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ABSTRACT
The pathogenicity of 10 isolates of entomopathogenic fungi to the onion thrips,

Thrips tabaci Lindeman, was evaluated in the laboratory. All fungal isolates tested were
pathogenic to adult T. tabaci. Isolates of Beauveria bassiana (Bals.) Yuill. caused
mortality of 30 to 100% while isolates of Metarhizium anisopliae (Metsch.) Sorok. caused
mortality of 70 to 100% 7 days after inoculation. LTso values varied from 3.0 to 8.1 days
and 2.5 to 5.3 days within B. bassiana and M. anisopliae isolates, respectively. LCso
values of the four most active isolates (B. bassiana ICIPE 83 and 85, and M. anisopliae
ICIPE 69 and 74) ranged from l.5 x lOS to 5.7 x 106 conidia ml" with M. anisopliae
ICIPE 69 producing the lowest LC50 value. All stages of T. tabaci were susceptible to
infection by M. anisopliae ICIPE 69, although the larval and pupal stages were less
susceptible than the adult stage. Mortality in all stages was dose-dependent, with the
highest mortality occurring at 1 x IOS conidia ml'. The potential of M. anisopliae ICIPE
69 as a rnycoinsecticide for T. tabaci control on onion is discussed.

INTRODUCTION
The onion thrips, Thrips tabaci Lindeman (Thysanoptera: Thripidae) is- an

economic pest of onions throughout the world (Lewis, I997a). It feeds on onion foliage
by puncturing cells and sucking sap, causing silvery mottling or blotching on the affected
surfaces. This feeding damage reduces the photosynthetic capacity of the plant and
interferes with the transportation of foliar nutrients to the bulb, either through disruption
of biochemical processes or depletion of carbohydrate or growth substances, thereby
reducing bulb yield (Kendall and Capinera, 1987; Childers, 1997). In Kenya up to 54%
yield loss in bulb has been attributed to the pest (lCIPE, 1997). Control of T. tabaci relies
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heavily on the use of chemical insecticides (Lewis, 1997b). Intensive use of chemical
insecticides results in the decimation of natural enemies, secondary pest outbreaks,
insecticide resistance and environmental damage. All these problems, coupled with the
demand for pesticide-free foods, has resulted in the need to find alternative management
strategies for the onion thrips. Biological control, including the use of entomopathogenic
fungi offers a sound management option, because they are environmentally benign, and
safe to non-target organisms, humans and livestock. Sucking insect pests, such as thrips,
are almost exclusively prone to attack by entomopathogenic fungi because only these
pathogens have the necessary enzymes to penetrate an insect's cuticle (Butt, 1990). In this
study, the pathogenicity of 10 isolates of entomopathogenic hyphomycetes was evaluated
against larval pupal adult stages of T. tabaci in order to select candidate isolates that could
be used for the control of the pest.

MATERIALS AND METHODS
Insect culture

A culture of T. tabaci was maintained in a controlled environment room at 26 ±
2°C and 60 ± 5% RH under a photoperiod of L:D 12:12 to ensure a regular supply of
larvae, pupae and adult insects of the same age. The rearing system was modified from
Ekesi et al. (1998a). The initial stock culture was obtained from a field population of T.
tabaci infesting a local variety of onion, Nairobi pular, at the ICIPE Headquarters,
Nairobi, Kenya. Adult female thrips were aspirated from onion plants and transferred to
polyethylene specimen tubes (95 x 30 mm). A microscreen with a mesh size of 192J.tm was
glued over the cut end of the tube which served as a cage. About 100 females were
introduced in each cage, which contained 2 x 7 em of onion leaf (variety Nairobi pular).
A total of 20 cages were set up. The onion leaf in each cage served both as oviposition
substrate and food source. Female thrips were allowed to oviposit for two days, after
which the onion leaves were removed and transferred to another polyethylene cage (110
x 15mm). First instar larvae emerged on the surfaces of thei.caves within 2-3 days. The
larvae were reared on the leaves until they were about to pupate. They were then
transferred to screened transparent plastic vials (50 x 100 mm) which were lined inside
with moistened cheesecloth andsandwiched between. t'c'(O layers of filter paper. Onion

Pupation occurrer' ''1\ the underside of the first
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Fungal culture
Fungal strains tested against T. tabaci are listed in Table 1. The fungi were cuItured

on Sabouraud dextrose agar (SDA) (Biotec Laboratories, Suffolk, UK) in 9.0 em diameter
Petri dishes. Plates were incubated for 2-3 weeks at 26 ± 2°C.

Bioassay procedure
Conidia of the various isolates were harvested by scraping from 21 day-old surface

cultures. Inocula were suspended in 20 ml sterile distilled water (SDW) containing 0.05 %
Triton X-1oo (PSPARK Scientific Ltd., Northampton, UK) in universal bottles containing
3 mm glass beads. The conidial suspension was vortexed for 5 minutes to produce a
homogenous suspension. Spore concentrations were determined using a Malassez cell-
counting chamber (Prolabo, Creteil, France). The viability of conidia was determined by
spread-plating 0.1 ml of conidial suspension (titrated to 3 x 106 conidia ml') on SDA
plates. Two sterile microscope cover slips were placed on each plate with each cover slip
serving as a replicate. Plates were incubated at 26 ± 2°C and examined after 24 hours.
Percentage germination was determined from 100 spore counts for each cover slip.

Treatments were performed by direct spray of 10 ml of a given concentration onto
each adult insects (2-3 day old) using the Burgerjon (1956) spray tower (lNRA,
Montpellier, France). All isolates were tested at a standard concentration of 1 x 108 conidia
ml'. Insects were immobilized by chilling them in a freezer for 25 seconds prior to
spraying. Control lots were treated with SOW containing 0.05% Triton X-IOO. Insects
were then transferred to cages (95 x 30 mm) similar to those used for rearing the insects.
The insects were fed daily on onion leaves that had been surface-sterilized by dipping in
70% alcohol with three changes of SDW. Mortality was recorded daily for 7 days and
mortality caused by fungi was confirmed by microscopic examination of hyphae and spores
on the surface of the insect. Each treatment (fungal isolate) was replicated four times with
20 insects per replicate.

Inoculation of different developmental stages
The second instar larvae, pupae and adults of T. tabaci were treated with the most

pathogenic isolate, M. anisopliae ICIPE 69. Because rearing was scheduled. thrips
belonging to different developmental stages could be treated simultaneously with conidial
suspensions. Three concentrations of conidia (1 x 106

, 1 X 107 and 1 x 108 conidia ml')
were tested against each stage by directly spraying 10 ml of a given concentration of
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spores onto each insect using the Burgerjon's (1956) spray tower. Control lots were treated
with SDW containing 0.05% Triton X-IOO. The experiment consisted of four replicates
of 20 insects per replicate for each concentration at each developmental stage. After
treatment, thrips larvae and adults were placed in rearing cages and kept at 26 ± 2°C
under a photoperiod of L: D 12: 12. Cages containing the pupae were kept in complete
darkness but at 26 ± 2°C. Mortality was recorded daily for 7 days. The criteria for scoring
mycoses were (1) death of larvae and adults, accompanied with fungal sporulation on the
cadavers and (2) failure of pupae to develop, accompanied with fungal sporulation on
colonized puparia.
Statistical Analysis

Percentages of mortality were normalize by arcsine transformation (Gomez and
Gomez, 1984) after correcting for natural mortality (Abbott, 1925). The transformed
values were separated by Student-Newman-Keuls test (SNK) using the analysis of variance
(ANOVA) procedure of SAS (SAS Institute, 1990). Regression analyses were used to
estimate the lethal time to 50% mortality (LT5o) and the lethal concentration causing 50%
mortality (LC50), using the LIFEREG procedure of SAS. LTso and LCso were then
subjected to ANOV A and means were separated by SNK using the SAS package.

RESULTS
In the viability test, germination of all isolates tested exceeded 80% after 24 h

(Table 2). This indicates that the bioassay measured true differences in virulence between
fungal isolates. Mortality in the control in the screening experiment was 2.5% and this was
significantly lower compared to the other treatments (P=O.OI). At the standard
concentration of 1 x 1(1conidia ml', all fungal isolates tested were pathogenic to adult T.
tabaci (Table 2). Mortality caused by B. bassiana, 7 days after inoculation ranged from
30 to 100% while M. anisopliae isolates caused mortality ranging from 70 to 100%,
(Table 2). The tethal time required to achieve 50% mortality by B. bassiana isolates varied
from 3.3 to 8.1 days while it varied from 2.5 to 5.3 days within M. anisopliae isolates
(P=O.OI). Metarhizium anisopliae ICIPE 69 had the shortest lethal time to 50% mortality
(2.5 days) among the 10 isolates tested. Most isolates, except B. bassiana ICIPE 59 and
82, had moderate to steep slopes indicating that there was a significant time mortality
relationship for these fungal isolates. Based on dose-mortality relationships (Table 3), LCso
values of the four most active isolates ranged from 1.5 x IOS to 5.7 X 106 conidia ml' with
M. anisopliae ICIPE 69 producing the lowest LCso value.
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Table 1.Isolates of entomopathogenic fungi tested against T. tabaci with details of origin

Fungal Host species Locality Date of
Species Isolate (Family) (Country) isolation

B. bassiana ICIPE 48 Diaperasticus sp. Kanyamwakologi 1989
(Forficulidae) (Kenya)

ICIPE 59 Soil sample Kabello (Kenya) 1990
ICIPE 82 Glossina pallidipes Nguruman 1995

(Diptera) (Kenya)
ICIPE 83 Megalurothrips Mwae (Kenya) 1996

sjostedti (Thripidae)
ICIPE 85 Maruca vitrata Mbita (Kenya) 1998

(pyralidae)
M anisopliae ICIPE 20 Soil sample Migori (Kenya) 1989

ICIPE 30 Busseola fusca KenduBay 1989
(Noucruidae) (Kenya)

ICIPE 66 Soil sample Kinshasa (DRC) 1990
ICIPE 69 Soil sample Kinshasa (DRC) 1990
ICIPE 74 Cylas puncticolis Mbita (Kenya) 1990

(Curculionidae)

Table 2. Viability (after 24 h) and pathogenicity of different isolates of entomopathogenic fungi to adult
Thrips tabaci: % mortality and LT sovalues at 1 x 108 conidia ml", 7 days after inoculation.

Fungal
Species

Percentage Percentage
Isolate germination I mortality I LTso (in days) Slope?

ICIPE48 100.0± O.Oa 7S.5±4.1c S.4 ± 0.8b 0.78 ± O.OS*
ICIPE 59 100.0± O.Oa 30.4 ± 5.7d 7.5 ± 0.7a 0.32 ± 0.24NS
ICIPE 82 90.3 ± 2.3a 38.3 ± 3.4d 8.1 ± 0.6a 0.36 ± 0.03NS
ICIPE83 95.1 ± 1.8a 100.0± O.Oa 3.3 ± O.5c 1.32± 0.31*·
ICIPE85 85.3 ± 2.1b 95.1 ± O.Oa 3.5 ± O.3c 1.17± 0.08 .*
ICIPE20 86.7 ± l.5b 70.3t2.1c S.3 ±0.7b 0.74 ± 0.47 *
ICIPE30 87.1 ± 1.8b 71.2 ± 1.6c S.3 ± 0.7b 0.73 ± 0.51 *
ICIPE66 94.3 ± 2.7a 8S.7 ±4.3b 4.1 ±0.6c 0.8\ ± 0.43 *
ICIPE69 100± O.Oa 100.0± O.Oa 2.5 ± OAd 1.56± 0.01 **
ICIPE74 100± O.Oa 100.0± O.Oa 3.2 ± 0.2c 1.33± 0.02 *

8. bassiana

M. anisopliae

'Mean percentage mortality values were transformed by arcsine before analysis but values in the table are the raw data. Means

within a column followed by the same letter are not significantly different by Student-Newman-Keuls' test (P=O.OI).

, 1 tes..». elope of regression equation (*P<O.05~ **P···O.DL NS cc not significant). 'Values are followed by ± S.E.
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Table 3. Dose-mortality relationship ofthe post pathogenic isolates tested against adult Thrips tabaci

Fungal species Isolate LCso (conidia ml") Slope I

B. bassiana ICIPE 83 1.0 x 106 ± 3.2 x 105a 0.79 ± 0.53**
ICIPE 85 5.7 x 106± 2.lx IO~a 0.82 ± 0.24 **

M. anisopliae ICIPE69 1.5 x io' ± 2.3 x 1O)b 1.63 ± 0.21 **
ICIPE 74 3.6 x 106 ± 1.1 xl O'a 0.98 ± 0.43 **

Means within a column followed by the same letter are not significantly different by Student-
Newman-Keuls' test (P=O.05).) t test on slope of regression equation (*P<0.05; **P<O.Ol). Values are followed
by± S.E.

There were significant differences in mortalities caused by M. anisopliae ICIPE 69
among the developmental stages of T. tabaci at all concentrations of inoculum (106

, 107
,

and IOS)(Table 4). Mortality was significantly higher in the adult stage than in the pupal
and larval stages. At the highest concentration of 1 x 108 conidia ml', LTso was
significantly shorter (P=O.01) in the adult stage than in the larval and pupal stages.
Correspondingly, LCso value 3J the adult stage was significantly lower (P=0.05) compared
with the larval and pupal stages.

Table 4: Pathogenicity of M. anisopliae leD?E 69 to T. tabaci developmental sages at 7 days after
Inoculation

Larva
Pupa
Adult

1. 4 ± O.laC
1.7:i: 0.2aC
1.8 ± O.3aC

30.7 ± 2.8bB
31.3 ± l.7bB
85.0 ± 2.!aB

45.6 ± 6.1bA
50.3 ± 5.2Ba
100.0 ± O.OaA

10'

50.1 ± 2.1cA
62.3 ± 3.4Ba
100.0 ± O.OaA

LT,. i.c.,
(days)' (conidia ml')

7.0 ± 1.Ia 4.7" 10',8.1" IO'a
5.4 ± 0.8b 5.1" 10'" 0.4 x IO'b
2.4 ± O.Se 1.4" 10' = 2.6.'\ 10Je

---- ..---- ..-----~~.-- ..- .....--.-

'Percentage mortality values were transformed to arcsine values before analysis but values in the tables are raw
data.
2Lethal concentration based on the highest concentration of 1 x 108 conidia mI·I.
Means within a colunm followed by the same lower case letter and within a row followed by the same upper case
letter are not significantly different by Student-Newman-Keuls' test. Values are followed by ± S.E.

DISCUSSION
As modern agriculture moves towards the use of environmentally benign methods of pest
management, there is an increasing interest in the use of mycoinsecticides for the
management of insect pests of agricultural importance and some products are already
available commercially (Ferron et al., 1991). The results of the experiment reported here
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indicatethat all isolates.of the entomopathogenicfungi tested were pathogenic to T. tabaci.
There was however, considerable variation in pathogenicity both between species and
isolates within species. Similar interspecific and intraspecific variations in pathogenic
activityamong speciesand isolatesof entomopathogenicfungi have been reported for other
insects (Poprawski et al., 1985; Feng and Johnson, 1990; Ekesi et al., 1998a). Based on
time-mortality relationship. this study identified two isolates of Beauveria bassiana
(Balsamo) Vuillemin (lCIP}: 83 and 85) and two isolates of Metarhizium anisopliae
(Metschnikoff) Sorokin (lCIPE 69 and 74) as the most pathogenic among the 10 isolates
tested. However, with regard to dose-mortality relationship, M. anisopliae ICIPE 69 was
superior among the four most pathogenic isolates, since it had the lowest concentration
required to cause 50% mortality. From the economic standpoint, this result suggests that
fast kill can be achievedwithM. anisopliae ICIPE 69 at a lower concentration of inoculum
comparedwith the other four isolates. Several other authors have envisaged the potential
of hyphomycetes fungi as biological control agents for thrips (Butt and Brownbridge,
1997). Ekesi et al. (1998a) demonstrated the pathogenicity of hyphomycetes fungi to the
legume flower thrips, Megalurothrips sjostedti (Trybom) and obtained 100% mortality
with two strains of B. bassiana and four strains of M. anisopliae at 7 days post
inoculation. In the field,M. anisopliae ICIPE 69 gave good control of the legume flower
thrips and increased cowpea yield (Ekesi et al., 1998b). In laboratory trials, Vestergaard
et al. (1995) reported high virulence of Yerticillium lecanii (Zimmermann) Viegas and M.
anisopliae to the Western flower thrips, Frankliniella occidentalis (Pergande) having
achieved 100% mortality in 7 days. Brownbridge (1995) reported that Taeniothrips
inconsequence (Uzel).•was highly susceptibleto V. lecanii, B. bassiana and M. anisopliae.
The work of Hall et al. (1994) and Saito (1991) showed that various species of
entomopathogenic fungi could be used in the management of Thrips palmi Karny.

Isolates of M. anisopliae caused death more rapidly than those of B. bassiana.
Ekesi et al. (1998a) and Vestergaard et al. (1995) reported a similar effect of Mo
anisopliae on M. sjostedti and F. occidentalis, respectively. The fast kill could be
attributed to the effect of depsipeptide toxins (destruxin) produced by M. anisopliae
following successful invasion of the host (Gillespie and Claydon, 1989).

Mortality in all stageswas dose-dependent, with the highest mortality occurring at
1 x 108 conidia ml'. Similar dose-mortality responses at different developmental stages
have been reported by several authors (Poprawski et al., 1985; Fransen et al., 1987;
Ekesi, 1999). Larval and pupal stages were less susceptible to infection than the adult
stage. This is in agreement with previous investigationson other species of thrips (Butt and
Brownbrige, 1997; Ekesi, 1999). This differential susceptibility at various life stages can
be ascribed to interactionbetween the insect integumentbeing penetrated by the fungus and
ecdysis of larval and pupal stages. Ecdysis has been reported to be important in the
mechanisms of insect resistaIlce to fungal infection, particularly when the time interval
between successive ecdysis is short (Vey and Fargues, 1977). Germinated and
ungerminated conidia have been observed on the exuviae of F. occldentalis larvae
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following infection with M. anisopliae (Vestergaard et al., 1995). It is probable therefore.
that in this study, fungal inoculum was shed with the exuvium following ecdysis.
Germlings of M. anisopliae are also known to respond to physical and chemical cues and
it has been shown that some germ lings will only form appresoria on rigid, hydrophobic
substrate (Butt, 1990). It therefore appears that physicochemical cues for penetration of
the cuticle differ among the developmental stages. For example, the cuticle of adult F.
occidentalis can be breached by M. anisopliae spores within 36-48 h, but the fungus takes
a longer time to breach the cuticle of the larvae and the conidia are shed with the exuvium
(Vestergaard et al., 1995). Although M. anisopliae caused low mortality in larvae"of T.
tabaci, Ekesi (1999) has reported that fecundity, egg fertility and longevity were reduced
in adults ofM. sjostedti, that survived infection as larvae. This mechanism warrants
investigation in the onion thrips, as it is likely to occur also in T. tabaci. The result of such
secondary effects is the overall reduction in insect pest population under field conditions
(Falcon, 1985).

The architecture of the onion plant has been reported to favour the development of
epizootic mycosis in T. tabaci (Maniania et al., 1998) probably because the ecological
niche associated with the insect within the appressed leaves of the onion plant provides
sufficient microclimate humidity for infection to take place (Benz, 1987). A
mycoinsecticidal approach based on M. anisopliae ICIPE 69 may therefore be particularly
effective for the management of T. tabaci on onion.
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