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Foreword 
The Australian pasture seeds industry is a vital part of the pastures system and exports high-quality 
seed across the world. Each year, Australia’s lucerne (Medicago sativa) seed production industry 
loses millions of dollars’ worth of export-quality seed to infestations by the lucerne seed wasp (LSW; 
Bruchophagus roddi), a phytophagous insect whose larvae develop inside maturing lucerne seeds. A 
phytophagous insect is generally one that feeds on green plants. This pest decreases the amount of 
viable seed a stand of lucerne produces and negatively impacts the profitability of the pasture seeds 
industry.  

In 2016, Lucerne Australia and AgriFutures Australia jointly invested in research, with in-kind 
support from the New South Wales Department of Primary Industries (NSW DPI), to gain a better 
understanding of LSW biology, explore potential control measures and investigate methods of 
predicting potential pest damage each year. This included reviewing the scientific literature on the 
biology and control of LSW in northern hemisphere pasture-seed production areas, and investigating 
the life history parameters of the pest under glasshouse conditions, while also monitoring population 
dynamics in the field throughout the growing season. The literature review showed that high soil 
moisture is more important than low temperatures during winter for causing heavy mortality of 
overwintering LSW.  

A key finding of this report is confirmation that measures used to control northern hemisphere seed 
wasp populations, which have not previously been employed in Australia, show promise for 
Australian lucerne seed producers.  

This report provides recommendations for developing a climate-based predictor of LSW numbers. If 
the development of a soil test is pursued, further research to identify the most appropriate timing for 
the test to be applied in order to predict LSW numbers during the growing season would be prudent. 
Additional research is required to inform, and subsequently provide producers with options to reduce, 
LSW survival over winter.  

This report for the AgriFutures Pasture Seeds Program adds to AgriFutures Australia’s diverse range 
of research publications. It forms part of our Growing Profitability Arena, which aims to enhance the 
profitability and sustainability of our levied rural industries. Most of AgriFutures Australia’s 
publications are available for viewing, free download or purchase online at www.agrifutures.com.au.  

 

John Smith 
General Manager, Research 
AgriFutures Australia 
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Executive summary 
Lucerne seed wasp (LSW; Bruchophagus roddi) is an agricultural pest, whose populations fluctuate 
significantly from year to year, and which cannot be controlled through traditional pesticide 
applications. This research is dedicated to uncovering potential control methods for LSW (and 
ecologically similar insects), determining whether previous research conducted outside Australia has 
relevance for the prediction and management of Australian LSW populations and production systems, 
and exploring the feasibility of a soil-based assay to predict annual LSW numbers.  

This report is targeted at lucerne (Medicago sativa) seed producers in Australia, as well as researchers 
who may wish to further investigate potential control measures for LSW and/or mitigation of LSW 
damage.  

Aims/objectives 

The central objective of this project was to expand our understanding of the biology and life cycle of 
the LSW to give lucerne seed producers in Australia the information they need to effectively manage 
this pest and make informed and timely decisions about land use. 

Methods used  

This project included a review of scientific publications, industry recommendations and technical 
reports from the lucerne seed industry (and similar areas of seed production) across Canada, Europe, 
and the United States of America (USA) between 1950 and 2017. Glasshouse experiments to 
determine whether Australian LSW display the same ovipositional and development patterns as 
previously studied LSW in the USA, insect identification, and DNA barcode development were 
carried out at the Orange Agricultural Institute (OAI) in Orange, NSW. Lucerne seed wasps were 
reared from seed collected in Keith, SA and Orange, NSW. Sticky traps were used during the 2017–
18 growing season to examine the temporal dynamics of LSW populations across South Australian 
seed production areas. Growers and seed-cleaning operations in South Australia (SA) voluntarily 
provided data on seed loss due to LSW infestation. Climate data used to model the level of LSW 
damage was obtained from the Australian Bureau of Meteorology (BoM) website, using weather 
station 025507.  

Results/key findings 

The literature review revealed a variety of control methods have been attempted for LSW and other 
seed parasites/predators with a similar life history (i.e. larval development occurring inside a seed or 
gall, followed by overwintering in the soil as a pupa or pre-pupa). Several LSW control strategies not 
currently used in Australia may help growers manage LSW population in local lucerne seed 
production systems, including ‘clipback’ (early mowing to synchronise bloom), rapid pollination, and 
post-harvest soil turnover and irrigation to rot the overwintering generation of LSW in the soil.  

There has been considerable industry interest in developing a DNA test to measure post-harvest levels 
of LSW in soil. Similar DNA-based assays to detect and/or quantify soil-borne agricultural pests have 
been in development in Australia since the early 2000s. One challenge posed by this method of insect 
detection is the need to differentiate between baseline levels and elevated levels of LSW. An effective 
soil assay would need to be based on quantitative methods (RT-PCR/qPCR) and have an empirically 
established baseline level of LSW presence. While molecular identification (DNA barcoding) of LSW 
can be easily performed, providing fresh LSW tissues are available and exposed (not enclosed in plant 
tissue), an LSW-specific primer for RT-PCR has not yet been designed. 

Previous studies have noted the LSW population can fluctuate dramatically from year to year, with 
one year’s LSW numbers having little predictive value for the following year. Some literature 
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suggests LSW populations correlate with climate conditions. Post-harvest cultivation practices in the 
USA have confirmed that flooded soil (e.g. heavy rainfall) during winter reduces LSW emergence the 
following spring. For these reasons, our investigation of predictive measures focused on climate, 
rather than soil testing.  

Based on the results of glasshouse trials using Australian LSW, the life cycle timing and oviposition 
behaviour referenced in the literature reviewed for this project was applicable for local LSW 
populations. The glasshouse trials demonstrated the critical oviposition period for Australian LSW 
populations is the same as for northern hemisphere populations: about 8–10 days after pollination. 

This study differed from previous attempts to assess seasonal population dynamics in LSW by using 
long-term passive trapping rather than active (sweep net) collection, and by assessing numbers of 
parasitoids and pollinators in addition to LSW. Although the sample size was relatively small, rough 
conclusions could be drawn about seasonal changes in LSW populations and implications for control. 

Implications for relevant stakeholders 

If the control measures and the climate-based LSW population prediction methods outlined in this 
report are adopted, they could save growers millions of dollars’ worth of lost lucerne seed for the 
export market. Ongoing climate change also may have a significant effect on LSW populations, 
infestation levels and the percentage of seed lost during seed cleaning each year. Warmer and drier 
conditions across Australia, particularly in south-eastern South Australia, will have a deleterious 
effect on lucerne seed production, regardless of other management practices, simply because more 
LSW will emerge during spring.  

Recommendations 

The most promising LSW control measures for Australian lucerne seed producers identified during 
this project are: bloom delay/synchronisation (Mueller, 2008), followed by mineral oil spraying (as 
described by Mo and Falivene, 2014), coupled with post-harvest irrigation (Mueller, 2008; Marble, 
1982).  

Winter soil moisture can have a tremendous effect on the survival rate of overwintering LSW. This 
can happen through at least two mechanisms: first, increased soil moisture during late autumn–early 
winter can cause fallen LSW-infested seeds to swell and split, destroying the larva’s winter refuge and 
exposing it to rot, pathogens, predators and harsher environmental conditions. Second, a seed that is 
completely coated or submerged in water will prevent the larva inside from respiring. Light 
cultivation, soil turnover or aeration after harvest can expose overwintering soil-borne LSW. This can 
be coupled with late-autumn irrigation to rot seeds and destroy larvae.  

Other options include: close attention to sanitation, odour-based lures and establishment of pollinator 
habitats to enhance bloom synchronisation.  

Although DNA-based assays to detect and/or quantify soil-borne agricultural pests have been in 
development in Australia since the early 2000s and used successfully for nematodes and soft-bodied 
insects (e.g. phylloxera), they are likely to require modification before they can be used on LSW. 
Analysis of climate parameters during this project indicated that under certain climatic conditions, 
early-winter LSW numbers in soil can differ substantially from post-winter LSW numbers. As such, 
any soil assay must be performed during late winter or early spring, not during the early winter or 
post-harvest period. If this is the case, soil sampling tests may not produce meaningful data until the 
growing season is already well underway. 

Collecting data and information on the difference between infected seed and shrivelled seed will be 
important to gain a greater understanding of the associated impacts. Taxonomic training of 
researchers to understand differences between the various wasps and predatory wasps would also be 
beneficial to develop a greater understanding of population dynamics.   
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Introduction 
The lucerne seed wasp (LSW), Bruchophagus roddi, can be a significant pest in lucerne seed 
production because of its habit of ovipositing (laying eggs) directly into developing seed and its 
ability to cycle through multiple, overlapping generations during a single growing season. After the 
LSW larva has consumed the growing seed, it emerges as an adult wasp, restarting the cycle.  

After a period of particularly heavy crop loss from LSW infestation, an investigation into population 
dynamics of LSW in the region surrounding Keith, SA, found peak populations occurred during 
February (late summer) (De Barro, 2001) and early crop closure, and better sanitation practices were 
critical to reducing LSW numbers (Thoenes and Moffet, 1990a, 1990b). This supported existing 
experimental evidence of the benefits of early crop closure. During this trial period, the baseline level 
of seed loss from LSW infestation ranged from 22–59% of total harvest, with south-east South 
Australian lucerne seed producers losing about $2 million of seed per year to LSW damage.  

Lucerne (Medicago sativa) seed growers in the USA control LSW through cultivation practices, 
including synchronised pollination with leafcutter bees, and post-harvest soil flooding. These cultural 
control methods are generally unavailable to Australian lucerne seed producers, who do not have 
access to commercially available leafcutter bees or abundant water for winter irrigation.  

In 2016, AgriFutures Australia invested in the current study with the aim of developing a means to 
predict LSW population numbers, conducting a literature review, and developing a DNA test to detect 
LSW. This report outlines the results of this study and the implications for LSW management in 
Australia.  
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Objectives 
The central objective of this project was to expand our understanding of the biology and life cycle of 
the LSW to give lucerne seed producers in Australia the background information needed to effectively 
manage this pest and/or make informed decisions about land use. The three specific objectives were:  

1. Review and summarise the scientific literature on biology and control of Eurytomidae (seed 
wasps), their natural enemies, and other seed parasite insects. Identify potential primer 
sequences for amplifying DNA from LSW.  

2. Investigate the life history parameters of LSW through glasshouse rearing, to determine 
whether Australian LSW display the same ovipositional and development patterns as 
previously studied LSW in the USA.  

3. Develop a soil-sampling approach for predicting fluctuations in population levels of LSW, 
and examine LSW population dynamics at local (within/between paddocks) and regional (SA-
NSW) scales. During this project, this objective was modified to reflect a greater 
understanding of the effects of winter climate on wasp populations.  

In addition to these primary objectives, sticky trap monitoring was used to examine LSW population 
dynamics throughout the growing season, and to determine when pollinators and parasitoids of LSW 
are most active during the growing season.  
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Methodology 
Literature review 
The historic (past 60 years or so) and current catalogue of scientific literature were reviewed on the 
following topics:  

1. The biology and management of LSW, including life history, host plasticity, control methods, 
and sources of plant resistance to LSW oviposition.  

2. The biology and control of other insects with similar seed-infesting life cycles (lygus bug, 
bruchine chrysomelids, and other insects that are concealed feeders on plant seeds). 

3. Molecular diagnostics: taxonomy, phylogenetic relationships, and appropriate primers for 
DNA identification of LSW and methods of DNA-based soil testing for insects. 

The scientific literature was explored by searching on Google Scholar for keywords relevant to each 
topic, then seeking out other relevant publications cited by the literature from the initial search. To 
determine appropriate polymerase chain reaction (PCR) protocols for identifying LSW, primer 
sequences from literature on LSW were confirmed via PCR testing in the NSW DPI Biosecurity 
Collections DNA laboratory, followed by comparison with published DNA sequences for LSW.  

 

Glasshouse trial 
The purpose of the glasshouse trial was to determine whether the LSW life history information in the 
literature review (where studies focused on North American and European populations) was 
applicable to Australian populations of LSW. Relating these literature findings in Australian 
conditions is essential to determining whether the conclusions of international literature can be 
applied to the Australian lucerne seed industry.  

The critical life history parameters examined in this trial were:  

1. Oviposition timing in relation to seedpod age: “Do Australian LSW prefer the same age of 
seedpod (number of days after pollination) as LSW studied elsewhere?”. 

2. Development: “Do Australian LSW larvae develop at the same rate as those in the northern 
hemisphere?” 

3. Parthenogenesis: “Can Australian LSW females produce viable eggs without mating?”.  

To examine how LSW oviposition rates change with seedpod age, the crown and root mass of 16 
mature lucerne plants of various strains were collected from an unused planting at the Orange 
Agricultural Institute (OAI) in NSW. The plants were repotted and kept in a glasshouse with broad-
spectrum lighting (17 hours/day) and a constant daytime temperature of about 23 °C. Based on the 
advice of Lucerne Australia, the plants were kept at a low level of water stress (light watering every 
1–2 days) to induce and maintain blooming. At bloom, selected racemes were pollinated with a bee 
stick and labelled with the date and an identifying letter.  

Mature LSW were reared both from seed provided by Lucerne Australia members and from the 
lucerne planting at OAI. The LSW and their parasitoids were not the only insects to emerge. 
Liohippelates flies (Diptera: Chloropidae) were also reared from samples of uncleaned seed. These 
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were likely associated with chaff and vegetation fragments from the harvesting process; a common 
habitat of chloropid flies (Khamneh et al., 2015).  

The reared LSW were then inspected microscopically to confirm species identification and gender 
(non-target species and male LSW were killed and retained as specimens). Female pairs were placed 
in plastic tubes capped with nylon mesh at one end and a plug of sponge at the other end. Each tube of 
two LSW was provided with 2–3 drops of 10% honey solution, following the recommendations of 
Strong (1962), and fitted over a pollinated raceme 3–17 days after pollination. Tubes were left in 
place for two days then removed, reprovisioned with honey solution, and fitted over another 
pollinated raceme. This treatment was repeated until the LSW became inactive, typically 2–3 weeks 
per wasp. Dead or inactive LSW were replaced with newly emerged females, as necessary.  

Seedpods were then collected a minimum of seven days after LSW exposure and dissected.  

Although infested seeds have a distinctive discoloration, infestation was confirmed for all seeds by 
removing the outer tissue layer and visually inspecting for larvae. The total number of seeds and the 
total number of larvae were recorded.  

The larvae were retained in 95% ethanol to be vouchered in the DPI Biosecurity insect collection. In 
all but one sample, one larva was present per infested seed. The infestation level (as a percentage) for 
each sample was calculated by dividing the number of larvae present by the number of seeds present.  

 

Sticky trap monitoring of lucerne seed wasp and its natural enemies 
To examine the temporal dynamics of LSW populations across SA seed production areas, sticky traps 
were placed in four different paddocks in the Keith area throughout the 2017–18 growing season. 
Fold-back yellow traps, with grid markings, supplied by Alpha Scents, Inc. (Syracuse NY, USA), 
were deployed in the field by a contractor (Alpha Group, Keith). The traps were replaced 
approximately weekly (depending on weather and crop access), and the previous week’s traps were 
mailed to the NSW DPI diagnostic laboratory in Orange, NSW for processing. This entailed counting, 
removing and storing all specimens of LSW and its two common parasitoids, Pteromalus sequester 
and Mesopolobus bruchophagi. Because pollination timing can be an important part of LSW control, 
the abundance of bees on the traps (honey bees and native bees) was also assessed. 

 

Predicting lucerne seed wasp populations  
Previous studies have noted the population of LSW can fluctuate dramatically from year to year, with 
one year’s LSW numbers having little to no predictive value for the following year (De Barro, 2001; 
Soroka and Spurr, 1998; Soroka and Otani, 2011). Some literature suggests LSW populations 
correlate with climate conditions (Soroka and Otani, 2011). Post-harvest cultivation practices in the 
USA have confirmed that flooded soil (e.g. heavy rainfall) during winter reduces LSW emergence the 
following spring. For these reasons, our investigation of predictive measures focused on climate, 
rather than soil testing. (Note: Confirmation of DNA primers that LSW can be successfully identified 
using cytochrome oxidase I (COI) DNA barcodes may be used in future trials of soil-based tests.)  

The literature review also revealed that high soil moisture and low temperatures during winter can 
lead to heavy mortality of overwintering LSW (Marble, 1982; Mueller, 2008). This has an important 
consequence: post-harvest (autumn) soil samples may not accurately reflect survival rates of LSW the 
following spring. So, rather than collecting soil cores, quantifying LSW and comparing them to seed 
loss levels nine months later (which would have yielded n=2 replicates during the time allotted for 
this project), a much larger dataset was assembled.  
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To determine whether Australian LSW populations respond to climate conditions, annual seed loss 
data during seed cleaning (cleanout data) was collected from growers and seed cleaners across south-
eastern SA. The data spanned 11 paddocks across 2008–18. This data indicated the percentage of seed 
discarded during cleaning when a gravity table is used to separate LSW-infested seed, chaff and 
brown seed from viable seed. This is an appropriate proxy for LSW numbers, because it is primarily 
the infested seed that is separated out at this point.  It is worth noting some seed is often lost before 
harvest if dry weather, followed by late-summer rainfall, causes pods to split, but this pre-harvest loss 
will not be reflected in the post-harvest seed cleaning statistics.  

The Akaike information criterion (AIC) was used to compare generalised linear models (GLM) of the 
interactions between climate parameters and annual fluctuations in seed loss. Climate data used in 
these analyses were obtained from the Australian BoM weather station in Keith, SA. Each harvest 
year’s seed loss data was analysed against the previous year’s average summer and winter 
temperatures and cumulative/average precipitation data to determine which climate models had the 
best explanatory power for the observed patterns of seed loss.  
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Results 
1. Literature review 

Chalcidoid wasps and the genus Bruchophagus 

Several species of phytophagous chalcidoids parasitise the seeds of cultivated plants and are therefore 
of particular economic significance. Within the family Eurytomidae, at least four species – 
Bruchophagus roddi, Bruchophagus gibbus, Bruchophagus platypterus, and Eurytoma onobrychidis – 
attack legume seeds, predominantly trefoils (Soroka and Otani 2011). In Australia, Bruchophagus 
roddi (LSW) has caused millions of dollars in crop loss annually for the lucerne seed industry (De 
Barro, 2001). This introduced species is a persistent and widespread pest throughout south and south-
eastern Australia, with NSW records from the DPI insect collection dating back to 1909.  

More than 200 species of LSW have been described worldwide, with a wide range of hosts and 
phytophagous lifestyles. At least 11 species are agricultural pests that develop in the seeds of various 
legumes (see Fedoseeva, 1958 for a key to these species; and Noyes and Sadka, 2003 for an updated 
list of host associations). The most economically significant of these are B. roddi (on lucerne seed), B. 
platypterus (on trefoil seed), and B. gibbus (on clover seed). None can be effectively controlled 
through pesticide application alone (Peterson et al., 1992; Bacon et al., 1964).  

In Australia, there are 40 native species of LSW, most of which develop in galls. Three Australian 
species parasitise acacia seedpods (but are not host-specific at the species level): B. acacia 
(Cameron), B. orarius, and B. interior (Neser and Prinsloo, 2004). The endemic Australian citrus gall 
wasp B. fellis (Girault) induces galls in citrus stems, attacking native and non-native citrus alike. 
Some may even prove beneficial; several of these native species have been evaluated as potential 
control agents in areas where introduced acacias are a problem, e.g. South Africa (Kluge, 1989).  

Biology and management of the lucerne seed wasp 

The LSW is a cosmopolitan species found worldwide wherever lucerne is grown. In Australia, this 
pest has been the subject of some confusion, with an ongoing lack of clarity as to whether the seed 
wasp infesting Australian lucerne is the same species as the wasp infesting North American and 
European lucerne. Leach (1972) attributed seed losses in a trial near Tintinara to Bruchophagus 
gibbus [sic], while the difference in common names (chalcid fly or chalcis fly vs. LSW) has led to the 
impression that two different insects are at fault.  

After females lay eggs in developing seeds of lucerne, the growing larvae consume the tissue of the 
growing seed. In Australia, annual losses of $2 million or more have been attributed to seed damage 
by this species (De Barro, 2001). Evaluation of the infestation level of LSW in a given harvest sample 
is reasonably straightforward: infested seed has a different density to non-infested seed, and can be 
separated from non-infested seed (as well as chaff) by means of a gravity table during the cleaning 
process (Harmond et al., 1961). During this investigation, multiple pre- and post-cleaning seed 
samples were placed in rearing chambers as a source of LSW specimens. Because wasps emerged 
only from the pre-cleaning samples, it appears current cleaning methods used by lucerne seed 
conditioners are highly effective in removing LSW-infested seed. For smaller, non-cleaned samples, 
flotation (Grainger, 1975) or colorimetric methods (Watts et al., 1967) may also be used to estimate 
infestation level.  
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Life cycle  

 

 
Figure 1. Life stages of the lucerne seed wasp: a) lucerne seedpod with oviposition scar; b) 
larva in partially dissected developing seed; c) pupa, removed from seed; d) adult female, 
freshly emerged. 

 

Seed wasps are essentially parasitoids of seeds and other nutritious developing plant tissues (e.g. 
stems, buds). After mating, the female oviposits (lays) directly into the target plant tissue (for the 
LSW, this is the very young lucerne seed), leaving an oviposition hole that quickly heals over (Figure 
1a). The larva develops inside the growing seedpod, feeding on the seeds inside (Strong, 1962). There 
is a distinct period when a seedpod is susceptible to oviposition by LSW: Strong (1962) and Boakye 
(1963) found that captive female LSW, given seedpods between the ages of 6–16 days, perform most 
of their oviposition on pods aged 8–11 days. Every seedpod has a period of about three days when 
LSW prefer to oviposit.  

The life cycle of LSW (Figure 1) makes it a particularly difficult pest to control: females can 
reproduce immediately after emergence and can continue to oviposit for nearly two weeks (Strong, 
1962). Unmated females are capable of parthenogenesis, producing exclusively male offspring 
(Urbahns, 1914; Brewer et al., 1983). Females oviposit into early-stage seedpods, which are flat and 
unrolled but starting to fill in at one end, about 8–10 days after pollination (De Barro, 2001; Strong, 
1962). Eggs hatch in 1–3 days, larva feed on the developing seed for 8–12 days, pupate within the 
hollowed-out seed for 8–12 days, then emerge as adults. Development can be completed in 17–27 
days, allowing for many overlapping generations per year. Up to three generations of LSW have been 
recorded during a single growing season (Soroka and Otani, 2011). The final generation of larvae will 
enter a pre-pupal stage, overwinter within mature seedpods, and complete pupation during spring, 
apparently governed by thermal cues (Strong, 1962). Strong (1962) attempted to identify the specific 
factors that induce diapause in LSW larvae, but concluded that “the results to date […] have been too 
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erratic and inconsistent to justify reporting at this time”. These studies did, however, reveal that the 
longer diapausing larvae are chilled (at 30–60 degrees Fahrenheit or -1 – +15 degrees Celsius), the 
fewer days it takes for adults to hatch at a higher temperature, and that diapaused larvae could be held 
at 10 degrees Fahrenheit (-12 degrees Celsius) for up to 32 days without harm. This indicates LSW 
tolerate low temperatures during winter.  

Under laboratory conditions, females live considerably longer than males, and can survive for up to 
52 days, given favourable climate conditions (4–15 degrees Celsius) and food availability (Strong, 
1962). It should be expected that Australian populations will be more heat tolerant, given their ability 
to induce substantial seed damage in areas with a much higher average daily temperature (e.g. 20–30 
degrees Celsius for October–January in Keith, SA).  

Lucerne appears to be the primary host of LSW, although Batiste (1967) noted that LSW also 
develops in Medicago hispida (now M. polymorpha), also known as burclover or burr medic. This 
plant is used as a nitrogen-fixing cover crop in North America and is widely distributed throughout 
Australia (Barker et al., 2005), where it could represent a potential population reservoir for LSW. 

Population response to climate 

Because LSW populations fluctuate markedly from year to year, the level of infestation one year has 
not successfully been used to predict the population the following year. Investigators in North 
America (Soroka and Spurr, 1998) and Europe (Erdelyi et al., 1994; Kralovic, 1971) have looked to 
climate-based predictors of LSW population levels.  

In an extensive five-year survey of lucerne seeds across Canada, Soroka and Spurr (1998) looked for 
environmental correlates of LSW infestation levels. They found that LSW infestation levels 
‘correlated most closely with the current and prior years’ temperature and rainfall during mid-late 
summer (using Selyaninov’s hydrothermal quotient (HTQ), defined as 10 x total precipitation in 
millimetres for the time period in question divided by the daily average temperature in degrees 
Celsius for that period). The proportion of damaged seed was highest the year following warm, dry 
summers.  

This is consistent with the findings of Erdelyi et al. (1994) and Kralovic (1971): for LSW in 
Hungarian and Slovakian lucerne crops, HTQ was negatively correlated with proportion of seed 
damaged. A cool, wet spring and summer predicted lower seed damage from LSW the following year, 
while warm, dry summers predicted higher seed damage the following year.   

Existing control methods  

A review of the literature revealed that a variety of control methods have been attempted for LSW and 
other seed parasites/predators with a similar life history (i.e. larval development occurring inside a 
seed or gall, followed by overwintering in the soil as a pupa or pre-pupa). These were predominantly 
tested and used outside of Australia. These control methods and their efficacy are detailed, as follows. 

Synchronised blooming and pollination timing 

Previously proposed management methods for LSW include precise pollination timing (Marble, 1982; 
Mueller, 2008). Marble (1982) noted that conducting an initial hay harvest of seed lucerne early 
during the season can help to synchronise bloom and decouple bloom timing from the initial spring 
LSW hatch, thereby ensuring seeds are not at a susceptible stage of development during peak LSW 
emergence. Mueller (2008) reported that this practice of mowing to synchronise bloom (‘clipback’) is 
sufficient to control LSW in some regions of California, reducing damage to seed crops from 16% to 
less than 0.5%. During the critical period for LSW oviposition, growers can also use surface 
treatments to increase mortality of adult LSW (see below). 
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Some North American growing regions also rely on rapid, large-scale applications of leafcutter bees 
(Megachilidae: Megachile rotundata) for pollination during this synchronised bloom. Richards (1987) 
reported that using leafcutter bees to pollinate seed lucerne can increase yield from 50 kg/ha to 340 
kg/ha, although this practice requires up to 75,000 bees/ha. Attempts to establish large-scale 
populations of leafcutter bees in SA for lucerne pollination services have not succeeded (Woodward, 
1994, 1996; Anderson, 2006). None of the native Australian Megachile species appear to be as 
effective at pollinating lucerne, nor are they easy to breed in large numbers (Hogendoorn and Keller, 
2012). Thus, this ‘bee-bombing’ approach may not be practical for Australian growers. The closest 
available method is to pollinate with honey bees (Apis mellifera) applied en masse, but this species is 
a notoriously reluctant pollinator of lucerne. Cane (2002) empirically documented the poor 
performance of honey bees on lucerne compared with leafcutter bees, alkali bees (Nomia) and mason 
bees (Osmia).    

Insecticides 

Insecticide sprays have repeatedly been proven ineffective for controlling seed-feeding/seed-
parasitoid wasps (Kindler et al., 1968; Marble, 1982). Spray application of horticultural oil was 
effective in preventing oviposition by the citrus gall wasp, as long as wasp populations were 
monitored to ensure the spray was applied to coincide with peak emergence (Mo and Falivene, 2014). 
However, this is closer to a surface spray than a chemical insecticide treatment, as discussed below.  

Surface sprays 

Just as lucerne plants with longer microtrichia interfere with female LSW oviposition, Mo and 
Falivene (2014) found that applying a thin spray coating of mineral oil can effectively reduce 
oviposition success by citrus gall wasp (Bruchophagus fellis). Nikolova and Georgieva (2017) 
reported that applying seaweed-derived alginate to lucerne was associated with a significant decrease 
in adult LSW; the sticky residue left by this spray traps small insects and could hamper oviposition 
through structural interference.  

Soil flooding 

Multiple authors have reported that soil cultivation and heavy irrigation during autumn can reduce 
overwintering chalcid populations (Marble, 1982; Mueller, 2008). This may be because wetter soil 
causes the seeds in which LSW overwinter to swell and split, or because wet soil increases the 
survival and motility of naturally occurring entomopathogenic fungi and nematodes (Gaugler et al., 
1989). 

Bacon et al. (1964) demonstrated that insecticides applied to wet soil were associated with decreased 
overwintering populations of LSW; however, it should be noted that high soil moisture alone also 
significantly affected overwintering LSW in these experiments. Insecticidal treatment of dry soil did 
not affect overwintering LSW populations at all, nor did the application of foliar insecticides. This 
suggests soil moisture levels have a more notable impact on survival of overwintering LSW than 
insecticides alone.  

Trapping 

Sticky traps, or fluid traps, baited with lures can effectively reduce the raw number of adult insect 
pests in a crop; see Jaramillo et al. (2006) and Dufour and Frérot (2008) for discussion of this strategy 
in controlling coffee berry borers. Tingey and Nielson (1974) found that female LSW preferentially 
oviposit in the presence of an unknown ‘volatile olfactory attractant’ derived from the seedpod tissue 
of a susceptible strain of lucerne. Attempting to further characterise this attractant, Kamm and Buttery 
(1986) discovered that oviposition rates by female LSW increased when certain volatiles (terpenoids 
and aliphatic esters) were present. In the same study, female LSW avoided ovipositing into seedpods 
punctured with a pin or stripped of their wax coating, as well in the presence of several volatiles in 
high concentrations on the interior of the seedpod (gamma-muurolene, 2-phenylethanol, and octan-3-
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ol). The authors suggested that this is part of a strategy to avoid competition by ovipositing only into 
seedpods not already attacked by another wasp. These olfactory preferences in female LSW suggest 
that certain volatile compounds could be used to either attract wasps to a trap or repel them from the 
plants themselves.  

Biological control  

Biological control (i.e. the use of other organisms to control pest species) shows promise for 
controlling LSW. Various natural enemies have been used successfully to control other concealed 
seed-feeding insects, including chestnut gall wasp (Moriya et al., 2003; Gibbs et al., 2001), 
Eucalyptus gall wasp (Protasov et al., 2007) and pea weevil (van Huis et al., 1990). Control of 
chestnut gall wasp using a parasitoid wasp was particularly effective, with infestation rate by the gall 
wasp dropping from 43% to 1% within four years of parasitoid release (Moriya et al,. 2003).  

Parasitoids of LSW: Known Australian parasitoids of LSW include Idiomacromerus perplexus 
(Torymidae) and Pteromalus sequester (Pteromalidae) (Figure 2b) (De Barro 2001). The pteromalid 
Mesopolobus (Amblymerus) bruchophagi (Figure 2a) parasitises at least seven species of 
Bruchophagus, including LSW (Noyes and Sadka, 2003), and may have been introduced into 
Australia. Rearing efforts at Orange Agricultural Institute have yielded Mesopolobus bruchophagi 
from LSW-infested seed. Aeschlimann and Vitou (1989) noted that, among many recorded parasitoids 
of LSW, P. sequester was the most important and effective natural enemy in France and had the 
greatest potential for effective use as a biocontrol agent.  

 

 

Figure 2: Natural enemies of lucerne seed wasp reared from Australian seed samples: a) 
Mesopolobus bruchophagi; b) Pteromalus sequester.  
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In the list of all published natural enemies of LSW (Table 1), it should be noted only three of these 
species (P. sequester, M. bruchophagi, and I. perplexus) have been recorded in lucerne seed in 
Australia.  

Table 1: Known natural parasitoids of LSW. 

Family Species Synonyms Author 

Eulophidae Baryscapus bruchophagi  Tetrastichus bruchophagi Szocs et al., 1998 

Eupelmidae Brasema allynii Eupelmus allynii Thoenes and 
Moffett, 1987 

Pteromalidae  Habrocytus medicaginis  Pteromalus medicaginis  Szocs et al., 1998  
Mesopolobus bruchophagi Amblymerus bruchophagi

  
Carrillo and 
Dickason, 1963  

Pteromalus sequester 
 

Artokhin, 1983  
Trimeromicrus maculatus  

 
Carrillo and 
Dickason, 1963 

Torymidae Idiomacromerus perplexus Liodontomerus perplexus Szocs et al., 1998  
Idiomacromerus insuetus Liodontomerus insuetus Grissell, 1979 

 

Szocs et al. (1998) described a method of using a pneumatic separator to divide infested seed into 
fractions containing live LSW, and fractions containing only parasitoids of LSW; parasitoid-infested 
seeds could be separated at flow rates of 25–37 m3/h, while most LSW-infested seeds were separated 
at 35–40 m3/h. The fraction containing the parasitoids could then be returned to the paddock during 
early spring. This method could theoretically be used to increase mortality of first-generation LSW 
larva during the spring growing season, thereby reducing LSW numbers later in the season.  

Entomopathic fungi: Fungi that attack insect hosts are a staple of biological control in many 
agricultural systems. Surface applications of fungal spores on plant tissues can infect ovipositing pest 
insects, and conidia (fungal reproductive structures) can also penetrate concealed areas that abiotic 
treatments cannot (Boucias and Pendland, 1998; Singh et al., 2015). For example, high-concentration 
applications of spores of the generalist entomopathogenic fungus Beauveria bassiana can effectively 
control infestations of the coffee berry borer beetle Hypothenemus hampei. Like LSW, this beetle 
spends most of its life inside the developing seed of its host plant, and is thus difficult to control with 
surface spray insecticides. Furthermore, spray applications of Beauveria can also inoculate the soil 
itself with high levels of entomopathogenic fungus, which can substantially decrease survival of 
insect pests that pupate underground such as the false codling moth (Singh et al., 2015; Coombes, 
2012; Steyn et al., 2019).  

Entomopathogenic fungi used to control LSW may also provide incidental protection against other 
insect pests of lucerne. For example, adults and nymphs of several Lygus species (Hemiptera: 
Miridae) feed on the fluids of seeds and ovaries, reducing seed yield and overall plant health in 
lucerne and other crops. Spray applications of the entomopathic fungus Beauveria bassiana have been 
moderately effective in controlling early-season Lygus nymphs, but became less effective as the crop 
canopy filled in and full coverage became more difficult (Noma and Strickler, 1999). McGuire et al. 
(2006) tested various isolates of Beauveria in lucerne plots in California and determined that it took 
10–14 days from application date for observable population decrease (approximately 50% of adult 
bugs). Al-Mazra’awi et al. (2006a, 2006b) used bumblebees (Bombus impatiens) or honey bees (Apis 
mellifera) to vector the fungus in both field and glasshouse crops, with Lygus as the target. A ‘hive-
mounted dispenser’ was used to transfer fungal conidia to the bees, which then delivered the pathogen 
directly to the flowers. This resulted in a threefold to tenfold increase in infection and mortality rate of 
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lygus bugs (Lygus lineolaris) and western flower thrips (Frankliniella occidentalis) in capsicum 
(glasshouse) and canola (field).  

Resistant strains 

Brewer et al. (1983) and Springer et al. (1990) demonstrated that certain strains of lucerne resist 
infestation by LSW. These strains develop seedpods with thicker walls and/or longer microtrichia, 
which interfere with oviposition by the female LSW. Little additional research has been conducted on 
these varieties of lucerne, possibly because plants with thicker, hairier seedpods also produce less 
palatable fodder.  

Transgenics 

Because foliar sprays are ineffective and systemic insecticide injections are impractical for the lucerne 
production system, some investigators have examined the possibility of genetic modification for 
inducing pest resistance in lucerne. Thomas et al. (1994) successfully expressed an insecticidal 
protease inhibitor (derived from Manduca larvae) in lucerne tissues that was effective in reducing 
thrip attacks in subsequent generations. Tohidfar et al. (2013) expressed a synthetic variant of the 
bacterial protein cry3a in several strains of lucerne, resulting in up to 90% mortality of alfalfa weevil 
(Hypera postica) feeding on tissues of the adult plants. Depending on the extent to which this protein 
is expressed in pollen and in seedpods, this may be a plausible means of controlling LSW during 
larval development without harming pollinators.  

DNA testing of soil samples to predict lucerne seed wasp numbers 

There has been considerable industry interest in developing a DNA test to measure post-harvest levels 
of LSW in soil. Similar DNA-based assays to detect and/or quantify soil-borne agricultural pests have 
been in development in Australia since the early 2000s. Powell et al. (2005) and Herbert et al. (2008) 
described a soil-based test for phylloxera in grapevine production, and Ophel-Keller et al. (2008) 
detailed a soil-based nematode assay developed by CSIRO and delivered by SARDI. The 
recommended strategy for the latter is relatively labour-intensive: it requires approximately 45 soil 
cores (10 mm wide x 100 mm deep) to be collected from each field along a specific transect, then 
oven-dried before DNA extraction and pathogen-level assessment using TaqMan quantitative real-
time PCR. Positive controls (soil samples with known quantities of an exogenous organism added) are 
essential for quality control during each test, and the resulting DNA extract for each soil core can be 
subdivided to perform individual genetic assays for each of the target taxa.  

An additional challenge posed by this method of insect detection is the need to differentiate between 
baseline levels and elevated levels of LSW. The phylloxera assays described above are most effective 
in determining presence vs absence of soil-borne insects (Herbert et al. 2008), whereas LSW DNA 
will always be present in the soil at some level wherever lucerne is grown. For this reason, an 
effective soil assay would need to be based on quantitative methods (RT-PCR/qPCR) and have an 
empirically established baseline level of LSW presence.  
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2. Results of glasshouse trial  
During the glasshouse oviposition trial, 33 racemes were successfully pollinated, exposed to female 
LSW, and checked for larvae via seed dissection. Results are shown in Figure 3; for comparison, 
results of the previously published study (Strong, 1962) are shown in Figure 4. The presence of well-
developed LSW larvae in seeds confirmed that Australian LSW are capable of parthenogenetic 
reproduction, and the peak infestation levels at 8–10 days post-pollination (with no oviposition in 
seedpods >14 days or <4 days post-pollination) confirmed there is a distinct period in which 
Australian populations of LSW prefer to oviposit. These results are consistent with previous 
investigations using US populations of LSW (Strong, 1962). 

 

 
Figure 3: Larval infestation per seedpod of known age (# days after pollination) in glasshouse 
trial.  
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Figure 4: Larval infestation per seedpod of known age (# days after pollination), data from 
Strong (1962).  
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3. Results of sticky trap monitoring  
Sticky trap monitoring was used to track the LSW population throughout the 2017–18 growing season 
in Keith, SA. The results of this trapping period are given in Appendix B and shown in the graphs 
below (Figures 5–8).  

Note: The discussion of these results should be reviewed with the consideration that the observed 
LSW population dynamics reflect only four sites (from two different grower properties) within a single 
year, and only one trap was placed per site because of financial and time constraints. The statistical 
power of this project could be greatly improved by placing multiple traps throughout each production 
site, and by repeating the trapping study over multiple consecutive years.  

 
Figure 5: Site 1, numbers of lucerne seed wasp (blue) and Pteromalus sequester (red). Dates 
indicate start of trap placement. 
 

 
Figure 6: Site 2, numbers of lucerne seed wasp (blue) and Pteromalus sequester (red). Dates 
indicate start of trap placement. 
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Figure 7: Site 3, numbers of lucerne seed wasp (blue) and Pteromalus sequester (red). Dates 
indicate start of trap placement. 
 

 
Figure 8: Site 4, numbers of lucerne seed wasp (blue) and Pteromalus sequester (red). Dates 
indicate start of trap placement. 
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activity, but only P. sequester was abundant enough to draw meaningful conclusions. P. sequester 
counts are depicted as a red line in Figures 5–8, and appear to loosely track LSW abundance, 
appearing after the emergence of LSW. High levels of P. sequester were present only at Site 1, with a 
dramatic peak one month after the initial peak in LSW numbers.  

Pollinator identity and numbers were also assessed for a subset of sticky trap samples; the species 
observed are listed in Table 2. Pollinators were present throughout the season at sites 1 and 2, but 
were most abundant during November–December. The most commonly detected bee species was the 
honey bee (Apis mellifera). Several species of small native bees were also present, including reed bees 
(Ceratina spp.), masked bees (Hylaeus spp.) and sweat bees (Lasioglossum spp.). Identifying all 
native bees to species was outside the scope of this project, but the specimens have been preserved 
and retained for future study. 

Table 2: Hymenopteran pollinators captured on sticky traps in lucerne. 

Family Subfamily Species 

Apidae Apinae Apis mellifera 

Apidae Xylocopinae Ceratina sp. 

Colletidae Hylaeinae Hylaeus sp.  

Crabronidae 
 

gen. sp.  

Halictidae Halictinae Lasioglossum sp.  
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4. Predicting lucerne seed wasp populations 
Because the HTQ used by previous authors had a correlation of almost 1.0 with seasonal precipitation 
(and was therefore not contributing any further information), our analysis was confined to 
precipitation and temperature variables. AIC weights and statistical support for each model are given 
in Table 3; see Burnham and Anderson (1998, 2002) for a detailed explanation of information theory 
and the role of AIC in model selection. The two models with the greatest explanatory power for seed 
loss fluctuations were average and cumulative winter precipitation, both with and without temperature 
interactions. Overall, the bulk of the seed loss data was best explained by winter precipitation (Figure 
9), and to a lesser extent by winter temperatures (Table 3). Summer temperatures and precipitation 
had no significant correlation with seed loss at cleanout (Table 3, Figure 10).  

 
Table 3: Statistical support for alternative climate models predicting LSW population. 

Model K AICc Delta 
AICc 

Model 
likelihood 

AIC 
weight 

Log 
likelihood 

Cumulative 
weight 

Winter (no 
interaction) 

4 388.9229 0 1 0.5228856 -189.9963 0.5228856 

Winter 
precipitation 

3 390.0295 1.106616 0.5750444 0.3006825 -191.742 0.8235681 

Winter 
temperature + 
precipitation 

5 391.3485 2.425595 0.2973643 0.1554875 -189.96 0.9790556 

Winter 
temperature 

3 395.6886 6.765726 0.0339501 0.017752 -194.5716 0.9968077 

Summer 
temperature + 
precipitation 

5 399.3563 10.43344 0.0054251 0.0028367 -193.9639 0.9996444 

Summer 
temperature 

3 404.5514 15.628527 0.0004039 0.0002112 -199.003 0.9998556 

Summer (no 
interaction) 

4 406.5845 17.661578 0.0001462 0.0000764 -198.8271 0.999932 

Intercept 2 407.3926 18.469677 0.0000976 0.000051 -201.5629 0.999983 

Summer 
precipitation 

3 409.5958 20.672969 0.0000324 0.000017 -201.5252 1 
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Figure 9: Relationship between winter precipitation and seed loss at subsequent harvest. 

 

Figure 10: Relationship between summer precipitation and seed loss at subsequent harvest. 
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Discussion 
In light of the comprehensive literature review undertaken as part of this project, the results from the 
glasshouse trial, analysis of climate and soil testing as potential prediction tools, and sticky trap 
monitoring results, the implications and potential control options for lucerne seed wasp under 
Australian conditions are discussed below. 

Collection of multi-year data on post-cleanout samples may help determine the proportion of seed loss 
due to brown/shrivelled seed, and the proportion due to LSW infestation. It might be possible to 
separate these two types of damaged seed with a gravity table or pneumatic separator. This is 
currently the major caveat in the LSW data produced in the current study, because increased 
precipitation over winter might affect levels of brown seed as well as LSW mortality.  

Implications of the glasshouse trial results  
The glasshouse trial confirmed that Australian LSW conform to the same ovipositional preferences as 
the US LSW tested by Strong (1962): seedpods aged 8–10 days are most strongly preferred, and 
seedpods younger than 3–4 days are not prone to attack. It was also observed that females of 
Australian LSW are fully capable of parthenogenetic reproduction, producing viable offspring without 
mating/fertilisation. This means even a small population of adult LSW can lead to rapid population 
growth.  

The glasshouse results also support the LSW control methods currently used by southern Californian 
seed producers (i.e. ‘clipback’ to synchronise bloom; mass pollination followed by application of 
pesticides (Batiste 1967; Mueller 2008)). Clipback of initial spring growth can be employed to 
synchronise bloom.  

Because LSW will not oviposit in seedpods <4 days post-pollination, this offers a window for 
synchronised mass pollination, followed by timely control measures. Promoting native and introduced 
pollinator numbers will enhance the rate of pollination. After bloom is synchronised, the faster a crop 
can be pollinated, the less vulnerable it is to overlapping generations of LSW. Deliberate pollination 
by introducing honey bees could be supported by a variety of native bees and wasps. Provision of 
appropriate nesting sites for these native pollinators (cut reeds and wheat stalks for Ceratina; earthen 
banks or dried mud beds for Hylaeus and Lasioglossum) could help augment the services provided by 
honey bees. Given that honey bees are reluctant pollinators of lucerne, other pollinator options may 
need to be considered for effective synchronised mass pollination. 

Of the control options used in the USA, the most promising for Australian use are: bloom 
delay/synchronisation (Mueller, 2008), followed by mineral oil spraying (as described by Mo and 
Falivene, 2014), coupled with post-harvest irrigation (Mueller 2008; Marble 1982). Applying oil or 
alginate spray during the peak oviposition period (as described above) will yield the maximum impact 
on adult LSW. If irrigation following harvest is not feasible for SA production areas, growers might 
consider rearing programs for natural enemies of LSW. These parasitoids will not reduce any new 
damage to seedpods, but will reduce the number of emerging adult female LSW in subsequent 
generations.  

Oviposition-resistant lucerne cultivars might also merit investigation, provided the genes whose 
expression gives rise to dense seedpod trichomes are not linked to less palatable leaves and stems for 
use in stock feed. 

Odour-based lures attached to sticky traps could be a useful control method for future study. Kamm 
and Buttery (1986) listed volatiles known to attract ovipositing adult LSW (e.g. octan-3-ol, gamma-
muurolene, and 2-phenylethanol). This will not be sufficient to eradicate LSW in a crop but may 
reduce their numbers substantially.  
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Sanitation/seed destruction practices and earlier crop closure (De Barro 2001) reduce seasonal LSW 
build-up. Attention to sanitation, through destroying discarded seed completely by burning or 
crushing (e.g. Harrington Seed Destructor) will help manage LSW levels. Light cultivation, soil 
turnover or aeration after harvest can expose overwintering soil-borne LSW. This can be coupled with 
late-autumn irrigation to rot seeds and destroy larvae. The practicality of employing light cultivation 
as a control method in a perennial crop would need to be investigated further before this option is 
recommended. 

Additional implications of the sticky trap monitoring 
This study differed from previous attempts to assess seasonal population dynamics in LSW by using 
long-term passive trapping rather than active (sweep net) collection, and by assessing numbers of 
parasitoids and pollinators in addition to LSW. Although the sample size was relatively small, rough 
conclusions can be drawn about seasonal changes in LSW population and implications for control.  

As outlined above, based on the results of the literature and supporting evidence from the glasshouse 
study, LSW can oviposit only during a short period after pollination (8–12 days). LSW are also not 
active at all in November (given the climate conditions observed during November 2017, which were 
not unusual, according to historical BoM data). Seedpods resulting from early pollination (18 
November or earlier) should therefore be much less likely to be infested because their exterior will be 
too thick for successful oviposition. The extent to which this timing of pollination vs. LSW 
oviposition can be manipulated is a subject for future investigation.  

If a pesticide approach is taken, targeting treatment to within 1–2 days of the initial LSW emergence 
date (determined annually by using sticky traps at each site of interest) could also help to decrease 
numbers of active female LSW, which can, as demonstrated by the glasshouse study, oviposit 
repeatedly with or without mating. However, pesticide spraying should not be undertaken until 
pollination is finished.  

Numbers of natural enemies were never consistently as high as numbers of LSW, but Pteromalus 
sequester was far more abundant than Mesopolobus bruchophagi and appeared earlier in the season. 
This implies that future research into the effects of existing local parasitoids on suppressing LSW 
population should focus on P. sequester.  

Predicting lucerne seed wasp populations 
Despite the relatively small sample size available for this study, there is clearly a strong negative 
effect of winter rainfall on the following year’s seed loss; higher cumulative precipitation values 
during winter are correlated to fewer lost seeds during the next season. There is a weak effect showing 
that higher winter temperatures are correlated with lower seed loss, but given the correlations between 
winter temperature and rainfall, this might be an artefact.  

There is little evidence from this data that supports the hypothesis that summer temperature and 
rainfall are important predictors of seed loss, and by proxy LSW damage levels. Unlike the previous 
investigations from Canada and Hungary (Soroka and Spurr, 1998), this study found winter 
precipitation to be a much better predictor of seed loss from LSW damage than summer temperature 
and precipitation. This finding most likely arises from the differences between seed production in 
moderate climates of the northern hemisphere and production in the relatively warm, arid climate of 
south-eastern SA. In the former, winter precipitation will predominantly take the form of snow, and 
summer temperatures can be variable; in the latter, winter precipitation will almost exclusively occur 
as rain, while summer temperatures will be consistently high.  

As suggested by the results of Bacon (1964), winter soil moisture can have a tremendous effect on the 
survival rate of overwintering LSW. This can happen through at least two mechanisms: first, increased 
soil moisture during late autumn–early winter can cause fallen LSW-infested seeds to swell and split, 
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destroying the larva’s winter refuge and exposing it to rot, pathogens, predators and harsher 
environmental conditions. Second, a seed that is completely coated or submerged in water will 
prevent the larva inside from respiring. In the USA, the deleterious effect of winter moisture on LSW 
larvae is underscored by the practice of post-harvest flooding, in which some producers irrigate soil to 
a depth of eight feet (2.4 metres) to ensure all soil-borne infested seed is affected (Marble, 1982; 
Mueller, 2008).  

Due to the factors described above (as well as results of the climate analysis), lucerne seed producers 
are encouraged to consider using winter temperature and rainfall as a predictor of the following 
spring’s LSW emergence. This data is freely available from the Australian BoM.  

Soil tests are possible, but are a considerably more expensive prediction tool. The protocol is 
appropriate for nematodes and soft-bodied insects (e.g. phylloxera), but is likely to require 
modification before it can be used on LSW. Because LSW larvae overwinter sealed inside lucerne 
seeds, any soil sample is likely to require crushing, pulverisation, or similar processing to break up the 
seed coat and expose the larval tissue to DNA extraction reagents.  

Molecular identification (DNA barcoding) of LSW can be easily performed providing fresh LSW 
tissue is available and exposed (not enclosed in plant tissue). Laboratory staff at OAI obtained COI 
identifications for LSW and its parasites by using the primers LCO and HCO (Folmer et al., 1994) 
and comparing the results to published sequences on NCBI GenBank. However, an LSW-specific 
primer for RT-PCR has not yet been designed. These primers must be species-specific because RT-
PCR analysis does not involve sequencing the target DNA. 

As outlined earlier, a realistic ‘baseline’ level of LSW infestation must be established, (i.e. it must be 
determined what level of LSW DNA in the soil is associated with ‘normal’ or ‘acceptable’ numbers of 
LSW the following summer) to enable the differentiation between baseline levels and elevated levels 
of LSW. 

Any soil tests carried out must also be appropriately timed to provide relevant information on LSW 
abundance. Analysis of climate parameters during the present study indicated that overwintering LSW 
larvae undergo significant mortality during certain winter conditions (Soroka and Spurr, 1998; Bacon 
et al., 1964); early-winter LSW numbers in soil may therefore differ substantially from post-winter 
LSW numbers. Soil-based assays before the overwintering period (i.e., immediately post-harvest) may 
be poor indicators of LSW mortality rates during winter, and assays following the overwintering 
period may be too late for growers to make informed decisions for that season’s planting. 

If producers continue to pursue a soil test for overwintering LSW larvae, it is extremely important that 
LSW larval abundance data from soil samples is considered in conjunction with winter climate 
conditions. Ideally, soil should be sampled twice – during late autumn and early spring – to examine 
LSW mortality rates during winter. However, if the only question is whether to use an existing 
lucerne stand for seed production or for hay, a springtime soil assay might be appropriate. This 
decision will, of course, also depend on the relative prices and demand for both commodities.  
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Recommendations 
Based on the results of glasshouse trials using Australian LSW, the life cycle timing and oviposition 
behaviour referenced in the literature reviewed for this project are applicable for local LSW 
populations, and offer a window for pollination, followed by timely control measures as outlined in 
the previous Discussion section. A field trial of this approach may be worth exploring in the future. 

Future investigation into LSW will require advanced taxonomic training of researchers; in any bulk 
sample of LSW (sweeping, sticky traps, rearing), a considerable proportion will be beneficial species 
(parasitoids of LSW) and non-target insects (e.g. comparably sized chloropid flies). If these are not 
differentiated from actual LSW, the resulting data may be misleading. Body colour, shape and 
antennal morphology are critical to identifying LSW.  
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Glossary  
Bruchophagus fellis citrus gall wasp 

Bruchophagus roddi lucerne seed wasp 

Chalcidoidea  Superfamily (group of families) of wasps that includes both LSW and its 
parasitoids 

Clipback American term for the practice of mowing a lucerne crop to synchronise 
growth and bloom timing 

Congener   species belonging to the same genus 

Dehiscence  natural breakage and release of seeds or other plant parts as a result of 
desiccation or aging 

Eulophidae   a family of chalcidoid wasps 

Eurytomidae   a family of chalcidoid wasps that includes LSW 

Hymenoptera  the insect order that includes bees, wasps, and ants. Orders are the largest 
groupings of insect species, and include suborders, superfamilies, families, 
genera, and species.  

Hymenopteran   belonging to the order Hymenoptera 

Mesopolobus   a genus of chalcidoid wasp, including parasitoids of LSW 

monophyletic  descended from a shared ancestral lineage. Monophyly is the most important 
criterion used when delimiting insects into different taxonomic groups (e.g. 
genera, families, orders) 

oviposit   to lay eggs in or on a specific substrate 

parasitoid  an organism that reproduces by laying its eggs inside another (living) 
organism, where they will feed on the host during development; may also be 
used as an adjective 

parthenogenesis  the ability of a female to produce live young without mating 

phytophagous   plant-feeding 

Pteromalus   a genus of chalcidoid wasps, including parasitoids of LSW 

Torymidae   a family of chalcidoid wasps   
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Appendix A 
Biology and control measures for specific seed predators/ 
parasitoids 

Trefoil seed chalcid  

The biology of B. kolobovae was extensively studied by Batiste (1967), including crossbreeding 
experiments with other members of the B. gibbus complex, and glasshouse-rearing experiments. This 
species was found to have a very similar life cycle and biology to that of LSW. Batiste also reported 
that California trefoil producers use a ‘clipback’ method to delay and synchronise flowering: both 
livestock grazing and hay cutting were used to ‘make the seed-setting more uniform later in the 
season’. In combination with an early harvest and frequent watering, this resulted in higher seed yield 
and reduced losses to dehiscence (the latter being a major contributor to the ‘soil bank’ of 
overwintering wasp larvae). Overwintering adults emerged around the time of seed set in undisturbed 
trefoil plants (i.e., no clipback), but populations were lower in seed fields where clipback was 
practised. It was also discovered that Idiomacromerus (= Liodontomerus) perplexus and Baryscapus 
(= Tetrastichus) bruchophagi, both known to parasitise LSW, also attack B. kolobovae. This 
ecological plasticity on the part of natural enemies suggests a wider range of control options than the 
two known LSW parasitoid species in Australia – any Bruchophagus parasitoid should be considered. 
Furthermore, rearing from dried seed yielded 18,000-plus parasitoids (B. bruchophagi) to 5,000  
B. kolobovae, suggesting that parasitoids can be a significant check on LSW populations. 

Clover seed chalcid  

Peterson et al. (1991) identified four hymenopteran parasitoids of B. platypterus. Carrillo and 
Dickason (1963) observed adult behaviour and fecundity of B. gibbus on Lotus and Trifolium, and 
reared parasitoids from infested seed. It was found that H. medicaginus, T. maculatus, I. perplexus,  
B. bruchophagi, and Mesopolobus (Amblymerus) bruchophagi all attack B. gibbus. Parasitoid 
infestation rates for the target Bruchophagus averaged 23.12%, suggesting that natural enemies 
contribute markedly to the control of this seed pest.  

Citrus gall wasp 

Bruchophagus fellis is a native pest of finger lime in Australia. Research on control of this species 
(Mo and Falivene, 2014) indicates that 0.5% oil spray can reduce oviposition levels, but must be 
applied every 10–14 days, starting from emergence of adults. Emergence can be monitored with 
yellow sticky traps (at least 10 traps per hectare). Two systemic insecticides have also been recently 
approved by the APVMA for control of CGW: clothianidin (Sumitomo Chemical, 2016) and 
imidacloprid (Mo, pers. Comm.). Insecticide use successfully reduces galling by B. fellis but must be 
applied to roots via micro-irrigation and renders plant tissue unsuitable for grazing. Biological control 
is also promising for this pest; as enemy parasitoid population increases, CGW population drops (Mo 
and Stevens, 2014).  

Coriander seed chalcid 

Systole coriandri (and/or albipennis) (Eurytomidae) attacks coriander seeds, ovipositing into the 
early-stage seedpod in the same manner as LSW. Kovach et al. (2006) demonstrated that storing 
(dried) seeds in paper envelopes over liquid nitrogen (-156 °C for 16–24 hours) led to complete 
elimination of live wasps; however, the positive controls (untreated seed samples) had very low rates 
of chalcid emergence, consistently below 5%. This suggests that brief exposure to ultra-low 
temperatures may eliminate LSW in uncleaned seed (or residual wasps in cleaned seed).  
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Almond seed wasp 

Ivanov (1960) described the life cycle of Eurytoma amygdali and observed that infestation levels 
could be reduced by nearly half via ‘systematic collection and destruction of damaged almonds’, and 
that ‘the best [insecticidal] control against the adults was afforded by a dust of 5% DDT or a spray of 
0.25 per cent DDT or 0.05 per cent parathion’. 

Zerova and Fursov (1991) review the eight European species of Eurytoma infesting plum, cherry and 
related plants in the genera Prunus, Amygdalus and Cerasus. Some are wholly phytophagous, while 
others begin life as parasitoids of unrelated phytophagous insects, and later transition to feeding on 
the plant itself (entomophytophagy).  

These authors also note that E. amygdali and its congeners have been important economic pests 
(causing up to 70% loss) of almonds throughout Eastern Europe and the Mediterranean region. This 
species is now considered a high-risk plant pest for Australia.  

Douglas fir seed chalcid  

Megastigmus spermotrophus (Torymidae) oviposits into seeds of the Douglas fir (Pseudotsuga 
menziesii), and is a significant forestry pest in western North America. In field trials, populations of 
this insect have been reduced through aerial spraying of esfenvalerate (Sandquist et al., 1993), but this 
resulted in higher numbers of spruce spider mite (another pest) after killing off all its natural enemies. 
Esfenvalerate is a broad-spectrum insecticide that is both repellant and highly toxic to bees, rendering 
it an inadvisable solution for pollination-dependent crops such as seed lucerne. 

Peppertree seed chalcid  

Megastigmus transvaalensis (Torymidae) larvae develop in seeds of the broad-leaved pepper tree 
Schinus terebinthifolius (Habeck et al. 1989). This plant is native to South America, but well 
established as an ornamental in North America (where M. transvaalensis has been detected) and 
throughout Australia.  

Chestnut gall wasp 

Dryocosmus kuriphilus (Cynipidae) is a galling parasitoid of chestnut buds, and presents control 
challenges very similar to those of LSW, with larvae developing within enclosing plant tissue. In 
Japan, Torymus sinensis (Torymidae) was introduced to control chestnut gall wasp. Over 14 years, the 
proportion of D. kuriphilus galls infested by T. sinensis rose to 90% before apparently stabilising at 
60%. Over the same period, the proportion of D. kuriphilus successfully emerging from galls dropped 
to 1% (Moriya et al. 2003). Torymus sinensis has since been introduced to Europe as a biocontrol 
agent for Italian chestnut gall wasps (Gibbs et al., 2011).  

Eucalyptus gall wasp 

Closterocerus chamaeleon (Eulophidae) has been a successful control agent of the eucalyptus-galling 
eulophid Ophelimus maskelli (Protasov et al. 2007), and has been shown to decrease populations of its 
host species within less than a year after release. However, this success may be due in part to the fact 
that C. chamaeleon is active during winter and can parasitise O. maskelli larvae and pupae during 
their dormant period (Protasov et al., 2007).  
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Appendix B 
Wasps and bees detected during sticky trap monitoring 

Site Start date End date Bruchophagus Pteromalus Mesopolobus Bees 

1 23-Nov-17 30-Nov-17 0 0 0 0 

1 30-Nov-17 7-Dec-17 0 0 0 4 

1 7-Dec-17 15-Dec-17 2 1 0 0 

1 15-Dec-17 22-Dec-17 0 0 0 4 

1 22-Dec-17 29-Dec-17 2 0 0 4 

1 29-Dec-17 5-Jan-18 23 3 0 1 

1 5-Jan-18 15-Jan-18 76 2 0 4 

1 15-Jan-18 18-Jan-18 38 1 0 0 

1 26-Jan-18 6-Feb-18 39 0 0 0 

1 6-Feb-18 16-Feb-18 33 80 0 0 

1 16-Feb-18 22-Feb-18 18 37 0 6 

1 22-Feb-18 2-Mar-18 16 0 0 0 

1 2-Mar-18 9-Mar-18 52 6 1 3 

1 9-Mar-18 15-Mar-18 42 0 0 0 

1 15-Mar-18 21-Mar-18 0 0 0 0 

1 30-Mar-18 11-Apr-18 15 0 0 0 

2 23-Nov-17 30-Nov-17 0 1 0 7 

2 30-Nov-17 7-Dec-17 0 0 0 7 

2 7-Dec-17 22-Dec-17 0 0 0 3 

2 22-Dec-17 29-Dec-17 0 0 0 4 

2 18-Jan-18 26-Jan-18 69 12 0 0 

2 26-Jan-18 26-Jan-18 52 20 0 0 

2 6-Feb-18 16-Feb-18 223 0 1 0 

2 16-Feb-18 22-Feb-18 17 11 0 0 

2 22-Feb-18 2-Mar-18 26 0 0 0 

2 2-Mar-18 9-Mar-18 13 3 3 0 

2 9-Mar-18 15-Mar-18 8 0 0 0 

2 15-Mar-18 21-Mar-18 0 0 0 0 

3 11-Nov-17 17-Nov-17 0 1 0 0 

3 17-Nov-17 24-Nov-17 0 5 0 0 

3 24-Nov-17 7-Dec-17 0 0 0 0 

3 7-Dec-17 15-Dec-17 0 0 0 0 

3 15-Dec-17 20-Dec-17 0 0 0 0 

3 20-Dec-17 28-Dec-17 0 0 0 0 
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Site Start date End date Bruchophagus Pteromalus Mesopolobus Bees 

3 28-Dec-17 4-Jan-18 0 0 0 1 

3 4-Jan-18 10-Jan-18 17 1 0 0 

3 10-Jan-18 17-Jan-18 89 0 0 0 

3 17-Jan-18 24-Jan-18 187 4 0 0 

3 24-Jan-18 31-Jan-18 39 0 0 0 

3 31-Jan-18 7-Feb-18 24 0 1 0 

3 7-Feb-18 15-Feb-18 644 0 0 0 

3 15-Feb-18 22-Feb-18 78 18 0 0 

3 22-Feb-18 2-Mar-18 7 7 1 0 

3 2-Mar-18 9-Mar-18 3 0 0 0 

3 9-Mar-18 15-Mar-18 5 2 0 0 

3 15-Mar-18 21-Mar-18 0 0 0 0 

3 28-Mar-18 16-Apr-18 2 0 0 0 

4 10-Nov-17 17-Nov-17 0 0 0 0 

4 17-Nov-17 29-Nov-17 0 0 0 0 

4 29-Nov-17 15-Dec-17 0 0 0 1 

4 15-Dec-17 20-Dec-17 0 0 0 0 

4 20-Dec-17 28-Dec-17 0 0 0 0 

4 28-Dec-17 4-Jan-18 0 0 0 0 

4 4-Jan-18 10-Jan-18 0 1 0 0 

4 10-Jan-18 17-Jan-18 3 1 0 0 

4 17-Jan-18 24-Jan-18 38 4 0 9 

4 24-Jan-18 31-Jan-18 43 0 0 0 

4 31-Jan-18 7-Feb-18 18 0 0 0 

4 7-Feb-18 15-Feb-18 75 0 0 0 

4 15-Feb-18 22-Feb-18 49 0 1 0 

4 22-Feb-18 2-Mar-18 74 7 7 0 

4 2-Mar-18 9-Mar-18 26 0 0 0 

4 9-Mar-18 15-Mar-18 9 13 0 0 

4 15-Mar-18 21-Mar-18 0 0 0 0 
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