


Th~ dfoct of the fungus on a scar.sb grub
bdol"\' (top) and after (lower), dead and 
covered with> co>t of grey conidia th•t will 
•preod the fungus. 

c.tying vegetation or animal matter -
but mthcr requires a living insect, 
which it must then kill in order to pro· 
duce its conidia. lt is thus a pa thogen 
(di~c~sl~c~user), and not a saprophyte 
- able to live on scavenged nutrient;, 
from the rcmams of (jving things in the 
environment - ,,~ are so many other 
soil fungi. 

Needless to say, soil-dwelling inse<:ts 
h.we spent mtlhons of years m the 
company of such fungi, and they h~vc 
w,w~ of fighting back. For example, 
some in~!'ct~ may produce enzyme> 
(phenoloxidases) that interfere with the 
ability of the fungus to manufacture its 
cell wolls ond hence grow. The con
cetHr,,tion of these en?.ymes it1 the 
hJemolymph (blood ) of the insect 
increa!>CS after a conidium has germi
natL'<l but before the complete penetra
tion of the germ tube through the 
cu ticle. Evidently, some sign.ll ·warn,· 
the im,cct that an invasion is in 
progre;,;, 

But, of course, the battle can escalate. 
Some "trams of fungt can produce sub
stances, tenned destruxins, that 
somehow interfere with the production 
of, or render ineffective, the insects' 
defensive enzymes. Quite possibly fur
ther details of each side's armoury 
rem~ in to bl! discovered, but the point 
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is that various degrees of effectiwn~.,~ 
extst, depending on the s train of 
fungus nnd the type of insect. 

I nsect pathologists have known for 
many yea rs that one species of 
Mr•lnrhizium would be very effective 

as a control agent- namely M. nnisop
liae By taking samples from soil 
around the country and from many dif
ferent infected insects, Or Milner ,utd 
hi;, colleagues have found that the spe
cies varies considerably in aturc. lt'~ 

no good, therefore, just gathering the 
fungus, identifying it, applying tt and 
then hoping for the best. The ro,,d to 
~uccess is paved by the a rtfu I select ion 
of the right s trains of M. amsc>plrac. 
And s trains must not only kill dfcc
tively, they must a lso be easily 
~u l tivntcd, produce lnrge number& of 
conidia and be able to persist in the 
soil. 

or the three main sources of strains 
- the existing culture collection~ of 
laboratorie!> around the world , the ~oil 
,1nd infected insects in the ftcld - the 
last has provided those most u:.eful 
ngainst pest insects. Surprisingly, strains 
from the soil are often ineffective, per
haps because they are ;,JX'Cific 
pi1thogcn~ of other soil-dwellers, or 
possibly because some arc genuinely 
l>aprophytic, a feed ing s trategy thnt h<tS 
been descri bed in other parts of the 
world. 

Or Milner and his team have col
lected and tested more than 100 
isc>lates (fungal cuJtures) from infected 

larvae or soil beneath sugar-cane. They 
were looking for a strain th;~t had a 
high 'kill rate', that produc<.-d conidia in 
large numbers and that survived well 
in the soil conditions prevailing in tho 
aren in which it would be used. 

The first test of a funga l isol~tc w;ts 
to roll pest larvae in vast numbcn. of 
dry conidia - not quite the way in 
which an infection would tak<' hold m 
the fteld, but it nevertheless gave .1n 
idea which were good killers. Only 
those that killed all larvae in less than 2 
weeks passed this first hurdle, and 
were put to a second test. 

For the next tes t, the team put 
conidia in water at doses of either 
100 million or I million per mL, and 
dipped larvae into the water. Good bo
IMcs would ki ll all larvae within 2 
\vaclc5 nt the hjghcr dotic of conidia, 
~nd at least ha lf at the lower one. 

The final test came closest to mod
elling soil conditions. TI1c ~dentists 
itdded conidia to the so il ,lt known 
do5L~, either by moons them in evenly 
or by putting corudta-coat(-d nee grains 
mto the soil. For a strain to be cfft'Chvc 
the lethal concentration required to kill 
half the insect larvae (the LC50) had 
to be less than 100 000 conidia per 
gram of soil. The best s trains achieved 
50% kills wi th only 10 000 o r even 1000 
per gram. But because infection t ake~ 
place mucl1 more slowly in soil, the 
destruction of ha lf of the pests would 
often take u p to 7 weeks to occur. 

This exhaustive selection process fin
ally yielded three s trait\S hig hly patho-

Thb close-up shows how the fungal hyphae (threads) grow out through gaps in th~ lnnct 
cuticle. 



genic for sugar-cane scarab pests. Of 
comse, the effectiveness of a m yco
insecticidc depends on other factors 
too. Apart from <HI assumed high 
humidity - without which the larvaJ 
pests themselves wouJd not be present 
-the most important is temperature. 

Most strains of M. mrisopline grew 
well between 20 a11d 3o·c. (However, 
they can survive short periods at much 
higher temperatures - about 4o·c -
as fom1d in soil.) The three most effec
tive ones were well adapted to the 
temperature profile of the soil in the 
Queensland sugar-cane fields. Other 
isolates of the fw1gus - from Victoria 
and Tasmania - can il1fect and kill a 
pt'St at temper a tures below 10 ·c, and 
are therefore being investigated as con
trol agents for a temperate-pasture 
pest. 

Other factors that can impinge on the 
success of the fungus include soil pll, 
organic matter, o ther microbes and sat
uration with water. Conidia can 
germinate over the pH range of most 
soils, but too mu.ch water excludes 
oxygen and thereby prevents spontl.a
tion (the formation of conidia) in 
infected dead insects. However, peri
ods of such severe waterlogging are 
likely to be brief. Dr Milner"s field 
observations and laboratory studi(!S 
suggested that organk matter in the 
soil favoured the development of the 
fmlgaJ disease in insects. 

The age of the insect host also plays 
an important part i.n determining the 
effectiveness of the fungus. Biologists 
in the field have observed that the fi na l 
larva l stage is the most often infected, 
partly because it is the most mobile 
and the longest-lasting stage and there
fore sta.nds the greatest chance of 
encow1tering conidia. The pup<~e and 
adults arc rarely infected, and the eggs 
even less often. 

Dr Milner has found that must 
strains of M. nmsopline are very specific 
to pa.rticubr insect hosts. This is ideal 
for a myco-inseclkide, as it means that 
beneficial insects will not be harmed. 
However, it has the drawback that 

where a complex of pest species exists, 
as with sugar-cane, then it may be nec
essary to use more than one strain to 
bring about full protection. 

W orkmg in collaboration with 
the Bureau of SugM Experi
mental Stations, Dr Milner 

and his team have conducted numer
ous field experiments with a range of 
fungal strains on cane crops in 
Queensland. Conidia don't move down 
into the soil very effectively, so the best 
strategy to get the desired fungus in 
place is to add it when the crop is 
planted. TI1e scientists have discovered 
that the conidia survive best when 
coated onto an inert carrier substance. 

In the case of crops like sugar-cane, 
the pests in the soi l take at least a year 
after planting to build up to a sizeable 
population. TI1ltS the fw1811S, applied 
during planting, must remain as viable 
conidja in thC' soil for 12 months or 
more. Dr Milner"s latest findings sug
gest that this is not a problem. 

Accordingly, commercialisa tion of 
th.e effecti vc strains is proceeding 
apace. The Division of Entomology h<1s 
granted lnci tec Pty Ltd the licence for 
the strains developed for sugar-cane 
pests. The company wiiJ work on how 
to produce the conidia in commercial 
quantities ~s well as the marketing of 
the myco-insecticide. 

Readers may wonder whether a 
possible "insect in the ointment' in this 
control s trategy is the developa1ent of 
resistance to the fungus. Of course, 
some degree of resistance is Likely to 
develop eventuaJiy - but, unlike the 
case with chemical insecticides, the 
control agent will itself be able to 
cl1ange, and if it does not do so fast 
enough then new strains can be 
selected. 

Moreover, chemical insecticides usu· 
aiJy have a very narrow target- often 
just one enzyme - in the pest. For 
resistance to appear 'aU' that is 
required (a lthough it may take dec
ades) is a suitable mutation to the 
affected enzyme that renders it able to 

L•ft: A grub emerging from • destroyed 
peanut. 

Below: Or Richard Milner e>eposing scarab 
grubs (white) in the soU at lhe base of 
sugar-cane plants. 

operate despite the presence of the 
chemical. Combating the process of 
fungal infection, by contrast, involves 
the operation of many biochemical 
pathways and the participation of dif
ferent cell types. As a result, resistance 
wouJd probably take longer to evolve 
and would be less effective, mimicking 
the sta te in Nature where, over time, 
neither the pathogen nor the host spe
cies achieves a totaJ victory. 

Meanwhile Dr Milner, in collabora
tion with DivisionaJ colleague Dr Tony 
Watson, is t\fming his attention to the 
control of termi tes. As these are social 
insects- vast numbers living together 
in mounds, with a surprising abWty to 
sacrifice individuals in order to combnt 
threats to the society as a whole- they 
raise rather different problems. How
ever, first results have suggested that 
the right strain of M. nrr isopline wou Id 
do the trick, provided we adopt the 
right strategy. But that's another story ... 

Roger Beckmawr 
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