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Abstract. When ticks were sealed in nylon tetrapacks and infected with the entomogenous
fungi, Beauveria bassianand Metarizium anisopliaeand maintained in potted grass in the
field, the fungal oil formulations (fbconidia per ml) induced 100% mortality in larvae of
Rhipicephalus appendiculatd Amblyomma variegatunwhereas mortalities in nymphs
varied between 80-100% and in adults 80-90%. The aqueous formulati@nso@‘]jdia per

ml) induced mortalities of 40-50% and reductions in egg hatchability of @%bdssiana

and 48% . anisopliag when sprayed oBoophilus decoloratugngorging on cattle. The
strains of B. bassianaand M. anisopliaeisolated from naturally infected ticks were also
found to induce high mortalities in botR. appendiculatusind A.variegatumin tetrapacks
placed in potted grass. Both aqueous and oil-based formulations were found to be effective,
although the latter induced higher mortalities. These fungal strains in aqueous formulation
(108 conidia per ml) suppressed on-host populations of afulippendiculatudy 80% @B.
bassianaand 92% . anisopliag@ when sprayed on tick-infested grass once per month for a
period of 6 months. The feasibility of using entomogenous fungi for tick control in the field is
discussed.

Key words: Rhipicephalus appendiculatus, Amblyomma variegatum, Boophilus deceloratus,
Beauveria bassiana, Metarhizium anisopli@atomopathogen, biological control

Introduction

Ticks and tick-borne diseases (T&TBDs) are considered the greatest animal
disease problem in Africa (Younet al., 1988; DeCastro, 1997). Ticks are
controlled mainly with acaricides applied on cattle by means of plunge dips
or spray races. Although acaricides have been effective in suppressing tick
populations and incidences of TBDs, their main disadvantages have been
the high costs relative to values of cattle and cattle products, development
of acaricide resistance in ticks, environmental and food contamination by
acaricides and their residues (Norlal., 1992). To alleviate these prob-
lems, researchers have been developing new methods of tick control that can
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be applied alone or integrated with acaricides. These include the use of tick
resistant animals (Sutherst, 1983; Jongagital., 1989; Rechaet al.,, 1990);

use of tick-killing plants (Thompsoet al, 1978; Sutherstt al., 1982; Norval

et al, 1983) and use of pheromones (&ival., 1981; Rechav and whitehead,
1981; Sonenshinet al, 1985; Norvalet al,, 1991).

Little data is available in the literature on biological control of ticks, es-
pecially on the use of tick pathogens. Entomogenous fungi have been used
successfully to control various agricultural and pasture pests. In Brazil, they
have been sprayed with airplanes in large fields to control sugarcane pests
(Gillespie and Claydon, 1989), whereas in Indonesia and Malaysia, they are
used to control the rhinoceros beetle, a serious pest of oil palms (Munaan
and Wikardi, 1986). In Australia, entomogenous fungi have been used to
control the subterranean pasture pasipryphorus coulonjRath, 1992; Rath
et al, 1995a,b) and field tests have produced promising results with other
Australian pests such as the plague locBs$taulacridium vittatumand the
wingless grasshoppeghortoicetes terminifergMilner et al,1994; Hopper
et al, 1995). Entomogenous fungi have also been found to induce high mor-
tality in tsetse flies (Kaaya, 1989; Kaaya and Munyinyi, 1995) and evid-
ence of horizontal transmission from infected to uninfected flies has been
demonstrated (Kaaya and Okech, 1990). Mycopesticides are currently being
developed for control of the African locusts and grasshoppers by the Com-
monwealth Agricultural Bureau International (CABI) and the International
Institute of Tropical Agriculture (IITA) (Lomeet al., 1997).

Recently, we reported high mortality and reduced fecundity and egg viab-
ility in ticks experimentally-infected with the entomogenous furig)i,bas-
siana and M. anisopliaie (Kaayaet al., 1996). This paper reports further
observations, from laboratory and pilot field experiments, on the potential
of entomogenous fungi for the control of some African tick species.

Materials and Methods

Animal and potted grass experiments

Entomogenous fungB. bassianaand M. anisopliaewere cultured on sa-
bourauds dextrose agar (SDA) plates and conidia harvested as already de-
scribed (Kaayat al., 1996). Suspensions containing’ dnidia per ml were

then prepared in water and sprayed on ticks engorging on cattle or applied
by immersion on ticks sealed in nylon tetrapacks in case of potted grass
experiments (Kaayat al,, 1996; Kaaya and Mwangi, 1998).
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Oil-based formulations

Oil-based formulations consisting of fungal conidia in 15% peanuttoil
1% Tween-80 (emulsifier} 84% water were prepared and their efficacies
determined and compared with those of agqueous formulations.

Efficacy tests of entomogenous furggauveria bassiarend Metarhizium
anisopliagformulated in oil

The two fungal isolatesB3. bassianaand M. anisopliaepreviously isolated

from banana weevilCosmopolites sordiduend the migratory locustocusta
migratoria, respectively, and used in our previous experiments in agueous
formulations (Kaayaet al., 1996) were formulated in oil as described above
at a concentration of 2@onidia per ml. All life stages dR. appendiculatus
andA. variegatumwere sealed in nylon tetrapacks (Kaaal., 1996) larvae

and nymphs 20& 3 tetrapacks for each and adults 10@ tetrapacks, im-
mersed in the fungal suspension for 3s (Kaaya, 1989), put in potted grass
(9 cm diameterx 8 cm height) and placed under a tree in the field for 4
weeks, after which mortalities were recorded. In another experiment, adult
R. appendiculatusind A. variegatum(200 ticks per potx 3) were released
freely in the potted grass, sprayed with the fungal oil formulation mentioned
above, and the pots securely wrapped in nylon mosquito nets to prevent ticks
from escaping. These pots were also placed in the shade under a tree for
4 weeks (mean day temperature 25*@8relative humidity 60—70%) after
which the nylon nets were removed and all live ticks on the grass and dead
ticks in the soil counted. Each experiment was repeated three times. The soil
was seaved using a fine nylon seave to ensure recovery of all the ticks. In both
experiments, control ticks were treated with the oil emulsion without fungal
conidia.

Determination of pathogenicity of Rusinga island tick-isolated strairi. of
bassianand M. anisopliaeagainstR. appendiculatuand A. variegatumin
vegetation

Engorged femal®. appendiculatugndA. variegaturmwere collected from
zebu cattle in Rusinga island and incubated®&nd 93% rh) in the labor-
atory for egg production. A few ticks failed to lay eggs and died of fungal
infection. OneA. variegatumwas found to be infected witM. anisopliae
and another wittB. bassiana while oneR. appendiculatusvas found to

be infected withB. bassianaThe fungi were isolated and tested for patho-
genicity against ticks. One isolate Bf bassianaand one of\M. anisopliae
both isolated fronA. variegatumwere cultured on SDA at room temperature
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(24-25C) for 2 weeks and conidia harvested using the standard procedure.
Concentrations of F0conidia per ml were then prepared in water or 15% pea-
nut oil-water emulsions, each sealed in three nylon tetrapacks. All life stages
of R. appendiculatusnd A. variegatum(3 x 200 larvae; 3< 100 nymphs

and 3x 100 adults) per tetrapack, immersed in the fungal suspension for 3s
(Kaaya and Okech, 1990; Kaaya and Munyinyi, 1995), placed in potted grass
and left in the field for 6 weeks, after which tick mortalities were recorded
and compared between two formulations. This experiment was repeated three
times.

Assessment of pathogenicityhdf anisopliaeand B. bassianao Boophilus
decoloratugeeding on cattle in the field

Beauveria bassianandM. anisopliaepreviously isolated from banana weevil
and locust, respectively (Kaay al., 1996), were tested oBoophilus de-
coloratus the vector of babesiosis and anaplasmosis. Aqueous formulations
containing 10 conidia per ml were prepared and sprayed on the ticks en-
gorging on Zebu cattle in farms at Muhaka on the southern coast of Kenya.
After engorgement and dropping, the ticks were placed individually in nylon
tetrapacks, sealed and left in the grass under a tree for 6 weeks, after which
mortalities and egg viability were recorded.

Pasture experiments

Conidia of M. anisopliaeand B. bassianawere produced on a substrate of
ground maize and vermiculitd/; anisopliag or rice B. bassiana The sub-
strate was autoclaved for 1 h at 2Zland 15 Ib/sq inch pressure, transferred

to plastic buckets (3% 25 x 13 cm) and inoculated with a 3-day-old culture

of blastospores (50 ml). The cultures were incubated for 21 days at ambient
conditions (20-286C; 40-70% rh) (Maniania, 1993) and then allowed to dry
for 5 days at room temperature before conidia were harvested by sieving.
The conidia were stored in the refrigerator (4§ until required for field
spraying. Viability tests were conducted prior to each field experiment by cul-
turing the conidia in SDA for 24 h and determining the percent germination.
The field trials were carried out at ICIPE’s Kuja river field site in western
Kenya. The conidia were mixed thoroughly with water and 1% Tween-80
in 2401 metal drums to obtain a final concentration of b@nidia per ml

of water. These suspensions were then sprayed on grass once per month
on 5 acre paddocks previously seeded with approximateky 1@° larvae

of R. appendiculatusThe first paddock was sprayed with bassianathe
second withM. anisopliaeand the third acted as control. Each paddock con-
tained 5 zebu cattle. The control paddock was sprayed with 1% Tween-80 in
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water. On-host tick populations were counted on all cattle (whole body count)
monthly.

Data analysis

Analysis of variance (Anova) was used to test levels of significance in tick
counts and mortalities.

Results

High mortalities were induced by oil formulations of bdsh bassianaand
M. anisopliaein all stages oR. appendiculatuandA. variegatum Mortality
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Figure 1. Mortality in R. appendiculatuseated with conidia oB. bassianandM. anisopliae
(107 conidia per ml) in 15% oil emulsion in tetrapacks placed in grass in the field. Means of 3
experiments-£ SE) are presented.
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Figure 2. Mortality in A. variegatumtreated with conidia oB. bassianandM. anisopliae
(109 conidia per ml) in 15% oil emulsion in tetrapacks placed in grass in the field. Means of 3
experiments- SE) are presented.

rates were higher in larvae (100%) than in nymphs (80—-95%) or adults (78—
80%) (Figures 1 and 2). In adu. appendiculatuandA. variegatuniet free

in potted grass and sprayed with the fungal conidia in oil emulsion, the mor-
tality varied from 65—75% i, variegatumo 75-80% inR. appenduculatys
compared to control mortality (from 5-15% (Figure 3)).

Both aqueous and oil formulations of the Rusinga island tick-isolated
strains ofM. anisopliaeandB. bassiananduced high mortalities in botR.
appendiculatugindA. variegatumespecially in larvae, where mortality was
100% in both tick species (Figures 4 and 5). The oil formulation, however,
induced a higherR < 0.05) mortality in both tick species in nymphs and
adults than the aqueous formulation. In nymphs of lfatappendiculatuand
A. variegatummortality was about 100% with oil and 80% with aqueous for-
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Figure 3. Mortality in adultR. appendiculatuandA. variegaturet free in grass and sprayed
with conidia ofB. bassianandM. anisopliae(lo9 conidia per ml) in 15% oil emulsion. Mean
of 3 experiments£ SE) are presented.
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mulations, whereas in adults, mortality was 20-40% (aqueous) and 65-100%
(oil), respectively (Figures 4 and 5).

Aqueous formulations of both fungM. anisopliaeandB. bassianin-
duced mortality irB. decoloratuswhich was significantly highe™(< 0.05)
than that in controls. Mortalities were 10%, 40% and 50% in congol,
bassianaandM. anisopliaegroups, respectively. There were also significant
reductions in viability of eggs produced by the surviving ticks. In the control
group, egg viability was 98% compared with 30% and 509Birbassiana
andM. anisopliaetreated groups, respectively.

The viability of the conidia used in field trials was found to vary from
86—-90%. In paddocks sprayed with bassianaand M. anisopliaeonce per
month, tick populations were much lowd? £ 0.05) than in the control pad-
dock from May to July 1998 (Figure 6). In July 1998, after 6 months of
spraying, the mean numbers of adRlt appendiculatu®n cattle had been
reduced by 80% iB. bassianaand 92% inM. anisopliaetreated paddocks,
compared to controls.
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Figure 4. Mortality in larvae, nymphs and adults Bf appendiculatusaused by tick-isolated
B. bassianaand M. anisopliae (109 conidia per ml) applied as aqueous and oil-based
formulations in vegetation.

Discussion

The results with oil-based formulation were similar to those obtained in the
previous experiments with aqueous formulation (Kaetal.,, 1996) for lar-

vae and nymphs, but much better for adults. The aqueous formulations in
our previous experiments induced only 36—64% adult mortality compared to
78-80% in the present experiment. The oil-based formulation is therefore
more effective against aduR. appendiculatughan the aqueous formulation.
Results of pathogenicity of the tick-isolated strainsBofbassianaand M.
anisopliaeto R. appendiculatuandA. variegaturindicate that both fungi are

tick pathogens with potential for biological control of ticks. B&hbassiana

and M. anisopliaeinduced mortalities and reductions in egg hatchability in
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Figure 5. Mortality in larvae, nymphs and adults Af variegatuncaused by tick-isolateB.
bassianaand M. anisopliae(lO9 conidia per ml) in aqueous and oil-based formulations in
vegetation.

B. decoloratusThe impact of these fungi on populationsBfdecoloratuss
likely to be high when both the tick mortality and reductions in egg viability
are considered; for instancelif anisopliaewhere mortality of 53% and loss

of egg viability of 52% were achieved, the combined effect on the next tick
generation is likely to be significant. If there was also a reduction in fecundity
(not examined) as observed in other tick species (Kaagh, 1996), then the
impact of fungi onB. decoloratugpopulations will be even higher.

Resistance develops faster in one-host ticks B.gdecoloratusdue to
their short generation time, than in 2- and 3- host ticks (Noetall., 1992).
Development of acaricide resistanceBn decoloratushas infact been the
main reason for introduction of new acaricides in Africa (Tatchell, 1984;
Norval et al,, 1992). Entomogenous fungi may therefore be used instead of
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Figure 6. The impact of aqueous formulation of Rusinga island tick isolateB. dfassiana
andM. anisopliae(10° conidia per ml) sprayed on pastures once per month on populations of
adultR. appendiculatusn cattle. Mean tick counts from 5 cattle are presented.

or integrated with acaricides to contrBl decoloratusand to alleviate the
problem of resistance. Previous studies have shown that acaricides have no
detrimental effect on fungi when mixed together (Kaayal. 1996). Thus,
fungi may be sprayed on cattle alone or in a mixture with acaricides to kill the
acaricide-resistant ticks. Alternatively, since the larva is the only host-seeking
stage inB. decoloratusfungi may be sprayed on vegetation to kill the larvae
as well as the engorged females that drop on the ground to lay eggs. The
same integrated approach may be used to control the other tick species, e.g.
R. appendiculatuandA. variegatum

Despite using a fairly low concentration of conidia {listead of 18
conidia per ml), the fungi suppressed populationfRofappendiculatu®n
cattle by 80-92% when applied once per month in the field paddock experi-
ment. Other investigators have applied concentrations as high>ad®
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conidia per ml of water or oil to control other arthropods and obtained posit-
ive results (Milneret al,, 1994). The excessive rains of El Nifio in Kenya in
1998, which often occurred immediately after fungal application, must also
have reduced the efficacy of the fungi. In future, a higher concentration e.g.
10° conidia per ml should be tested at different frequencies of application.
Fungal isolates capable of inducing such high mortalities in all life stages of
ticks are likely to reduce tick populations significantly and consequently the
incidence of tick-borne and tick-associated diseases. Their use in tick control
may therefore reduce the frequency of acaricide application and the use of
curative drugs for TBDs. The reduction in frequency of acaricide application
will reduce the cost of tick control as well as the rate of development of tick
resistance to acaricides.

In intensive tick control programs in exotic and crossbreed dairy cattle in
Africa, acaricides are applied as frequently as once per week (Nered)
1992). Small-scale farmers raise most of these dairy cattle where the family
provides labor. Although spraying pastures with fungi may appear to create
more labor for the family, this may not be the case for the following reasons:
Firstly, horizontal transmission of infection from fungus-infected to uninfec-
ted arthropods has been observed (Kaaya and Okech, 1990; Beckier
1994). This often leads to fungal epizootic (Fargues and Remaudiére, 1977),
especially in moist environments. Non-target organisms may also serve as
secondary hosts on which fungal inoculum is maintained and propagated,
thus promoting later infections in the target host populations (Goettel and
Johnson, 1992). This epizootic phenomenon may reduce the frequency of
field applications, probably to only a few times in a year. Secondly, veget-
ation acts as a reservoir for ticks that attach on cattle. In a tick population
model developed foR. appendiculatust the International Center of Insect
Physiology and Ecology (ICIPE), we observed that for each tick attached on
cattle, there were as many as 1000-10,000 ticks in vegetation (Odulaja and
Kaaya, unpublished).

Spraying ticks in vegetation will therefore have an advantage of killing a
far greater number of ticks than spraying on cattle, thus reducing the num-
bers of ticks that would have attached on cattle and hence the frequency of
acaricide application. Spraying vegetation will also have an advantage over
spraying on cattle because it will kill ticks before they attach on cattle to
suck blood and transmit diseases. All stageBadphilusspp. (one host tick)
develop on the host and therefore the tick spends a relatively longer period
on the host than any individual stage of the 3-host ticks, which develop on
separate hosts. While wioophilusit may be possible to kill ticks on cattle
by spraying with fungus, it may not be possible to kill adRltappendicu-
latus or A. variegatumon host since the fungus takes 7-10 days to kill the
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ticks (Kaayaet al,, 1996) and by that time most of the ticks, especi&tly
appendiculatuswill have engorged and dropped on the ground to lay eggs.
Thus, the fungus may not prevent adult ticks from engorging and probably
spreading diseases, although fecundity will most probably be reduced and
consequently the size of the progeny.

If it were possible to produce fungi on local raw materials such as used
barley from breweries and sugarcane stems from sugar factories, the fungal
products for tick control would be cheaper and more affordable. Preliminary
data (Kaaya, unpublished) indicated that these two substrates can support
growth and sporulation dB. bassianandM. anisopliaebut further studies
are needed to optimize the culture systems. Entomogenous fungi are known to
be more specific to target organisms under field conditions, especially during
epizootic (Goettel and Johnson, 1992) and this specificity evidently reduces
the level of hazard to non-target organisms. Ratthl. (1995) observed that
application oM. anisopliaefor the control of the subterranean scarabory-
phorus couloniBurmeister) in pasture had no adverse effects on non-target
invertebrates. Mycopesticides are therefore likely to be environmentally safer
than the conventional acaricides.
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