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FOREWORD 
 

For plant breeding to be cost-effective and successful, not only is the genetic structure of the genus 

required (See Project report -Genomic diversity of Leptospermum: Australian Manuka development) 

but also an understanding of the traits that can be measured and selected, and their heritability 

calculated for breeding success. Additionally, understanding the genetic link between traits will ensure 

one trait is not selected for to the detriment of another.  

 

The first step in the assessment of a trait is finding an accurate and repeatable means of measurement. 

In this case, the trait was the production of dihydroxyacetone (DHA) and the sugars in the nectar of the 

flower.  Previous techniques did not accurately measure each sugar (glucose, fructose, sucrose, and 

maltose) to understand the nectar attractiveness. 

 

Each trait is influenced by the environment and genes within the plant. Some traits are more influenced 

by the environment than others and to ensure a trait is being selected for that can be carried to the next 

generation, it will need to have a high heritability. 

 

To unravel the genetic heritability of traits, a field trial of the material is established. Ideally it should be 

replicated in more than one environment, and each genetic source (normally a family which is a single 

seed collection from one tree), replicated across the site in a random fashion with each replicate 

containing a control, to compare against to accommodate for site variation. This enables the ability to 

uniformly measure the trait and statistically ascertain if the trait is heritable and genetically linked to 

other traits. 

 

Important for the development of Australian Manuka honey, the trait – DHA nectar production, was 

found to be heritable. So, plants that have high DHA in their nectar can be selected for and their progeny 

will retain this high production of DHA in their nectar. The sugars in the nectar, however, were found to 

be more influenced by the environment. Plant growth, flowering precocity, intensity, duration and peak 

flowering could all be selected for and expressed if vegetatively propagated or outcrossed with plants 

with a similar expression of these traits.  This indicates that a breeding program would be of great 

benefit to improve the quality and production of Australian Manuka honey 

 

 

Dr Liz Barbour 

CEO 

 

 

 Genomic  
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EXECUTIVE SUMMARY 
Commercially available therapeutic honey is derived from the nectar from flowering Leptospermum scoparium 
plants (commonly referred to as Manuka) from Australia and New Zealand.  

L. scoparium honey has been found to exhibit broad-spectrum antimicrobial activity against a diverse range of 

yeast and bacteria and is effective against multi-drug resistant bacteria. This unique anti-microbial activity is 

created by methylglyoxal (MGO), which forms from the nectar derived compound, dihydroxyacetone (DHA) 

during honey ripening. MGO is not destroyed by the catalase present in body fluids and can withstand the gamma 

irradiation used for sterilisation. Honey with high DHA is highly sought after for medicinal purposes and 

commands a much higher price. 

This research project aims to study the genetic control and variability of key traits which impact on the production 

of medical-grade honey with L. scoparium. This should guide domestication of L. scoparium and whether a 

breeding program would be able to improve the economic viability of a medical grade Manuka farm.  

 

The objectives of this project were to: 

• Capture the genetic diversity of L. scoparium from Tasmania into two breeding trials. 

• Develop a new method to simultaneously quantify DHA, glucose, fructose, and sucrose levels in L. 
scoparium nectar; 

• Undertake quantitative genetic studies of L. scoparium nectar DHA levels, total nectar sugars, nectar 

fructose/glucose ratio, plant survival, growth, precocity, time to peak flowering, flowering duration, and 

flowering intensity to determine; 

• Investigate patterns of population variation and association with climate of origin (i.e., home-site climate); 

• Determine the level of variation among families within populations and associated narrow-sense 

heritabilities; and  

• Identify genetic correlations among traits to determine the constraints and synergies which may occur in 

multi-trait breeding.  

All L. scoparium growth, flowering, and nectar data for this project were collected from a common garden 

plantation site previously established in Hobart, Tasmania by Anthony O’Grady (CSIRO).  The common garden was 

established in November 2017 from 200 families in 40 Tasmanian populations, with each family replicated five 

times. 

A second common garden site was established by the CRC for Honey Bee Products in June 2019 in Douglas River, 

Tasmania.  The L. scoparium families were the same as those used at the Hobart site, with an additional 70 families 

collected and added.  

In addition to L. scoparium seedlings, clones of L. riparium, L. nitidum, and L. lanigerum were planted at the Douglas 

River site, grown from cuttings collected by Anthony O’Grady from mother plants in the field.  

The primary outcomes of the project were to: 

Capture and protect the genetic diversity of L. scoparium from across Tasmania. 

Develop of a new reliable nectar analysis method using UPLC/MS/MS that requires minimal sample preparation 

and short analysis time, providing the Leptospermum honey industry with cost effective and fast sample analysis. 

Complete the first quantitative genetic study of variation for L. scoparium traits, with the findings including: 

o Significant genetic differentiation at the population level for all traits studied, and at the family 

level for five traits; DHA/Tsugars, nectar fructose/glucose ratio, growth, precocity, and time to 

peak flowering. These traits had moderate to high narrow-sense heritability estimates ranging 

from 0.27 to 0.69.   

o For six of the traits studied, climate attributes at the family locations appear to play a role in the 

past selection pressures driving population level genetic differentiation.  

o Population level geographical trends suggest that genotypes that  

 originate from the eastern half of Tasmania are superior for precociousness, and  
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 those from the western half of Tasmania for high mgDHA/kgTsugars, earlier time to 

peak flowering, and extended flowering duration.  

o Identification of Tasmanian Leptospermum genotypes useful for medical honey farms. 

 Explore the challenges of establishing plantations of L. scoparium for honey production in Douglas River in 

Tasmania. 

 

The concept of establishing plantations for the production of a honey bee product is novel to Tasmania. To balance 

the cost of this establishment, a high value product is required. In this case, this is directly related to the production 

of the active ingredient, DHA, in the flower nectar and the amount of nectar produced.  

This project investigated establishment requirements and cost; collected the biodiversity of the species to 

investigate variation and adaption to the site as well as the genetic correlations to active ingredient production.  

The Douglas River common garden plantation will provide future research opportunities to investigate genotype x 

environment effects on L. scoparium traits and further inform the heritability of nectar traits in clones of other 

Leptospermum species. The site could also be transformed into a seed orchard to generate the first generation of 

improved seed for deployment into Manuka farms. Plant material could be propagated for wider plant breeding 

trial establishment.  
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ACADEMIC OUTPUTS 

Paper 1 

Christopher N. Wellington, David S. Nichols, Anthony P. O’Grady, René E. Vaillancourt, and Brad M. Potts. 2021 "A 

New Cost-Efficient Technique for Analysis of Nectar Sugars and Dihydroxyacetone in Australian Leptospermum 

Using Liquid Chromatography–Tandem Mass Spectrometry." ACS Food Science & Technology 1.10: 1928-1935. 

 

Abstract 

 
 

The commercial value of Leptospermum honey 

increases relative to the non-peroxide bioactivity 

provided by the methylglyoxal concentration in the 

honey, which has been shown to correlate with 

dihydroxyacetone (DHA) concentration in the nectar 

from which the honey is derived. We detail a new, 

reliable method to simultaneously detect and quantify 

DHA, glucose, fructose, and sucrose levels 

in Leptospermum scoparium nectar using normal 

phase liquid chromatography–tandem mass 

spectrometry. Through use of an internal standard 

(ribose), and a 10-fold dilution of the nectar solution, 

repeatable calibration curves were achieved (R2 > 

0.99). Precision was acceptable (<6%) for all analytes 

of interest and limits of detection ranged from 0.02 

mg·L–1 (sucrose) to 1.43 mg·L–1 (glucose). The 

method was also effective at a 5-fold dilution and 

across analyte concentration ranges found naturally 

in L. scoparium nectar. Minimal sample preparation is 

required and a short analysis time of 6 min per sample 

is achieved, providing the Leptospermum honey 

industry with cost-effective and fast sample analysis. 
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Paper 2 

Christopher N. Wellington, René E. Vaillancourt, Brad M. Potts, Dale Worledge and Anthony P. O’Grady. 2022 

Genetic Variation in Flowering Traits of Tasmanian Leptospermum scoparium and Association with Provenance 

Home Site Climatic Factors. Plants 11, 1029. https://doi.org/10.3390/plants11081029 

 
Abstract: Leptospermum scoparium is emerging as an economically important plant for the commercial production 

of manuka honey and essential oils, both exhibiting unique antibacterial attributes. To support its domestication 

this is the first quantitative genetic study of variation for L. scoparium traits. It utilised plants from 200 open-

pollinated families derived from 40 native populations, from across the species range in Tasmania, grown in a 

common garden field trial. The traits studied were survival, growth, and the flowering traits precocity, the timing of 

seasonal peak flowering, flowering duration, and flowering intensity. Significant genetic variation was evident at 

the population level for all traits studied and at the family level for three traits—growth, flowering precocity, and 

time to peak flowering. These three traits had moderate to high narrow-sense heritability estimates ranging 

from 0.27 to 0.69. For six of the traits studied, population differences were associated with climate 

attributes at the locations where seed was collected, suggesting adaptation to the local climate may 

have contributed to the observed population differentiation. Population level geographical trends 

suggest that genotypes to focus on for domestication originate from the eastern half of Tasmania for 

precociousness and the western half of Tasmania for earlier time to peak flowering and extended 

flowering duration. 

 

Paper 3  

Proposed title:  Improving L. scoparium for the production of higher value manuka honey. 

Authors: Christopher N. Wellington, René E. Vaillancourt, Brad M. Potts, Dale Worledge, and Anthony 

P. O’Grady 

Publication status: Manuscript not yet submitted to journal for publication 

 

Abstract: This study provides the first insight into the quantitative genetic variation of two L. scoparium 

nectar traits important to the commercial production of mānuka honey; fructose/glucose and 

Dihydroxyacetone (DHA)/Tsugars ratios. Highly significant population level and family within 

population level variation was evident for both traits, with moderate to high narrow sense heritabilities 

(h2
OP) of 0.34 for fructose/glucose and 0.25-0.45 for DHA/Tsugars, indicating that these traits are 

amenable to genetic improvement. Correlations between sequential years was very high for both traits 

indicating reliable stability for commercial applications. The two traits were also highly positively 

correlated at the population level, but not the family level, implying similar selection forces acted on 

these traits, albeit acting on different genes. Important genetic correlations between these two nectar 

traits and other quantitative L. scoparium flowering and growth traits were identified, to inform future 

multi-trait breeding programs. Population level geographical trends suggest that genotypes from the 

western half of Tasmania may provide increased DHA/Tsugars, so as to increase methylglyoxal levels in 

the resultant honey, and increased fructose/glucose ratio, to reduce the rate of crystallisation of honey. 
 

https://doi.org/10.3390/plants11081029
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INTRODUCTION 
Commercially available therapeutic honey is derived from flowering Leptospermum scoparium plants (commonly 

referred to as Manuka) from Australia and New Zealand (Cooper et al. 2010) (Figure 1). L. scoparium honey has 

been found to exhibit broad-spectrum antimicrobial activity against a diverse range of yeast and bacteria, is 

effective against multi-drug resistant bacteria, and its antimicrobial activity is not destroyed by the catalase 

present in body fluids and it can withstand the gamma irradiation used for sterilisation (Carter et al. 2016). Thus, 

commercial interest in medical-grade honey is increasing (Cokcetin et al. 2016). 

 
Figure 1: Distribution of Leptospermum scoparium as defined by the species distribution in each IBRA region.s 
from the Atlas of Living Australia www.ala.org.au 

 

The properties of honey that contribute to its antimicrobial activity include high osmolarity, low pH, the enzymatic 

production of hydrogen peroxide, and the “non-peroxide activity” (NPA) created by methylglyoxal (MGO), which 

forms during honey ripening from the nectar derived compound, dihydroxyacetone (DHA) (Adams et al. 2008). 

The MGO concentration within honey can be highly variable and several factors have been found to be involved 

including:  the Leptospermum species and floral source, prevailing environmental conditions that affect the plant 

physiology, and bee-related factors such as age or colony health (Allen et al. 1991). Honey with high DHA (> 6000 

parts per million parts of sugar) is highly sought after for medicinal purposes and commands a much higher price as 

(Molan and Allen 1996).  

While New Zealand has only the one Leptospermum species (L. scoparium), Australia has approximately 83 

species in this genus, including L. scoparium. Research to date has found other Australian Leptospermum species 

produce nectar DHA levels similar to, or higher than, L. scoparium. This suggests that Australia has a ready supply 

of alternative sources for medical-grade honey. Much of this research has occurred on mainland Australia, 

including promising species such as L. polygafolium (Cokcetin et al. 2016). However, recent preliminary nectar 

sampling investigations of Tasmanian Leptospermum species have indicated that L. lanigerum (Woolley Tea Tree), 

L. riparium (Riparian Tea Tree), and L. nitidum (Shining Tea Tree) also have the potential to produce the nectar 

DHA levels necessary to yield medical-grade honey (A. O’Grady 2018, pers. comm, 23rd April). Of these species L. 
riparium and L. nitidum are endemic to Tasmania.  

http://www.ala.org.au/
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Scientific knowledge is limited regarding the genetic control and variability of commercially relevant 

Leptospermum traits such as plant survival, growth, flower production, flowering time, DHA/Tsugars ratio and 

fructose/glucose ratio. By studying this we can determine if it is possible to domesticate L. scoparium and whether 

an Australian breeding program would be able to improve the economic viability of medical-grade manuka farms. 

The project also aimed to establish a second L. scoparium common garden research plantation in Tasmania to 

provide future research opportunities to investigate genotype x environment effects on L. scoparium traits (that is 

whether the ranking of genotypes for any one trait varies depending upon the environment in which it is planted) 

and further inform the heritability of nectar traits in clones of other Leptospermum species. 

 
OBJECTIVES 

1. Capture the genetic variation of L. scoparium in Tasmania 

2. Develop a new method to simultaneously quantify DHA, glucose, fructose, and sucrose levels 

in L. scoparium nectar; 

3. Undertake quantitative genetic studies of L. scoparium nectar DHA levels, total nectar sugars, 

nectar fructose/glucose ratio, plant survival, growth, precocity, time to peak flowering, 

flowering duration, and flowering intensity to determine:  

- Patterns of population variation and association with climate of origin (i.e., home-site 

climate) of the seed lots; 

- Level of variation among families within populations and associated narrow-sense 

heritabilities; and  

- Genetic correlations among traits to determine the constraints and synergies which may 

occur in multi-trait breeding.  

4. Establish a new common garden research plantation in Tasmania to allow for future genetic 

research on L. scoparium. 

5. Incorporate additional clones of other Leptospermum species in the new common garden 

research plantation, to allow for future genetic research.  
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PROJECT ACTIVITIES 
Sites 
The location of the common garden research sites in Tasmania utilised in this project as well as population 

locations where family seed was originally collected for establishment of the common gardens are shown on the 

map of the state of Tasmania (Figure 3). The coverage of the species distribution is shown to be on the perimeter 

of Tasmania (Figure 2) 

 

Figure 2: Distribution of Leptospermum scoparium in 
Tasmania as defined by the species distribution in 
each IBRA region.s from the Atlas of Living Australia 
www.ala.org.au 

 

 
 

 

 

 

 

 

Figure 3:  Leptospermum scoparium seed population 
collection and common garden research site locations.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Douglas 

River 

common 

garden 

Hobart common 

garden 
KEY 

Additional 12 populations collected (Douglas River Field Trial) 

Common garden research site 

 

 

Original 40 populations collected (Hobart & Douglas River Field Trials) 

http://www.ala.org.au/
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To place context in the choice of sites, the annual rainfall and the dominant soils of Tasmania are shown (Figure 4). 

Both sites were within the 800-1000mm rainfall and plated in a soil type known as Dermasol. This soil type is 

described as red, brown, yellow, grey or black and have loam to clay textures. Clay content in the soil  appears to be 

a characteristic common to Leptospermum survival (Matthias pers comm). 
 

 
 

Annual average rainfall for Tasmania (1961-1990) 

(Commonwealth of Australia 2010) 

A very broad scale soil map of Tasmania showing that 

all 10 soil orders of the Australian soils classification 

occur in the state. (Richard Barry Doyle) 

Figure 4: Maps of Tasmania showing the average rainfall and the dominant soil types. 

 

Site1 - Hobart, Tasmania common garden research site 
This study site was established in 2017 utilising L. scoparium seedlings established from seed collected from 200 

families (a family is defined as all the seed collected from just one plant) from 40 populations throughout Tasmania 

(Figure 2 and 3) 

The site soil is sandy with a claypan at approximately 2.5m where groundwater is present.  Groundwater is closer 

to the surface in the southeast corner of site thus the block design was established along this potential 

environmental gradient.   

The field site is approximately 0.9 hectares in size (Figure 5). Seedlings were planted in November 2017 in a 

randomised block design of five blocks with 200 trees in each replicate and each family represented by a single 

tree plot in each of the replicates (Figure 5b).  The trees were planted in 3m x 3m spacing together with drip 

irrigation. Selective spraying for weeds was undertaken regularly using glyphosate. 

All L. scoparium flowering data, which includes the nectar production (DHA and sugars) was collected from this 

site, as the plants were mature enough that most plants flowered over the two-year period of the Project.  

Specifically, the following data was collected from this site throughout the project timeframe: 

- plant height (six monthly); 

- survival and health (monthly); 

- flowering assessment (fortnightly during flowering season, monthly all other times); 

- and nectar samples (daily during flowering season)  

(b) 
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-   

 

 

 

Figure 5:  Location of Hobart common garden 
research site (a) and the design of the trial at the site  

 

Figure 6: (a) The L. scoparium plants at the Hobart site (b) an L. 
scoparium plant flowering heavily at the site. 
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Site 2 - Douglas River, Tasmania common garden research site 

Seed collection and cleaning 

The Douglas River seed lots were the same as those used in the Hobart site covering 40 population of L. 
scoparium, with the addition of approximately 70 more families from 12 additional populations collected since the 

Hobart study site was established (Figure 3) 

Seedling and cutting production 

In this trial, each family was represented by 8 replicates and 270 families. The 2160 seedlings were grown in a 

CSIRO nursery before planting in May 2019. Clones of L. riparium, L. nitidum, and L. lanigerum were also planted 

at the site in 2020.  These were grown from cuttings previously collected from mother plants in the field.  

 
Figure 7: Seedlings and cuttings propagated at the CSIRO nursery in Hobart, Tasmania.  

Site establishment 

A 3-acre common garden plantation research site was established in Douglas River, Tasmania.  The site selected 

was close to the road for ease of access as well as being a uniform site (Figure 8). The site was divided into 8 blocks 

(replicates) and within each block each family was represented by a single seedling (Figure 9). The cuttings were 

planted at the end of the trial as a demonstration. 

Establishment of the site included initial weed control, ripping the soil in the planting lines, and installation of rabbit 
proof fencing and dripper irrigation. Hand planting was undertaken using a Poti potjie  and the seedlings and 
cuttings were planted 3m apart. 
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Figure 8: Location of Douglas River common garden research site. (a) showing the location of the trial (b) showing 
the placement of the trial on the site (c) greater detail of the site design 

  

(a) 
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Figure 9: Deep ripping the soil to prepare for the trial planting at Douglas River. 

 

Figure 10: Erecting the rabbit-proof fencing around the trial 
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Figure 11: The PhD student, Chris Williams planting the L.  scoparium seedlings and cuttings at the Douglas River 
site. 

Since establishment of the common garden, growth, survival, flowering, and nectar data has been collected. 

Unfortunately, the plants at this site did not mature to flowering in great enough numbers to provide the flowering 

and nectar data for analysis within the timeframe of this project. However, this site will provide a valuable asset for 

future genetic research. The site could also act as a seed orchard of the preferred genotypes for future breeding 

programs. 

 

 
Figure 12: The Douglas River trial after 2.5 years growth 
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RESULTS 
Refer to Academic Outputs (page 11 and 12) 

 
IMPACTS 
This project created the opportunity to produce a seed orchard generating out-crossed and high DHA producing 

seed for establishment around Tasmania.  

The significant genetic variation identified at the population and family levels, for commercially important 

flowering and nectar traits, provides the industry with confidence that gains can be achieved in pursuing breeding 

efforts with L. scoparium to produce high value medical-grade honey in stationary honey farms. 

Specific Tasmanian genotypes within the common garden plantations have been identified that have commercial 

value for the industry, and areas of focus in Tasmania have been identified for future genotype collections for 

different L. scoparium traits. 

This project investigated establishment requirements and cost; collected the biodiversity of the species to 

investigate variation and adaption to the site as well as the genetic correlations to active ingredient production. 

 

OUTPUTS 
1. Understanding of the genetic traits that can be used in a breeding program for high-value nectar 

production for its harvest by honey bees and maturation into Manuka honey. 

 
2. Development of a new analytical technique so that both the DHA and all the sugars can be identified 

and measured for trait assessment. 

 
3. Establishment of a trial which can be converted into a seed orchard or used to vegetative propagation 

of the best selections.  

 

IMPLICATIONS 
Tasmania is the centre of the L. scoparium-derived Australian Manuka honey production. Capturing the genetic 

variation and establishing the material in  a format that could be thinned to a seed orchard protects the genetic 

diversity and provides a high-value source of seed. 

With L. scoparium being native to Tasmania with a wide distribution around the perimeter of the island, it should 

be a species incorporated into rehabilitation seed mixes. Having the best seed, in terms of flowering and DHA 

production, would add the dual benefit of adding value to the local honey bee industry. 

The production of Manuka honey, from such a pristine environment and with such healthy bees should be a 

marketing strength.  

 

 

RECOMMENDATIONS 
The Tasmanian Beekeeping Association sustain close ties with Dr Antony O’Grady (CSIRO) and Professor René 

Vaillancourt (University of Tasmania) to ensure the L. scoparium seed becomes widely available for rehabilitation 

projects in Tasmania. 
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