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Minutes of WG IV meeting 10-11 June 2005, Locorotondo 
1. Welcome: Following the welcome presentation for the whole of COST Action 

842 presented by Siegfried Keller, the Working Groups split for separate 
meetings. Lise Stengård Hansen welcomed the participants to WG IV and 
reviewed the main purposes of the meeting, in particular to finalise the route 
for publication of the proceedings and development of a new COST action. 

 
2. Presentation of papers (Day 1): Papers were presented as outlined in the 

program. A comprehensive presentation of the current understanding of the 
impact of Biocide and Pesticide Regulations on biocontrol agents was given 
by Cornel Adler. This was of considerable interest to participants and 
highlighted that although some types of agent and usage are clearly defined 
and covered by the regulations, the use of some products such as pheromones 
may require further clarification. 

 
Other presentations covered the temperature dependent functional response of 
a parasitoid, susceptibility of a parasitoid to pesticides, spatial analysis as a 
component of IPM, the effect on control of populations of host feeding in 
addition to parasitism and potential problems of the use of biocontrol in the 
agrifood industry. In the discussions following the presentations the need for a 
demonstration project was highlighted as key to progress the use of biocontrol 
in this area. The need for national authorities to support this was also 
recognised. Further research on monitoring of pest populations was regarded 
as of high importance so that biological control can be combined with 
chemical control depending on population levels. 
 

3. Presentation of papers (Day 2): This session focused on the use of 
entomopathogenic fungi for control of storage pests and was a joint session of 
all four Working Groups. This was the first time that the four Working Groups 
of COST 842 had met together. Presentations examined studies of the use of 
entomopathogenic fungi for storage pests, manipulation of conidia production, 
combining entomopathogenic fungi with diatomaceous earth, compatibility of 
entomopathogens and beneficial insects, safety aspects of fungal pathogens 
and barriers to application with particular emphasis on consumer acceptance. 
Invited speakers for this session were Jeff Lord (USDA, Kansas, USA) and 
Nina Jenkins (CABI Bioscience, UK). This was a very interesting session with 
questions and comments from members of all the Working Groups. 
  

4. Publication of activities of WG IV: Guidelines for publications had been 
obtained from the COST office prior to the meeting. Although publication 
through COST would cover all financial costs there were potentially problems 
with distribution and storage of the publication. Other options for publication 
of the proceedings were discussed. These included publication on a web-site 
or in a special issue of a journal. It was felt that many of the publications may 
not fulfil requirements for a peer-reviewed journal and that production of 
review type articles would require a lot of preparation. It was generally 
considered that publication on a web-site was the most suitable option. Lise 
Stengard-Hansen, Jan Lukas, Rick Hodges, Christos Athanassiou and 
Maureen Wakefield agreed to further discuss and progress the various options.  
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Action: Lise Stengård Hansen to contact COST office to see if COST would fund 
publication on a web-site. 

 
5. WG IV final resolution: It was suggested that any proposed new COST action 

should be referred to in the final resolution and therefore discussion of this 
was delayed until after discussion of a new COST action. It was suggested that 
the final resolution should be sent to Journal of Stored Products Research for 
publication and that a couple of paragraphs be added to the beginning to give 
background and context. Other recipients for the final resolution must be 
identified. 

Action: Maureen Wakefield to draft amended final resolution and circulate for 
comment. Recipients to be identified by working group members. 

 
6. New COST action: Two possible titles for a new COST action were circulated 

after the previous meeting. The one that received most votes was 
‘Environmentally sustainable integrated pest management in stored food 
protection’. Lise Stengård Hansen gave an overview of the requirements for a 
new COST action. The preliminary proposal should be approx. 1500 words 
and if accepted by the technical committee this would proceed to a full 
proposal. It needs to demonstrate European added value as well as being 
innovative, original, relevant and contributing to the development of the field. 
The number of new participants needs to be increased by 50% and new fields 
of research should be explored. It was suggested that problem areas in the 
storage field be identified for inclusion in the new action. Areas for 
consideration were the import of resistant strains, the gap between current 
food and hygiene regulations and actual practice, and monitoring. It was felt 
that ‘food’, ‘industry’ and ‘risk assessment’ were key terms to be included. 
The possibility of including urban pests was discussed. Various titles were 
proposed and discussed and the final proposal was ‘Risk assessment and IPM 
in the durable products food chain’. Further discussions identified potential 
working groups within this action as: 1. Monitoring 2. Control methods and 3. 
Risk assessment to include food safety, exposure control and bioactive 
compounds (mycotoxins and metabolites). Possible participants in the various 
working groups were identified. Several people expressed interest in 
contributing to the initial proposal for a new COST action. 

Action: Participants to send key themes to include in a new action based on the 
previous discussions to Lise Stengård Hansen or Maureen Wakefield. Draft 
proposal to be written and circulated for comment. 

 
7. Publication of meeting proceedings: The presentations from this meeting will 

be published either as part of the final publication of the Working Group IV 
activities or as a separate proceedings as has been done for previous meetings. 
Action:  All papers to be sent to Lise Stengård Hansen within 1 month of 
the final meeting. 
 

8.  AOB: Lise Stengård Hansen gave a presentation to the combined Working 
Groups to summarise the activities of WG IV during the COST action giving 
details of publications and STSM’s. 

 A vote of thanks was proposed for Lise Stengård Hansen for her excellent 
chairing of, and involvement in, Working Group IV. 
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Perspectives for biological control of stored-product pests using 
entomopathogens, alone and in combination with beneficial insects. 
 

JEFFREY C. LORD 
Grain Marketing and Production Research Center, USDA, ARS, 1515 College 

Avenue, Manhattan, KS 66502, U.S.A. 
 
Introduction 

There are compelling reasons to pursue the use of pathogens to control stored-

product pests.  Future use of traditional chemicals may be limited by a variety of 

regulatory and safety constraints such as residue tolerances and worker entry 

restrictions.  Microbial control offers two broad approaches.  Mass produced 

microbial pesticides, such as Bacillus thuringiensis (Bt) and Beauveria bassiana, can 

be applied in the manner of traditional chemicals with varying degrees of residual 

effect or in situ cycling.  Highly infectious agents, such as Plodia interpunctella 

granulosis virus (ImmGV) and the neogregarines, Mattesia spp., can be introduced, 

conserved, or manipulated to suppress pest populations, particularly when the host 

density is high.  Adoption of microbial control has been impeded by the limitation of 

acceptable input costs on low value commodities and demands for rapid action with 

few escapes.  Accordingly, judicious selection of niches is a key component of the 

future of stored-product microbial control.   Consideration must also be given to the 

realities of regulatory costs and constraints in order to direct research efforts so as to 

maximize the likelihood of reaching a result that benefits operational stored-product 

protection.  The following review outlines some of the salient aspects of microbial 

insect control in stored products as exemplified by the microbial insecticide 

Beauveria bassiana and the natural control agent Mattesia oryzaephili.  It then offers 

some recommendations for directing research priorities. 

 

Microbial pesticides 

Bacillus thuringiensis has been the great success of microbial control.  It was 

first described from the Mediterranean flour moth, Ephestia kuehniella, which is one 

of the few hosts in which rare epizootics have been recorded (Krieg 1987).  Bt has 

several advantages over other microbial control agents.  It is easily and inexpensively 

produced, it can be formulated and applied in the manner of conventional pesticides, 

and it is stable in storage and after application. At least in the Mediterranean flour 

moth, it has the potential to cycle in situ after application.  It is also safe for 
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vertebrates and non-target beneficial arthropods.  On the other hand, only the variety 

kurstaki, which is efficacious for Lepidoptera but not Coleoptera, has been found 

useful for stored-product pests.  There are no known Bt strains that are efficacious for 

the beetle pests of stored products.  Accordingly, its use is limited and largely 

restricted to application for P. interpunctella in high value commodities.  Another 

concern is that the first instance of insect resistance to Bt was recorded was P. 

interpunctella (McGaughey 1985).  The resistance developed within a few 

generations of selection and did not revert when the selection pressure was removed.  

This suggests that routine Bt use for stored products would not be sustainable. 

 The baculoviruses are the only viruses that have shown potential as 

commercially viable insecticides.  They are specific to one host species or very 

closely related hosts.  While they occur in several insect orders, there are none known 

from beetles, thus limiting their utility for stored products.  The only viral product to 

reach market for stored-product insects is ImmGV.  It is most suitable for the 

protection of dried fruits and nuts, for which P. interpunctella is the principal pest.  

Where a pest complex exists, additional controls would be needed.  Although ImmGV 

is a microbial insecticides, it also a natural control agent.  It has an advantage over 

most other microbial insecticides in being highly infective and capable of cycling 

after application.  Like most baculoviruses, it can be transmitted from an infected 

female to her progeny (Burden et al. 2002).  It can also be transmitted venereally and 

thereby has great ability to cause epizootics (Vail et al. 1993).  Sublethal infection is 

associated with reduced fertility (Sait et al. 1998).   

 Trial applications of ImmGV have had notable success.  For example, Hunter 

et al. (1977) reported 134 days of control and as much as 88% feeding damage 

rejection of stored almonds.  McGaughey (1975) determined that a dose of less than 

two milligrams of formulated ImmGV per kilogram of grain gave good P. 

interpunctella control.  This development work by the US Department of Agriculture 

culminated in its obtaining a product registration which it licensed to a commercial 

distributor that targeted dried fruits and nuts.  Whether it will achieve commercial 

success remains to be seen.  As in the case of Bt, adoption for use in grain storage and 

processing facilities is severely limited by lack of activity for Coleoptera.    

 Among the fungi, only Metarhizium anisopliae and B. bassiana have been 

deemed of adequate efficacy and appropriate host range to be developed the use in 

stored products (Moore et al. 2000), but they are not sufficiently efficacious to be 
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competitive with traditional chemical insecticides except in very special 

circumstances.  Strategies must be developed to improve their performance. 

Combinations with other environmentally benign controls should be developed.  One 

such combination that has proven to be synergistic at the appropriate ratios is B. 

bassiana with diatomaceous earth (Akbar et. al. 2004, Lord 2001b, 2005, Fig. 1).  An 

interaction need not be synergistic to be useful.  Indeed, the statistical significance of 

the interaction is apt to disappear as dosages approach rates that give acceptable levels 

of control.  Additivity can be a useful advantage where costs permit.  

 

Figure 1. Rhyzopertha dominica mortality on wheat after exposure to Beauveria 
bassiana with or without 200 mg/kg DE. (data from Lord 2001b) 

 
 The ability to survive, germinate, and grow under the environmental 

conditions of commodity storage is an often voiced concern about the fungi.  Warm 

season temperatures top meter of farm-stored wheat in the US Midwest are in the 

range of 27-34°C, which coincide with maximum insect activity (Hagstrum 1987).  

The high end of that range is near the upper limit for growth of most B. bassiana 

isolates (Fargues et al. 1997).  Insect control with the fungus is best in the low end of 

this range, but efficacy is good at the high end if moisture is kept low (Lord 2005, Fig. 

2), as it should be under sound management practices. 
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Figure 2. Effect of 4 temperatures and 2 relative humidities on the number of 
surviving progeny of Rhyzopertha dominica exposed to Beauveria bassiana with 
or without 200 mg/kg DE. (from Lord 2005) 

 
 
 There is a predominant perception that fungi require a moist atmosphere.  While 

conidiation requires atmospheric moisture near saturation, conidial germination and 

initiation of the process of insect infection is less demanding.  The literature on 

relationships between moisture and fungal efficacy for insects shows great variation. 

Certainly the architecture and physiology of the target species are major factors.  

Convoluted cuticles with favorable microclimates are most conducive to efficacy.  It 

was recently demonstrated that reduced atmospheric and grain moisture, far from 

reducing efficacy for Rhyzopertha dominica, actually favored it (Lord 2005, Figure 

2).  There are several plausible explanations for this phenomenon.  Most of them 

invoke the complex of responses to stress.   

 Beauveria bassiana and M. anisopliae are probably capable of infecting any 

arthropod if the ambient conditions are right and the dosage is high enough.  This 

breadth of host range has both negative and positive aspects.  Infection of beneficial 

species can disrupt natural control and contribute to regulatory problems.  Integration 

of parasitoids and predators with rapidly acting pathogens of broad host range, such as 
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B. bassiana, is a precarious strategy.  Often infectivity for the natural enemies of a 

pest is on a par with that for the target species.  This is illustrated by the case for B. 

bassiana, Oryzaephilus surinamensis and its parasitoid, Cephalonomia tarsalis (Lord 

2001a, Fig. 3).  Unlike some parasitic wasps that have the ability to detect and avoid 

fungal infection in their hosts (Fransen and van Venteren 1993), C. tarsalis has no 

apparent avoidance ability (Lord, 2001a).   It is all too seldom that the nontarget issue 

is put into perspective by comparison with broad-spectrum chemical and physical 

controls.   

 
Figure 3. Mortality of Cephalonomia tarsalis 8 days after entry into grain 
containing conidia of Beauveria bassiana (data from Lord 2001a).  

 

 
 
In contrast to the nontarget concerns that are associated with a broad host range, 

pathogen acceptance by end users generally requires that all of the pest species be 

controlled by a single agent.  In this the regard, the fungi have the advantage over 

other pathogen groups.  While Beauveria bassiana can infect all of the insect pests of 

stored products, the range of pathogenicity is very wide (Table 1).   There are many 

published reports of good efficacy or potential of both B. bassiana and M. anisopliae 

when very high concentrations are needed for any effect.  The opinion here is that a 

median lethal concentration of above 1000 mg/kg is well out of the practical range 

and should be interpreted as poor efficacy.  

 

__________________________________________________________________ 
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Table 1.  Approximate Beauveria bassiana LC50s (mg/kg of grain) for grain pests. 
 
__________________________________________________________________ 
 

Tribolium confusum adults   >2000 
Tribolium confusum larvae               1400 
Sitophilus oryzae adults and larvae  >2000 
Rhyzopertha dominica adults       100 
Rhyzopertha dominica larvae       150 
Oryzaephilus surinamensis adults      120 
Oryzaephilus surinamensis larvae        10 
 
 

Natural microbial control agents 

 The core requirement of an effective natural microbial control agent is that it 

be capable of sustaining itself in wild pest populations.  As mentioned above, only 

ImmGV in P. interpunctella and Bt in E. kuehniella among the microbial pesticides 

for stored-product insects have this ability.  Most of the other known natural control 

agents are protozoa or microsporidia, which were formerly classified as protozoa but 

were recently transferred to fungi (Thomarat et al. 2004).  They are generally cryptic 

and go undetected.  Their effects on hosts are often subtle, including fecundity and 

longevity reduction (Bass and Armstrong 1992), size reduction (Milner 1972), and 

increased susceptibility to pesticides (Rabindra et al. 1988).  Determination of their 

long term impact on pest populations is very difficult and often impractical.  Of many 

factors that affect the impact, the stability of the habitat is perhaps the most important.  

Where commodities are moved through storage facilities quickly and insect 

populations rise and fall accordingly, the prevalence of pathogens would vary 

erratically.  Conversely, long-term storage with indifferent sanitation and pest control 

provides the conditions for establishment and maintenance of natural controls.  Host 

density has a profound effect on epizootiology.  Where pest populations are kept 

under control, the prevalence and impact of naturally occurring pathogens is 

minimized.   

 Neogregarinorida is perhaps the only group of protozoans that has significant 

pathogenicity and wide distribution among-stored product insects.  Perhaps the most 

common genus is Mattesia, which includes the well known pathogen of E. kuehniella 

and P. interpunctella, Mattesia dispora.  A less-reported species, Mattesia 

oryzaephili, overlaps with M. dispora in host range and is primarily a pathogen of 
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grain beetles (Lord 2003).  The two species are very similar in morphology and are 

easily confused.  Many, if not all, of the literature reports of M. dispora in beetles are 

either misidentification of M. oryzaephili or predate its description as a separate 

species.  

 Mattesia oryzaephili illustrates many of the desirable properties of a natural 

control agent and as a model for assessment of the impact that such an agent has on a 

population or may have through introduction into pest populations from which it is 

absent.  It produces a propagule, the oocyst, that can survive for prolonged periods in 

the absence of a host.  Its physiological host spectrum includes several important pest 

species that frequently occur together (Lord 2003, Table 2).  It should be noted that 

the physiological host range may not accurately reflect the ecological host range, i.e. 

species that contract infections under natural conditions, which has not been assessed 

for M. oryzaephili.  

__________________________________________________________________
___ 
 
Table 2. Susceptibility of selected stored-product insects to Mattesia oryzaephili 
(from Lord 2003) 
__________________________________________________________________
___ 
 
Coleoptera 
   Cryptolestes spp.                        Laemophloeidae +++ 
   Oryzaephilus surinamensis  Silvanidae  ++ 
   Rhyzopertha dominica       Bostrichidae  +++ 
   Tenebrio molitor  Tenebrionidae   _  
   Tribolium castaneum  Tenebrionidae    _ 
   Trogoderma variable  Dermestidae    _  
Lepidoptera   
   Ephestia kuehniella  Pyralidae  ++ 
   Plodia interpunctella   Pyralidae   + 
Psocoptera   
   Liposcelis bostrichophila  Liposcelidae   _ 
Hymenoptera 
   Cephalonomia tarsalis  Bethylidae  +++ 
   Cephalonomia waterstoni Bethylidae  +++ 

 
_____________________________________________________________________ 
 
 
 Perhaps an ironically advantageous property of M. oryzaephili is that it is 

infectious for bethylid parasitoid wasps of at least two of its pest hosts.  The rusty 

grain beetle, Cryptolestes ferrugineus, and the sawtoothed grain beetle, O. 
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surinamensis are attacked by Cephalonomia waterstoni and C. tarsalis, respectively 

(Rilett 1949, Powell 1938).  Both of these parasitoids contract M. oryzaephili 

infections by attacking infected hosts.  Male wasps do not attack the beetle larvae and 

do not become infected, but the disease is transmitted per os to nearly all female 

wasps when they paralyze or feed on infected hosts.  In laboratory tests, the mean 

survival time of infected female C. tarsalis after exposure to heavily infected O. 

surinamensis was reduced by 47% compared with that of healthy C. tarsalis.  For C. 

waterstoni females, infection reduced the mean survival times by only 21% (Fig. 4).  

Infected wasps survived an average of 20 d and 36 d for C. tarsalis and C. waterstoni, 

respectively.  The long survival time of infected wasps fosters oviposition and 

inoculum deposition in the hosts’ habitat.  Contamination of wheat by wasps after 

they attack infected beetles can result from deposition of both contaminated frass and 

cadavers.  Since the wasps are highly motile and effective host seekers, they can 

disperse the inoculum. 

 
 
Figure 4. Mean survival time of Cephalonomia tarsalis and Cephalonomia 
waterstoni after attacking Mattesia oryzaephili-infected host beetle larvae. 

  

 

 
 
 Pathogens of high epizootic potential, such as M. oryzaephili, have the 

potential to be used for introductions by way of autodissemination traps with 
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pheromone or food odor attractants.  Most pathogens that are used as microbial 

insecticides and are unlikely to produce epizootics, such as B. bassiana, are not 

candidates for this approach.  The concept has been tested on the scale of small rooms 

for ImmGV (Vail et al. 1993) and Mattesia trogodermae for Trogoderma glabrum 

(Shapas et al. 1977).  In both cases, infection and suppression of subsequent 

generations was demonstrated.  Large scale trials would be very useful to advance the 

strategy.  As new pheromones and bait attractants become available, this concept has 

growing potential.  Perhaps mixed attractants and pathogens could be used for more 

than one pest species.   

 

Conclusions and Recommendations: 

 The economic realities of stored-product pest management should be included 

in planning applied insect pathology in the area.  When planning research, 

investigators should take into consideration the niche nature of microbial control of 

stored-product pests.  The expense, effort, and time required to register a pathogen, 

especially in Europe, preclude the registration of any pathogen whose principal 

market would be stored products.  Therefore screening pathogen isolates for use 

against stored-product pests is of limited value.  Research efforts should emphasize 

agents that are currently registered or in the registration process or that can be used as 

inoculants without registration.  While screening may find isolates with efficacy, 

stability and production characteristics outperform those that are currently in industry 

hands, the cost of registration of a new agent and separate production is prohibitive 

for a limited market such as stored-product insect control.  Efforts should be directed 

to developing approaches to extend the use of existing microbial insecticides and to 

improve their performance. 

 While the stored-product segment of pesticide use is small, there is only a very 

small subsegment that is amenable to microbial control.  Nevertheless, it is at those 

niches that are research should be aimed.   Microbial agents will have their greatest 

impact where chemicals pesticides are not an option, such as in organic production or 

where human chemical exposure is not allowed.  

 Genetic manipulation of pathogens will surely produce some interesting and 

worthwhile results, but it is not relevant to applied entomology in stored products in 

the foreseeable future.  The potential reward does not justify a struggle to bring 

genetically modified living pathogens into use for stored products. 
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 For the fungi, whose the host range is relatively favorable, efficacy is the 

major nonregulatory concern, and creative approaches to improving their performance 

are needed.  The most apparent means to achieve efficacy improvement is to combine 

fungi with other control measures.  Combination strategies should concentrate on low 

cost and environmentally benign components in order to appeal to the most receptive 

end users.  Physical controls, such as modified atmospheres and aeration, are the 

primary candidates, but soft chemicals merit consideration.     

 Autodissemination is one of the most promising strategies for implementation 

of microbial control.  It is a logical approach only for contagious pathogens that are 

likely to cause epizootics.  There have been research efforts for the use of 

autodissemination with pathogens that seldom produce epizootics, such as B. bassiana 

and M. anisopliae.  The transmission rates for such pathogens do not justify the 

release of the target pests once captured, and the approach is not appropriate.   

 The impact of naturally-occurring, cryptic pathogens on pest populations is 

fertile ground for research.  In addition to mortality, sublethal and prelethal effects 

reduce pest populations and their economic impact in ways that are not easily 

recognized.  Perhaps they are insignificant, but in the absence of long-term studies of 

pathogen and host population dynamics, that assumption should not be made.   Such 

studies are difficult and expensive, but no other approach will provide an adequate 

assessment.    

 For pathogens that are intended for registration and commercial application, a 

wise course of action would be to seek consultation with microbial pesticide 

companies.  Perhaps the most practical approach is to seek expansion of existing 

microbial insecticide registrations to include applications for stored-product pests. 
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Introduction 

Cereals are an important component of both human and livestock diets. 

However, stored cereals are vulnerable to attack by a range of insect and mite pests 

which may result in damage to the cereals and subsequent economic losses, either as a 

result of direct damage and loss of quality, or through rejection at the point of sale. 

Traditionally, pesticides have been used for the protection of stored products from 

attack by insects and mites. However, there is increasing concern over the use of 

organophosphorus (OP) pesticides and problems with development of pest resistance. 

Changes in the pesticide regulations may reduce further the small number of 

chemicals that are registered for use in grain stores and flour mills and in premises 

further down the food processing chain, where these insects and mites may also be 

present. There is therefore an urgent need for the development of environmentally 

friendly pest management strategies. 

Biological control has received increased attention over the past few decades as 

an alternative to chemical treatments or as a component of integrated pest management 

(IPM) strategies. Several studies have shown the potential for entomopathogens to 

control a range of stored product insects either alone (Searle and Doberski, 1984; 

Adane et al., 1996; Hidalgo et al., 1998; Moino et al., 1998; Rice and Cogburn, 1999; 

Meikle et al, 2001, Sheeba et al., 2001; Dal Bello et al., 2001, Cherry et al., 2005) or 

in combination with other control treatments such as diatomaceous earth (Lord, 2001, 

Akbar et al., 2004, Athanassiou, 2004). However, much of this work has used species 

and conditions more likely encountered in tropical regions and there has been little 

work under conditions found in temperate regions such as in the UK.  

In the UK, a four year project which aimed to identify the most effective 

naturally-occurring insect specific fungi for the control of residual infestations of 

storage pests in storage structures has recently been completed. This project was 

known as ‘Mycopest’ and was jointly funded by government and industry through the 
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Defra Sustainable Arable LINK programme. Preliminary results from this project have 

been reported previously (Wildey et al., 2002; Wakefield et al., 2002; Cox et al., 

2003). This paper highlights the key findings from this project and introduces a new 

project designed to overcome the remaining challenges for the use of 

entomopathogens in storage structures. 

 

The ‘Mycopest’ project 

The main phases of the ‘Mycopest’ project were: 

1. Collection and identification of fungi from UK grain stores 

2. Establishment of cultures and screening of these against a range of storage 

pests in the laboratory 

3. Pilot and practical scale testing under actual UK storage conditions. 

Samples were collected from UK grain stores and approximately 70,000 insect 

cadavers were processsed. Fungal isolates were identified to species, established in 

culture and subjected to molecular and biological characterisation. Eight of the 

isolates were identified as Beauveria bassiana. These eight isolates together with a 

further four isolates of B. bassiana and two isolates of B. brongniartii from the CABI 

Bioscience culture collection were tested using a ‘high-challenge’ test against 

Oryzaephilus surinamensis (saw-toothed grain beetle) (organophosphate (OP) 

resistant strain), Ephestia kuehniella (Mediterranean flour moth), Lepinotus patruelis 

(black domestic psocid) and Acarus siro (flour mite). The most promising isolates 

were then tested in a dose response test in the concentration range 1x105-1x108 

conidia/ml using a carrier of a 1:4 mix of Codacide and sterile distilled water. Three 

additional beetle species (Sitophilus granarius, Tribolium confusum and Cryptolestes 

ferrugineus), an OP susceptible strain of O. surinamensis, and one additional mite 

species (Tyrophagus longior) were also tested with the top four performing isolates. 

Tests investigating the effect of different temperatures and humidities were also 

conducted. 

Pilot scale testing examined the efficacy of B. bassiana on three different surfaces, 

wood, concrete and metal, that are likely to be found in UK grain stores. Practical 

scale testing involved spraying of beetles inside 2x2 m plywood arenas situated in a 

typical grain store. Investigations of the potential for secondary cycling and for 

dissemination of spores from insect monitoring devices were also conducted as part of 

this project. For the spore dissemination study, insects were confined to an arena 
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containing the monitoring device, either with or without an additional refuge, for 48 

hours. After this time insects were removed and placed in petri dishes on clean filter 

papers. Mortality was recorded 14 days after the start of the experiment. Full 

descriptions of all experimental methods can be found in Cox et al. (2004). 

 

Key findings 

Biological characterisation of the eight B. bassiana isolates examined growth 

and sporulation. For most isolates the optimal temperatures for growth were 25°C and 

30°C and for sporulation were 20°C and 25°C. Molecular characterisation revealed 

that isolates fell into several clusters and that some isolates from the same farm were 

clustered separately, based on AFLP banding patterns. This demonstrated genetic 

diversity amongst the B. bassiana isolates and the presence of more than one isolate at 

the same premises. 

Results from the ‘high challenge’ testing showed that several of the isolates 

from the UK grain stores showed good efficacy against the four species tested (Table 

1). B. brongniartii gave poor mortality for all species tested. 
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Table 1. Mean percentage mortality ± SE 10 days after treatment with B. bassiana 

isolates in a ‘high challenge’ test. (N=4 for insects and 5 for mite) (Control response 

in parentheses) 

 

Isolate 
reference 
number 

Country of 
origin 

O. 
surinamensis 
(OP resistant) 

E. 
kuehniella 

L. patruelis A. siro 

Beauveria 
bassiana 

     

061345 UK 0 ± 0 
(1.7 ± 1.7) 

25.0 ± 6.8 
(10.9 ± 4.7) 

63.2 ± 8.0 
(34.0 ± 8.9) 

44.0 ± 10.7 
(9.0 ± 2.9) 

173199 UK 77.0 ± 8.8 
(3.0 ± 3.0) 

97.0 ± 3.2 
(18.5 ± 6.4) 

100 ± 0 
(25.0 ± 7.0) 

33.0 ± 3.7 
(6.0 ± 2.9) 

173201 UK 100 ± 0 
(1.7 ± 1.7) 

100 ± 0 
(10.9 ± 4.7) 

100 ± 0 
(34.0 ± 8.9) 

100 ± 0 
(9.0 ± 2.9) 

358840 UK 88.5 ± 1.5 
(3.0 ± 3.0) 

100 ± 0 
18.5 ± 6.4) 

100 ± 0 
(25.0 ± 7.0) 

18.0 ± 4.1 
(6.0 ± 2.9) 

386243 
 

UK 91.4 ± 1.9 
(3.3 ± 3.3) 

84.8 ± 11.0 
(10.7 ± 4.6) 

100 ± 0 
(30.8 ± 4.1) 

* 

386367 UK * * * 100 ± 0 
(5.0 ± 1.6) 

386368 
 

UK 85.4 ± 10.1 
(1.8 ± 1.8) 

100 ± 0 
(12.4 ± 3.3) 

98.2 ± 1.8 
(16.0 ± 5.2) 

100 ± 0 
(5.0 ± 1.6) 

387294 UK 39.0 ± 13.0 
(3.0 ± 3.0) 

59.0 ± 6.0 
(9.0 ± 4.0) 

61.9 ± 12.8 
(32.0 ± 10.3) 

38.0 ± 2.0 
(3.0 ± 3.0) 

389521 UK 100 ± 0 
(3.5 ± 2.0) 

100 ± 0 
(7.0 ± 5.1) 

100 ± 0 
(17.4 ± 2.5) 

* 

187643 Adriatic 93.0± 2.7 
(0) 

98.0 ± 1.7 
(7.0 ± 2.9) 

100 ± 0 
(36.0 ± 13.5) 

85.0 ± 7.6 
(6.0 ± 2.9) 

382297 Turkey 84.0 ± 7.5 
(0) 

96.5 ± 3.5 
(7.0 ± 2.9) 

100 ± 0 
(36.0 ± 13.5) 

13.0 ± 4.4 
(8.0 ± 4.1) 

382239 N. 
Afghanistan 

75.0 ± 3.0 
(0) 

94.5 ± 3.6 
(7.0 ± 2.9) 

100 ± 0 
(36.0 ± 13.5) 

39.0 ± 10.7 
(8.0 ± 4.1) 

382231 Turkey 93 ± 2.7 

(0) 

95.0 ± 5.0 

(7.0 ± 2.9) 

100 ± 0 

(36.0 ± 13.5) 

49.0 ± 11.3 

(8.0 ± 4.1) 

B. brongniartii      

223216 UK 5.0 ± 1.7 

(1.7 ± 1.7) 

10.2 ± 4.4 

(10.9 ± 4.4) 

38.4 ± 5.0 

(34.0 ± 8.9) 

24.0 ± 4.8 

(9.0 ± 2.9) 

303228 UK 5.5 ± 1.8 

(10.0 ± 4.3) 

10.5 ± 6.5 

(8.5 ± 5.1) 

44 ± 9.8 

(49 ± 2.1) 

28.0 ± 6.4 

(8.0 ± 4.1) 

 

* Isolate not tested. 
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Dose response tests showed that highest mortalities occurred at the maximum 

concentration used of 1x108 conidia/ml. (Figure 1).  

 

Figure 1. Dose response of 3 insect and 1 mite species to fungal isolate 386243 
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The tests also showed that a period of high humidity at the beginning of the test was 

necessary to achieve a good effect and in the case of the beetle species it was 

necessary to spray them directly rather than applying the spores to the filter 

paper in order to get efficacy. (Table 2 a and b). 

 

Table 2. Effect of increased humidity and direct spraying of beetles on mortality 

a). Comparison of the effect of increasing humidity for the first 24 hours after 

treatment with 1 x 108 conidia/ml. O. surinamensis were treated with isolate 386606 

and A. siro with isolate 386243.  

 Mean % mortality ± SE after 10 days 
O. surinamensis no extra humidity 3.4 ± 1.7 
O. surinamensis + extra humidity 81.2 ± 7.5 
A. siro no extra humidity 38.3 ± 2.6 
A. siro extra humidity 96.5 ± 2.1 
 

 

b). Comparison of mortality at 10 days of O. surinamensis treated with 1x108 

conidia/ml isolate 386243 sprayed on filter paper or directly to beetles. (N=5) 
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 Mean % mortality ± SE 
Sprayed filter paper 1 ± 1 
Sprayed beetles 95.7 ± 2.6 
 

Two of the isolates were particularly effective against the three insect species 

tested, including the OP resistant strain of O. surinamensis and one (386243) was also 

effective against the mite, A. siro (Table 3). However, testing of the additional species 

showed that not all beetle and mite species were affected to the same extent. High 

mortalities were achieved for C. ferrugineus with all four isolates but only one isolate 

gave high mortality of S. granarius and none of the isolates were very effective 

against T. confusum and the mite, T. longior. 

 

Table 3. Mean percentage mortality ±SE at 1x108 conidia/ml 10 days after exposure 

to the top four isolates against nine pest species/ strains. (N=5) (Control response in 

parentheses) 

 

 386243 386606 386367 389521 
Oryzaephilus 
surinamensis 
(OP resistant) 

95.7 ± 2.6 
(11.4 ± 4.8) 

81.2 ± 7.5 
(11.4 ± 4.8) 

42.1 ± 11.5 
(2.0 ± 1.2) 

63.0 ± 10.7 
(3.5 ± 2.5) 

Ephestia 
kuehniella 

99.0 ± 1.0 
(1.05 ± 1.05) 

87.3 ± 6.3 
(1.05 ± 1.05) 

95.9 ± 2.9 
(8.6 ± 1.5) 

86.2 ± 5.3 
(14.0 ± 2.4) 

Lepinotus 
patruelis 

75.6 ± 4.5 
(11.5 ± 6.2) 

26.5 ± 5.4 
(5.3 ± 3.4) 

38.3 ± 4.4 
(5.3 ± 2.3) 

69.3 ± 8.5 
(6.4 ± 5.1) 

Oryzaephilus 
surinamensis 
susc 

84.7 ± 4.5 
(13.6 ± 2.9) 

47.0 ± 8.7 
(2.0 ± 2.0) 

11.7 ± 3.4 
(7.7 ± 6.5) 

83.0 ± 5.6 
(3.3 ± 2.3) 

C. ferrugineus 89.0 ± 12.3 
(6.94 ± 6.94) 

86.0 ± 8.3 
(10.1 ± 5.47) 

100 ± 0 
(6.94 ± 6.94) 

100 ± 0 
(3.0 ± 2.0) 

S. granarius 65.0 ± 5.7 
(1.0 ± 1.0) 

27.5 ± 4.0 
(1.0 ± 1.0) 

1.0 ± 1.0 
(3.95 ± 3.95) 

3.0 ± 1.2 
(0 ± 0) 

T. confusum 27.0 ± 11.0 
(38.4 ± 8.5) 

6.3 ± 3.9 
(6.0 ± 2.4) 

1.0 ± 1.0 
(2.0 ± 1.2) 

1.0 ± 1.0 
(0 ± 0) 

A. siro 75.6 ± 3.0 
(7.2 ± 1.3) 

48.5 ± 5.4 
(13.0 ± 2.0) 

46.2 ± 4.3 
(5.7 ± 2.7) 

20.0 ± 7.7 
(5.6 ± 2.9) 

T. longior 9.1 ± 1.4 
(5.0 ± 2.2) 

4.7 ± 3.1 
(2.0 ± 1.2) 

8.7 ± 2.6 
(2.0 ± 1.2) 

10.1 ± 2.4 
(1.0 ± 1.0) 

 
 

Tests at different temperatures and humidities showed that efficacy was reduced at the 

lower temperature of 15°C and generally there was little improvement in efficacy 
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with an increase in RH from 70% to 80% for the insects or from 80% to 90% RH for 

the mites. Although mortality decreased at the lower temperature it is possible that 

prolonged exposure would increase the efficacy.  

Tests on both a pilot scale using different surfaces and on a practical scale in 

plywood arenas revealed that the carrier of a 1:4 mix of Codacide and sterile distilled 

water was not suitable for applications of this type. In the laboratory tests this had 

proven a very effective carrier when sprayed directly on to beetles. However, on non-

porous surfaces such as steel, wood and concrete the carrier formed a sticky coating in 

which the insects became trapped and this resulted in significant mortality in control 

treatments which were treated with the carrier alone. Therefore, although higher 

mortality was seen in treatments with B. bassiana the effectiveness of the treatment 

could not be ascertained. Investigation of the persistency (how long spores remain 

viable after application) of conidia after application to steel plates using a carrier of 

Shellsol T or kept as a dry powder revealed that the dry powder form showed greater 

persistency than that formulated in oil. Future formulations for the isolate may 

therefore concentrate on the use of the dry powder form which would also overcome 

the problems with the stickiness of the oil/water formulation. 

The potential for secondary cycling was shown with 91% mortality of 

untreated insects after 10 days exposure in petri dishes to dead insects from which the 

fungi was sporulating. When the sporulating insects were removed from the arenas 

after 48 hours mortality of the untreated insects fell to 17% after 10 days. The PC 

floor trap (Collins and Chambers, 2003) was used to investigate the potential for 

dissemination of spores from monitoring devices. After 14 days, mortality of insects 

from arenas with monitoring devices containing spores was 40% compared to 5% in 

control arenas (Table 4). The presence of an additional refuge did not affect mortality. 

 

Table 4. The potential of the PC Floor Trap for fungal spore dissemination. Mortality 

of O. surinamensis after 14 days at 20ºC 70%RH. (N=5) 

 

Treatment Mean % mortality ± SE 
Untreated control trap    5.1 ± 3.87 
Untreated control trap + refuge  3.2 ± 2.2 
Trap + fungal spores   39.6 ± 4.86 
Trap + fungal spores + refuge  40.0 ± 6.12 



 24 

Main challenges 

The work undertaken in the ‘Mycopest’ project demonstrated that the 

entomopathogenic fungus, Beauveria bassiana, is present in UK grain stores and that 

under laboratory conditions very good control of a range of insect and mite pests 

could be achieved. However, areas that require improvement to enable B. bassiana to 

be used as a control agent under practical conditions were also identified. 

1. Uptake of spores. Whilst high mortality was achieved for the moth and psocid 

species by application of the spore suspension to a filter paper, application of 

the spores directly to the beetle species was necessary for good mortality. 

Improved uptake of spores from surfaces is therefore necessary for these 

species. 

2. Germination of spores/ requirement for high humidity. To achieve good 

control it was necessary to increase humidity for a period of up to 24 hours for 

both insect and mite species. Although we have shown that the RH in a UK 

grain store will often exceed 90% this requirement should ideally not be 

necessary. It may be possible to identify isolates that are effective at lower 

humidities or to manipulate the water requirement of the isolate. Alternatively 

changes in the formulation may result in improved efficacy at lower 

humidities. 

3. Formulation. The 1:4 mix of Codacide and sterile distilled water whilst 

effective as a carrier in laboratory tests is not suitable on a practical scale. 

Alternative formulations should be examined including the potential of a dry 

spore powder. 

 

Future work 

The technical challenges that need to be overcome to produce an effective 

formulation for use in empty grain stores will be examined as part of a new four year 

project that commenced in April 2005. This project is again funded through the Defra 

Sustainable Arable LINK programme but has a larger consortium of industrial 

partners than the ‘Mycopest’ project reflecting the increased interest and need for 

novel, sustainable invertebrate control measures in grain stores, flour mills and food 

processing premises. CSL and CABI Bioscience are involved in this project as 

research partners together with Exosect Ltd and Sylvan Somycel. Exosect Ltd have 

developed novel patented technology using electrostatic and bio-magnetic powders 
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for the control of insect pests in agriculture. Sylvan Somycel have considerable 

experience in large scale production and distribution of biological control agents.  

The work will investigate optimisation of the control agent when in contact 

with insects to increase efficacy and will also examine ways to improve delivery to 

the insects. In addition to addressing the technical challenges this project will also 

examine other obstacles to registration for products of this type. Consultations with 

the UK Pesticides Safety Directorate will take place throughout the project to identify 

a clear route that could be used by industry for registration of products of this type in 

the future. Factors which may affect use of such products by industry will also be 

identified from the start of the project and the information will be used to guide 

investigations in the project. Finally as part of the practical scale trials that will be 

undertaken within this project information on potential risks to workers, the 

commodity and management practices will be gathered. 
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Introduction 

          Entomopathogenic fungi are generally considered to be safe in terms of low 

risks compared to chemical pesticides. New areas for use of these fungal biocontrol 

agents include their use in close proximity to food and feed, or even applied directly 

to stored grain and other food commodities. This raises legitimate concerns as to the 

safety of these control agents.  Naturally, the key question is the safety of consumers 

and store operators. However, as much as the assumption that there are no dangers in 

the use of these fungi must be resisted, it is also important to keep in mind that the 

development of alternative pest control methods such as entomopathogenic fungi may 

be hampered significantly by undue safety concerns.  This short review compiles 

information relevant to the future use of entomopathogenic fungi in stored product 

facilities. Special emphasis is given to human safety, whereas issues related to 

environmental safety are not covered.  

     Several European groups within COST Action 842 are currently evaluating 

entomopathogenic fungi for pest control in stored grain, so this commodity will be in 

focus here. The European teams are obviously focusing on the technical aspects of 

being able to use these fungi in the future in stored product facilities. However, safety 

is of paramount importance for later registration as plant protection products, and thus 

should be taken into consideration already while developing fungi for microbial 

control. While Beauveria bassiana is registrered for use in crops to be used for food 

or feed in the United States, no fungal biocontrol agent is currently being used for 

treatment of stored product pests, and the previous use of B. bassiana in grain stores 

in the Czech Republic seems to have ceased. 

    A registration for use in foodstuffs would potentially be in conflict with national 

and EU food law. Adding fungal conidia to a commodity such as grain might be seen 

as the intentional addition of contaminants to food (similar to concerns of parasitoids 

being able to carry harmful micro-organisms into food production), and generally 

food should not contain contaminants. European food laws also state that substances 
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must not be added which would render food injurious to health or unfit for human 

consumption. This emphasizes the need to document that treatment with 

entomopathogenic fungi poses no hazard to consumers, operators and other non 

targets.  

 

Background information 

   Some of the entomopathogenic fungi likely to be used in the future against stored 

product pests are listed in Table 1, which provides background information on the 

natural occurrence in stored product facilities, the status concerning registration in 

Europe, whether the species was included in a recent European project on risk 

assessment of fungal biocontrol agents, as well as listing which fungi are currently 

tested in European research projects on fungal control of stored product pests. 

 

Table 1. The status of entomopathogenic fungi of potential use against stored 

product pests in Europe 

Fungus 
 
 

Natural 
occurrence in 
stored 
product pests 

Registration  
in EU 

Inclusion in 
EU-RAFBCA 4 
study 

Work in 
progress in 
Europe5 

Beauveria bassiana 
 

Sitophilus spp. 
in grain stores 
(UK)1 

 

Ephestia 
kuehniella in 
flour mill 
(DK)2  
 

 
“Old” 

 United 
Kingdom 
 
Denmark 
 
Greece 

Beauveria 
brongniartii 
 

 “Old” Yes  

Metarhizium 
anisopliae 
 

  
“Old” 

 
Yes 

 
Greece 

Verticillium lecanii 
(Lecanicillium sp.) 

Mites in wheat 
stores3 

 
“Old” 

 
Yes 

 

Paecilomyces 
fumosoroseus 
 

  
Annex 1 

 Denmark 
 
Greece 

Paecilomyces 
farinosus 
 

 
Mites in wheat 
stores3 
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1Wildey et al, 2002  2Steenberg, unpubl. data  3Hubert et al, 2003  4http://www.rafbca.com    5Personal communication, M. 

Wakefield and C. Athanassiou   

 

 

    Some of the fungi do occur naturally in stored product facilities but apparently not 

very frequently. This does not imply, however, that stored product pests are not 

susceptible to these control agents. Only one species, Paecilomyces fumosoroseus, is 

currently on the Annex 1 list of the Directive 91/414/EEC (The European Plant 

Protection Product directive) which regulates the use of entomopathogenic fungi in 

plant production, including storage. Several other species are currently used in the EU 

against pests in glasshouses etc. (“old” species in Table 1), but new dossiers must be 

submitted before 1 November 2005. This includes Beauveria bassiana, which is the 

species evaluated at present in United Kingdom, Greece and Denmark for control of 

stored product pests. Three species of entomopathogenic fungi, unfortunately not 

including B. bassiana, were included in the recent European RAFBCA study on risk 

assessment of fungal biocontrol agents.    

 

The stored grain scenario 

    Grain is stored in closed structures at relatively stable abiotic conditions, where the 

relative humidity is kept below certain thresholds (approximately 70% r.h.) to prevent 

growth of storage fungi. Low humidities might be a problem for the use of 

entomopathogenic fungi, as they generally need substantially higher humidity levels 

to infect their host and later to multiply on the surface of the dead insect. Conversely, 

the longevity of conidia might well be longer at lower relative humidities, and long 

viability of fungus inoculum is needed for control in stored products, where treatment 

with fungus is not going to be economical if it must be applied repeatedly during a 

storage season. 

   Grain and flour frequently contain high numbers of microorganisms, including 

fungal spores (“moulds”), which may lower the quality of the commodity 

substantially. These microorganisms may be present at the time of harvest or may 

develop during storage. Bacteria, yeasts and moulds can cause workers handling grain 

to develop respiratory symptoms, particularly in the cleaning sector of grain mills 

(Dacarro et al., 2005) and their multiplication during storage should therefore be 

prevented. However, cleaning, grinding and milling the grain, and later cooking may 

remove microorganisms, at least to some degree.  The primary location of most fungal 
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conidia is the hull as they are adhering to the surface of the grain, and during the 

milling process a substantial part of the conidia are removed. Thus, contaminants are 

concentrated in end products such as bran, wheat germ etc. This was documented in a 

study finding that moulds (measured as colony forming units per g grain) ranged from 

102  to 105 before processing the grain (Berghofer et al., 2003). This reference also 

proposes an achievable microbiological quality for flour of <10 3 cfu/g for yeast and 

moulds.   So, in conclusion, already before adding fungal conidia to stored product 

facilities, it is likely that a considerable amount of microorganisms are present in the 

commodity. At present it is not known whether entomopathogenic fungi will persist 

as viable units in stored grain which is often stored for several months before 

processing – and thus it is not known whether these benign fungi will add to the 

numbers of colony forming units measured in quality control. 

       Entomopathogenic fungi in stored food products may be a result of treatment of 

empty stores to control residual pests before the new harvest is brought in, or may be 

direct admixture of conidia to grain, either as preventative or curative treatments of 

bulk grain.  The latter solution is only going to be successful if adding fungus directly 

to the commodity does not decrease the quality and thus marketability. In any case, an 

amount of fungus will be applied to the facilities and/or the commodity. Depending 

on the number of hosts available and the abiotic conditions more conidia (and more 

secondary metabolites) may be produced from the infected hosts during this recycling 

and therefore may build up over time in the storage environment. Recycling is 

normally considered a benefit, but may not be considered so in stored product pest 

control. However, if fungi are applied at low pest densities as soon as monitoring has 

detected their presence, the recycling probably will be limited. This approach of 

course makes targeting the pests with entomopathogenic fungi even more important. 

 

Potential hazards from using entomopathogenic fungi 

     Potential hazards from using entomopathogenic fungi in stored product facilities 

can be related to the active ingredient (fungal conidia), to formulants and carriers and 

to contaminants in mass-production. The following discussion is focusing on the 

active ingredient, the conidia. Conidia are applied to the premises or the grain 

directly, and this is likely to be the main source of conidia in most situations, as little 

secondary cycling is expected to take place in stores due to relative humidities being 
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maintained well below the 95% generally needed for the fungi to sporulate from 

fungus killed hosts.   

    Safety concerns related to the conidia are pathogenicity, allerginicity and toxicity. 

The first hazard relates to any non-target organism, while the last two involve direct 

threats to humans and other vertebrates, especially domestic animals.    

    Pathogenicity of these fungi to mammals and other non target organisms in very 

rare cases may happen after inhalation or ingestion of conidia or via skin contact. Two 

recent cases involving humans have been reported for Beauveria species; in both 

cases none of the patients had been exposed directly to the fungus (Henke et al., 2002, 

Tucker et al., 2004). The risk of allergenicity arising from exposure to fungal conidia 

probably is a concern mainly for operators in the grain stores and mills. Proper 

precautionary measures to protect people handling the treated commodity of course 

must be secured. Toxicity is likely to be the major concern. There is a general 

consumer concern of mycotoxins entering the food chain, and the idea of adding 

fungus to stored grain, where mycotoxin producing fungi already may cause 

problems, must be expected to raise specific concerns whether any mycotoxins are 

introduced via entomopathogenic fungi.  

    Entomopathogenic fungi, like most fungi, produce secondary metabolites some of 

which are excreted into the environment, while other are found in mycelium and 

conidia (reviews in Strasser et al., 2000 and Vey et al. 2001; www.rafbca.com 

provides output from the EU project on risk assessment of fungal biocontrol agents). 

Some of these metabolites may be toxic, and these substances must be regulated as 

any chemical substance. The best option is not to work with isolates producing these 

substances. Regulatory authorities often require detailed information on relevant 

metabolites, but as most fungi secrete a number of bioactive compounds it is not 

currently clear what is a relevant metabolite. For example, Beauveria bassiana may 

produce bassianin, beauvericin, bassianolide, beauverolide, tenellin and oosporein 

(Strasser et al., 2000) and recently another toxin was described (bassiacridin, with 

specific toxic activity against locusts (Quesada-Moraga & Vey, 2004)). Not all 

isolates produce the whole array of metabolites, and furthermore these bioactive 

compounds are not produced under all growing conditions.  Finally, most metabolites, 

if excreted, are excreted in very small amounts, and often the naturally occurring 

microflora in soil (or grain?) produces substantial amounts of the same metabolites.  
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    The EU RAFBCA project focused on oosporein and destruxins. However, for B. 

bassiana one of the mycotoxins of special concern is likely to be beauvericin. 

Beauvericin is a mycotoxin produced by several Fusarium species, and has also been 

isolated from Beauveria bassiana. It has high in vitro toxicity to human cell lines and 

maybe a possible synergistic effect with another mycotoxin, moniliformin. 

Moniliformin is produced by Fusarium under certain conditions, and ingestion of 

Fusarium contaminated  grain by mammals causes cancer of the oesophagous and 

heart problems. It has not yet been determined whether beauvericin should be 

classified as a food toxin (Strasser et al., 2000). The possible production of 

beauvericin produced by Beauveria bassiana was addressed in the tolerance 

exemption of the Naturalis-L strain by the US Environmental Protection Agency, with 

a comment that beauvericin levels in the technical grade active ingredient were not 

likely to exceed 60 ppm, and that the applicant had provided methods and quality 

assurance procedures to control beauvericin within regulatory levels (US EPA, 1999). 

In addition, the EU review report on the content of beauvericin in P. fumosoroseus 

specifies that this compund was detected in still culture but not in liquid fermentation, 

and claims that no secondary metabolites are allowed in the fermentation broth 

(Anonymous, 2002).  This emphasizes that beauvericin production is of particular 

interest to regulators. 

    In conclusion, it is very important that researchers pick an isolate that does not 

produce metabolites that cause adverse effects. The difficulty however is that it is not 

clear at present which metabolites to avoid, and few researchers know the potential 

metabolite production of their selected isolates in vitro and in vivo. 

 

Outlook 

    It is relevant to ask whether an increase in conidial numbers over time can be 

expected following application of a fungus to grain stores, i.e. whether there will be a 

build up of conidial numbers and of secondary metabolites and thus maybe an 

increased hazard of allerginicity, pathogenicity and toxicity. As mentioned previously, 

sporulation from fungus-killed hosts require a minimum of 95% relative humidity, 

and grain store managers attempt substantially lower relative humidities to avoid 

problems with storage fungi. So, the possibility of conidial numbers increasing 

through secondary infection is likely to be low. Also entomopathogenic fungi can not 

be expected to multiply in a non-sterile substrate such as grain.  
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    Based on this analysis the likelihood of increases in numbers of conidia or of 

metabolites following application of entomopathogenic fungi to grain or grain stores 

is low. However, no experimental data are available, and studies on the fate of conidia 

and metabolites must be carried out. 

    As researchers involved in the development of entomopathogenic fungi against 

stored product pests it is important that the following questions are addressed:  

 

1. What are the effective doses of fungus and can we decrease them in order to 

limit hazards? Depending on commodity and pest some options might be the 

combination with diatomaceous earth (Lord, 2001) or targeted application in 

traps with attractants (food sources or semiochemicals). 

 

2. What is the longevity of conidia over time at relevant temperatures and 

relative humidities, and will conidia be non-viable at the time of processing 

the grain? 

 

3. How much of the fungus inoculum remaining viable at the time of processing 

is removed during grain cleaning and milling?  

 

4. Do we need to start screening isolates for toxic metabolites early in the 

development of fungi for pest control, and is it possible to find simple and 

reliable methods once authorities agree which metabolites are not acceptable? 

 

5. Is it an option to use already registered isolates rather than select from isolates 

with no known metabolite profile? A constraint to this approach is that very 

few fungal isolates have gone through the registration process, and even these 

isolates may have to be re-evaluated before getting a registration covering 

application to food or feed. Furthermore, the use of already registered isolates 

is likely to conflict with claims to use indigenous isolates. 
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Abstract 

Entomopathogens have only rarely been used for the protection of stored products.  

For this reason there is apparently no documentation of how consumers react to them 

although some researchers are concerned that there could be negative responses.  

However, there is evidence of consumer demand for treatments that are sustainable 

and present lower health risks, such as those employing entomopathogens.  To ensure 

good uptake of these technologies it will be important to maintain positive attitudes 

by consumers.  This could be achieved by ensuring that none of the language used in 

describing the technology raises unnecessary fears, such as the inappropriate use of 

the word ‘pathogen’, and/or by a concerted effort to educate consumers.  Effective 

marketing messages will be needed, perhaps informed by socio-anthropological 

advice that will tailor the approach to each target culture and to each category of 

consumer. 

 

Introduction 

Entomopathogens are among a group of pest control treatments generally referred to 

as biologically-based crop protection agents (BCAs).  Consumers of entomopathogen 

BCAs are either those people using the technology to protect stored products or those 

people who may eat the treated food.  However, there appears to be no documented 

evidence about consumer reaction to the use of entomopathogens on stored products 

since, apart from in experimental trials, these organisms have rarely been used in the 

storage environment.  In contrast, entomopathogens are currently in use in a number 

of situations for pre-harvest pest management. 

 

In preparing this paper, I approached two entomologists currently engaged in projects 

to support small- and medium-scale enterprises in developing countries to market 

fungal and viral entomopathogens for the protection of growing crops.  I asked them 
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whether they had any knowledge about consumer acceptance of the technology.  They 

considered that from their experience in developing countries, consumer acceptance 

has not been a significant issue, not least because consumers are reassured that 

products have passed stringent safety testing.  They made the point that  

 

“BCAs provide growers and producers with alternative products which when 

compared to many chemical pesticides have lower toxicity, less residues and hence 

greater food safety and environmental protection.” 

 

and that  

 

“One of the drivers for increased use of BCAs in crop production is the response to 

consumer demand for greater food safety”. 

 

Nevertheless, it would be unwise to assume that the same attitudes would necessarily 

prevail in relation to treatment applied in a different situation (stored products) and in 

a different continent (Europe). 

 

 

Experience of entomopathogens in stored-product protection 

Storage technologists have been aware of the possibility of using of entomopathogens 

for the protection of stored products for a long time; there was sufficient research on 

the subject for it to be reviewed in 1984 (Hodges, 1984).  To date, the 

entomopathogens listed in Table 1 (and perhaps others) have been tested for use in 

stored products, at least in experimental trials.  The organisms listed will be familiar 

to scientists concerned with pre-harvest pest management.  The only obvious 

omission is entomopathogenic nematodes. 
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Table 1: Entomopathogens studied as potential means of controlling insect 

infestation of stored products 

 

Agents Organisms 

Protozoa Nosema, Mattesia 

Fungi Beauveria*, Metarhizium 

Bacteria Bacillus thuringiensis*, Spinosad 

Viruses Baculoviruses, e.g. Indian meal 

moth 

*in commercial use or ‘near market’ 

 

A combination of Beauveria bassiana and the insecticide pirimiphos methyl, under 

the brand name Boverosil, has been registered for use on store surfaces in the former 

Czechoslovakia (Dales, 1994).  The bacterium Bacillus thuringiensis and the Indian 

meal moth granulosis virus are both ‘near market’ for application to the surface layers 

of grain bulks in then USA.  The B. thuringiensis toxin can already be found in stored 

food as it is occurs in BT genetically modified maize grain.  However, this has been 

found to have only limited efficacy against storage moths such as Plodia 

interpunctella (Giles et al., 2000). 

 

The 8th International Working Conference of Stored Products Protection in 2002 

offered a forum for the presentation of information on the research and application of 

BCAs in stored products.  Several papers were submitted of which two are of 

particular interest in the current context.  Subramanyam et al. (2002) stressed the 

importance of the US Food Quality Protection Act of 1996 as a stimulus for reducing 

the usage of organophosphorous insecticides and were promoting the use of Spinosad, 

a bacterial metabolite with insecticidal properties, as an alternative to the admixture of 

conventional insecticides to grain.  A second paper, by Cox et al. (2002), described 

proposals for the Mycopest project in the UK, a study of the use of Beauveria 

bassiana for the control of storage pests. 

 

An important question to ask in relation to consumer acceptability is - would use on 

food as it grows be any different from food when it is in store?  The stated aims of the 
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Mycopest project, hint that storage technologists do believe in possible negative 

consumer reaction since it was mentioned that the project would be limited to 

treatment of store surfaces since  

 

“…. admixture may be acceptable only in certain circumstances because of possible  

concerns over the presence of micro-organisms, even beneficial ones, in food stuffs.” 

 

and that 

 

“…. their use for structural treatments to control residual infestation in stored 

products is more likely to find favour with regulatory authorities and the general 

public”. 

 

Given that BCAs pass stringent food safety checks, and that environmentally 

sustainable pest control with greater food safety is driven by consumer demand, it is 

far from certain that there would be any significant negative consumer reaction to the 

use of entomopathogens in stored products.  If there is a consumer acceptability 

problem then perhaps it is to do with the word ‘pathogen’ 

 

It is clearly very important that the language used by scientists does not provoke a 

negative response from consumers.  It would be very easy to mislead consumers into 

believing that pathogenic material is being added to their food.  The term 

‘entomopathogen’ sounds much like ‘enteropathogen’ - a disease causing organism of 

the human gut.  Some people also have an exaggerated suspicion of anything 

involving microbes or that is described as microbial, despite the fact that our very 

existence depends on such organisms. 

 

There are real barriers of both a technical and non-technical nature to the use of 

entomopathogens such as those listed in Table 2.  However, consumer acceptability 

need not be a barrier if there is careful marketing that lays stress on the organic nature 

of the treatment and food safety advantages over the use of synthetic pesticides.  At 

the very least, we need positive sounding names for the products.  For products used 

pre-harvest, good examples are Biogreen (Metarhizium), Green muscle (Beauveria) 

and Cornguard (Beauveria).  The names of companies marketing entomopathogens 
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are also carefully chosen, such as Agrivir, Microbio and Naturale-Agro, although it 

could be argued that Microbio could alarm some people. 

 

Table 2: Possible technical and non-technical barriers to uptake of 

entomopathogens for the protection of stored products 

 

Technical 

�� Short persistence 

�� Slow speed of action 

�� High specificity 

�� May have to be kept alive 

�� Need for more intensive management techniques 

 

Non technical 

�� Limited evidence of success 

�� Cost effectiveness  

�� Consumer acceptability? 

Conclusions 

It would seem that the current position with respect to entomopathogen use in stored 

products can be summarised as follows – 

 

�� It is uncertain that there is currently any consumer acceptability problem 

�� It is probably best to anticipate that there might be a problem 

�� Post-harvest scientists and companies intending to market entomopathogens 

should be proactive in promoting environmentally friendly pest management 

with the consumer 

�� They must also be sensitive to the use of any language that might lead to 

consumer concerns 

 

In the future, successful uptake of entomopathogen technologies by consumers of all 

types will require these technologies to have an acceptable public profile.  There is 

clear demand for sustainable technologies and an organic label will improve 

consumer acceptability.  However, a ‘false start’ by the use of inappropriate language 

could damage consumer confidence and the future prospects for these technologies.  
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There needs to be a debate as to how ‘false starts’ can be avoided.  Should we seek to 

educate consumers so that they understand the issues or should we just rely on the use 

of language that that avoids unnecessary alarm?  Considerable effort will be required 

to ensure appropriate marketing.  Consumer expectations and attitudes are likely to 

vary between cultures and between category of consumer, so that better results may 

be achieved if marketing efforts are informed by socio-anthropological advice. 
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Abstract 

Information on compatibility between entomopathogens and beneficial insects for 

stored product pest control is briefly reviewed. Studies involving a total of seven 

macroorganisms, namely six hymenopteran parasitoids and one predaceous beetle 

were found. Entomopathogens include viruses, microsporidians, and fungi. However, 

this aspect of integrated control of stored-product pests is in its beginning and much 

more research is needed until practical application can be expected. 

 

Key words: Hymenoptera, Coleoptera, viruses, microsporidia, fungi, Bacillus 

thuringiensis 

 

Introduction 
From a biological control viewpoint, there are both positive and negative aspects of 

host-parasitoid-pathogen-interactions. The negative aspects are pathogen-induced 

mortality of beneficials due to pathogen-produced toxins, the infection of the 

beneficials, and a lower attractiveness of infected hosts as oviposition sites for the 

parasitoid. Positive aspects are increased probability of predation or parasitism of 

infected pests, and the propagation of pathogens by beneficials. Temerak (1982), 

Kurstak (1966) and Burkholder (1981) suggested control of pest populations by 

spreading viruses and pathogens with the help of parasitoids. In practice in stored 

product protection, there is an important difference concerning registration. 

Microorganisms always require registration comparable to synthetic chemical 

insecticides. Macroorganisms require no registration or registration at lower cost. 

Consequently, in Germany, 72 organisms for macrobiological control are 

commercially available, 5 of them against stored-product pests (Bathon, 2005), 
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whereas in the whole of Europe there are only 5 products containing microbials for 

biocontrol, none of them against stored-product pests. 

 

Viruses 

Nuclear-polyhedrosis viruses are known to infect stored product moths. Hassan and 

Gröner (1977) found no side effects of such viruses on parasitism and development of 

Trichogramma. However, negative side effects of granulosis viruses of E. kuehniella 

on the braconid Phanerotoma flavitestacea were found, but under an identical 

experimental setup, no such effects were found with V. canescens (Kaya and Tanada, 

1972). No other information on compatibility between viruses and beneficial insects 

for stored product pest control was found. 

 

Microsporidians 

Microsporidians were evaluated for the control of Prostephanus truncatus. So far, no 

information seems to be available on possible side effects on beneficials attacking P. 

truncatus (Brooks, 1993). The neogregarine Mattesia dispora infected H. hebetor 

(Leibenguth, 1972). Healthy adults of the related species, Bracon mellitor, did not 

transmit the pathogen Mattesia grandis on host larvae or their own progeny. Also 

infected parasitoids did not infect the host larvae, but a low percentage of the 

parasitoid's progeny was infected (McLaughlin and Adams, 1966). Progeny of 

Trichogramma evanescens eclosing from eggs infected with the microsporidium 

Nosema pyrausta were heavily infected and the fertility was severely reduced (Huger, 

1984). Similar results were obtained for T. nubilale (Sajap and Lewis, 1988). Mattesia 

oryzaephili infected Cephalonomia tarsalis, a parasitoid of Oryzaephilus 

surinamensis, and C. waterstoni, a parasitoid of Cryptolestes ferrugineus, and were 

dispersed by the parasitoids (Lord 2005). 

 

Fungi 

Three species of fungi which are effective antagonists of P. truncatus (Aspergillus 

ochraceus, Metarhizium anisopliae and Beauveria bassiana) were also shown to be 

lethal to the predator, T. nigrescens (Burde, 1988). Cumulative mortality of T. 

nigrescens on day 14 was 42 and 48% with Metarhizium anisopliae and Beauveria 

bassiana, respectively, and > 90% of the dead T. nigrescens produced conidia 

(Bourassa et al., 2001). Lord (2001) showed that Cephalonomia tarsalis suffers high 
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mortality after infection with Beauveria bassiana but does not avoid habitats where 

the fungi are present. 

 

Bacillus thuringiensis 

The application of Bacillus thuringiensis (Bt) is not microbiological control in a strict 

sense, as no living organism is applied but the toxin of a entomopathogen, i.e. it is 

biotechnical method. The toxin of Bacillus thuringiensis (Bt) has in most cases little 

or no side effects on parasitoids. The effect of Bt-infected larvae of E. kuehniella on 

the biology of V. canescens was studied by Kurstak (1966). Parasitism was not 

affected, moreover V. canescens was shown to be a vector for Bt and therefore 

enhances the spread of the disease in a moth population. Another parasitoid species 

which was identified as a vector for Bt is B. brevicornis. In this species, Bt had a 

pathogenic effect on the parasitoid. 
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Background 

The use of residual pesticides and fumigants is now dominant is stored-product 

protection. However, several pest species are now resistant to many commonly used 

pesticides (Champ and Dyte 1976, Arthur 1996). Also, there is an increasing 

consumer demand for residue-free food and thus, alternative, reduced-risk control 

methods should be evaluated. 

 Diatomaceous earths (DEs) are among the most promising alternatives to 

residual pesticides. They are composed of the fossilised remains of phytoplanktons 

(called diatoms) and have low mammalian toxicity (Korunic 1998, Subramanyam and 

Roesli 2000). It is now well established that DEs ‘’inactivate’’ the waterproof lipids 

of the insect’s cuticle, and insects die though desiccation (Korunic 1998). Several DE 

formulations are now commercially available for use in stored-product protection 

(Subramanyam and Roesli 2000), and many of them have been proved very effective 

in both laboratory and field tests (Aldryhim 1990, 1993, Korunic 1998, Subramanyam 

and Roesli 2000, Fields and Korunic 2000, Arthur 2000a, b, Athanassiou et al. 2003, 

2004b, 2005b, Athanassiou and Kavallieratos 2005, Kavallieratos et al. 2005). 

However, the use of DEs has a negative influence on the physical properties of grain, 

especially bulk density (Korunic 1998, Korunic et al. 1998). DEs should be applied at 

high dose rates (>500 ppm) and this problem is considered as the main drawback in 

the use of DEs. 

 One other promising alternative to pesticides is the use of entomopathogenic 

fungi (Moore et al. 2000). Several fungal species have been tested with success 

against stored-product insect pests (Moore et al. 2000, Lord 2001, 2005, Stathers 

2002, Wakefield et al. 2002, Throne and Lord 2004, Batta 2004a, b, Steenberg and 

Hansen 2004, Athanassiou 2004, Akbar et al. 2004, Michalaki et al. 2005). These 

pathogens penetrate the cuticle and kill the insect by infection (Moore et al. 2000). 
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However, like DEs, entomopathogenic fungi are slow-acting in comparison with 

traditional insecticides. Also, despite the fact that fungi do affect seriously bulk 

density like DEs, for a satisfactory level of efficacy they should be applied at 

relatively high dose rates, which increases the cost of their application. Moreover, the 

use of fungi in the product results in contamination with living material (conidia, 

spores etc.) which is an additional limiting factor for their use (Moore et al. 2000). 

 

Entomopathogenic fungi with DEs 

Several inert materials, including silicates, have been evaluated for use in conjunction 

with entomopathogenic fungi, mainly for viability reasons, as carriers in the fungal 

formulations. For instance, Moore and Higgins (1997) found that some clays had a 

certain detrimental effect on the conidial viability of Metarhizium flavoviride Gams 

and Rozsypal (Deuteromycotina: Hyphomycetes). Batta (2004a) noted that the 

addition of several inert materials, such as ash or charcoal, increased the insecticidal 

effect of Metarhizium anisopliae (Metschinkoff) Sorokin against adults of the rice 

weevil, Sitophilus oryzae (L.) (Coleoptera: Curculionidae). Lord (2001) first stated 

that the DE formulation Protect-It increased the efficacy of Beauveria bassiana 

(Balsamo) Vuillemin (Deuteromycotina: Hyphomycetes) against larvae of the lesser 

grain borer, Rhyzopertha dominica (F.) (Coleoptera: Bostrychidae). In that study, the 

simultaneous use of DE reduced remarkably the dose rate of B. bassiana. This finding 

was very promising, since the use of both substances together resulted in a 

considerable lowering in the dose rate, minimizing the negative influence of high 

doses, as noted above. However, several parameters that affect the efficacy of such a 

combination need to be evaluated with additional experimental work. Some of these 

are analysed below. 

 

Influence of temperature 

Several studies document that, with few exceptions, the increase of temperature 

increases DE efficacy (Fields and Korunic 2000, Arthur 2000a, Vayias and 

Athanassiou 2004, Athanassiou et al. 2005a). This is because at higher temperatures 

the insects are more mobile, and thus, more DE particles are picked up on the cuticle 

(Fields and Korunic 2000). In the case of fungi, the effect of temperature is not clear, 

because fungal viability is highly affected by temperature (Moore et al. 1996, Moore 

et al. 2000, Lord 2005). Also different fungal isolates have different thermal 
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requirements (Stathers 2002, Wakefield et al. 2002, T. Steenberg personal 

communication). Lord (2005) found that mortality of R. dominica adults after 

exposure to B. bassiana was reduced with the increase of temperatures >30oC. In that 

study, the insecticidal effect of B. bassiana was enhanced by the presence of DE. 

Michalaki et al. (2005) noted that the efficacy of M. anisopliae conidia in 

combination with the DE SilicoSec against larvae of the confused flour beetle, 

Tribolium confusum Jacquelin du Val (Coleoptera: Tenebrionidae) was low at 20oC, 

in comparison with 25 and 30oC. Nevertheless, the presence of DE may moderate the 

negative influence of high temperatures to conidial efficacy, as noted by Michalaki et 

al. (2005). While many studies are available for the effect of temperature on conidial 

viability when fungus is present alone, there is no relative data for what occurs to 

viability when DE is present. This hypotheses should be examined with additional 

experimentation. Generally, most isolates seem to be less effective at temperatures 

>30 oC; however, DEs are quite effective at these temperatures and thus, this 

combination can be used in a wide temperature range. 

 

Influence of humidity 

As far as the insecticidal effect is concerned, for both fungi and DEs, temperature 

notably interacts with relative humidity (rh) (Vayias and Athanassiou 2004, Lord 

2005). For DEs, the influence of rh is clear: DEs are not very effective at high rh 

values (Subramanyam and Roesli 2000, Fields and Korunic 2000, Arthur 2000a, 

Vayias and Athanassiou 2004). This is due to the fact that at high rh values insects 

can moderate water loss, while at the same time DE particles absorb moisture from 

the air (Subramanyam and Roesli 2000). The opposite was expected for fungi: the 

increase of moisture/humidity causes an increase in fungal insecticidal effect. Hence, 

under these conditions the effect of DE in the fungal formulation could be negatively 

affected. Surprisingly, in many cases the reverse was true. For instance, Akbar et al. 

(2004) noted that the increase of rh had no effect on the efficacy of B. bassiana 

against larvae of T. castaneum, with or without the addition of DE. Also, Lord (2005) 

found that the same fungus was much more effective at lower rhs against R. dominica. 

For M. anisopliae, Michalaki et al. (2005) gave similar results, with or without the 

addition of DE. The use of a fungus that is effective at a high moisture content value 

in a certain commodity may be of no practical importance, since at high moistures the 

product can be downgraded (Moore et al. 2000). It is known that several 
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entomopathogenic fungal species are favored by relatively low rhs (Wraight et al. 

2001, Lord 2005). In contrast to what was expected by Brower et al. (1995), Lord 

(2005) clearly showed that low rh may be a benefit for fungal activity against insects. 

Hence, a combination of both fungus and DE can be used with success at dry 

conditions (Akbar et al. 2004, Lord 2005). 

 

Interactions between fungus and DE 

Only two possible interactions have been examined so far. The first is the effect of DE 

to conidial attachment in the insect cuticle. Akbar et al. (2004) found that the presence 

of Protect-It increased the conidial attachment in the case of T. castaneum. However, 

Lord (2001) by using the same combination against R. dominica did not record a 

significant degree in conidial attachment. The same holds for M. anisopliae and 

SilicoSec, for adults of Sitophilus oryzae (L.) (Coleoptera: Curculionidae), R. 

dominica and T. confusum (Athanassiou, unpublished data). Desiccation caused by 

DEs is directly related to changes in cuticular composition (Howard et al. 1995), and 

DEs may ‘’inactivate’’ epicuticular lipids that may play an inhibitory role in conidial 

attachment and germination (Lord 2001, 2005, Lord and Howard 2004, James et al. 

2004). Apparently, this fact needs to be investigated more, given that if certain 

ingredients, like DEs, play an augmentative role in conidial attachment then these 

ingredients should be included in conidial formulations. 

 The second interaction that has been studied, but only to a minor extent, is the 

effect of DEs in conidial germination. Preliminary work, on the effect of SilicoSec on 

conidial germination for a M. anisopliae strain (T. Steenberg and C. Athanassiou, 

unpublished data), found that the presence of this DE caused a slight germination 

decrease. At the fungus: DE ratios 1: 0, 1: 1, 1: 2 and 2: 1, the % germination rates, 

after 24 h, were 94.2, 85.2, 87.0 and 89.3 %, respectively. Also, Moore and Higgins 

(1997) noted that the presence of certain clays caused a detrimental effect in conidial 

viability of Metarhizium flavoviride Gams and Rozsypal (Deuteromycotina: 

Hyphomycetes). Hence, before conducting bioassays with a fungal/DE combination, a 

preliminary germination tests is required. Additional experimentation is needed on 

this issue, with a wider range of cases (fungal isolates, DEs, substrates etc.). 

 

Influence of commodity 
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DEs are not equally effective in different commodities (Subramanyam and Roesli 

2000, Athanassiou et al. 2003, 2004, Athanassiou and Kavallieratos 2005, 

Kavallieratos et al. 2005). Similar reports have been also recorded for fungi (Rice and 

Cogburn 1999, Padin et al. 2002, Michalaki et al. 2005). The only report for the 

influence of commodity on the insecticidal efficacy of a fungus/DE combination is the 

recent work of Michalaki et al. (2005) who reported that the effect of M. anisopliae 

with SilicoSec was more effective on wheat than on flour against T. confusum larvae 

(Michalaki et al. 2005). Apparently, commodity plays an important role in survival 

and development of stored-product insects; for instance T. confusum develops better 

on flour than on wheat (Aitken 1975) and this is obviously an important factor for the 

increased larval survival on treated flour in the study of Michalaki et al. (2005). Also, 

access to food may moderate water loss caused by silicas (White and Loschiavo 1986, 

Arthur 2000b, Vayias and Athanassiou 2004). Nevertheless, despite the fact that there 

are not enough data on this aspect, the presence of commodity may have a direct 

effect on the efficacy for both fungus and DE. For instance, the presence of flour or 

other fine materials may help insects to partially remove DE particles or even the 

fungal conidia. In addition, DEs interact with the oils and other substances in the 

kernels seed coat, which is, to some extent, determinative for DE effectiveness 

(Subramanyam and Roesli 2000). Interestingly, commodity also seems to play an 

important role in conidial germination and viability. Lord (2005) reported that the 

survival of B. bassiana conidia was reduced in vials with wheat substrate than in vials 

without wheat. Despite the above facts, the currently commercially available fungus 

and DE formulations are not labelled for different application rates for different 

commodities. 

 

Persistence 

As inert materials, DEs are expected to provide long-term protection in stored-product 

commodities, as long as the rh level is not very high (Subramanyam and Roesli 2000). 

This characteristic is particularly important, given that all insecticides currently used 

as residual protectants are usually not very effective for a long period, unless high 

dose rates are applied. For instance, Athanassiou et al. (2004a) found that low dose 

rates of the pyrethroids beta cyfluthirn, deltamethrin and alpha cypermethrin were 

unable to protect the treated wheat for a six-month interval against S. oryzae. In 

contrast, Athanassiou et al. (2005) found that the DEs, SilicoSec, PyriSec and Insecto 
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could provide a satisfactory level of protection on wheat and barley against the same 

species, for more than 7 months. Persistence is also considered an advantage of 

entomopathogenic fungi, despite the fact that there are not many data available for 

stored-products (Moore et al. 2000). This is due to the fact that fungi can be recycled 

in the cadavers, reintroducing more inoculum into the system (Thomas et al. 1996, 

1997, Stathers 2002). This is an appealing perspective, because a fungal/DE 

combination can be a very promising insecticide for long-term stored-product 

protection, despite the fact that a loss in virulence occurs with time (Athanassiou and 

Kavallieratos, unpublished data). Ironically, while persistence is a ‘’red flag’’ for 

traditional pesticides, it is a desirable characteristic in the case of fungi/DEs. 

However, persistence of conidia may require high rh (Moore et al. 2000), and under 

these conditions, the benefit of using DEs may be of no practical importance. 

 

Future research 

There is no doubt that there are many things that should be investigated, on the factors 

that affect the use of fungus with DEs. Obviously, the additive effect of DEs on 

fungus is an additional advantage. This would reduce the cost of such an application, 

because there is no need to maintain and test the virulence of a huge number of fungal 

isolates, because the presence of DE may increase the efficacy of a moderately 

effective isolate. Overall, this combination has a good potential for use in an IPM-

based stored product protection, for the reasons noted above. For an insecticidal effect 

that can be compared with traditional insecticides both fungus and DEs should be 

used in high dose rates. For instance, Lord (2005) used 200 ppm of B. bassiana 

conidia and 100 ppm of DE against R. dominica on wheat, while the usual dose rates 

for the same commodity is <10 ppm for most grain protectants (Arthur 1996, 

Athanassiou et al. 2004a). Thus, an additional effort for the further decrease of the 

fungus/DE application rates is required. One other issue that has to be examined is the 

interactions between fungus and DEs. For instance, B. bassiana exhibits a clear 

synergistic effect with DEs, but this effect is not equally clear in the case of M. 

anisopliae (Lord 2001, Athanassiou 2004, Michalaki et al. 2005). A third issue is the 

more extensive research on the physiological changes that occur to the insects 

exposed to this combination, in order to understand better its mode of action, which is 

poorly known today. Finally, from the available literature it becomes evident that, 
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since most data available come from laboratory tests, a large-scale experimentation is 

needed. 
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Abstract 

The effect of temperature on functional response of Cephalonomia tarsalis 

(Ashmead) was studied at 4 constant temperatures (21°C, 24°C, 27°C and 30°C) in 

temperature-controlled chambers. Handling time (Th) was inversely proportional to 

temperature and ranged from 0.167 at 21°C to 0.024 at 30°C. Instantaneous search 

rate (a) also changed with temperature. It was lowest at 30°C and highest at 27°C. 

The predicted maximum number of paralyzed larvae in 1 day (1/Th) was highest at 

27°C (21.3 larvae/day). A temperature-mediated functional response equation 

explained 77% of the variance in paralyzation rate. 

 

Keywords 
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Introduction   

The saw-toothed grain beetle, Oryzaephilus surinamensis (Linaeus) 

(Coleoptera: Silvanidae), is a cosmopolitan stored-product secondary pest whose 

adults and larvae cause damage. This pest is considered as a key pest of stored and 

processed grain in Czech Republic. A possible alternative to broadly employed 

chemical control of this pest is the use of natural enemies. Caphalonomia tarsalis 

(Ashmead) (Hymenoptera: Bethylidae) is both a predator and an ectoparasitoid of 

larvae and pupae of sawtoothed grain beetle, Oryzaephilus surrinamensis (L.) 

(Coleoptera: Silvanidae). This parasitoid is naturally present in stored products in 

Czech Republic (Lukáš, 2002). Basic biology of the parasitoid was described by 

Powell (1938). Some aspects of behavioral traits of this parasitoid have been studied 

(Howard et al., 1998; Cheng et al., 2003, 2004).  Lord (2001) conducted experiments 

on compatibility of this parasitoid with an entomopathogenic fungus, Beauveria 

bassiana.  
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Effectiveness of parasitoids is highly dependent on their ability to search for 

and handle hosts at varying ambient temperatures. Recently, Lukáš & Stejskal (2005) 

determined lower developmental thresholds (LDT) and sum of effective temperatures 

(SETk) of eggs, larvae, pupae and overall development of this parasitoid. Detailed 

knowledge of parasitoid biology other than developmental thresholds is important for 

predicting successful biological control. Information such as functional response 

dependent on temperature could help to assess the suitability of C. tarsalis to control 

O. surinamensis.    

The aim of this study was to determine the effects of host density and 

temperature on the functional response of the bethylid parasitoid C. tarsalis attacking 

fourth-instar saw-toothed grain beetle,  O. surinamensis. 

 

Material and methods 

Cultures of Cephalonomia tarsalis and Oryzaephilus surinamensis originated 

from stored wheat samples obtained from a warehouse near Prague in 2002. O. 

surinamensis was reared on rolled oats and C. tarsalis was reared on fourth instar 

larvae of O. surinamensis in wheat. Both cultures were maintained in climatic 

chambers in a constant temperature of 30°C, relative humidity of 75-80% at a 

photoperiod of 16:8 (L:D).  

Functional response of mated experienced 5-day old females of C. tarsalis paralyzing 

O. surinamensis larvae was studied at different constant temperatures of 21°C, 24°C, 

27°C, 30°C in temperature controlled chambers. A pair of newly emerged male and 

female C. tarsalis was placed in a plastic jar containing 10g of wheat and provided 

with 10 fourth-instar O. surinamensis for 96 hours. Females of C. tarsalis were sieved 

out after this period and deprived of hosts for 24 hours. A factorial arrangement of all 

treatments replicated as complete blocks were used. Treatments included 4 constant 

temperatures (see above) and targeted host densities of 0, 1, 2, 4, 8, 16 or 32 fourth 

instar larvae of O. surinamensis. Experimental blocks were replicated 10 times. After 

24 hours, the parasitoid females were removed from the experimental jars and the 

number of paralyzed host larvae was recorded.  

 

A type II disk equation for parasitoids (Royama, 1971) was fitted to the obtained data: 
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where Np is the number of hosts attacked, Nt are the number of hosts available, a is 

the instantaneous search rate, T is the total time of the experiment, Pt is the number of 

parasitoids and Th is the parasitoid handling time. A nonlinear analysis of the R 

freeware statistical package (http://cran.at.r-project.org) was used to estimate the 

coefficients a and Th. 

 

A model capable to predict functional response over a range of temperature was used 

(Flinn, 1991): 
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where X is the temperature (°C) and the other parameters are as previously described. 

A nonlinear analysis of the R freeware statistical package was used to estimate the 

coefficients a, � 0 , � 1 , � 2. 

 

Results 

At all experimental temperatures functional response fitted well a type II disk 

equation for parasitoids (Tab. 1). Fig. 1 shows graphically this equation fitted to the 

data for each temperature. Handling time (Th) was inversely proportional to 

temperature and ranged from 0.167 at 21°C to 0.024 at 30°C. Instantaneous search 

rate (a) also changed with temperature. It was lowest at 30°C and highest at 27°C. 

The predicted maximum number of paralyzed larvae in 1 day (1/Th) was highest at 

30°C (41.7 larvae/day) and 27°C (21.3 larvae/day). The value of Th at 30°C was on 

the border of significance (p=0.051). A temperature-mediated functional response 

equation explained 77% of the variance in paralyzation rate. Parameter estimates of 

this equation are shown in table 2. Temperature dependent functional response 

equation fitted to the data set (r2 = 0.77, p<0.0001) is shown in Fig.2. The optimal 

temperature for paralyzing the maximum number of host larvae is about 28°C. 

 

Discussion 
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Functional response analysis is commonly used to help predict the potential of 

parasitoids to regulate host populations (Oaten and Murdoch, 1975).  The results show 

that both handling time and search rate varied in dependence to temperature. 

Estimated instantaneous search rates for C. tarsalis were relatively high at all 

temperatures. The highest search rate was found at 27°C, lower at 21°C and 30°C and 

not significant at 24°C (p>0.05). C. tarsalis was able to attack and paralyze up to 21.3 

larvae at 27°C. Flinn (1991) found that C. waterstoni attacked 7.5 larvae in 12 hours 

at 25°C. Considering the suitability of C. tarsalis for biological control programs of 

O. surinamensis, it is necessary to take into account that not all paralyzed hosts are 

used for oviposition. Some of them serve as a source of nutrient (host feeding) for 

maturation of eggs and some are abandoned. Thus, host feeding is an important 

mortality factor which is welcome for the parasitoid. Moreover, paralyzed host larvae 

are not able to recover. Parasitism rate indicates only the number of hosts used for 

reproduction of the parasitoid but paralyzation rate is of greater importance as it is 

shows real capacity of the parasitoid to suppress the pest population. C. tarsalis is 

highly host specific as it seems that O. surrinamensis is its exclusive host (Howard et 

al., 1998; unpublished data). Developmental time of C. tarsalis is shorter Lukáš & 

Stejskal (2005) than that of its host (Hagstrum and Milliken, 1988). Results of this 

study suggest that this parasitoid could be effective against population of 

Oryzaephilus surinamensis.  
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Fig.  1   Functional response of Cephalonomia tarsalis paralyzing Cephalonomia 

tarsalis larvae at four different constant temperatures.  
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Fig. 2   Temperature dependent functional response of Cephalonomia tarsalis 

paralyzing Cephalonomia tarsalis larvae. 
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Tab. 1   Parameters estimates of Royama´s functional response equation for 

parasitoids where a is instantaneous search rate and Th denotes handling time. 

 

 

 

 

 

 

 

 

 

 

Tab. 2   Parameters estimates of temperature dependent functional response (equation 

2) for parasitoids where a is instantaneous search rate and � 0 , � 1 , � 2 are coefficients. 

 

 

41.70.77(*) 0.024 ± 0.013***0.723 ± 0.1766030 °C

21.30.90*** 0.047 ± 0.005***1.805 ± 0.3966027 °C

11.90.69*** 0.084 ± 0.012ns 3.089 ± 1.9456024 °C

60.52*** 0.167 ± 0.024**  0.976 ± 0.3516021 °C

MNPr2Th (day) ± SEa (day -1) ± SEN Temp. 

41.70.77(*) 0.024 ± 0.013***0.723 ± 0.1766030 °C

21.30.90*** 0.047 ± 0.005***1.805 ± 0.3966027 °C

11.90.69*** 0.084 ± 0.012ns 3.089 ± 1.9456024 °C

60.52*** 0.167 ± 0.024**  0.976 ± 0.3516021 °C

MNPr2Th (day) ± SEa (day -1) ± SEN Temp. 

± 0.0004***  0.0026� 2

± 0.0207*** -0.1465� 1

± 0.2784***  2.0690� 0

± 0.1977***  1.3281a

Par. est.  SE

± 0.0004***  0.0026� 2

± 0.0207*** -0.1465� 1

± 0.2784***  2.0690� 0

± 0.1977***  1.3281a

Par. est.  SE
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Abstract 

The contact insecticides deltamethrin and bendiocarb are used in stored product pest 

management against pyralid moths in the Czech Republic. In a dose response 

experiment with Venturia canescens, an endoparasitoid of these pests, we have studied 

its sensitivity to deltamethrin and bendiocarb.  We have found that Venturia canescens 

was about 20 times less sensitive to deltamethrin then to bendiocarb. The LC50 values 

at 24h after exposure to deltamethrin were 0.41% for deltamethrin and 0.018% for 

bendiocarb. 

 

Keywords 

Venturia canescens, deltamethrine, bendiocarb, susceptibility  

 

Introduction 

Contact insecticides are widely used in stored product pest management. Due 

to resistance, toxicity and residue risks of these type of insecticides, there is a need for 

alternative control means. Biological control would be a possible complementary 

solution.  

Fumigants and contact insecticides are primarily used to control pyralid moths 

including Ephestia kuhniella Zeller (Lepidoptera: Phycitidae), a primary pest of flour 

in mills and bakeries.  Both larvae and adults of this pest cause significant damage. 

Venturia canescens Gravenhorst (Hymenoptera: Ichneumonidae) is a solitary 

koinobiont, synovigenic endoparasitoid that is known to attack and develop 

successfully in the larvae of many lepidopterous pests. This parasitoid is naturally 

occurring in food processing and stored product facilities in the Czech Republic 

(Lukáš, 2002). A parthenogenetically reproducing strain of V. canescens occurs in 

anthropogenic conditions such as granaries and mills where it parasitises E. kuhniella 
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or Plodia interpunctella (Ahmad 1936; Waage 1979). These species are considered 

key pests of stored flour. Commonly used contact biocides (structural application) in 

mill, bakeries and processing facilities against these pests are deltamethrin and 

bendiocarb in the Czech Republic.  

Although interactions between beneficial insects and pesticides are intensively 

studied in field crops, orchards, vineyards and glasshouses (Croft, 1990) little is still 

known about beneficial species in the stored product environment. 

Therefore the aim of our study was to assess the influence of deltamethrin (K-

Othrin 25W) and bendiocarb (Ficam 80W) on V. canescens with the purpose to 

determine its susceptibility via lethal concentrations (LC10-LC99).  

 

Material and methods 

The parthenogenetic strain of V. canescens originated from several wasps collected in 

a mill and pasta factory complex in South Bohemia (near Ceske Budejovice) in 2002. 

Wasps were reared on 4th-5th instar larvae of E. kuhniella Zeller (Lepidoptera: 

Phycitidae) at 25°C, 70±5% RH and 12L:12D. The host species was reared on 

semolina in climatic chambers and maintained in a constant environment of 25±1 °C, 

70±5% RH and 16L:8D. Cultures were kept in clear plastic boxes (16x14x7cm) 

containing 200–250 g of semolina in paper sentinels with 250–300 host eggs. Newly 

emerged wasps (18±6h after emergence) were used for the experiments. 

The dipping technique was adopted for the bioassay with adults of V. tarsalis. 

The test solutions were prepared by dilution of the appropriate amount of insecticide 

with distilled water containing 5% Tween 80 to make the desired concentrations of K-

Othrine 25WP (0.001%, 0.005%, 0.01%, 0.05%, 0.1%, 0.5%, 1.0%, 1.5% and 2%) 

and of Ficam 80W (0.0015, 0.003, 0.015, 0.03, 0.15, 0.3, 0.6%). Prior to dipping, 

tested insects were anesthetized for 15 seconds with CO2. Then, insects were dipped 

for 2-3s in an insecticide solution and left to air dry at 25 °C. The treated insects were 

individually introduced into a test tube (90x15mm), supplied with a 50% honey-water 

solution and sealed with cotton wool. For control tests, insects were dipped in distilled 

water containing only Tween 80. At each insecticide concentration, five replications 

were made with 2-5 individuals per replicate for K-Othrine and two replications were 

made with 4 or 5 individuals per replicate for Ficam. Overall, experiments were done 

with 170 wasps (K-Othrine) and 72 wasps (Ficam) per test data of LC50. Mortality 

was recorded 24 hours after treatment. The definition of death was that the adults 
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could not respond to a pince tip prodding. No control mortality was observed during 

experiments. All bioassay tests were conducted in an environmental chamber at 

25 ± 1 °C at a photoperiod of 16:8 (L:D). The analysis of the influence of 

deltamethrin and bendiocarb on the mortality of V.canescens  was done by means of 

PoloPlus software.  

 

Results 

V. canescens was more sensitive to bendiocarb than to deltamethrin (Fig. 1,2). Probit 

results with log10(dose) transformation for deltamethrin were slope = 1.319 ± 0.186,  

intercept =    0.511 ± 0.155 (±SE), LC50 = 0.410 (0.259-0.662, CI 95%).  Probit 

results for bendiocarb with log(dose) transformation were slope = 5.875 ± 1.531, 

intercept = 10.212 ± 2.788 (±SE), LC50 =  0.018 (0.015-0.026, CI 95%). All lethal 

concentrations of deltamethrin and bendiocarb for V.canescens adults are summarized 

in Tables 1 and 2. 

 

Fig. 1   Observed mortality of V. canescens after 24 hours by exposure to different 

concentration of deltamethrin. 
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Fig. 2   Observed mortality of V. canescens after 24 hours by exposure to different 

concentration of bendiocarb. 

 

 

 

 

Table 1   Estimates of lethal doses concentrations (LC) of deltamethrin for V. 

canescens males and females. The LC50 values were calculated based on the mortality 

at 24h. 

 

127.3508.83523.765LC 99

10.8622.0003.837LC 90

3.9561.0421.780LC 80

1.9550.6361.023LC 70

1.0990.4060.638LC 60

0.6620.2590.410LC 50

0.4130.1590.263LC 40

0.2600.0910.164LC 30

0.1560.0460.094LC 20

0.0810.0170.044LC 10

UpperLower

CI (95 %)
Concentration (%)

Lethal
concentration

127.3508.83523.765LC 99

10.8622.0003.837LC 90

3.9561.0421.780LC 80

1.9550.6361.023LC 70

1.0990.4060.638LC 60

0.6620.2590.410LC 50

0.4130.1590.263LC 40

0.2600.0910.164LC 30

0.1560.0460.094LC 20

0.0810.0170.044LC 10

UpperLower

CI (95 %)
Concentration (%)

Lethal
concentration
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Table 2   Estimates of lethal doses concentrations (LC) of bendiocarb for V. canescens 

males and females. The LC50 values were calculated based on the mortality at 24h. 

 

0.1460.0300.045LC 99

0.0650.0230.030LC 90

0.0460.0200.025LC 80

0.0370.0180.022LC 70

0.0300.0160.020LC 60

0.0260.0150.018LC 50

0.0220.0130.017LC 40

0.0190.0110.015LC 30

0.0160.0090.013LC 20

0.0140.0070.011LC 10

UpperLower

CI (95 %)
Concentration [%]

Lethal
concentration

0.1460.0300.045LC 99

0.0650.0230.030LC 90

0.0460.0200.025LC 80

0.0370.0180.022LC 70

0.0300.0160.020LC 60

0.0260.0150.018LC 50

0.0220.0130.017LC 40

0.0190.0110.015LC 30

0.0160.0090.013LC 20

0.0140.0070.011LC 10

UpperLower

CI (95 %)
Concentration [%]

Lethal
concentration

 

 

 

 

Discussion  

Beneficial organisms are generally considered to be more susceptible to insecticides 

then their hosts (Croft, 1990). V. canscens displayed high sensitivity to bendiocarb, 

but was more then 20 times less sensitive to deltamethrin. This would indicate a 

moderate level of physiological resistance of this parasitoid to deltamethrin 

(recommended deltametrhin dosage concentration against stored product pests is 1%). 

The process of developing resistance in stored product pests parasitoids is known. For 

example Baker & Weaver (1993) found a strain of Anisopteromalus calandrae 

resistant to malathion and Baker & Throne (1995) studied resistant strains of 

Habrobracon hebetor. Elliot et al. (1983) reported that some pyrethroids are 2 to145 

times more toxic to E. kuehniella than to V. canescens. Zdarkova (1997) described 

differences in resistance to phosphine between different strains of the predatory mite 

Cheyletus eruditus. It was also shown that some strains of this predator are more 

tolerant to certain acaricides than its prey and can be released one week after an 

insecticide treatment. Use of pesticide resistant beneficials would be a promising 

strategy in pest management systems integrating chemical and biological control 

technologies (Schoeller, 1998). This approach would have some advantages over 
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traditional chemical control or biological control applied alone.  Releasing beneficials 

after application of lower dose of chemicals in appropriate time would increase time 

between two successive chemical applications, decrease the contamination of 

environment by chemical residues, decrease the probability of resistance development 

and considerably prolong efficacy of both measures.  
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