Enhancing Predictive Precision of 

Dominant Height Projection Equations for Eucalyptus grandis x urophylla by Incorporating Rainfall & 

Temperature Terms”.  This is currently under review. 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 (E. g x u) in South Africa. Results show 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, with the provisional title “Predicting short-term responses of wood density content 

to rainfall variation in South African Eucalyptus grandis x urophylla trees” is currently being prepared. 

The aim of this chapter is to predict short-term responses of wood properties in E. g x u grown in 

coastal KZN to intra-annual climate variation. This is a collaborative chapter with a researcher at the 

Technical University of Munich. Data analysis is currently on-going, and the paper is pegged to be 

complete by the end of November 2021.  

A chapter titled “Explaining variation in wood density, kraft pulp yield and cellulose content of 

Eucalyptus over a growing season” is currently being prepared. Data analysis is on-going (Figure 24) 

and is envisioned to be done by the end of October.  

 

FIGURE 24: A WOOD SAMPLE FROM A EUCALYPT TREE (LEFT) AND AN EXAMPLE OF THE DETAILED BARK-TO-BARK WOOD 
DENSITY DATA AVAILABLE FROM THE IML RESISTOGRAPH TOOL 
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5.7 PARAMETER TESTING AND APPLICATION OF THE 3PG MODEL FOR EUCALYPTUS GRANDIS X 

UROPHYLLA ON THE ZULULAND COASTAL PLAIN, SOUTH AFRICA. 

Mr Oluwaseun Gakenou led this M.Sc. project. Weather data used for growth modelling was 

generated using spatial interpolation techniques. Two techniques were considered, Random Forest 

(RF) and Meteoland. The performance of both models was compared, and the best performing model 

based on statistical errors and indices was selected.  

Using these interpolated data, the 3PG (Physiological Processes Predicting Growth) model was 

parameterized for Eucalyptus grandis x E. urophylla hybrids growing in the coastal Zululand region of 

South Africa, with parameter values developed for hybrid across regions in Brazil serving as base 

parameters. From this base, an improved set of parameters was developed using sample plot data 

from a set of calibration sites. A new measure to rank the combination of parameter set, named 

extended Root Mean Square Error (eRMSE), was developed, and used to select the best parameter 

set with consideration of slope as well as the coefficient of determination. The new parameter set 

resulted in good predictions of three key output variables (stem height, stem diameter at breast 

height, basal area) (Figure 25).   

 

 

FIGURE 25: COMPARISON OF OBSERVED AND 3PG PREDICTED VALUES FOR (A) MEAN DIAMETER AT BREAST HEIGHT (CM) 
(B) MEAN HEIGHT (M) (C) BASAL AREA (M2HA-1), AND (D) ESTIMATED STAND VOLUME (M3HA-1) 

Oluwaseun submitted his thesis for examination in October.  
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5.8 PROJECTING FUTURE CLIMATE, FOREST YIELD AND SITE SUITABILITY FOR EUCALYPTUS 

GRANDIS X UROPHYLLA IN COASTAL ZULULAND. 

This M.Sc. project, run by Mr Tiza Mfuni, considered the potential impact of climate change on both 

yield and production risk of eucalypts in the Zululand region of South Africa.  He considered two 

possible 21st century pathways of GHG concentrations.  First, RCP 4.5 – intermediate scenario in which 

CO2 emissions start declining by 2045.  Second, RCP 8.5 – “business as usual” worst case scenario 

where emissions continue to rise throughout the 21st century. 

Using projected temperature and precipitation data predicted by an ensemble of climate models for 

these two scenarios, he simulated timber yield using the 3PG hybrid growth model.  The model 

generally predicted a reduction in overall yield from the region, but with this effect likely to be 

somewhat worse under the “business as usual” case (Figure 26).  Interestingly, however, parallel 

modelling of the risk of attack from the wasp Leptocybe invasa suggested that in the Zululand region 

there may be a reduced risk under RCP8.5 towards the end of the century (Figure 27). 

 

FIGURE 26: EXPECTED STAND YIELD CLASSES FOR EUCALYPTUS GRANDIS X UROPHYLLA UNDER VARIOUS FUTURE SCENARIO 
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FIGURE 27: EXPECTED RISK OF ATTACK BY THE INSECT PEST LEPTOCYBE INVASA UNDER VARIOUS CLIMATE SCENARIOS 

5.9 EFFECTS OF TEMPERATURE ON THE WATER USE EFFICIENCY AND C ISOTOPIC DISCRIMINATION 

OF EUCALYPTUS GRANDIS AND SYZYGIUM GUINEENSE. 

In this project, Ms Yenziwe Mbuyisa will study two Myrtaceae, comparing the !ǳǎǘǊŀƭƛŀƴ 9ǳŎŀƭȅǇǘǳǎ 

grandis and the South African native {ȅȊȅƎǳƛƳ ƎǳƛƴŜŜƴǎŜ. The research will assess how these two 

species respond to temperature differences in terms of their water use efficiency adjustment.  Further 

to this, the study will aim to understand the extent to which a stable carbon isotope signal of this 

temperature and/or drought difference is embedded in the wood as the trees grow.    

Ms Mbuyisa recently completed a pilot study experiment, to test just how much the trees would grow, 

to better understand the settings of the controlled conditions chamber (Figure 28) and to assess 

the feasibility of the experimental design and identify pitfalls and areas of improvement.  Samples 

from the pilot study were sent to laboratories in Cape Town to test the feasibility of the carbon isotopic 

analyses on small samples. The pilot study was useful and the results have already enabled Ms 

Mbuyisa to refine the approach to be taken in her main laboratory experiment/s.    

She is currently setting up for the first of these.  Seedlings of both species were sourced and have been 

transplanted into consistent growing medium.  Her proposal will be delivered within the coming 

months.  
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FIGURE 28: PLANTS IN THE CONTROLLED-CONDITIONS CHAMBER DURING THE PILOT STUDY 

5.10 PLANT ECO-PHYSIOLOGICAL INTERACTIONS AND RESULTANT VARIABILITY IN XYLEM 

PROPERTIES IN FOUR CONTRASTING CLONES OF EUCALYPTUS. 

This PhD project is being led by Mpilo Khumalo with two clear contrasts in mind: 

¶ The dynamics of the two distinct species (E. grandis vs. E.  urophylla) can be investigated by 

comparing their behaviour with that of the hybrid (E. grandis x E. urophylla) between these 

two species.   

¶ Second, the differences between hybrids can be explored by comparing a cold tolerant hybrid 

(E. grandis x E. nitens) to a hybrid bred for sub-tropical and tropical deployment (E. grandis x 

E. urophylla), as well as by comparing their dynamics to non-hybridised E. grandis. 

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.  

Mpilo has designed five key foci for his work: 

¶ To understand short and medium-term variations in stem growth (xylem formation) among 

the four Eucalyptus clones 

¶ To characterise the differences in water-use and water-use-efficiency by Eucalyptus clones. 

¶ To characterise the differences in light capture between the different Eucalyptus clones. 

¶ To elucidate differences in biomass allocation strategies by these different Eucalyptus clones. 

¶ To understand how various xylem properties vary as a function of environmental conditions 

in the context of tree-level eco-physiological processes. 

The work is already showing some of the interesting interactions in diameter vs height growth over 

time in the four genotypes (Figure 29). High quality dendrometer and sap flow data is also being 

collected, and analysis is underway.  
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FIGURE 29: DIAMETER GROWTH MEASURED USING CALLIPERS FROM OCTOBER 2020 TO OCTOBER 2021 (LEFT). HEIGHT 
GROWTH FROM OCTOBER 2020 TO AUGUST 2021 (RIGHT) 

5.11 RESPONSIVENESS AND ADAPTABILITY OF XYLOGENESIS DYNAMICS IN EUCALYPTUS 

CLADOCALYX. 

The study, led by Ms Gugu Gama, is focused on the xylogenesis dynamics in a drought tolerant 

eucalypt, E. cladocalyx. The work aims to characterize short-term responses in terms of cambial and 

xylem differentiation, as well as to understand how xylem properties contribute to longer-term 

physiological adaptations to various environmental conditions. Until now, the emphasis has been on 

the water availability-related xylogenesis dynamics in E. cladocalyx. For the observation of cambial 

dynamics under cyclic drought treatments over a 70-day period, an image dataset of cross sections 

images was collected. Every 2 days, sections were collected. This cambial change was manually and 

semi-automatically analysed and characterized to distinguish cambial cells from early xylem and 

phloem cells (Figure 30). The freely available software Image J is currently being used to segment 

images and will ultimately be used as part of a series of calculations to quantify cambial dynamics. An 

automated macro segmentation technique yields various parameters such as area, perimeters, 

circulatory, aspect ratio, and solidity of each cell pertaining to each image, as shown in the image 

below. 

Various Image J Plugins (BAR, Particle Analyzer, BioVoxxel Toolbox) were used to accurately select 

cambial cells based on measurements (e.g., aspect ratio) as shown below. 

For further investigation of the cambial zone, algorithms like SR Tessler have been investigated. A 

review of the literature on Eucalyptus cladocalyx has been conducted, and a manuscript on cambial 

dynamics is currently being written to fully comprehend its xylogenesis processes. 
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FIGURE 30: INITIAL SEGMENTATION OF CELLS (TOP) AND CLASSIFICATION OF POSSIBLE CAMBIAL ZONE CELLS (BOTTOM) IN 
E. CLADOCALYX 

5.12 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 the stem morphology during water deficit. These architectural changes in the stem will 

result in variations in the stem functionality and hydraulic traits that will influence the plants 

physiology, ultimately resulting in variations in wood properties.  

The first part of the work involved a pilot study to test different watering regimes and potting 

mixture/s. Four watering regimes were tested during the pilot study, ranging from 60mL to 200mL of 

water per day. Providing the plants with 60mL of water daily, proved to be a sufficient droughting 

treatment, as the plant growth did not appear to be completely retarded. In contrast, plants receiving 

150mL of water daily displayed the greatest physiological growth responses in terms of stem diameter, 

plant height, stomatal conductance, and pre-dawn leaf water potential (PDLWP).  

The main experiment contrasted the previously selected droughted and well-watered regimes from 

the pilot study to uncover how E. grandis responds to water deficit as well as to an abundance of water 

on a physiological, morphological, and genetic level. The experiment used 24 ramets in a growth 

chamber in a randomized Latin square design. Twelve plants were assigned randomly to the droughted 

and well-watered treatment and grown for a period of 30 days. A full range of growth and 

physiological measurements were made. Currently, these growth experiments have been repeated 

twice, with the intention of completing a third repeat soon. The repeats completed thus far seem to 

be highly reproducible.  

The next aspect of the study is to use the harvested stem segments to determine what are the 

differences in the wood properties or morphology in the stem between the watering regimes tested. 

Aspects of the stem we are interested in are the cell diameters, lumen area, wall thickness, cellular 
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densities, fractions of cell types and degree of lignification. Currently we are in the process of 

optimizing the protocol for embedding the stem samples in paraffin wax, and subsequently sectioning 

these on a microtome. Some progress has been made (Figure 31 A & B), however some optimization 

is still required as sections below 10 microns thick, lead to amorphous cell types and vessel rupture. 

Presumably this is due to improper penetration of the paraffin wax into the stem, and hence the 

protocol will be modified to ensure proper penetration of the paraffin into the cells of the stem. 

Subsequently, the stems were stained with safranin-Astra blue. The purpose of this stain is to 

differentially stain lignin pink, and cellulose blue. This staining method was successfully implemented 

on the stem samples and provides a lovely visual of the living cell fractions (blue) and the lignified non-

living fractions (pink) (Figure 31 C & D). Once the embedding protocols have been optimized, these 

will be repeated on the stem samples harvested from the previous growth experiments, and the 

microscopic images of these stems will be analyzed for various wood properties as previously 

mentioned.  

 

FIGURE 31: PARAFFIN EMBEDDED STEM SAMPLES OF E. GRANDIS UNSTAINED (A & B) AND STAINED WITH SAFRANIN-
ASTRA BLUE (C & D) 

Should we identify changes in the stem morphology, the next step is to uncover what are the driving 

mechanisms behind such changes. A major component behind changes in stem morphology are likely 

the genetic drivers. During this study we intent to explore the expressed portion of the genome 

referred to as the transcriptome, which comprises of masses of messenger RNA’s (mRNAs) or simply 

put are expressed genes. To unveil the full spectrum of expressed genes a next generation RNA 

sequencing approach will be implemented. This will provide us with a plethora of information 

regarding the expressed transcripts, hence using the data that will be obtained during the 

morphological aspect of the study, this will guide our investigations towards smaller subsets of genes 

that are most likely influencing the stem anatomy. For example, if we see that the biggest change in 

the stem morphology are the cell sizes, we will focus on genetic candidates that are most likely 

associated with influencing cell enlargement, such as those underpinning the expression of expansins 

and aquaporins. Considering that we are principally interested in the secondary growth of the 
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developing cambium and xylem tissues, we have developed and implemented a protocol that 

specifically enriches for these tissues. Using these enriched stem tissues, we have successfully 

extracted high quality RNA for all eucalypts from both growth experiments. The RNA has been 

assessed for integrity on an agarose gel (Figure 32), as well as for concentration and purity using a 

nanodrop spectrophotometer. Subsequently, to assess the accuracy of the enrichment method we 

have developed another protocol by designing primers to amplify out genes that are specifically 

expressed in either the phloem (DP3), cambium (PXY), or xylem (FLA) tissues. Essentially what we can 

expect to see from a successful enrichment is the amplification of genes associated with the cambium 

and xylem, and the absence of the gene associated with the phloem (Figure 2 B). Fortunately, we 

observed this trend, which tells us that our RNA was indeed extracted from the cambium and xylem 

tissues. This RNA is essentially ready to be sent for next generation RNA sequencing. 

 

FIGURE 32: AGAROSE GELS SHOWING SUCCESSFUL RNA EXTRACTION FROM THE EUCALYPTUS CAMBIAL ZONE (A) AND PCR 
AMPLIFICATIONS OF TISSUE-SPECIFIC GENES (B) 

The remainder of 2021 will entail optimization of the paraffin wax embedding protocol, and 

application of this protocol on the remaining stem samples from the first two growth experiments. 

Additionally, should the year go according to plan, towards the end of 2021 or early 2022, the final 

growth experiment should be complete, and the data will be ready for processing and analysis.  

5.13 EXPLORATORY PROJECT USING LASER DOPPLER 

A goal of the EucXylo project is to try to break barriers in the area of non-destructive sampling at 

multiple levels.  In an exciting developing collaboration with Prof Petrie Meyer and Prof Annie Bekker 

at the Faculty of Engineering, we have begun testing the possibilities of using an acoustic/vibration-

sensing method for assessing tree responses to drought.  If this system can be used to detect 

embolisms, it may serve as a very valuable tool in studies on hydraulic failure in eucalypts. For more 

information about this approach, see https://blogs.sun.ac.za/eucxylo/2021/09/29/measuring-the-

sound-vibration-of-trees/. 

 

https://blogs.sun.ac.za/eucxylo/2021/09/29/measuring-the-sound-vibration-of-trees/
https://blogs.sun.ac.za/eucxylo/2021/09/29/measuring-the-sound-vibration-of-trees/
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FIGURE 33: INITIAL CONCEPT TESTING OF THE LASER-DOPPLER SET-UP 

6 WEBSITE AND INFORMATICS 

6.1 WEBSITE AND SOCIAL MEDIA 

Our website (Figure 34) is working well to showcase the EucXylo project.  The blog part 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.   

 

FIGURE 34: SCREENSHOT OF A PAGE ON THE EUCXYLO WEBSITE 

This year (the period of 1 January 2021 to 13 October 2021) the number of visitors, throughout the 

world, to the EucXylo website increased by 47.06%, from 306 (2020) to 450. From these statistics the 

majority of the visitors were from South Africa, with an amazing increase of 108.92% (from 157 to 328 

visitors), when comparing 2020 with 2021. In 2020 the website had visitors from 36 countries, in 

https://blogs.sun.ac.za/eucxylo
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addition to those from South Africa, while in 2021 this increased to 52 countries. Most visitors from 

other countries were in the United States, United Kingdom, Australia, and Zambia (Figure 35). 

Compared to last year the number of page views increased with 87.34% (from 1453 to 2722).    

 

FIGURE 35: MAP SHOWING THE LOCATION OF VISITORS TO THE EUCXYLO WEBSITE BETWEEN 1 JANUARY 2021 AND 13 
OCTOBER 2021, TAKEN FROM GOOGLE ANALYTICS. THIS HIGHLIGHTS THE POTENTIAL VALUE OF THE WEBSITE AND LINKED 
SOCIAL MEDIA PLATFORMS FOR RAISING THE PROFILE OF EUCXYLO INTERNATIONALLY, AND POTENTIALLY AIDING IN 
RECRUITING NEW STUDENTS AND COLLABORATORS 

The demographics of the website visitors (Figure 36) could also be obtained from Google Analytics, 

which allows us to better understand who our audience are. From it can be observed that slightly 

more visitors to the website were male (54.15%) and in the age category of 25-34 (33.50%). 

 

FIGURE 36: THE DEMOGRAPHICS OF EUXYLO'S WEBSITE VISITORS 

EucXylo members have also been exploring the potential of several social media platforms for raising 

the profile of the group (with posts linking to the website). We see these platforms as a very significant 

component in our ongoing need to recruit students and post-doctoral fellows:  

¶ LinkedIn (https://www.linkedin.com/company/eucxylo),  

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

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

¶ YouTube (https://youtube.com/channel/UCkC7z0eMl6-ky5zYuyGzeUw).  

https://www.linkedin.com/company/eucxylo
https://twitter.com/EucXylo
https://www.facebook.com/eucxylo
https://youtube.com/channel/UCkC7z0eMl6-ky5zYuyGzeUw
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In addition to regular additions of fresh material for the blog, the website is under continual 

development by a growing number of ‘website maintainers’ inside the group (as the skills to do so are 

shared). One recent substantive addition was the ‘EucXylo Projects’ page that was added to showcase 

the work that individual members of the group are doing, and which includes extensive crosslinks with 

individuals’ profiles on the ‘Team’ page. To view the recently-added ‘EucXylo Projects’ page, see 

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

6.2 DATA MANAGEMENT 

The current gold-standard for research data management is encapsulated in the FAIR principles 

described by Wilkinson in 2016: data should be Findable (can be identified as useful by searching for 

metadata), Accessible (can be downloaded or otherwise accessed), Interoperable (uses standard data 

formats and metadata vocabularies), and Reusable (described with sufficiently clear and detailed 

metadata to allow for confident use). The MIAPPE (Minimal Information About a Plant Phenotyping 

Experiment) metadata standard mentioned earlier in this document represents a community-

validated best practice for documenting data in this field.  

While a flexible standard (MIAPPE) exists, the complexity of EucXylo's many and multi-scaled research 

projects means that applying the standard is not a simple task: just the data types involved run the 

gamut from CT scans, histology images, LiDAR, LiCOR, long-duration-high-resolution multi-sensor 

datalogger outputs in csv batches, manually recorded values, GIS data and transcriptomic data.  

With the aim of generating a set of 'demonstration data' that could plausibly be the outputs from a 

complete series of experiments (including all the necessary details required for full FAIR compliance), 

Dr Martin initiated a 'Demo Dataset' project earlier this year. The goal was to identify typical 

experimental designs that are expected to be commonly used within EucXylo, and use the  fleshed-

out 'example' experimental designs (detailed down to the level of the number, type, and size of data 

files expected to be generated) as test-cases for both applying the MIAPPE standard, and for trialing 

potential long-term data storage platforms. 

Five archetypal experiment designs were identified in discussion with other EucXylo members, and 

given codenames as follows: 

¶ Very Long-Running Association Study (VeLoRAS) 

¶ Long-Running Detailed-Observation Study (LoRDOS) 

¶ Medium-Term Cyclic-Conditions Study (MeTeCCoS) 

¶ Short-Term Endpoint-Only Study (STEOS) 

¶ Simulation-Only Study (SOS) 

Dr Martin discussed details of what such experiments might include with students in a series of one-

on-one meetings (including the types of measurements, sample numbers, schedules of sampling and 

measuring, the number and type of generated data files), and the process proved to be valuable to 

some students in terms of defining their own future experimental plans. At least one student adopted 

a modified version of the spreadsheet used to represent each experimental archetype to plan their 

own work. 

 

https://blogs.sun.ac.za/eucxylo/eucxylo-projects/
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FIGURE 37: SCREENSHOT OF PART OF THE METECCOS EXPERIMENT SPREADSHEET, WHICH INCLUDES A GANTT CHART-LIKE 
LAYOUT TO TRACK SAMPLING AND MEASURING EVENTS AND EXPERIMENTAL TREATMENTS, AMONG OTHER THINGS 

One of the aims of the Demo Datasets is as 'low-risk' (and realistically complex) test cases for data 

storage platforms, towards identifying a more 'FAIR' solution for in-house storage and access of newly-

generated datasets that are not yet ready for publication. The current solution depends on the 

OneDrive product provided by Stellenbosch University, which is robust but lacks desirable features 

(including structure) for storing research data. An attractive in-house option is the GEMS platform, 

which has been established locally with the help of the developers in the USA. Issues were discovered 

with the initial deployment of GEMS (which Dr Martin reported to the local representative - Dr Albert 

Strever), but the response from the developers has been positive and a new version of GEMS has since 

been deployed: Dr Martin will be turning her attention again to testing GEMS further (along with some 

other alternative platforms).  

In the near term, Dr Martin will be focusing on ensuring that the data generated by PhD student Mrs 

Alta Saunders (who is due to graduate soon) is packaged appropriately for publication, which similarly 

will involve applying the MIAPPE metadata standard to all data and identifying a suitable public 

repository. 

6.3 USING GITHUB 

Version control is an extremely 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. Git is currently the 

predominant version control software: it is free and open-source and allows sophisticated 

management of incremental work (with sets of changes submitted together as 'commits'). Git also 

easily allows for experimental 'branches' of work to be tried, with no danger of losing the preceding 

stages. GitHub is an online platform that allows teams of people to work both independently and 

collaboratively on the same code, using Git to combine changes seamlessly in the main 'repository'. 

Dr Martin successfully applied to GitHub for an educator/researcher account in March 2021 and was 

then able to create a EucXylo ‘GitHub Organization’ on a free Team plan. This gives EucXylo the ability 

to create unlimited private repositories, and also gives access to more sophisticated features for aiding 
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collaboration and management of code within the group (such as support for mandatory 'review' of 

changes before they can be applied to the main repository).  

So far, the EucXylo GitHub account hosts over 15 private repositories (containing code written in 4 

different languages: R, Python, ImageJ and CRBasic) and has 9 EucXylo members signed up to use the 

platform. In addition, there are 2 public repositories (Figure 38), which were created by Mrs Alta 

Saunders as part of her PhD work, and which contain code used for her publications. Making both 

code and data publicly available is a cornerstone of the Open Science movement and reflects the 

generative and collaborative nature of the EucXylo project. 

The GitHub platform has been of growing value to code-related work done within the group. It has 

been the medium through which Dr Martin has been able to collaborate with several students, 

assisting them with code-related work throughout the course of the year: Mr Tiza Mfuni and Mr 

Oluwaseun Gakenou with R code; Mr Mpilo Khumalo with CRBasic code; and Ms Gugu Gama with 

ImageJ Macro code. To view the EucXylo GitHub account, visit https://github.com/EucXylo.  

  

FIGURE 38: A SCREENSHOT OF THE EUCXYLO GITHUB ACCOUNT, SHOWING THE TWO REPOSITORIES WHICH ARE 
CURRENTLY PUBLICLY AVAILABLE, ALONG WITH ONE OF THE REPOSITORIES THAT HAS YET TO BE MADE PUBLIC. THE 
PLATFORM IS SERVING AS A VALUABLE MEANS TO MANAGE CODE DEVELOPED COLLABORATIVELY WITHIN THE GROUP 

7 EQUIPMENT, FACILITIES AND EXPERIMENTAL INFRASTRUCTURE 

7.1 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 a year now 

and have grown considerably during this time (Figure 39). This trial now 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. Additionally, data gathered from this trial will serve as calibration and 

validation data for other student projects.  

https://github.com/EucXylo
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FIGURE 39: THE TREES HAVE GROWN SUBSTANTIALLY IN THE MEDIUM-TERM OBSERVATIONAL TRIAL FROM OCT 2020 (TOP 
LEFT) TO MAR 2021 (TOP RIGHT) AND FINALLY UNTIL OCT 2021 (BOTTOM) 

7.2 ECOPHYSIOLOGICAL AND ENVIRONMENTAL EQUIPMENT 

The ecophysiology of the trees in the medium-term experiment, as well as in other experimental 

work, are monitored with several pieces of equipment. 

7.2.1 LI-COR LI600 Porometer/Fluorometer 

The Li-Cor LI600 instrument (Figure 40) has proved an invaluable tool in the research of EucXylo 

students. It has already been heavily utilised in the work of Mr Rafael Keret, Mr Mpilo Khumalo, Mrs 

Alta Saunders and Mr Chris Tonkin to provide detailed information about stomatal conductance and 

chlorophyll fluorescence in the trees used in their experiments. For more information about the use 
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of the LICOR 600 in the group, see https://blogs.sun.ac.za/eucxylo/2021/06/15/handheld-device-

gives-wood-scientists-an-edge/. 

 

FIGURE 40: CHRIS TONKIN, ONE OF THE M.SC. STUDENTS, USING THE LICOR 600 (PHOTO BY ENGELA DUVENAGE) 

7.2.2 Campbell data loggers 

Two CR1000x data loggers running several sensors have been set up in a locked installation (Figure 

41) to minimise risk of theft.  These versatile loggers have proven exceptionally reliable already.  They 

are wired onto mains with substantial back-up batteries and data is collected from the loggers on a 

weekly basis by Mr Mpilo Khumalo. 

 

FIGURE 41: LOCKED BOXES THAT CONTAIN THE CR1000X LOGGERS. THESE BOXES ARE FITTED TO A SWING ARM THAT IS 
BOLTED TO THE WALL OF A LOCKABLE ENCLOSURE 

https://blogs.sun.ac.za/eucxylo/2021/06/15/handheld-device-gives-wood-scientists-an-edge/
https://blogs.sun.ac.za/eucxylo/2021/06/15/handheld-device-gives-wood-scientists-an-edge/


45 
  

7.2.3 Automatic Weather station and other sensors 

A Climavue50 automatic weather station has been installed on a pole to monitor a full range of 

conditions (including incoming solar radiation, humidity, rainfall, temperature wind speed & gusts, 

etc.)  in the nursery area, which functions as our primary deployment area for research experiments 

and for the medium-term observational trial. 

7.2.4 Sap flow and dendrometer systems 

Heat pulse velocity (HPV) systems (Figure 42) were successfully installed on all trees in the medium-

term trial. Dr Martin, in conjunction with the PhD student on the project (Mpilo Khumalo) and 

technical officer Mr Jurie Visagie were able to set up the data logger program in an optimal way for 

our data requirements.  At the same time, the low-cost dendrometer solution developed for the 

project is proving its value, measuring stem size variation every 10 minutes. 

 

FIGURE 42: DENDROMETER AND SAPFLOW SYSTEM ON A STUDY TREE (TOP). THE DENDROMETERS RECORD FINE-SCALE 
VARIATIONS IN STEM SIZE VARIATION (BOTTOM LEFT) WHILE SAP FLUX IS DETERMINED BY ANALYSING TIMING OF 
TEMPERATURE DIFFERENCES IN UP-STREAM AN DOWN-STREAM PROBES (BOTTOM RIGHT) 
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For more information on the use of dendrometers in this project, see 

https://blogs.sun.ac.za/eucxylo/2021/06/02/precision-dendrometers-are-logging-high-quality-data-

for-mpilos-phd/ 

7.2.5 Soil moisture sensors 

The soil moisture content and soil temperature of all trees in the medium-term trial are being 

measured with Sentek drill & drop probes that provide information on these parameters across the 

soil profile in each bag.  

7.3 LABS 1042 AND 1040 

The refurbishment and upgrades in laboratory 1040 and 1042 are essentially complete (Figure 43).  

Recent additions to lab 1042 include a sample processing unit, on loan from Dr Mandi Alblas at 

Tygerberg campus.  We are awaiting a new wax embedding station that will be ordered soon, which 

will improve embedding workflow in the laboratory. 

In lab 1040, we now have five fully operational microscopes, i.e. a Leica polarizing microscope, a Motic 

polarizing microscope, a Motic stereo microscope, an Olympus brightfield and fluorescence 

microscope, and a WILD stereo microscope. All of these microscopes are running at their full potential 

and there are three microscope cameras that can deliver high resolution images on any one of these 

microscopes.  The Leica rotary microtome has been upgraded to include a knife holder for disposable 

stainless-steel blades and a knife holder for disposable tungsten-carbide blades, which allows our 

students to section samples embedded in paraffin wax and resin. 

The labs are being used by Mr Raf Keret and Mrs Alta Saunders, with Ms Gugu Gama, Ms Yenziwe 

Mbuyisa, Mr Mpilo Khumalo and Dr Letitia Schoeman planning to use them in the coming months. 

 

FIGURE 43: GUESTS AFTER THE STUDENT RESEARCH PRESENTATIONS IN OCTOBER 2021 VISITING LAB 1042 (LEFT) AND THE 
RECENTLY FULLY OPERATIONAL MICROSCOPY LAB IN ROOM 1040 (RIGHT) 

 

 

 

https://blogs.sun.ac.za/eucxylo/2021/06/02/precision-dendrometers-are-logging-high-quality-data-for-mpilos-phd/
https://blogs.sun.ac.za/eucxylo/2021/06/02/precision-dendrometers-are-logging-high-quality-data-for-mpilos-phd/

