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Leptospermum site design for honey production and hive health 

Foreword 

Planting for honey bees requires the consideration of the flora’s honey bee nutritional value, as well as 

the amount of nectar and pollen produced. The high value of Manuka honey makes a plantation system 

desirable as in establishing a plant monoculture, there is a high probability that the honey produced 

from local hives will be monofloral. If  the flower source is desirable, and both the nectar and pollen are 

healthy for the honey bee, this may well be achieved.  

Manuka honey is produced from the nectar of bioactive Leptospermum species, that is, the nectar 

contains dihydroxyacetone (DHA) which is non-enzymatically converted to methylglyoxal (MGO) as 

the honey ripens . Unfortunately, this plant genus does not produce much pollen, and to date, this pollen 

has not been chemically assessed for its amino acids and fatty acids to understand its contribution to 

bee health. Observation of bee hives on Leptospermum indicate that the amount, and quality of 

the pollen, is insufficient to maintain bee health. A monoculture Leptospermum plantation will not 

support the sustainability of a bee colony and the production of honey. 

This project outlines the complementary planting approach with the timely flowering of pollen-
producing plants, to complement the nectar-producing Leptospermum, so that colony health is 
maintained, and the high-value Manuka honey can be produced.  

Consideration of regions and local conditions required for Leptospermum nectar production are also 
discussed in this project, in line with the silviculture requirements of the companion pollen-producing 
species. 

Even though the Leptospermum are native to Australia, what was thought would be a quick solution 
and path to a new high value honey crop through plantation establishment, requires careful planning 
with bee health foremost in mind. Exciting is that this approach encourages biodiversity plantings which 
could offer many on-farm benefits besides the production of a high value honey harvest.  

Dr Liz Barbour 

CEO 
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Executive Summary 

A viable and sustainable Leptospermum honey industry will need to consider the growing conditions 

needed for the different Leptospermum species that produce bioactive nectar, as well as impacts of 

the honey production on environmental and bee health. The overarching aim of this project was to 

develop sustainable methods for bioactive honey production in Leptospermum plantations. Key 

activities involved creating advice regarding:  

1) Situating the plantation and selecting the species: We assessed the climatic factors that influence 

the distribution of seven Leptospermum species that produce bioactive nectar. Climate and soil 

modelling showed that the climate is important when selecting species for Leptospermum 

plantations. For the South Australian Riverland, Leptospermum polygalifolium seems a good choice 

as the model indicates it can grow in most places when adequately irrigated. However, the effects of 

climate change on Leptospermum species need to be further evaluated to ensure future feasibility. 

The findings have been published (Santos et al. 2021). 

 

2) Safeguarding bee health: We assessed whether the consumption of bioactive honey affects the 

health of honey bee workers. Diets that contain bioactive Leptospermum honey did not affect the 

survival or hypopharyngeal gland development of honey bee workers in caged trials. 

 

3) Improving the nutritious value of Leptospermum plantations: Honey with the highest bioactivity is 

produced when the nectar that is brought into the hive is purely derived from Leptospermum. This 

implies that the plantations are ideally situated in areas that are devoid of alternative nectar sources 

at the time of Leptospermum flowering. Honey bees need nectar for carbohydrates and pollen for 

proteins, but they do not collect pollen from Leptospermum. Therefore, to support monofloral 

honey production and hive health, Leptospermum plantations should have co-flowering pollen-only 

plants. We investigated which pollen-only plants that can improve the nutritious quality of 

Leptospermum plantations for bees while still allowing the production of monofloral honey. Hemp 

and olive have been selected as promising companion flowering crops, while a variety of weeds 

could be stimulated as ground cover. A manuscript is in preparation. 

 

4) Irrigation and honey production: We investigated the importance of irrigation for nectar production 

and honey bee visitation of Leptospermum scoparium. Irrigation significantly increased nectar 

production in the greenhouse, and visitation by honey bees in the field. For most areas in South 

Australia, Leptospermum plantations will require on-going irrigation, not just during establishment, 

but especially also during flowering. A manuscript is in preparation. 

 

5) A business model for bioactive honey production: a business model explains and evaluates the costs 

and return on investment of an enterprise. Our business model for Leptospermum plantations 

indicates return on investment from seven years after planting. However, this estimate needs to be 

adjusted on an on-going basis for the effects of climate change, and the cost of water and the value 

of Leptospermum honey. 

The information generated during this project has implications for the design and location of 

Leptospermum plantations. Specifically, Leptospermum plantations should (a) be situated in areas 
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that lack other nectar sources; (b) have co-flowering pollen sources added, and (c) be irrigated during 

flowering. 

Most of these requirements can be met in areas that are currently used for cropping, specifically 

plantations. We therefore suggest situating Leptospermum plantations either in exclusion zones of 

almond orchards, which can be too wet to allow almond cultivation, or in conjunction with olive 

groves, pomegranate orchards or hemp production. The added advantage of this is that specialists in 

the care for crops are at hand, irrigation is checked regularly, and pest control can be arranged easily 

when needed. However, recent observations indicate that the increasingly hotter and drier South 

Australian climate may severely affect the opportunities to produce Leptospermum honey in this 

state, and this needs to be explored further.  
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Leptospermum Site Design 

General Background 

Leptospermum is a genus of 88 species, 85 of which are present in Australia. Several of these species 

have been shown to produce bioactive nectar. Honey produced from these species is highly valued for 

its medicinal properties, specifically for its antibacterial activity. Given the increasing number of 

pathogenic bacteria that have developed antibiotic resistance, bioactive honey is in high demand to 

treat persistent skin infections and fetches high prices on national and international markets. In 

addition, the consumption of bioactive honey is increasing in popularity due to presumed health 

benefits.  

To meet the demand for this honey, bioactive Leptospermum species are increasingly planted in 

plantations. Several design aspects need to be considered when planning a Leptospermum plantation. 

These involve site and species selection, maintenance, and hive health. This project focuses on some 

of these aspects. Specifically, we investigate issues related to species selection for Leptospermum 

plantations, how better hive health outcomes for bees can be achieved when placed in Leptospermum 

plantations, how irrigation influences nectar production and bee visitation. In addition, we evaluate 

the business prospects for Leptospermum plantings. Below, we provide a brief background to each of 

these issues. They are more elaborately introduced under the different key activity sections. 

Design of Leptospermum plantations should first and foremost consider the location of the 

plantation. Proximity to native vegetation should be avoided as this entails the risk of diluting the 

bioactivity of the honey, or not producing bioactive honey at all. In key activity 1, we assess the most 

logical location of Leptospermum plantations, and explore the selection of the species that are most 

suited to the climatic and soil conditions in the region and site in question. We do this by evaluating 

the importance of a range of climatic and soil variables for the distribution of seven bioactive 

Leptospermum species, three with an easterly and four with a southerly distribution. During Key 

Activity 1, we use the outcome of the model to identify the most suitable species for the South 

Australian Riverland. However, our published model can also be used to evaluate the suitability of 

species in other regions in southern and eastern Australia. 

Plantations of Leptospermum for honey production should be designed with bee health in mind, 

considering several aspects. Firstly, we need to ensure that the bioactive honey itself does not 

negatively affect bee health. Both the nectar and the honey are antibacterial. Nectar is ingested by 

foragers, and upon their return trophallactically shared with hive bees, while honey is eaten by all hive 

members. Because bacteria play a crucial role in the digestive system of honey bees (Engel et al. 

2012), it is possible that the bioactive substances in Leptospermum nectar and honey negatively 

affect the gut microbiome. During Key activity 2 we investigate how diets that include either high or 

low bioactive honey affect survival of worker honey bees as well as the development of the 

hypopharyngeal glands, which in nurse bees produce royal jelly, used to feed larvae. 

Another aspect that can affect hive health involves the food sources available around the plantations. 

By preference, plantations are in areas that allow the bees to produce monofloral honey, as this 

achieves the highest bioactivity, and therefore fetches the highest price. Monofloral honey is 

produced when the bees can collect only the nectar from Leptospermum, and do not bring in nectar 
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from other flowering plants species in the vicinity. However, as bees do not collect pollen from 

Leptospermum, the production of monofloral honey can lead to nutrient deficiencies for the hive, as 

no protein is coming in. To avoid such deficiencies while still allowing monofloral honey production, 

pollen-only plants could be planted in and around Leptospermum plantations. During Key Activity 3, 

we explored the pollen-only species that can be planted in conjunction with Leptospermum, selecting 

species that have a similar flowering phenology to Leptospermum, and that produce pollen that is 

well-liked by and nutritious for honey bees. 

The costs involved in the maintenance of a Leptospermum plantation include plants, fencing and weed 

control, but the highest costs are incurred through installing, maintaining, and running irrigation. It 

has been suggested that irrigation is only needed during establishment of the plantation. In Key 

Activity 4 we investigate this by investigating the effect of irrigation on nectar production in the 

greenhouse and on honey bee visitation in the field. 

Finally, the decision to plant a Leptospermum plantation depends on the foreseeable return on 

investment. To evaluate this, a business model is required that assesses costs of establishment, 

operational costs, and the timeframe over which returns on investment can be expected. To provide 

these insights, we developed a business model for the establishment of Leptospermum plantation 

(Key Activity 5). 

 

Figure 1: Leptospermum scoparium with a bee visiting the flower  
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Project activities 

Key activity 1: Situating the plantations and selecting the species 

K. Hogendoorn, K. Delaporte, A. Almeida Santos 

Abstract 

Australia has numerous Leptospermum species that produce bioactive honey. Scientific evidence 

should inform the decisions about the location and the species used in Leptospermum plantations in 

different areas. Here, we argue that Leptospermum plantations should be in cropping areas, not in 

natural vegetation, as the latter will decrease the bioactivity of the honey. We then model the climate 

envelope of four southerly Leptospermum species to investigate which species would be best suitable 

for plantations in the South Australian Riverland. Our modelling suggests that all species will require 

irrigation and L. polygalifolium may be most suitable, but that more information is needed regarding 

its response to weather events and climate change. 

Background 

Due to its antimicrobial activity, honey has been used in the medicinal treatment of wound and skin 

infections worldwide (Vandamme et al. 2013). Some honeys are more useful than other, particularly 

those that display more antimicrobial activity than caused by the high sugar concentration alone. 

Honeys from several Australian Leptospermum species have a broad-spectrum antimicrobial activity 

against a diverse range of pathogens (Cokcetin et al. 2016). This antimicrobial activity is the result of 

the presence of methylglyoxal (MGO) which is produced non-enzymatically from dihydroxyacetone 

(DHA) present in Leptospermum nectar (Adams et al. 2008).  

The number of Leptospermum plantations in Australia have increased over the last eight years due to 

the high prices paid for honey and oil, partly as alternative land use of some areas where Eucalyptus 

and pine plantations were destroyed by bushfires, and partly to raise carbon credits with no 

associated forest harvesting issues (McPherson 2016). During flowering, bee hives are placed in 

these plantations to harvest the nectar and bioactive honey.  

To achieve the highest possible bioactivity, it is advisable that no other, more attractive, 

simultaneously flowering nectar sources are present in the vicinity of flowering Leptospermum 

plantations (https://www.Leptospermum.com.au/). This requirement places limitations on the 

location of the plantations. However, despite the risk involved with siting Leptospermum plantations 

close to native vegetation, the advice is often ignored. For example, a large plantation has been 

situated on the slope of the Mt Warning Caldera in NSW, in the Blackall Range QLD, near Mt Napier 

State Forest VIC and experimental plantation has been created Wirrabara Forest in SA.  

The decision to locate these plantations near substantial native vegetation may be partly based on a 

belief that the Leptospermum species are native plants, and that therefore plantations would be best 

suited in areas of natural vegetation. This is obviously a misgiving, for reasons explained in the 

previous paragraph, and because it may be difficult to establish irrigation in these areas. Another 

reason that the advice about the location of the plantings is not followed may be that the advice is not 

clear, because it does not state where plantations would be better situated.  Formulation of positive 

https://www.leptospermum.com.au/
https://www.leptospermum.com.au/
https://www.leptospermum.com.au/
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advice around this may therefore provide more clarity. To provide this clarity, this key activity 

subsection briefly explores the location of Leptospermum plantations. 

In addition to locating the sites, site specific species selection is important, because local climatic 

conditions could limit the feasibility of Leptospermum plantations. For instance, summer drought 

causes mortality of seedlings, and water deficit can limit photosynthesis rates (Whitehead et al. 2004; 

Price and Morgan 2006). In addition, seed germination of the species is usually dependent on 

temperature and the number of rainy days (Mohan et al. 1984). Therefore, mapping the potential 

distribution of Leptospermum in Australia would be helpful to identify locally suitable species, which 

might limit the need for irrigation. 

Species distribution models (SDMs) are often used to predict suitable areas for species and can 

inform applications such as conservation decisions and risk assessment (Franklin 2010). The 

predictions generated by SDMs are based on factors that have evident ecological/biological 

importance for species distributions (Franklin 2010). Despite the growing demand for Leptospermum 

products, a guide to inform potentially suitable areas for species is not available. We used bioclimatic, 

climate, and soil predictors to create predictive distribution maps for seven species recently identified 

as key for Leptospermum honey production in Australia (Cokcetin et al. 2019). We refer to our 

published work (Santos et al. 2021) for the details of the modelling, as well as for the outcome 

pertaining to all seven species. Here, we focus on the outcomes of the modelling for the four species 

with a southerly distribution, to assess the suitability of species for the South Australian Riverland. 

Results and discussion 

Situating the plantations 

The highest quality bioactive Leptospermum honey is produced in areas where, during flowering of 

the crop, bees are not distracted by other nectar sources. This is particularly the case because, 

compared to other abundantly flowering plants, such as Eucalyptus, or Callistemon, Leptospermum 

may not be very attractive. This implies that Leptospermum plantations should not be established in, 

or close to, natural vegetation, as is currently often the case.  

In Australia, there are opportunities to explore the establishment of Leptospermum plantations on 

unproductive cropping land as many species occur in areas of low fertility (Burrell 1981; Thompson 

1989). In addition, farmers are continually looking to diversify their crops and to use these species for 

intercropping or as surrounding vegetation in plantations (Cokcetin et al. 2019). Establishment 

should by preference happen in cropping areas where the main crop either does not produce nectar 

or has finished flowering. The pollen only crops that may complement Leptospermum honey 

production are further explored under key activity 3. 

There may be a further reason to situate Leptospermum honey production in cropping areas. When 

the Leptospermum plantation is in the proximity of pollination dependent crops, this can reinforce the 

relationship between growers and beekeepers, as it offers an opportunity to strengthen and support 

the beekeeper’s enterprise, because Leptospermum species often flower at times when there may 

not be many other nectar sources available in the landscape, and the demand for pollination services 

is low. The relationships between the landowner/grower and beekeeper are partially explored under 

key activity 5. 
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An example of a potentially suitable cropping area can be found in or near almond orchards. Almond 

flowers in August, and Leptospermum mostly between October and January, so there would not be 

any overlap in flowering times.  In addition, these orchards are often very large, and irrigation is 

always in place. Almond orchards often contain so-called exclusion zones - areas that are unsuitable 

to produce almonds, often because they are too wet. Such areas might be suitable for bioactive honey 

production because most Leptospermum species tolerate wet feet. Apart from in exclusion zones, 

Leptospermum species can also be planted as shelterbelts around cropping areas. This has the added 

advantage of enhancing biodiversity and biological control, as well as providing protection against 

wind erosion. 

In some cases, locating a plantation close to native vegetation cannot be avoided. If this is the case, we 

suggest that the area planted is large and square, and that hives should be placed in the middle of the 

plantation. . This will ensure optimal recruitment of foraging bees to the crop, as the strong signal to 

collect Leptospermum nectar may drown out the signals for more attractive nectar sources that are 

further away from the hive. 

Selecting the species 

To investigate the bioactive Leptospermum species that might be suitable to use in plantings in the 

South Australian Riverland, and other regions of Australia, we modelled the current and potential 

distribution of seven bioactive Australian Leptospermum species. We used two climate layers, three 

bioclimatic layers and a spatial layer to evaluate the predictors of the distribution of the species in a 

Maxent model (Santos et al. 2021).  

The outcome of our modelling shows that different species have different responses to soil and 

climate and indicates that the current and potential distribution can be used for species selection. For 

example, our model showed that L. lanigerum and L. nitens have the largest potential distribution in 

southern Australia (Fig. 1). Based on this alone, one might conclude that these species may be the 

most suitable bioactive species for the South Australian Riverland. However, L. nitens responds 

positively to soils with relatively high organic and clay contents, and the top soils in the South 

Australian Riverland may not meet these requirements.  

Furthermore, the modelling also indicated that the distribution of all species, apart from L. nitens, was 

negatively correlated with aridity index. In addition, the distribution of L. lanigerum and L. scoparium, 

was negatively correlated with potential evaporation in the warmest quarter (Figure 2). The negative 

response of these two species to high evapotranspiration and reduced soil moisture (PETWQ) in the 

summer months may make these species less suitable for establishment in the South Australian 

Riverland. This is supported by the observations for L. scoparium, that show that high temperatures 

and low air moisture can lead to seasonal limitations to photosynthesis (Whitehead et al 2004).  Not 

only are the summers in the South Australian Riverland mostly hot and dry, but climate change is also 

increasing these unfavourable conditions.  

 



Leptospermum site design for honey production and hive health 

15 

 

 

Figure 2: Occurrence records (red dots) and potential distribution of four bioactive Leptospermum species with 
a southerly distribution (from Santos et al 2021; not for separate distribution). 

 

 

  

Figure 3: Average percentual contribution of nine predictors of the modelled potential distribution of seven 
Leptospermum species in Australia. AI: aridity index; AP: annual precipitation (mm); BD: bulk density (g/cm3); 
CC: clay content (%); GDD5: growing degree days above 5 °C; MDR: mean diurnal temperature range (°C); OC: 
organic content (%); PETWQ: potential evapotranspiration in the warmest quarter (mm month -1); PH: pH 
CaCl2 (from Santos et al 2021 – not for separate distribution). 
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As a general conclusion based on this modelling, , it seems likely that any species can grow in the 

South Australian Riverland when planted in suitable soil and irrigated, while none will be able to grow 

without irrigation. However, because they are susceptible to high evapotranspiration, most species 

might struggle during hot summers, and at flowering time. The modelling suggests that L. 

polygalifolium, also referred to as jelly bush in the eastern states, may be the easiest species to grow 

in the long run, as its distribution is largely determined by the aridity index. However, preliminary 

attempts to create honey producing Leptospermum plantations with this species in South Australian 

regions have had limited success at most. Despite adequate irrigation, L. polygalifolium dropped their 

leaves after spells of dry, hot northerly winds in 2018 and 2019 on Yorke Peninsula (Le Feuvre, pers. 

obs.). In a plantation of L. polygalifolium in the South East of South Australia as well as in the 

plantation of L. scoparium in Wirrabara forest, there was minimal honey production, despite ample 

irrigation (Le Feuvre pers. com. Timbs, pers obs.). The possible reasons for the latter are likely to be 

extreme dry hot weather, combined with a lack of water holding capacity of the soil, which leaves the 

bushes unable to cope with the conditions. Given these observations and the fact that the climate is 

rapidly becoming less favourable,  response of the species in terms of survival and nectar production 

needs to be further investigated. The effects of dry spells on honey production from L. scoparium will 

be further addressed in Section 4. 
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Key activity 2: Experimentally investigate the impact of bioactive 
Leptospermum honey on honey bee survival 

K. Hogendoorn and N. Timbs 

Abstract 

Our aim is to establish Leptospermum sites that are not only economically healthy, but also healthy 

for our workforce: the honey bees that collect the nectar and make the bioactive honey. Because the 

health of honey bees depends in part on their bacterial microbiome, we need to understand whether 

consumption of bioactive honey by bees could affect their heath. To explore the health effects of 

Leptospermum honey for honey bees, we recorded the survival of newly enclosed workers that were 

exposed to diets that included either a sucrose solution, multifloral inactive honey, or Leptospermum 

honey with low and high activity. The workers consuming diets containing sucrose and the high 

bioactivity Leptospermum honey had a higher survival than those that consumed diets containing low 

activity Leptospermum or multifloral non-active honey. We conclude that consumption of high 

activity Leptospermum honey is slightly but significantly healthier than low activity Leptospermum or 

multifloral non-active honey. 

Background 

Honey is a product created by honey bees from sugary secretions of plants, mainly nectar produced 

by flowers, but also on occasion from sugary substances exuded by extra-floral nectaries or 

secretions from sap sucking insects. For honey bees, honey serves as a method to preserve and store 

carbohydrates during periods of oversupply, which can then be used to survive periods of 

undersupply of nectar. Several plants produce nectar with high antimicrobial activity, and these are 

often secondary metabolites that are among the plant’s defences against fungal and bacterial 

infections. Honeys derived from such nectars are highly valued for their ability to reduce bacterial and 

fungal skin problems through topical application (Vandamme et al. 2013).  

However, the health impact of the consumption of such bioactive honeys on their intended users, the 

honey bees themselves, is yet unknown. Understanding the impact of consumption of bioactive honey 

for bees can be important for to evaluate how the hive can best be maintained before, during and 

after monofloral Leptospermum honey collection.  

The honey bees’ digestive system crucially relies on the presence of a number of bacteria (Engel et al 

2012, Rayman and Moran 2020). The bioactivity in the nectar and honey pertains to a bactericidal 

function. If this function is maintained in the gut and affects the honey bee gut bacteria, this may 

affect gut health of the bees. Bioactivity is nearly always the result of the plants defence against 

pathogens, and several nectars have been shown to contain substances that are toxic to bees 

(Stevenson 2019). Therefore, it may be expected that bioactive honey affects the bees’ digestive 

abilities and hence survival. 

To explore this, we investigate the effect of different diets (sucrose, multifloral bio-inactive honey, 

and low and high bioactive Leptospermum honeys) on the survival of newly enclosed worker bees. 
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Methods 

To test the influence of bioactive Leptospermum honey diets on the survival of newly emerged honey 

bee workers we used a feeding trial, using 20 bees per cage, five cages per treatment.  

All cages were started on 30 April 2019, using newly enclosed workers from three combs of closed 

brood, each harvested from a different hive in the apiary on the Waite campus (University of 

Adelaide). The cages were kept in incubators, at 34 C in the dark.   

In each treatment, the workers had access to one of four sources of carbohydrates:  

● 50% w/w sucrose solution. 

● one of three honey : water solutions, each made up to the same concentration (Brix) as 

measured in the sucrose solution:  

o multifloral supermarket honey (Capilano) 

o Manuka MGO263 (Manuka Health) 

o Manuka820 (Manuka Health) 

The inclusion of sucrose solution enables standardizing the outcomes against future methods, as no 

two honeys are the same. The bees had ad libitum access to multifloral pollen. 

Survival was analysed using Cox regression analysis, with diet and cage as factors. Bonferroni 

correction was applied to correct for the multiple use of data sets in post-hoc comparisons. 

Results 

 

 

Figure 4: Survival curves of newly emerged workers in feeding trials. There were no significant differences 
between the curves for Sucrose and MGO820, or between the curves for non-bioactive multifloral and Manuka 
MGO263. There was a significant difference between the two sets of survival curves. 
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There was an overall significant effect of treatment on the average survival of newly emerged honey 

bees (Cox regression, χ2 = 19.33, p < 0.0005; Fig 1), and no effect of cage (F = 0.65, p= 0.70). The 

survival of workers fed bioactive Leptospermum honey with the highest antibacterial activity (MGO 

820) did not differ from those that were fed sucrose solution (Cox regression χ2 = 1.37, p = 0.71). The 

survival of bees fed supermarket or Manuka MGO 263 was significantly lower than those fed either 

high activity Manuka MGO 820 (χ2 = 4.30, p = 0.04 and χ2 = 12.00, P = 0.001 respectively), or sucrose 

solution (χ2 = 6.06, P = 0.01 and χ2 = 16.03, P < 0.0005 respectively).  

Discussion 

Newly emerged worker honey bees survived significantly longer on diets that contained sucrose 

solution or high-grade bioactive Leptospermum honey, than on diets that contained lower grade or 

non-bioactive honey. It has been demonstrated earlier that, bees in feeding trials can survive better 

on sucrose solution than on honey solutions or solutions containing a range of other sugars or syrups 

(Barker and Lehner, 1978). Therefore, our finding that the survival of bees on high activity 

Leptospermum honey is as high as on sucrose solution supports the conclusion that high activity 

Leptospermum honey is relatively healthy for bees, while such health benefits are not achieved using 

low activity Leptospermum, or non-bioactive multi-floral honey. 

We do not yet understand why the high activity Leptospermum honey may have health benefits for 

bees. It is possible that the relatively high level of fructose compared to glucose, present in 

Leptospermum honey (Clearwater et al. 2018) contributes to the health benefits. This is supported by 

findings by Barker and Lehner (1978), who also found that high fructose-glucose solutions resulted in 

better survival than honey solution. It is also possible that the benefits are the result of a positive 

influence on the gut microbiota.  However, this is not supported by recent findings that a six-day diet 

containing bioactive Leptospermum honey MGO745 did not change the gut bacterial content of 13 – 

16-day old workers, whereas diets containing sucrose increased the numbers of Rhizobiaceae, 

bacteria that metabolise disaccharide sugars into monosaccharides (Taylor et al 2019). It needs to be 

noted, though, that these studies aren’t necessarily comparable: Taylor et al (2019) used an older 

group of workers, with fully established gut microbes, while we used newly enclosed workers that are 

still establishing their microbiome. 

Thus, high grade bioactive honey seems to be healthy for individual honey bees. A larger feeding trial, 

beyond the scope of this project, could reveal whether health effects would be achieved at the level of 

the hive in terms of survival of workers and brood production. Finally, it may be interesting to 

experimentally investigate whether high activity Manuka honey could serve as a prophylactic, for 

example, Nosema. Hence, the implications of this finding could be profound, and further 

investigations of the specific benefits of high-grade bioactive honey are warranted.  
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Key activity 3: Improving the nutritious value of Leptospermum plantations 

K. Hogendoorn and J. Benevenute Parish 

Abstract 

The high value of Australian bioactive honey derived from Leptospermum species is causing an 

increase in the number of Leptospermum sp. plantations. To produce high grade bioactive monofloral 

honey, the bees should have limited access to other sources of nectar during Leptospermum 

flowering. However, because bees do not collect pollen from Leptospermum species, and therefore 

cultivation of pollen only plants in association with Leptospermum plantations would provide a more 

balanced diet for bees. These pollen-only plants should flower at roughly the same time as the species 

of Leptospermum used in the plantation. To explore the suitable species for companion planting with 

Leptospermum, we reviewed what is known about the crude protein content, and amino acid 

composition and the flowering times of some South Australian pollen-only plants (native plants, 

weeds, and crops). Overall, we conclude that hemp, pomegranate, and olives are crops that could be 

potentially cultivated in association with Leptospermum sp. Summer-flowering wildflower strips 

combining a mix of introduced species, could enhance the health of the Leptospermum sites, while still 

allowing the production of monofloral honey. However, most of the latter plants are not overly 

attractive to honey bees and have pollen that somewhat protein deficient. Therefore, in wildflower 

strips, a variety of pollen only plants should be promoted.  

Background 

Due to its antimicrobial activity, honey has been used in medicinal treatment of wound and skin 

infections worldwide (Vandamme et al. 2013). Some honeys are more useful than others for this goal, 

those that display more antimicrobial activity than caused by the high sugar concentration alone. 

Honeys from several Australian Leptospermum species have a broad-spectrum antimicrobial activity 

against a diverse range of pathogens (Cokcetin et al. 2016). This antimicrobial activity is the result of 

the presence of methylglyoxal which is produced non-enzymatically from dihydroxyacetone present 

in Leptospermum nectar (Adams et al. 2008).  

The number of Leptospermum plantations in Australia have increased over the last eight years due to 

the high prices paid for honey and oil, partly as alternative land use of some areas where Eucalyptus 

and pine plantations were destroyed by bushfires, and partly to raise carbon credits with no 

associated forest harvesting issues (McPherson 2016). During flowering, bee hives are placed in 

these plantations to create bioactive honey.  

To achieve the highest possible bioactivity, it is advisable that no other, more attractive, 

simultaneously flowering nectar sources are present in the vicinity of flowering Leptospermum 

plantations (https://www.Leptospermum.com.au/). However, Leptospermum species provide nectar 

only for bees, while bees require nectar as well as pollen to maintain the health of individual bees, 

colony longevity, physiology and resistance or tolerance to pathogens and pesticides (Brodschneider 

& Crailsheim 2010; vanEngelsdorp et al. 2009). Pollen is crucially important as it is the main source of 

proteins, fats, amino acids, lipids, starch, sterols, vitamins, and minerals (Somerville 2005). And 

because the protein content and nutritive value varies widely between the plant species and 

geographic regions (Roulston, Cane & Buchmann 2000), honey bees mostly require a variety of pollen 

sources to meet their nutritional requirements (Brodschneider & Crailsheim 2010, Vaudo et al. 
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2020). In addition, a mix of pollen sources can help to reduce any harmful effects of secondary 

metabolites of individual pollen species (Filipiak et al. 2017). A lack of pollen sources, as is the case in 

most monofloral Leptospermum plantations, is therefore likely to causes decreases in hives health 

over time, and this has been observed by beekeepers (Le Feuvre, pers. com.).  

Companion planting with pollen-only plants that have the same flowering phenology as 

Leptospermum could enhance the nutritious value of Leptospermum plantations for bees, while still 

allowing the production of monofloral bioactive honey. However, the planning of a consortia of plants 

is difficult as the information about the nutritional composition of many pollen-only plants is disparate 

and/or lacking. Therefore, to support more sustainable bioactive honey production, we identified 

pollen only plants that are potential candidates to be cultivated in association with Leptospermum 

plantations. Considering only those pollen-only plants that are well visited by honey bees, we explore 

the flowering phenology in relation to that of Leptospermum species in South Australia and review 

their crude protein content. 

Methods 

We selected plants in three categories: native plants, introduced plants and crops, that are known to 

(i) occur in South Australia; (ii) provide pollen-only; (iii) be attractive to honey bees. While we initially 

focused on pollen-only plants that flower during Leptospermum flowering (late spring and summer), 

we included many plant species flowering outside that period. This may be useful information in the 

future, because other, yet unknown, bioactive nectar producing species may be discovered in 

Australia. 

Further selection criteria depended on the category of plant species. For native plants, we focused on 

species that have been listed as important pollen sources for South Australian honey bees by 

Boomsma (1972), Clemson (1982), Somerville (2006), Paton (1996, 2008) and Leech (2012). We did 

not include rare or endangered species, or species that rarely flower of have few flowers. 

Furthermore, we excluded some species from which honey bees, according to our field observations, 

rarely collect pollen, such as Wahlenbergia (Campanulaceae) and many species of Lilliaceae.   

For introduced pollen-only plants species, we excluded environmentally significant weeds and a range 

of invasive, declared weed species, such as Tamarix, Sycamore (Acer pseudoplanatnus) and Wire 

weed (Polygonum aviculare). In addition, there is a wide range of spring flowering wind pollinated 

deciduous trees in Australia. We did not include all species – just some representatives in that 

category. The reasons for this are twofold: for Mediterranean and temperate regions, there are many 

species to choose from, and none of them flower simultaneously with Leptospermum. However, they 

can be kept in mind as pollen only sources for late winter and early spring.  

Finally, we have excluded all buzz pollinated pollen-only plants from our analysis, whether they be 

crops, introduced plants or native plants, as honey bees cannot collect pollen from them.  

For our selected plant species, we investigated whether the flowering phenology could overlap with 

Leptospermum species that produce bioactive honey. In addition, we reviewed what is known about 

the nutritional value of the pollen (that is, the percentage of crude protein) of either the plant species 

or of the genus that the species belongs to. All information about protein content is derived from peer 

reviewed journals. Information on flowering phenology was mostly derived from plant identification 
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guides and web-based databases of reputable Australian organisations such as the Australian 

National Botanic gardens (ANBG 2022), Flora of South Australia (2022), and Seeds of South Australia 

(SSA 2022). The search of these databases took place in June-September 2020. No restrictions were 

applied regarding the year of publication or participating authors and institutions. The languages 

included are English, German and Portuguese.  

Results and discussion 

Using the criteria of pollen-only provision to honey bees we identified a wide range of pollen-only 

plants. Unfortunately, most flower during winter and spring, which would generally not coincide with 

the period of Leptospermum flowering in South Australia (November – January; Table 1). 

Native species 

The native species that can be grown in combination with Leptospermum include summer flowering 

Acacia species, Convolvulus, Malva and Alyogyne. Among these species, Acacia is likely to be the most 

attractive to honey bees, in particular, Acacia species with a high crude protein content. However, 

many Acacia species have extra-floral nectaries, and honey bees are regularly observed foraging on 

these (Boughton 1981, 1985; Vanstone and Paton, 1988).  

Therefore, of all the Acacia species, the fast-growing and hardy species Acacia baileyana seems to lack 

extra-floral nectaries and can flower in summer. However, this species is a weed on national 

significance in South Australia, and therefore we cannot recommend it.  

It would be worthwhile to investigate the relative attractivity of the extra-floral nectaries of summer 

flowering A. implexa, A. mearnsii and A. victoriae compared to nectar from Leptospermum flowers. If 

the bees ignore the extrafloral nectaries in favour of floral nectar from Leptospermum, then these 

summer-flowering Acacia species may be very worthy candidates to support bee health in 

Leptospermum plantations. 
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Figure 5: On the left is a picture of the whole tree and on the right a detail of the flowers. Top: Acacia implexa; 
middle Acacia mearnsii and bottom Acacia victoriae. 

Crops 

Crops are our preferred option for pollen-only plants, as they will generate additional income from 

the agricultural land where we suggest these plantations be situated. Among the crops, date (Phenax 

dactylifera), walnut (Juglans species) and hazelnut (Corydalis avellana) are not suitable as their 

flowering time is different to that of flowering times of Leptospermum species. This is unfortunate, 

because in spring, pollen from walnut can provide an excellent source of protein for bees (that is > 

25% c.p.).  

Grape (Vitis vinifera) flowers mid-spring, which is on the early side, but could have overlap with some 

early flowering Leptospermum species or varieties. However, while bees collect pollen from grape 

flowers, the attractivity to honey bees is relatively low, and varies between cultivars and sites in ways 

that are not well understood (Hogendoorn et al 2016). In addition, the crude protein content of the 

pollen is unknown.  
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Figure 6: Crop plants selected for good pollen sources from the top to the right: Maize (Zea mays); kiwi fruit 
(Actinidia deliciosa), Olive (Olea europea); Cannabis (Cannabis sativa);Poppy (Papaver somniferum) and 
pomegranate (Punica granatum). 

 

Considering phenology, corn (Zea mays), kiwi fruit (Actinidia deliciosa), olive (Olea europea), hemp 

(Cannabis sativa), poppy (Papaver somniferum), and pomegranate (Punica granatum) seem to be the 

most suitable pollen-only plants to be cultivated in association with Leptospermum plantations.  

Corn is a warm temperature crop and can be planted from September until February. It requires 

substantial fertilising and watering. However, as is the case with kiwi pollen, the nutritious value of 

corn pollen is quite low.  

Flowering phenology of kiwi is in November, and this can coincide with early flowering 

Leptospermum species. Kiwi is a dioecious crop, and neither the female not the male flowers produce 

nectar. However, the quality of Kiwi pollen is quite low compared to the other crops three crops.  

Olive is wind pollinated, and flowers between half November and half December. According to 

Kleinschmidt (1984), olive pollen is considered to have poor quality for bees (that is < 20% of crude 

protein, Johannsmeier 2016). However, olive is highly attractive to bees, and may benefit from bee 
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pollination (Free 1993, Guerin and Sedgley 2007). It would be possible to combine either of those to 

crops with some other native of non-native pollen-only plants to increase nutritious value.  

Pomegranate (Punica granatum) is an up-and coming crop for Australia. The crop is known for its 

health benefits, such as antioxidants, vitamin C, K, and antibacterial and antiviral activity. However, 

the health benefits are yet not fully appreciated (Lye 2008). Pomegranate flower from late spring into 

summer. The crop is drought tolerant and more salt tolerant than most tree crops but requires some 

irrigation to reduce soil moisture fluctuation which can cause fruit splitting. Cross pollination by bees 

improves production by around 20 % (Keogh et al 2010). We could not find any information about the 

nutritious value of the pollen for bees. 

Hemp is an up-and-coming wind pollinated crop that has pollen that is highly attractive to bees and 

has high crude protein content. Hemp is grown for a multitude of purposes, including paper, rope, 

textiles, clothing, biodegradable plastics, paint, insulation, biofuel, food, and animal feed and the 

production of cannabidiol. Poppy is grown for seed and for the production opiate painkillers. 

Therefore pomegranate, hemp and poppy can be grown in the context of as health / medicinal 

plantings. For hemp and poppy, the business concept can be fit around the production of medicinal 

bee products. With recent approvals for medicinal use, this can include the production of medicinal 

cannabidiol honey, which requires in-hive feeding of honey water with cannabidiol. Flowering of hemp 

and poppy depend on when they are sown. Pomegranate and hemp are likely to be the most useful 

crop, as it tolerates hotter temperatures, and provides very attractive, high-quality pollen. 

Among the non-native pollen-only plants, selective weeds and wildflower strips could be grown in 

most cropping environments. One could think of combinations of summer-flowering Malva sp. (19.2% 

c.p.), Convolvulus arvensis (21.5% c.p.) and Plantago species (17.3%), as well as poppy (Papaver 

rhoeas, 24 % c.p.). However, many of these have pollen of low nutritional value. Among these, poppy 

may be the preferred species, although plantain is noticeably attractive to bees in the summer 

months.  

Further information that could be used is the specific amino acid content of the pollens. Data are 

available for a subset of species, summarized by Somerville (2006). In addition, Investigation of the 

combined nutritional value of pollen species in multifloral pollen-only scenarios is warranted. We are 

only starting to understand how the bees tune their pollen collecting behaviour in response to what is 

on offer (Wilson et al 2021). A full understanding of needs and behavioural responses will lead to 

more bee-friendly landscape designs, with consequential benefits for hive health.  
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Table 1: Crude protein content of pollen only plants. Yellow highlighted common name indicates possible utility 
for companion planting with Leptospermum. The colour of the Scientific name indicates flowering time as 
follows: yellow: late spring-summer; blue: autumn/winter; green: winter/spring.; orange: species dependent.  

Plant Common name Scientific name Reference 
Crude 

protein (%) 

Native 
plants 

Cootamundra 
wattle 

Acacia baileyana Rayner and Langridge (1985) 28.6 

Gidgee A. cambagei Somerville and Nicol (2006) 17.5; 25.3 

silver wattle A. dealbata Somerville and Nicol (2006) 21.4 

Currawong A. doratoxylon Somerville and Nicol (2006) 24.9 

Lightwood A. implexa Somerville and Nicol (2006) 
25.0; 23.0; 

27.0 

  A. longifolia Somerville and Nicol (2006) 24.6 

Black wattle A. mearnsii Johannsmeier (2016) 24.2 

Blackwood A. melanoxylon Somerville and Nicol (2006) 16.2 

Golden wattle A. pycnantha Somerville and Nicol (2006) 19.9 

Sweet wattle A. suaveolens Somerville and Nicol (2006) 21.7 

Curara A. tetragonophylla Somerville and Nicol (2006) 13.1; 22.4 

Gundabluie A. victoriae Leech (2012) n/a 

Allocasuarina Allocasuarina verticillata Stace (1996) 13.9 

Lillies Lilium sp. 
Roulston, Cane and Buchmann 
(2000) 

17.1 

Convolvulus Convolvulus arvensis Radev (2018) 21.5 

Pelargonium 
Pelargonium 
rodneyanum 

  n/a 

Native Hibiscus Alyogyne huegelii   n/a 

Malva Malva sp. 
Schmidt, Thoenes and Levin 
(1987) 

19.2 

crops 

Date Phoenix dactylifera Taha et al. (2019) 19.8 

Hemp Cannabis sativa   n/a 

Kiwi Actinidia deliciosa Clark and Lintas (1982) 37 

Olive Olea europaea  Johannsmeier (2016) 16.7 

Grape Vitis vinifera   n/a 

Pomegranate Punica granatum  n/a 

Corn Zea mays Sommerville (2005) 14.9 

Hazelnut Corydalus avellana    

Walnut Juglans regia Rink, Carroll and Kung (1989) 25.1 
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Plant Common name Scientific name Reference 
Crude 

protein (%) 

Non 
natives 

Plantain Plantago lanceolata 
Somerville, DC and Nicol 
(2006) Johannsmeier (2016) 

17.3 – 20.5 

 Asphodelus fistulosus Somerville and Nicol (2006) 22.5 

Poppy Papaver rhoeas Tasei and Aupinel (2010) 24.1 

Agapanthus Agapanthus praecox Köttner (1991) 13.5 

Hibiscus Hibiscus rosa-sinensis 
Robertson (1929) cited in 
Roulston, Cane and Buchmann 
(2000) 

17.5 

Oak Quercus sp. 
Roulston, Cane and Buchmann 
(2000) 

38.8 

 Quercus robur Alaux et al. (2010) 19 

Salix Salix babylonica Alaux et al. (2010) 25.9 

Pine Pinus spp. Stace (1996) 7-Aug 

 Pinus spp. Johannsmeier (2016) Jul-13 

 Pinus halepensis Liolios et al. (2015) 13.21 

 Pinus radiata 
Somerville, DC and Nicol 
(2006) 

8.9 

 Pinus radiata 
Somerville, DC and Nicol 
(2006) 

9.5 

 Pinus spp. Forcone et al. (2011) 6.31 

Elm Ulmus sp. Forcone et al. (2011) 12.37 

Wych elm Ulnus glabra 
Daumann 1975 cited in 
Roulston, Cane and Buchmann 
(2000) 

26.4 
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Key activity 4: Irrigation and honey production 

K. Hogendoorn, K. Delaporte, N. Timbs 

 

Abstract 

Multiple lines of evidence indicate that irrigation is crucial when establishing Leptospermum 

plantations. However, very little is known about the importance of watering for nectar production and 

bee visitation. Here, experimentally investigate the effect of watering on nectar production and then 

evaluate the effect of two watering regimes on bee visitation in an experimental plantation of L. 

scoparium. We find that irrigation is crucial to stimulate nectar production and that regular watering 

in drier areas is essential for bee visitation. Hence, in South Australian plantations, bioactive honey 

production relies on sustained water availability to the root system. 

Introduction 

The main bioactive Leptospermum species are known for the fact that they prefer a relatively high soil 

humidity and a negative correlation with arid conditions (Santos et al 2021). In addition, when the soil 

evaporation exceeds the precipitation in the hot summer months, this can impede the establishment 

of seedlings (Clearwater et al.2018), and hence influence the natural distribution of the species. 

Furthermore, lack of irrigation influences sugar composition (Clearwater et al. 2018). Thus, the 

evidence indicates a strong reliance or soil water supply, 

However, the effects of irrigation on the quantity of nectar produced as well as bee visitation, and 

therefore the potential to produce bioactive honey, are yet unknown for Leptospermum species. This 

is surprising, as the effects of irrigation on nectar standing crop and consequences for honey bee 

visitation are well established in other crops, including pollination dependent ones, rather than honey 

producing crops (Free 1993). Generally, water stress reduces nectar volume without affecting sugar 

concentration (Villarreal and Freeman, 1990; Carroll et al., 2001), and this can negatively influence 

the bee visitation as well as seed set of flowers (e.g., Pedersen 1953, Holtkamp et al. 1992, Fijen et al 

2021). 

For Leptospermum plantations, the development of an understanding of the importance of irrigation 

to produce bioactive honey is of extreme importance. Not only will this produce insights in how to 

manage Leptospermum plantations for honey production, but it will also improve business models. As 

water is becoming an increasingly scarce and costly commodity, future business models will need to 

incorporate these costs. 

Methods 

Field observations 

The field observations of honey bee visitation were done at the Wirrabara site that was planted in 

partnership with Spring Gully Foods in 2017. The species planted was Leptospermum scoparium, and 

observations were done in the third and fourth year after planting, i.e., at the end of December (2019) 

and the beginning of January 2022. All plants included in this study were planted as seedlings in 2017. 
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The non-irrigated plants received only the natural rainfall, while the irrigated plants obtained 

between 12 and 45L per week. During flowering in 2020, the site received 7 mm rainfall during the 

entire flowering season, while during 2022 the natural rainfall during flowering was 5mm.  

Observations of flower visitation was done by a single observer on each date. During observations, 

the observer remained stationary on one side of the bush, so as not to disturb the foraging bees. The 

observer recorded visitation on the side that was perpendicular to the sun (north side in the morning, 

west side at midday, south side in the afternoon), recording the number of foraging honey bees that 

were visiting the flowers for 30 seconds. This is a very rapid assessment method that works well for 

defined areas of observation and avoids double counting of bees (Hogendoorn et al 2021). All 

observations were done on bushes that were in full flower. On 31 December 2020, we included 11 

irrigated and 11 non-irrigated full flowering bushes, and observations were done at Australian 

Central Daylight Time 8.30 (20 °C), 1 pm (30 °C) and 5 pm (33 °C). On 14 January 2022, 

observations included 12 irrigated and 10 non-irrigated bushes, as the latter category was limited by 

the number of bushes in full flower. In 2022, observations were done at 10.30 am (21 °C), 1 pm (24 

°C) and 3.30 pm (25 °C).   

The visitation data were analysed using a generalized linear modelling using a negative binomial 

model with a log link. 

While there were visible differences in the size of the bushes, differences in the density of flowers 

were not evident. Therefore, to exclude the possibility that any difference in bee visitation was caused 

by the larger size of the bushes, and hence a larger number of flowers, we calculated average 

difference in the volume of the bushes and compared this to the difference in bee visitation. To 

estimate the volume of the bushes, we averaged the height and the width of 8 irrigated and 8 non-

irrigated bushes and calculated the volume of a cone shape with these measurements. We then 

compared the proportional difference in bush volume with the proportional difference in visitation, to 

investigate whether size difference alone could explain the difference. 

Greenhouse experiment 

The effect of watering on nectar production of individual flowers was assessed in a greenhouse 

setting. Plants were moved from an outside the nursery into the greenhouse on 4/1/2022, just before 

they came into full bloom. All plants were watered upon placement in the greenhouse. Four clusters 

of flower buds that were about to open were selected on each plant. To eliminate confusion, flowers 

surrounding the focal cluster were removed. The five irrigated plants were kept well-watered, that is  

2cm of water at bottom of pots in trays for whole experiment. The non-irrigated plants did not receive 

any additional water after the first watering. 

Nectar was sampled on day 8 and 16. Initially it was attempted to harvest nectar with a pipette or a 

micro-capillary, but this was not effective, as no nectar was obtained from the shallow cup of the 

flower. Therefore, we used cotton buds (Johnson & Johnson®). Cotton buds have small wads of 

cotton wool on each end of a stick. Each end was used to sample one flower. We sampled the nectar 

from two flowers per cluster, and four clusters per plant. Each cotton bud was weighed before 

sampling and after sampling. To prevent weight changes due to evaporation and/or hygroscopic 

effects the cotton buds were stored in 10ml tubes before and after sampling. The tubes with cotton 

buds were weighed before sampling, and after sampling, the difference in weight indicated the 

amount of nectar (G).  



Leptospermum site design for honey production and hive health 

30 

 

Results and discussion 

Field observations 

In the plantation, the irrigated plants attracted on average 10.2 times more bees than the non-

irrigated plants (Figure 7). Generalized linear modelling showed a significant effect of irrigation, and 

differences between years, but not of time of day (Table 2). Differences between years can be related 

to the larger size of the bushes, but it is possible that presence of alternative nectar sources also had a 

large effect likely. In both years, some large, flowering Eucalyptus were seen in the proximity of our 

plantation. While we did not quantify the floral abundance, it is likely that Eucalyptus offered a much 

more prolific nectar source than our Leptospermum plantation.   

The irrigated bushes were significantly higher (146.3 ±3.75, versus 120.0 ± 7.30, n = 8) but not wider 

than the non-irrigated bushes (160.0 ± 7.0 versus 145.0 ± 11.1), yielding a proportional difference in 

volume of 1.5. Therefore, the difference in size alone cannot explain the more than tenfold increase in 

bee visitation bee visitation.  

 

 

 

 

 

 

 

 

 

 

Figure 7. The average number of bees foraging on irrigated and non-irrigated bushes observed in 30 seconds.  

 

Nectar production in the greenhouse experiment 

Irrigation of potted plants had a significant effect on the amount of nectar that could be harvested 

from the flowers. On day 8, flowers of watered plants had significantly more nectar than those of 

unwatered plants (Chi-square = 38.87, P<0.001). The difference was a factor 2.7. On day 16, the non-

irrigated plants were completely dry, and no nectar could be obtained.  Thus, we conclude that 

irrigation substantially influences nectar production. 

There was also a significant difference between the nectar production of irrigated clusters at day 8 

and day 16 (matched pairs t-test, t = 2.16, p = 0.04; Figure 8). This finding is in line with results from a 

study by Clearwater et al (2018, 2021) showing that sugar amount changes with age of the flower. 

However, our results are in contrast with Clearwater et al 2018 with respect to their conclusion that 
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drying soil had no effect on nectar yield. The contrasting results are likely to be because Clearwater et 

al (2018) measured the amount of sugar in the nectar, rather than the volume of nectar. Another 

possible explanation is that our experiments, both in the greenhouse and in the field, were run for a 

longer period than the study of Clearwater et al. (2018). This is supported by the observation that 

their plants died within two days if watering was withheld, whereas ours were alive after 16 days 

without water. Possibly, Clearwater et al.’s experiments were done with younger, more vulnerable 

plants. 

Table 2: Generalized linear model analyses of the effects of irrigation, temperature, time of day and year on the 
visitation of honey bees to Leptospermum bushes (negative binomial model with a log link) 

 

 Chi-Square df Sig. 

irrigation 69.926 1 <.001 

temperature 3.089 1 .079 

Time of day .673 1 .412 

year 6.599 1 .010 

 

Regardless, our data clearly demonstrated the importance of soil moisture to produce nectar, and it is 

the nectar that attracts the bees attract bees. This implies that, unless the plants are positioned in 

soils that maintain their moisture through summer (for example creek beds), irrigation will be 

essential during flowering, in the dry hot summer months in South Australia. 

 

 

Figure 8. The average amount of nectar (g) ± s.e. per two flowers of irrigated and non-irrigated plants of 
Leptospermum scoparium, after 8 and 16 days in a greenhouse. The non-irrigated plants were last watered on 
day 1 and had no nectar on day 16. 
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Key activity 5: Develop a business model for the use of exclusion zones and 
other vacant land in and around almond orchards as hive sites  

D. Le Feuvre and K. Hogendoorn 

 

Abstract 

A business model for Leptospermum plantations is required to find out whether starting a bioactive 

honey plantation makes economic sense. In addition, a business model can help to obtain an insight 

into potentially economically feasible agreements between multiple stakeholders (for example a 

landholder, a beekeeper and/or a honey producer), regarding the revenue from the honey produced. 

Here we develop such a business model for the use of vacant land in areas that have access to 

irrigation close by. We assume that the soil has been tested and is suitable, and that a process such as 

suggested in Section 2 has been followed to select the species. Below, we explore costs for 

establishment, operational costs, expected yields and estimated income. We find that a return on 

investment can occur after seven years.  

Background 

Across Australia and New Zealand, there is growing interest in establishing Leptospermum 

plantations to diversify or supplement incomes, or as a new primary income.  The plantations are 

attractive to many, as growers look to harvest both honey and oils from their plantations.  

Commonly known as tea tree, jelly bush or Manuka there are 85 endemic Leptospermum species 

across Australia.  Typically occurring in coastal areas with higher natural rainfall, or at sites with 

higher soil moisture, they are native to every state of Australia (Williams et al., 2018, Santos et al 

2021).   

The honey derived from several species of Leptospermum has significant antibacterial properties 

(Blair et al., 2009).  This non-peroxide activity appears to be unique to the Leptospermum species. 

Because of the high bioactivity, the honey is in high demand across the world, and particularly used in 

topical healing of difficult to treat bacterial infections. 

Producing Leptospermum honey requires a significant natural stand of plants that are suitably 

located to sustain large placements of honeybees. Natural stands of species are becoming less 

available to beekeepers due to encroaching urbanization in Australia’s coastal regions and increasing 

variability in rainfall. The natural alternative to succumbing to the vagaries of natural Leptospermum 

stands is to plant the species in controlled plantations. 

Active honey 

Several properties of honey contribute to its antimicrobial activity. In most honeys, the high 

osmolarity, low pH and, most importantly, the enzymatic production of hydrogen peroxide exert 

antimicrobial effects (Cokcetin et al., 2016).  Antibacterial activity that is not attributed to peroxide 

activity is commonly referred to as “non-peroxide activity” (NPA). Honey with high NPA is highly 

sought after for use in medical-grade honey products. The compound primarily responsible for the 

NPA of Leptospermum honey has been identified as methylglyoxal (MGO), which forms from the 



Leptospermum site design for honey production and hive health 

33 

 

nectar-derived compound, dihydroxyacetone (DHA), during the ripening of honey (Mavric et al., 

2008).  

Whilst there are some 84 different Leptospermum species identified in Australia not all provide high 

levels of non-peroxide activity.  However, there are active Leptospermum species occurring naturally 

in every state (Williams et al., 2018).   

Leptospermum plantations 

Knowledge in establishing and managing Leptospermum plantations is limited (but see Delaporte et 

al. in this book). Information is continually evolving in terms of the commercial management of this 

species. For example, limited information about methods for weed control is available, as many 

mainstream selective herbicides have not been trialled on Leptospermum species. 

In establishing a Leptospermum plantation key consideration needs to be given to species and cultivar 

selection.  Highly active species often occur naturally in higher rainfall areas, and while this can be 

compensated with irrigation, the financial aspects for this needs to be considered, and other climatic 

species requirements also need to be considered (Santos et al. 2021). For example, grower 

experience has shown species to be non-tolerant to frosts or extreme weather events like hot dry 

winds. Selecting the appropriate species and cultivar is the key to success.  

Many initial plantings in Australia have been dominated by L. scoparium. While this species selection 

may have been partly based on lack of knowledge about other species that produce nectar with high 

levels of DHA, this selection has also, in-part, been due to the lack of available seedling stock. 

Advances in plant breeding and targeted selection have improved the range of species and cultivars 

available as seedlings. Breeding of elite Leptospermum lines is being undertaken in multiple nurseries 

across the country.   

Whilst cultivar selection influences the ability of the plantation to establish and flourish in the given 

environment, nectar purity and the ultimate MGO content of the honey is influenced in part by the 

surrounding flora. The proximity of other flowering species, that produce nectar at the same time as 

the target Leptospermum species, will result in a multifloral honey. Thus, the presence of multiple 

nectar sources ultimately dilutes the activity and the ability of the producer to market the honey as 

mono-floral active honey. 

Site selection 

It was previously thought that most Leptospermum species thrived in impoverished soils.  This 

thinking is changing with the initial New Zealand plantation trial sites performing better in the higher 

quality soils than the trial sites in more impoverished soil types (MacIntyre, 2017). It also appears that 

the plants generally respond well to fertilisation. These experiences show that the best results in 

growth will be achieved from selecting plantation sites that have fertile soils with little competing 

surrounding nectar sources. This obviously excludes native forests where flowering Eucalyptus 

species will often attract many foraging honey bees. 

Unless the soil remains relatively moist over summer and during flowering, plants are required to be 

irrigated during establishment and during flowering to promote nectar production (see sections 2 and 

4). 
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Pest and diseases 

Occurring naturally in every state in general Leptospermum displays good pest and disease tolerance 

with few reported outbreaks in managed plantations.  However, there are some types of scale insects, 

such as armoured scales and mealybugs associated with L. scoparium in New Zealand.  Besides the 

scale insects, other insects such as manuka beetle (Pyronota festiva; Scarabaeidae), a leaf-feeding 

manuka moth (Declana floccosa; Geometridae), a webworm (Heliostibes atychioides; Oecophoridae), 

the wood-boring larvae of a longhorn beetle (Ochrocudus huttoni; Cerambycidae), a wood borer 

(Amasa truncates; Scolytidae), and a gall-inducing mite (Aceria manukae; Eriophyidae) have been 

reported as pest insect on L. scoparium in the past (Lamb, 1960; Molloy, 1975; Thomson et al., 1979; 

Brockerhoff and Bain, 2000). Although these pests have been studied in the past, little research 

concerning their influence on Leptospermum species has been carried out in recent decades.    

Myrtle rust is a fungal disease caused by the fungus Austropuccinia psidii. The spores infect plants in 

the family Myrtaceae, including Leptospermum. Since myrtle rust was first detected in NSW in April 

2010 it has spread across the eastern Australian landscape in bushland reserves, home gardens, 

commercial operations, and amenity settings such as parks and street plantings. Myrtle rust can now 

be found in New South Wales, Victoria, Queensland, Tasmania, and on the Tiwi Islands in the 

Northern Territory. 

The fungal disease attacks the soft, actively growing leaves, shoot tips and young stems. This disease 

can pose a serious threat to new planting using seedlings. Copper sprays are often used to protect 

young seedlings against infection.  

Unfortunately, honey bees can be vectors for myrtle rust, as they collect and take the spores back to 

the hive where they can survive in the hives and on the bodies of honey bees for at least 9 days 

(Pattermore et al 2018). Therefore, care needs to be taken not to move hives into plantations from 

areas that are infested with myrtle rust 

The Business Case 

Orchards of any kind are capital intensive projects with long payback periods. Capital costs of 

irrigation, seedlings and land preparation impact the bottom line significantly in the initial stages. 

Identifying these initial costs vary from project to project, however, the following case study is based 

on an existing plantation on the Yorke Peninsula in South Australia (2018).  

The expenses used can be substituted to suit the individual project and provide a guide to the costs 

involved. The plantation studied was designed with tree rows 4m apart and a planting density of 1100 

seedling per hectare.  

Initial Capital Expenditure 

The need to provide irrigation contributes significantly to the establishment costs.  In this case study 

the annual rainfall is 350-400mm. The predominant species used in the plantation is L. polygalifolium, 

which occurs naturally in much higher rainfall (around 600-800mm/annum).  To supplement this 

rainfall deficit irrigation is required.  Table 3 shows the indicative establishment costs per hectare of 

plantation.  
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Table 3: Indicative establishment costs per hectare of plantation per annum. 

Capital Cost Description Cost per hectare 

   

Site Preparation 
Initial weed control, fertiliser 
and any tillage fencing etc. 

$210 

Seedlings 1100 seedling per hectare. $990 

Irrigation infrastructure 
Laying of main lines and 
submains, and connection of 
drip line. 

$2,500 

Labour 
Planting seedlings, laying 
irrigation lines etc. 

$1,000 

Total  $4,700 

 

On-going operational costs 

In additional to the initial capital costs, yearly operational costs are incurred in any plantation. As 

described the on-going cost of water and irrigation maintenance is significant. 

 

Table 4: Indicative operational outgoings per hectare per annum. 

Item Description Expense 

   

Orchard maintenance 
Weed control, irrigation 
maintenance @ 0.0125 
FTE/ha or 0.5 hour/week/ha 

$650 

Irrigation control 
Assuming a non-automated 
system @ 0.0125 FTE/ha or 
0.5 hour/week/ha 

$650 

Water costs 
0.2ML supplementary 
irrigation @ $3,000/ML 

$600 

Fertiliser Fertigation $20 
Land lease  $200 
Total  $2,120 

  

Expected Yields 

It was initially expected that the plantation would be producing surplus nectar within 4 years.  

Experience from this case study, from Wirrabara, as well as from a New Zealand trial plantation 

(MacIntyre, 2017) indicates that the period till maturity period maybe be longer than expected.  

While it is possible that surplus nectar can be harvested from year 3, it is expected that peak 

production may not be reached until years 5-7.  The other variable in this case study is the volume of 

honey produced per hive on the plantation. Climatic conditions during flowering significantly 

influence the amount of honey a hive can produce and influence the nectar production of the plants. 

New Zealand plantations yields have varied between 13 – 40 kg / hive (McPherson, 2016). It is 
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estimated that yields of between 20 – 40 kg / hive occur regularly on wild stands of Leptospermum in 

Australia. It is estimated that the Yorke Peninsula plantation will yield an average of 35kg/hive once in 

full production. 

Predicting the final activity of the harvested honey is also difficult because the production is a result 

of the genotype and the environment. In this case study the young plants were tested for 

dihydroxyacetone (DHA) concentration in the nectar which is a precursor for final methylglyoxal 

(MGO) levels. Tests revealed DHA levels averaging 9000 ppm this converts to around 1000 ppm 

MGO or a 23 NPA rating.  This case study is based on a final honey activity of > 20 NPA attracting a 

high premium for the active honey.  

Pricing for active Leptospermum honey has been stable in Australia and based on the level of NPA 

activity. Indicative pricing sourced from the major honey buyers’ price 23 NPA rated honey at around 

$50 / kg (2018), this is pricing used for this case study. 

Hive stocking rates per hectare are estimated to be around 3 hives per hectare (McPherson, 2016) 

once the plantation has reached maturity. As the plantation matures hive density increases from 1 

hive / ha in year 3 to 3 hives / ha in year 5. 

 

Table 5: Indicative income per hectare per annum. 

Item Honey yield at 3 hives per hectare 

 30kg / hive / ha 40kg / hive / ha 50kg / hive / ha 

Honey yield 90 kg / ha 120 kg / ha 150 kg / ha 

Gross income per 
hectare (A$50 / kg) 

$4,500 $6,000 $7,500 

 

Project return on investment 

It is expected that the project would break even in year 7-9 and would provide a positive cash-flow 

from year 5.  Over the 20-year project life the gross cumulative net cash generated is $36,400 per 

hectare not adjusted for real money terms.  
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Figure 9: Net cash flow over the 20-year project 

 

To examine the economic viability of the project we can look at some key economic ratios in Table 6.  
This shows that the project is viable and there is a return on capital over the 20-year period. 

 

 

Table 6: Key economic ratios to assess project viability over a 20-year period. 

Ratio Value 

  

Net Present Value (r = 6%) $13,023 

Internal Rate of Return 16% 

Profitability Index 1.14 

Pay Back Period 7.5 years 

 

 

 
Conclusions 

This case study shows that Leptospermum plantations can be viable in medium rainfall environments. 

However, there are several identified factors that need to be given careful consideration before 
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developing a new plantation.  The inherent variability of honey production and plantation growth can 

significantly influence the key economic ratios.  Climatic conditions, water quality and soil fertility can 

all influence the growth rate of the plants.   

Before making the required investment, the investor should understand the key variable assumptions 

used in this case study.  In-house assessments should carefully consider the market price for active 

honey at the time of investment and the average honey yields that are achieved locally, given your 

local climatic conditions.   

Plant breeding advancements are aiming to enhance honey production and activity of the plantations.  

Access to advanced seedling stocks will improve the return on investment in new plantations as the 

case study plantation utilised wild, un-improved seedling stock. 

In addition, the broader business needs to be considered. The hives need to be either leased or, if 

owned by the landowner, maintained, and honey needs to be harvested. If the hives are leased, the 

business model could be further developed by investigating the options for sharing of the revenue 

between the landowner and the beekeeper.  

If the hives are owned by the landowner, it is important to realise that Leptospermum will only yield 

honey for a brief period of the year, while bees require food most times of the year. Hence, because 

the plantations should be in areas that do not provide other nectar during Leptospermum flowering, 

attention needs to be given to the hives food supplies during other times of the year. This involves 

access to hive sites and travelling with the bees, feeding them at other times and/or providing other 

plantings to forage on. In addition, these calculations do not factor in provision of pollen-only plants, 

as suggested in key activity 3. The costs of this depends on the planting strategy chosen.  

In conclusion, Leptospermum plantation can be an attractive long-term investment and provide an 

alternative use of land. However, like all investments it is not without risk and the prospective 

investor would need or carefully consider if the potential reward compensates for the preserved risk. 
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General outcomes and conclusions 

This project generated advice about the design of Leptospermum plantations, governed by an 

ambition to improve the health of productive landscapes for honey bees and other insects.  Our 

advice includes site and species selection, maintaining hive health through pollen-only plantings, and 

the need for irrigation. 

We have provided arguments to establish Leptospermum sites away from native vegetation, 

preferably on, or in conjunction with, other agricultural enterprises. This will ensure that bioactivity of 

the honey is maximised, irrigation is in place, and that areas that are unsuitable for growing 

Leptospermum are avoided. We identified these unsuitable areas using climate modelling. The 

analysis indicated that the distribution of most Leptospermum species is influenced by the aridity 

index or the soil evapotranspiration during the warmest months (PETQ), and that areas with a high 

aridity index or high PETQ may be unsuitable for many of the bioactive species we investigated. The 

analysis also indicated that irrigation is essential for bioactive honey production with Leptospermum 

species. 

To further understand the importance of irrigation, we investigated the significance of irrigation 

during flowering of L. scoparium. We found that lack of irrigation during flowering limits nectar 

production and severely reduces bee visitation and therefore honey production.  

We found no indication that bioactive Leptospermum honey itself has any negative consequences for 

the hive when the bees consume it. However, sites that focus on the production of monofloral 

bioactive Leptospermum honey can have negative health consequences for honey bees, because the 

bees do not collect pollen from the Leptospermum crop. We have identified a wide range of pollen-

only plant species that can benefit hive health while still supporting monofloral honey production. 

These include crops, such as hemp, poppy, pomegranate, and olive, as well as native and introduced 

plants. 

While Leptospermum plantations seemed a lucrative option for the South Australian Riverland at the 

start of this project, as supported by the business model developed at the time, there was a lack of 

initial business interest in Leptospermum plantations from the almond industry, as well as from a 

large bee keeping enterprise we engaged with. This was initially disappointing, but in hindsight it may 

have been the better outcome. Over the years, the uncertainty around bioactive Leptospermum 

production in South Australia has increased, and we are therefore happy that we did not encourage 

any premature investments. We believe that further, detailed investigations are needed to evaluate 

and breed acclimatised plant material and identify the growing conditions required.  

The project by Delaporte et al. further elucidates the opportunities for Leptospermum scoparium 

plantations in South Australia. In addition, South Australia, and Australia as a whole, has numerous 

species in other genera than Leptospermum that show bioactivity in the nectar, and among these, 

there may be some that are less affected by the increasing intensity and length of heatwaves and dry 

spells than Leptospermum species. These should be explored for future plantings. 

Lastly, we stress that any future agricultural activity should not come at the further cost to 

biodiversity, and this includes (bioactive) honey production. The proliferation of industrial agriculture 
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is the main contributor to the multiple interacting stressors on honey bee health (Shannahan 2022), 

as well as to biodiversity loss in general. Widespread recognition by agricultural and beekeeping 

communities (industry and researchers) of industrial agriculture as the ultimate cause of the negative 

impacts on hive health can help to achieve the transformative change needed towards production 

strategies that support the health of honey bees, other beneficial insects, and overall biodiversity in 

agricultural landscapes. 
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