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ABSTRACT: Sorghum chafer, Pachnoda interrupta (Olivier), is the most serious pest of sorghum in Ethiopia destroying the entire fields 
at the milk stage and causing up to 100% yield loss. Current control methods entirely depend on direct spraying and baiting with insecti-
cides which does not provide long lasting control. Efficient biological control agents such as entomopathogenic fungi that can control the 
pest in the breeding sites need to be developed. Traps equipped with auto-inoculation devices are important alternative methods to spread 
entomopathogens into insect pest populations. Field studies on fungal auto-inoculation trap development from locally available materials 
conducted over three feeding and two mating seasons of P. interrupta resulted in two efficient auto-inoculation traps (AIT1 and AIT2) 
baited with a five compounds blend lure which were not significantly different in catch performance with the standard Japanese beetle trap.  
Two selected virulent isolates of Metarhizium anisopliae (PPRC51 and PPRC2) were tested for field efficacy using these two designs of 
locally affordable auto-inoculation traps loaded with 1gm of dry conidia. Using AIT1, PPRC51 and PPRC2 induced 41% and 40% field 
mortality respectively, on P. interrupta adults under high temperature and low relative humidity conditions, while highest field viability 
of the two isolates five days after application was 36 % and 40 % for PPRC51 and PPRC2, respectively. Based on the catch performance, 
field efficacy and viability data observed, the two AIT’s are recommended for further development to be used with PPRC51 and PPRC2 
for augmentation biological control in the pest’s natural habitat as a component of integrated pest management against P. interrupta.
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INTRODUCTION 

Sorghum chafer, Pachnoda interrupta (Olivier), is the 
most destructive pest of sorghum in Ethiopia destroying the 
entire fields at the milk stage (Tsedeke, 1988). During out-
breaks, the pest can cause 70 –100% yield loss (Yitbarek 
and Hiwot, 2000). Current control methods of P. interrupta 
entirely depend on direct spraying and baiting with insec-
ticides. However, since controlling of adult beetles through 
application of insecticides on scattered sorghum will not 
provide long lasting control, efficient biological control 
agents that can control the pest in the breeding sites need to 
be developed (Seneshaw and Mulugeta, 2000).

Traps equipped with auto-inoculation devices are im-
portant alternative methods to spread entomopathogens 
into insect pest populations. Auto-inoculation devices 
have been developed to infect coleopteran insects such 
as sap beetles (e.g. Carpophilus lugubris Murray) (Dowd 
and Vega, 2003), rhinoceros beetle (Oryctes rhinoceros 
(L.)) (Moslim et al., 2011) and emerald ash borer (Agri-
lus planipennis Fairmaire) (Lyons et al., 2012) in a strat-
egy that uses attraction, contamination and release of insect 
pests for biological control. Auto-inoculation traps (AIT) 
have also been used on non coleopteran insects like fruit 
flies (Ceratitis cosyra Walker, C. fasciventris Bezzi and  
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C. capitata (Weidemann)) (Dimbi et al., 2003) and tsetse 
flies (Glossina spp.) (Maniana, 2002) offering new ap-
proaches for application of entomopathogenic fungi in the 
field for control of insects (Migiro et al., 2010). Klein and 
Lacey (1999) have also demonstrated the possibility of 
fungal autodissemination to the Japanese beetle, Popillia 
japonica Newman, populations by modifying the standard 
Trece Catch Can Japanese beetle trap (JBT).

The use of autodissemination traps has been sug-
gested for bio-control of several insect pests by many au-
thors (Lacey et al., 1994; Furlong et. al., 1995; Klein and 
lacey, 1999; Dowd and Vega, 2003). In this technique, the 
target pest must be attracted to an auto-inoculation trap  in 
substantial numbers and allowed to exit the trap after con-
tamination with the fungal spores to horizontally transfer 
the inoculums to the populations elsewhere (Lyons et al., 
2012). Fungal auto-dissemination within a host population 
occurs as a result of activities and movements of the host 
(Scholte et al., 2004). Auto-dissemination devices facilitate 
inoculation of insects with entomopathogens horizontally 
(within a generation) among con-specifics in the environ-
ment and vertically (between generations) within a species, 
between species and from a local scale on a single plant to 
a landscape after they have been attracted to contaminated 
chambers (Vega et al., 2007, Jason et al., 2010). Transmis-
sion which determines the rate of dissemination and poten-
tial of the pathogen (Steinkraus, 2006) can occur through 
direct contact between contaminated and uncontaminated 
individuals or indirectly via conidia that have been depos-
ited on the substrate (Quesada-Moraga et al., 2008). 

Traps equipped with Auto-inoculation devices baited 
with attractant lures are important tools for application of 
entomopathogenic fungi in augmentation and inoculation 
pest management strategies and developing efficient auto 
inoculation trap (AIT) systems is a key in using these strate-
gies for successful control especially in inaccessible breed-
ing or overwintering larval and adult habitats (Klein and 
Lacey, 1999). Use of AIT to disseminate entomopathogenic 
fungi for pest control can also be regarded as a low-input 
approach in conditions where conventional control means 
raise economic feasibility questions as using chemical 
sprays can be costly (Dowd and Vega, 2003). Although fun-
gal ecology in crop systems has been studied in attempts to 
assess their potential as myco-insecticides (Hesketh et al., 
2010), knowledge gaps still exist (Roy et al., 2009).This 
necessitates assessment of the growth and virulence char-
acteristics of candidate isolates under actual environmental 
conditions as a pre-requisite for successful development 
to myco-insecticides (Butt et al., 2001; Kope et al., 2008).  
Adults of P. interrupta are known to aggregate in plant hosts 

such as sorghum and acacia trees but also aestivate in the 
soil in over wintering habitats (Welde-hawariat et al., 2007; 
Bengtsson et al., 2009). This behavior can be exploited for 
autodissemination of microbial bio-control agents such as 
entomopathogenic fungi to its natural breeding habitats in 
augmentation strategy for sustainable management of the 
pest. Use of auto-inoculation traps can facilitate the pro-
cess of infection of beetles with virulent entomopathogenic 
fungi.  The objectives of the experiments were therefore to 
develop an efficient trap equipped with fungus auto-inocu-
lation device and to evaluate the field efficacy of selected 
M. anisopliae isolates in infecting adult P. interrupta bee-
tles using the trap. 

MATERIALS AND METHODS

Description of the study sites

The field experiments were conducted in two zones 
of the Amhara Regional State of Ethiopia. Two of the sites 
are located in Kewot district Rasa village at Lewtegn (09 
o57’ N and 040 004’ E) and at Ayele ager (09o55’ N, 10o40’ 
E) in North Showa zone of the Amhara Region, Ethiopia 
(Figure1). These study sites are located 255 km northeast 
of Addis Ababa, at altitudinal range of 1300- 2600 m.a.s.l 
(meters above sea level). The area has a bimodal rainfall 
pattern with short rains observed between March and May 
and main rainy season between July and October. Unevenly 
distributed average annual rainfall of 500 to 700 mm and 
annual temperature range of 8oC to 40oC characterize the 
semi-arid ecological zone where the sites are located. Ma-
jor crops grown in the area include: sorghum, teff, maize, 
mung beans and cowpea. Kewot district is one of the areas 
where P. interrupta is most prevalent. The third site is lo-
cated in Bati district at Abuare village (10057’N, 040003’E; 
altitude 1383 m.a.s.l.) of the Oromia zone of the Amhara 
region with a distance of 355 km from Addis Ababa. These 
sites also have similar characteristics as the above men-
tioned sites. The distance between the two zones is approxi-
mately 150 km.

Lures

A blend of 5 compounds (Phenylacetaldehyde, 2,3-bu-
tanediol, Methylsalicylate, Eugenol, Isoamyl acetate) was 
used as an attractant during all the field experiments. One 
thousand micro-liters (1000µl) of each of the compounds 
was loaded on to a separate 4 ml glass vial (45 × 14.7 mm, 
clear, Skandinaviska GeneTec AB) dispenser with cotton 
roll (3.9 cm long and 0.9 cm in diameter, Top Dent®, Dental 
rolls) using micro pipette and mounted on one side of each 
of the traps (five vials per trap). The release rate of each 
of the compounds was adjusted to 0.5-1mg/hr or approxi-
mately 25mg/day and had longevity of at least 1 week.
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Evaluation of traps

Evaluation of traps for catch performance was con-
ducted in October, 2012, October, 2013 and July, 2014. In 
October 2012, two designs of auto-inoculation traps (AITa 
and AITb) were developed from a big (5 liters) plastic water 
bottle with cut top (open plastic bucket trap). The designs 
of the auto-inoculation devices were developed from small 
(1/2 liters) plastic water bottles (Figure 2).The diameter of 
the canister opening was 15cm and had a height of 21cm. 
The two traps and the JBT were used as three treatments. 
In 2013 experiments also, three types of traps were used as 
treatments. The first one was a modified auto-inoculation 
trap (hereafter called AIT1) made of one 5 liter and two 1 
liter plastic water containers fitted together at right angle. 
The second one was the same trap without the auto-inocu-
lation device but fitted with a 2 liter plastic canister at the 
bottom. The modified traps were painted yellow and green 
as in the standard Japanese beetle trap (JBT). The third trap 
was the JBT which was used as a standard control trap. In 
July 2014, AIT1 and a further modified version (AIT2) 

(Figure 3) were used as treatments with the JBT as a stand-
ard control trap. The pest population load in the trial areas 
was not at outbreak level. However, beetles were appearing 
in sufficient numbers in sorghum fields in the trial areas.

Fig. 2.    Schematic sketch of the two auto-dissemination 
traps; single outlet (a); two outlets (b) used in the October 
2012 experiments at Burka.

Fig. 1.    Location of the study sites on the map of Amhara Regional State of Ethiopia.
                * Woreda refers to a district in a zone (Map adapted from Getnet, 2014) 

Fig. 3.    Detailed parts of AIT2 a) Auto-inoculation chamber, b) Chamber fitted into canister, c) funnel put on top of canister, 
d) canister with protruding outlet, and e) trap with small water bottle suspended on top of canister and hang on a twig of an 
acacia tree.
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Field efficacy of Metarhizium anisopliae  isolates

Fungal isolates and application of fungal spores to traps

Evaluation of the field efficacy of the isolates was con-
ducted in October 2012, October 2013 and July 2014. In 
2012, the M. anisopliae isolate (PPRC51) was used. Pure 
spores of the isolate were harvested from three weeks old 
culture grown on quarter strength Sabouraud Dextrose 
Agar Yeast (SDAY) medium using sterile metal spatula and 
dried at 300 C in Petri-dishes for 12hrs to remove excess 
moisture (Lacey et al. 1994). The spores were then sealed 
in plastic bags and transported to the field in an ice box. 
Approximately 0.6gm of the spores was applied on the in-
ner walls of each auto-inoculation device using sterile met-
al spatula and dispersed with a clean camel’s hair brush. 
In the case of the trap with two auto-inoculation devices, 
0.3gm of spores was applied to each device. Traps not 
treated with the fungus and the Japanese beetle trap (JBT) 
served as untreated and standard controls, respectively. In 
the 2013 experiments treatments consisted of spores of M. 
anisopliae isolate PPRC51 and sterilized wheat bran flour 
as a carrier at a ratio of 1: 2.5gm and 1:5gm in a pouch of 
muslin cloth. Auto-inoculation trap1 (AIT1) was used. The 
control treatment consisted of 5gm of carrier and trap with 
a pouch of muslin cloth only. In 2014, three M. anisopliae 
isolates (PPRC51, PPRC2 and IC69) were used. One gram 
of pure spores of each of the isolates mass produced on rice 
was applied to the auto-inoculation devices of each trap. 
The control AIT treatments were loaded with killed spores.

Collection bags were tied to the outlets of the traps to 
collect beetles which cross the inoculation devices. Traps 
were emptied everyday and collected beetles were sepa-
rately kept in labeled Petri-dishes containing filter papers, 
fed with small slices of pilled banana and observed for 
mortality for 15 days. Dead beetles were surface sterilized 
with 70% alcohol and rinsed with sterile water. The bee-
tles were then transferred to sterile Petri-dishes containing 
wet filter paper and kept at room temperature to check for 
mycosis. Only the beetles which showed visible signs of 
fungal growth after incubation were included for percent-
age mortality analysis.

Treatments and experimental designs 

In the October 2012 feeding season there were sev-
en treatments with five replications. The treatments were: 
T1=AITa +fungus + 50ml of water, T2= AITa +fungus 
only, T3= AITa with no fungus, T4= Japanese beetle trap 
(JBT), T5=AITb +fungus + 50ml of water, T6= AITb + 
fungus only, T7= AITb with no fungus. Traps were hung in 
sorghum fields on sorghum stalks with the head of the sor-
ghum removed. In the October 2013 feeding season, there 

were three treatments and ten replications (Tables 1and 2). 
For the July 2014 mating season, there were 8 treatments 
and 5 replications (Table 3). All treatments were laid out 
in randomized complete block design with a 50m and 10m 
spacing between blocks and traps respectively. This gives 
about 20 traps per 450m2 area. Factorial arrangement was 
used in the October 2013 and July 2014 experiments.

Table 1. Treatments used for auto-inoculation experi-
ment at Dowhada (Lewetegn) site around Rassa in Oc-
tober 2013
Code Treatments Remarks
T1 1:2.5 gm (Fungi :wheat 

bran flour)
Modified Auto-inocula-
tion trap(AIT1)

T2 1:5 gm (Fungi :wheat bran 
flour)

Modified Auto-inocula-
tion trap(AIT1)

T3 5 gm of wheat bran flour 
only(control)

Modified Auto-inocula-
tion trap(AIT1)

Table 2. Treatments used for catch performance experi-
ment at the Dowhada (Lewetegn) site around Rassa in 
October 2013
Code Treatments Remarks

T1 AIT1 Modified Auto-inoculation trap 
T2 JBT (control) Standard Japanese beetle trap
T3 LAT Locally affordable trap with no auto-

inoculation device

Table 3. Combinations of  Metarhizium anisopliae iso-
lates and auto-inoculation traps used for determination 
of the field viability of spores in October and July, 2014
Treatment Isolate Trap Remarks
T1 PPRC51 AIT1 Auto-inoculation device from 

outside
T2 PPRC51 AIT2 Auto-inoculation device from 

inside
T3 PPRC2 AIT1 Auto-inoculation device from 

outside
T4 PPRC2 AIT2 Auto-inoculation device from 

inside
T5 ICIPE69 AIT1 Auto-inoculation device from 

outside
T6 ICIPE69 AIT2 Auto-inoculation device from 

inside
T7 All isolates AIT1 Control (killed spores)
T8 All isolates AIT2 Control (killed spores)

Determination of field viability of spores

The field level viability of the spores before loading 
on to the auto-inoculation device and every day thereafter 
was checked in July 2014 and October, 2014. Spores were 
picked up from the inoculation chambers of the AIT’s (each 
replicate of a treatment) using clean cotton buds, put in 1.8 
ml sterile cryovials and kept at 4 oC until processed. In the 
laboratory, 1ml of sterile 0.01% Tween 80 solution was add-
ed to the vials and vortex shaken for 2 minutes to dislodge 
the conidia from the cotton buds. Spores were counted us-
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ing an improved neubaur haemocytometer and the concen-
trations adjusted to 1x106 conidia/ml. Finally 100 µl of the 
spore suspension was transferred and spread on SDA media 
and incubated at room temperature for 24hrs. Viability of 
spores was determined by counting at least 300 spores and 
calculating the percentage of germinated spores. The mean 
temperature and relative humidity were 31. 3°C and 23% 
(October 2012), 30.7°C and 42.83% (October 2013) and 
36.5°C and 18.33% (July 2014) during experiments.

Quantification of spores picked up by individual beetles

Quantification of the amount of spores picked up from 
the auto-inoculation devices by individual beetles was done 
in the green house at Ambo Plant Protection Center (AP-
PRC). Each of the two AIT’s was loaded with 1gm of the 
respective fungal spores. M. anisopliae isolates (PPRC2, 
PPRC51 and IC-69) were used. There were three replica-
tions for each of the isolates and the traps. Ten field col-
lected beetles were then manually put into the traps loaded 
with spores of the respective isolates one by one and col-
lected from the exit of the traps and put individually in ster-
ile test tubes. One beetle from each treatment in a block 
was randomly selected and separately kept in a glass vial 
containing 1ml of Tween 80 (0.01%) and vortex shaken for 
2 minutes. Spores were then counted using an improved 
neubaur haemocytometer. 

Statistical analysis 

Mortality data were corrected for control mortality 
using Abbot’s formula (Abbot, 1925) before transforma-
tion. Percent germination and mortality data were arcsine 
transformed before analysis. Count data on trap catch were 
square root (√x+0.5) transformed. Analysis of variance 
(ANOVA) followed by mean separation was conducted on 
all transformed data using SAS software version 9.2.

RESULTS AND DISCUSSION

Catch performance of traps

In October 2012, there was no significant difference 
(P=0.40, F=1.08, df =6, 24) in the mean catch of all the 
auto-inoculation traps and the JBT used as a control (Fig-
ure 4). In October 2013 the JBT caught significantly higher 
number of beetles (P=0.016, F=5.21, df=2, 18) than AIT1 
and the LAT which did not significantly differ from each 
other (Figure 5). In July 2014 the catch performance of the 
two locally affordable AIT’s as compared to the JBT was 
not significantly different (P = 0.1141, df =2, n= 5) (Figure 
6). 

Fig. 4.    Mean catch of traps with one outlet, the JBT and 
traps with two outlets in October, 2012 at Burka. 

Fig. 5.    Mean catch per trap in 3 days in the October, 2013 
field Auto-inoculation trials at Dowhada (Rassa area).

Fig. 6.    Mean catch of two locally affordable auto-inocula-
tion traps (AIT1 and AIT2) and the Japanese beetle trap in 
July, 2014 at Rassa. 

Field efficacy of isolates

In October 2012, the mortality of the beetles varied 
significantly (Figure 7). Mortality ranged from 0 to 13.72% 
(~14%). The highest mortality was recorded from the M. 
anisopliae (PPRC51) treated bucket trap with one outlet 
containing 50ml of water (T1) and was significantly differ-
ent (P= 0.017, F= 3.25, df=6, 24) from all the other treat-
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ments. The rest of the treatments did not differ significantly 
from each other. In October 2013, there was significant dif-
ference (P = 0.0001, F= 15.94, df= 2, 18) in beetle mortal-
ity between the control (T3) and fungus treated AIT’s with 
auto-inoculation device (T1 and T2) (Figure 8) although 
the later two did not significantly differ from each other. In 
July 2014, there were significant differences among the M. 
anisopliae treated and control traps (P< 0.0018, F= 6.24, 
df 4, n = 5) in observed mortality of adults of P. interrupta 
(Figure 9). There was no significant difference between the 
two AIT’s (P=0.06, F= 3.80, df 1, 32, n =5).  

The isolate PPRC51 was associated with the highest 
mortality (40.73%) followed by PPRC2 and IC69 39.91% 
and 26.16% respectively when applied using AIT1. Us-
ing AIT2, observed mortalities were 25.02%, (PPRC51), 
26.69% (PPRC2) and 15.03% (IC69). The interaction be-
tween isolates and AIT’s was not significant (P =1.00, F= 
0.16, df 3, 32, n=5).

Fig. 7.    Mean percent mortality of  Pachnoda interrupta 
caught from M. anisopliae (PPRC51) treated and untreated 
traps over three days at Burka in October, 2012. 

Fig. 8.    Mean percent mortality of beetles collected from 
fungus treated and control AIT’s during the October, 2013 
field experiment at Lewtegn (Rassa area).

Fig. 9.    Mean percent mortality of beetles collected from 
AIT1 and AIT2 treated with three isolates of  Metarhizium 
anisopliae  and killed spores in July, 2014 at Rassa.

Field viability of isolates

In July 2014, the mean field viability (as measured by 
%germination) of spores of the three M. anisopliae isolates 
over five days significantly varied among the isolates (P = 
0.0001, df =2,24 for days 0 to 4 and P= 0.0015, df = 2,24 
for day 5) (Figure 10). The mean initial viability (day o) 
of PPRC51, PPRC2 and IC69 were 82.12% 84.5% and 
62.37% respectively. Viability decreased sharply especially 
for IC69 which dropped to 17.92% in the second day and 
plummeted to zero in day three. In contrast, the viability 
of PPRC51 and PPRC2 did not drop below 38% until after 
day 4. 

Fig. 10.    Mean percent germination of three Metarhizium 
anisopliae isolates applied in two auto-inoculation traps 
over 5days in July, 2014 at Rassa. 

In October 2014, the field viability of spores of the 
three M. anisopliae isolates over five days showed a similar 
trend as that of the July, 2014 experiment (Figure 11). The 
viability of the isolates varied significantly and ranged from 
78.3% (PPRC2) to 0% (IC69) over the five days (P=0.0001,  
df = 2, 24 for days 0 to 5). The viability of isolates PPRC51 
and PPRC2 did not significantly differ throughout the ex-
periment days. However, both isolates significantly differed 
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from IC69.Whereas the viability of PPRC51 and PPRC2 
did not drop below 35.6% and 40.3% respectively in day 
five, IC69 could not stay viable beyond day 2 particularly 
in AIT2. In contrast, in AIT1, the isolate stayed viable up to 
day 5 with mean viability of nearly 32% at day 5. There was 
a slight interaction effect between isolates and AIT’s at day 
3 (P=0.0001, F=17.04) and day 4 (P=0.03, F=3.73).  Gener-
ally, the viability was relatively low in AIT2 than in AIT1. 

Fig. 11.    Mean percent germination of three Metarhizium 
anisopliae isolates applied in two auto-inoculation traps 
over 5 days in October, 2014 at Rasa. 

Spore pick-up by beetles

The mean number of spores picked up by a single bee-
tle ranged from 3.14x107 (PPRC2) to 9.6x107 (PPRC51) in 
2014 (Figure 12). Significant variations were observed in 
the number of spores picked from the isolates (P<0.0001, 
df 2, n=10). There was no significant difference between 
using AIT1 or AIT2 and interaction effects between AIT’s 
and isolates were not significant. 

Fig. 12.    Number of spores picked up by single beetle from 
AIT’s loaded by three isolates of Metarhizium anisopliae 
in 2014. 

The Japanese beetle trap is often used to trap P. inter-
rupta in Ethiopia. But, use of standard commercial traps 
is costly and difficult to obtain for the subsistence farmers 
in Ethiopia. This, study attempted to develop cheap auto-
inoculation traps from locally available plastic water bottles 
to infect P. interrupta adults with M. anisopliae. In a similar 

low cost approach, auto-inoculation device made of locally 
available plastic water bottle materials was used to contam-
inate tsetse flies (Maniania, 1998). Although the JBT was 
reported as a more efficient trap for P. interrupta (Weldeha-
wariat et al., 2007), subsequent improvements in this study 
eventually resulted in AIT’s as efficient as the JBT.

The mortality of P. interrupta associated with isolate 
PPRC51 increased from 14% in October 2012 to 41% in 
July 2014. This may be attributed to the modifications done 
on the auto-inoculation devises which increased the pro-
tection of spores in the devises. It can also be attributed 
to combinations of environmental and devise improvement 
factors. However, the percentage mortality observed is rela-
tively high considering the hot climatic conditions of the 
breeding areas of P. interrupta. The field efficacy of ento-
mopathogenic fungi is influenced by strain genetic char-
acteristics and high conidial viability (Soetopo, 2004), the 
behavior of the  target pest in its natural habitat (Gindin 
et al., 2006) and the environmental factors such as solar 
radiation (UV light), temperature and low relative humidity 
(Inglis et al., 2001; Wraight et al., 2007). In contrast, ex-
istence of favorable microenvironment in the insect host’s 
body surface and high humidity leaf zones may facilitate 
conidial germination after contact with the cuticle (Inglis 
et al., 2001; Shipp et al., 2003). In this study use of either 
of 1:5 or 1:2.5 ratio (spore: wheat bran) in 2013 did not 
cause significant variation in mortality of beetles. Klein and 
Lacey (1999) also obtained similar non significant effect of 
spore to wheat bran ratio on mortality of P. japonica adults 
using a modified auto-inoculation trap.

As depicted in Figure 10, the viability of PPRC51 in 
AIT1 dropped to 20.39% by day 5 from initial viability of 
85.7% at the start of the experiment (day 0) which is a four-
fold  decrease. In a similar study, Klein and Lacey (1999), 
found that the viability of spores used in auto-inoculation 
traps for Japanese beetle dropped by about 50% (to less 
than 34.5% in six days from initial viability of 73%). This 
condition might be attributed to the high temperature and 
low relative humidity observed in the experiment sites. 
In the current study, the mean temperature and relative 
humidity were 31. 3°C and 23% (October 2012), 30.7°C 
and 42.83% (October 2013) and 36.5°C and 18.33% (July 
2014). The temperature of the target eco-system heavily 
influences growth and pathogenecity (Yeo et al., 2003) as 
well as speed of germination and kill (Migiro et al., 2010) 
of a fungal entomopathogen. In agreement with this study, 
Jaronski (2010) found that conidial germination was ad-
versely affected by and rapidly slowed in temperatures 
above 30oC. Similarly, Dimbi et al. (2003) also reported 
limited development of entomopathogenic fungi below 15 
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OC or above 35 OC. Conidia are generally instable at high 
temperatures (Fernandes et al., 2007).This necessitates the 
selection of isolates tolerant to the temperature range of the 
target ecosystem (Ferron et al., 1991) and appropriate for-
mulation (Forgues et al., 1997) as a means to overcome the 
problem. Niassy et al. (2012) were able to demonstrate that 
kairomone LUREM-TR used for thrips monitoring and au-
todissemination had detrimental effect on conidial viability 
of ICIPE 69. A similar condition might have occurred dur-
ing these experiments too. 

The number of spores picked up by individual beetles 
was generally greater than 3.14 x107 for all isolates in the 
green house trial. The number of conidia acquired by an 
insect depends on the formulation of the pathogen, the trap 
design, duration of contact with the conidia and the size of 
the beetle (Kreutz et al., 2004). The finding of this study is 
in agreement with the findings of Klein and Lacey (1999) 
who found up to 1.13 x108 conidia per beetle in P. Japonica 
passing through an auto-inoculation trap. 

In conclusion, this study has demonstrated a ground 
breaking development of auto-inoculation device for use in 
the management of P. interrupta in Ethiopia. The isolates 
PPRC51 and PPRC2  with field efficacy of  41%  and 40%, 
respectively, are recommended as potential candidates for 
development of myco-pesticide against P. interrupta for in-
tegrated management of the pest. Additional field studies 
under high population conditions, assessment of the dis-
semination of the fungi to breeding areas and to cause epi-
zootics in larvae and adults in the breeding areas and more 
research on mass production characteristics and storage of 
the isolates need to be carried out. 

REFERENCES

Bengtsson JM, Wolde-hawariat Y, Khbaish H, Negash M, 
Jembere B, Seyoum E, Hansson BS, Larsson MC, 
Hillbur Y. 2009. Field attractants for Pachnoda inter-
rupta (Coleoptera: Scarabaeidae): Identification by 
means of GC- EAD and single sensillum screening. J 
Chem Ecol. 35: 1063–1076.

Butt TM, Jackson C, Magan N. 2001. Introduction 
Fungal biological control agents: progress, prob-
lems and potential. pp 1-8. In: Butt TM, Jackson 
C, Magan N editors. Fungi  as biocontrol agents: 
progress, problems and potential, Wallingford, 
CAB International, Available from: http://dx.doi.
org/10.1079/9780851993560.0000.http://dx.doi.
org/10   1079/9780851993560.0001.

Dimbi S, Maniania NK, Lux SA, Ekesi S, Mueke JM. 
2003. Pathogenicity of Metarhizium anisopliae 
(Metsch) Sorokin and Beauveria bassiana (Balsamo) 
Vuillemin to three adult fruit fly species: Ceratitis 
capitata (Weidemann), C. rosa var. fasciventris 
Karsch and C. cosyria (Walker) (Diptera: Tephritidae). 
Mycopathologia 156: 375–382.

Dowd PF, Vega FE. 2003. Autodissemination of Beauveria 
bassiana by sap beetles (Coleoptera: Nitidulidae) 
to overwintering sites.  Biocontrol Sci Technol. 13:  
65–75.

Furlong  MJ, Pell JK, Ong PC, Syed AR. 1995. Field and 
laboratory evaluation of a sex pheromone trap for 
the autodissemination of the fungal entomopathogen 
Zoophthora radicans (Entomophthorales) by the dia-
mondback moth, Plutella  xylostella (Lepidoptera: 
Yponomeutidae). Bull Entomol Res. 85: 331–337.

Fernandes EKK, Rangel DEN, Moraes AML, Bittencourt 
VREP, Roberts DW. 2007.  Cold activity of Beauveria 
and Metarhizium and thermotolerance of Beauveria. J 
Inv Pathol. 98: 69–78.

Fargues J, Ouedraobo A, Goettel MS, Lomer CJ . 1997. 
Effects of temperature, humidity  and inoculation 
method on susceptibility of Schistocerca gregaria 
to Metarhizium  flavoviride. Biocontrol Sci Technol. 
7:345–356.

Ferron P, Fargues J, Riba G. 1991. Fungi as microbial 
insecticides against pests. pp 662-670. In: Arora  DK, 
Ljello L,  Mukerji KG. (Eds.) Handbook of Applied 
Mycology. Marcel Dekker Inc., New York.  

Gindin G, Levski S, Glazer I, Soroker V. 2006. Evaluation 
of the entomopathogenic fungi Metarhizium aniso-
pliae and Beauveria bassiana against the red palm 
weevil Rhynchophorus ferrugineus. Phytoparasitica 
34(4): 370–379.

Hesketh H, Roy HE, Eilenberg J, Pell JK, Hails, RS. 2010. 
Challenges in modeling complexity of fungal entomo-
pathogens in semi-natural populations of insects. Biol  
Control  55: 55–73.

Inglis GD, Goettel MS, Tariq M, Butt TM, Strasser H. 2001. 
Use of hyphomycetous fungi for managing isect pests.   
pp. 23-69. Fungi as biocontrol agents: progress, prob-
lems and potential. In: Butt TM, Jackson C, Magan N.  
(Eds). CABI Publishing, Wallingford, UK. 



76

Field level auto-inoculation of Pachnoda interrupta with Metarhizium anisopliae based microbial bio-control agents

Jaronski ST. 2010. Ecological factors in the inundative use 
of fungal entomopathogens. Bio Control 55: 159–185.

Jason B, Roy HE, Pell JK. 2010. Entomopathogenic fungi 
and insect behavior: from unsuspecting hosts to tar-
geted vectors. Biol Control 55: 89–102.

Kreutz J,  Zimmermann G, Vaupel O. 2004. Horizontal trans-
mission of the entomopathogenic fungus Beauveria 
bassiana among the spruce bark beetle, Ips typogra-
phus (Col.:Scolytidae) in the laboratory and under field 
conditions. Biocontrol Sci Technol.  14(8): 837–848. 
Available from: http://dx.doi.org/10.1080/788222844

Klein MG, Lacey LA. 1999. An attractant trap for auto-
dissemination of  entomopathogenic fungi into 
populations of the Japanese beetle, Popillia  japonica 
(Coleoptera: Scarabaeidae). Biocontrol Sci Technol. 9: 
151–158. 

Kope HH, Alfaro RI, Lavallee R. 2008. Effects of tempera-
ture and water activity on  Lecanicillium spp. conidia 
germination and growth, and mycoses of Pissodes 
Strobe. Biol Control 53: 489 –500.

Lyons DB,  Lavallee R, Kyei-Poku G, Van Frankenhuyzen 
K, Johny S, Guertin C, Francese J A, Jones GC, Blais 
M. 2012. Towards the development of an autocontami-
nation trap system to manage populations of emerald 
ash borer (Coleoptera: Buprestidae) with the native 
entomopathogenic fungus, Beauveria bassiana. J 
Econ Entomol.  105(6):1929–1939.

Lacey LA, Martins A, Ribeiro  C. 1994. The pathogenic-
ity of Metarhizium anisopliae and Beauveria bassiana 
for adults of the Japanese beetle, Popillia  japonica 
(Coleoptera:  Scarabeidae). EurJ Entomol. 3: 313–319. 

Maniania NK. 1998. A device for infecting adult tsetse fies, 
Glossina spp., with an  entomopathogenic fungus in 
the field. Biol Control 11: 248–254.

Maniania  NK. 2002. A low-cost contamination device for 
infecting adult tsetse flies, Glossinacv spp., with the 
entomopathogenic fungus Metarhizium anisopliae in 
the Þeld. Biocontrol Sci Technol. 12: 59–66.

Moslim R, Kamarudin N, Wahid MB. 2011. Trap for the 
autodissemination of Metarhizium anisopliae in the 
management of rhinoceros beetles Oryctes rhinoc-
eros. J Oil Palm Res.  32.

Migiro LN, Maniania NK, Chabi-Olaye A, Vandenberg 
J. 2010. Pathogenicity of  entomopathogenic fungi 

Metrhizium anisopliae and Beauveria bassiana 
(Hypocreales:  Clavicipitaceae) isolates to the adults 
of peal leafminer (Diptera: Agromyzidae) and pros-
pects of  autoinoculation device for infection in the 
field. Environ Entomol. 39(2): 468–475.

Niassy S, Maniania NK,  Subramanian S. 2012. Selection 
of promising fungal biological control agent of the 
western flower thrips Frankliniella  occidentalis 
(Pergande), Letters Applied Microbiol. 54(6):  487–
493.

Quesada-Moraga E, Martin-Carballo I, Garrido-Jurado I, 
Santiago-Alvarez C. 2008. Horizontal transmission 
of Metarhizium anisopliae among laboratory popu-
lations of Ceratitis capitata (Wiedemann) (Diptera: 
Tephritidae). Biol Control 47: 115–124.

Scholte EJ, Knols BGJ, Takken W. 2004. Autodissemination 
of the entomopathogenic  fungus Metarhizium  aniso-
pliae  amongst adults of the malaria vector Anopheles 
gambiae. Malaria J.  3: 45. 

Steinkraus DC. 2006. Factors affecting transmission of fun-
gal pathogens of aphids. J Inv Pathol. 92: 125–131.

Seneshaw A, Mulugeta N. 2002. Study on the biology of sor-
ghum chafer, P. interrupta (Coleoptera: Scarabaeidae) 
under laboratory condition. Pest Mgmt  J Ethio. 6: 
31–36.

Shipp JL, ZhangY, Hunt DWA, Ferguson G. 2003. Influence 
of humidity and greenhouse microclimate on the effi-
cacy of Beauveria bassiana (Balsamo) for control of 
greenhouse arthropod pests. Environ Entomol. 32: 
1154–63.

Soetoppo D. 2004. Efficacy of selected Beauveria bassiana 
(Balls.) Vuill. isolates in combination with a resistant 
cotton variety (PSB-Ct9) against the cotton boll-
worm, Helicoverpa armigera (Hubner) Lepidoptera: 
Noctuidae). (Dessertation), Phillippines: University of 
the Phillipines Los Banos.

Tsedeke A. 1988. Insect and mite pests of horticultural and 
miscellaneous plants in Ethiopia. IAR Hand Book No. 
1, Institute of Agricultural Research. Addis Ababa. 
115 pp.

Vega FE, Dowd PF, Lacey LA, Pell JK, Jackson DM, Klein 
MG. 2007. Dissemination of beneficial microbial 
agents by insects. pp. 127-146. In:  Lacey LA, Kaya 
HK (Eds).  Field manual of techniques in inverte-



77

HABTEGEBRIEL et al.

brate pathology, 2nd ed.  Springer, Dordrecht, The 
Netherlands.

Wolde-Hawariat Y, Seyoum E, Jembere B, Negash M, 
Hansson BS, Hillbur Y. 2007. Behavioral and electro-
physiological responses of sorghum chafer, Pachnoda 
interrupta (Coleoptera: Scarabaeidae: Cetoniinae), to 
plant compounds. Int J Trop Insect Sci. 27: 53–61.

Wraight SP, Inglis GD, Goettel S. 2007. Fungi: In: Lacy 
LA, Kaya HK editors. Field manual of techniques 
in invertebrate pathology (2nd edn). Application 
and evaluation of pathogens for control of insects 
and other invertebrate pests. Section IV-4. Springer, 
Dordrech, The Netherlands.

Yeo H, Pell JK, Alderson PG, Clark SJ,  Pye BJ. 2003.  
Laboratory evaluation of temperature effects on the 
germination and growth of entomopathogenic fungi 
and on  their pathogenicity to two aphid species. Pest 
Mgmt Sci. 59: 156–165.

Yitbarek W-H, Hiwot L. 2000. Preliminary yield loss assess-
ment on sorghum due to sorghum chafer, Pachnoda 
interrupta (Olivier) in Amhara Region. pp 39-43. In: 
Proceedings of the Workshop on the Development, 
Moniotiring and control strategy against sorghum 
chafer, Pachnoda interrupta (Olivier), (Coleoptera: 
Scarabaeidae) in Ethiopia. Addis Ababa. 


