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ABSTRACT: Two consecutive field studies were carried out on the performance of Metarhizium 
anisopliae var. acridum against mixed grasshopper species under field conditions in North East of 
Ethiopia during the 2003 cropping season. Both the entomopathogen and 'control (gasoline) were 
applied against the experimental grasshoppers using a handheld, battery operated VLV+ sprayer. Each 
treatment was aSSigned randomly. In both trials, the fungus killed more grasshoppers than the control. 
The mortality of grasshoppers treated with Green MuscIe® per day ranged from 0 to 19.78 % in the first 
trial and 20 to 70.91 % in the second triaL Only 0 to 8.7% and 7.79 to 35.78% of insects in the control were 
dead, respectively. About 37.91 % and 37.71 % of the grasshoppers died from the fungus treated plots 
showed external sporulation of conidia following incubation in the first and second trials, respectively, 
confirming that death was due to mycosis. The fungus was found to be target specific as none of the 
non-targets showed sign of infection/fungal external sporulation following routine checkups on 
cadavers. The present result conform with those findings elsewhere that Green Muscle® can cause 
infection which could be sufficient to suppress grasshopper populations below that which could cause 
economic injury level when applied under field conditions in a similar way as chemical pesticides. 
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INTRODUCTION 

Insect pests have been implicated as the most 
important constraints to the subsistence 
agricultural production system in Ethiopia. 
Grasshoppers are among the greatest factors 
contributing to low productivity. For instance, 
Tadesse Gebremedihin (1988) reported losses of tef 
(£ragrostis teJ) due to grasshoppers ranging 
between 25 to 35% of the expected yield. Losses 
between 2 and 47% for tef and between 12 and 26% 
for wheat, with a mean about 20% for each, were 
recorded by previous work (Tibebu HjWold and 
Landin, 1992). Complete crop failures in tef due to 
grasshoppers occur every year in central Ethiopia 
(Tibebu H/Wold and Landin, 1992). 

Grasshoppers art: phytophagous insects, com­
mon in a variety of often dry habitats such as semi­
deserts, open meadows and grasslands, as well as 
in disturbed areas such as crop fields and along 
roadsides (Tibehu H/Wold and Landin, 1992). 
According to Jago (1977), there are at least two 
hundred species of grasshoppers in Ethiopia. A 
few of them constitute a high risk to economic 
crops in different parts of the country. 

I Similarly, according to Tibebu and Landin, 
(1992) twenty nine taxa of short and long-horned 
grasshoppers grouped into four families and nine 
subfamilies from central Ethiopia were recorded. 
Many of the species are of great economic 
importance. They are either pest or potential pests 
of cultivated crops in different countries induding 
Ethiopia (Jago, 1977; Stretch-Lilja, 1977; CORP, 

1982). 

Among economically important species of 
grasshoppers, Aiolopus longicornis is a serious pest 
of cereals, tef in particular at early seedling stage 
and highly mobile, suddenly appearing in swarms 
(Jago, 1977; Tibebu H/Wold and Landin, 1992). 
Oedaleus senegalensis (Krauss), Diabolocatantops 
axillaris (Thunberg) are also reported to cause 
serious crop losses particularly to late season millet 
in Africa (Jago, 1984). The later is also 
characterized by high mobility and very rapid 
rates of population increase. A. thalassinus also 
causes considerable damage to seedlings of tef and 
wheat. 

This and other Aiolopus species are becoming 
increasingly important as crop pests, being able to 
adapt from natural grassland habitat to crop areas 



(Hollis, 1968). Acrotylus patruelis is also one of the 
most abundant species throughout the year. It is a 
pest of tef and sorghum at ea;ly heading. E.noxia 
too is relatively numerous during the short and 
long rains, usually on black clay soils, causing 
considerable damage to seedlings or growing 
stages of tef and wheat and sorghum (CORP, 1982) 
The Senegalese grasshopper, Oedaleus senegalensis 
occurs in semi-arid grasslands in Africa, the 
Middle East and the Indiana suh-continent (Cheke 
et al., 1990). The species is the most important 
grasshopper pest in Sahelian zone of ~est Africa. 
In 1974 it infp.sted 3500 x lIP ha in West Africa and 
was resporL'lible for the loss of 368000 tones of 
agricultural production (Batten, 1969; Bernardi, 
1986). A suite of other locust and grasshopper 
species and assemblages cause much more 
regular and through their cumulative effect" more 
significant damage (Kooyman et al., 1997). 

In Tecent years, the challenge of controlling these 
ubiquitous resto, has fancn largely to synthetic 
chemical insecticides. Fenitrothiol1, a short 
persistent organophosphate with "a half life of 
aroLmd 24h (Sekizawa et al., 1992) is one of the 
most widely used rhemical insecticides for locHst 
and grasshopper control (Milner, 1997). It requires 
repeated applkations within a season or large· 
scale blanket sprays to achieve more than 
temporary relief (Kooyman et al., 19(7). 
l'urthermore, t1w extensive use (,f even thesE' non­
persisfent chemicals has led to enviromnenlaJ 
impacts (to humans and non-target organisms). 
These shortcomings underscore the need for 
alternative strategies, such as pest control with 
biological' control agents (Goettel and Johnsun, 
1997). 

Entomopathogenic fungi such as Metarl1izium 
anisopliae (Metscnikoff) Sorokin and Heal/veria app. 
are among the biological control agents used 
against insect pests. Few micro-organisms are 
available to replace conventional chemica 1 
insecticides against different insect pes.ts (Klein 
and Lacey, 1999). Fungi have the potential as 
microbial wulTO} agents because, they rllf~ 

genetically stable, infect their host through the 
cupcle; can be rnass produced cheaply, exhibit high 
virulence and rdativdy rapid action and are target 
specific (Prior and Greatht~ad; 1989, Lomer and 
Prior, 1992). The spores can be formulated in oil to 
overcome high humidity requirement during the 
infection process and to protect the conidia from 
soil radiation (Lomer et al., 2001). As wen as being 
environmentally inoffensive,. biological control 
agents are capable of self propagation. l"ungal 

have ~:en examined as potential contrc 1 
agcnh7 for different ins{C;ct pests ( Dowdet ai., 1992; 
Pen et al., et al"{ 1994; Vega et al., 1995; 
Klein and {';'leey, 1999). 

Inundative augumenation of entomopathgenic 
deuteromycet~ f\ln~i formulated as biopesticides 
could replace chemical spraying. Thus, the main 
objective of this study wa<> to evaluate the efficacy 
of Metarhi2ium anisopliae val'. ·acridum (Green 
Musde®) against mixed grasshopper populations 
under field conditions. 

MATERIALS AND METHODS 

Study sites 

Two trial sites (mnge lands) were selected in the 
Northeastern part of Ethiopia. The first trial was 
carried {)ut in a pla<:e locally known as Rasa (090 54' 
N, 40" 03' E), 7:;5 km north east of Addis Ababa 
(the capital city of Ethiopia). The second trial was 
carried out in Sho(J·Robit (100 00' liN and 39° 53' E), 
22'1 Km north east of Addis Ababa. The sites were 
sele<:ted becuuse th.ey are the most frequently 
affected areas by grasshoppers. TIle second trial 
sitl~ is typical of open savannah, with mixed 
grasses and with almost no vegetation. While, the 
first trial "lte is composed of different grasses and 
scai('ned aCocii:1 trees especially Acacia seyal and 
ll.(ucin ethabia. 

'rhe total trial field size was 5.46 hectares for each 
trial induding the buffer zones. Each trial field was 
divided into three blocks (Green Islands). Each 
block was separated from the surrounding field 
I.\n~1 block hy dealing the vegetation in 50 m radius 
a<; a bauier. Roth field b·.ials were carried out using 
a Randomized Complete Block Designs (RCBD). 

Eadl. block was divided into two treatment plots 
(sub·green is.lands) of 600 en:> each separated by a 
;;0 m buffer zones (Fig. 1) 

Tlw prod ud used in these trials was an oil 
miscible flO';vnble concentrate Formulation) of 
Melllrhizium anisopliae var. acridurn conidia 
obw.incd. from the Biological Control Products 
(BCP), South Africa. Gasoline was used as a diluent 
pnd control. lhe viabHity of the fungus was 
checked using standard procedures (Lacey et al., 
1994),30 minute before and after and during spray. 

The treatments, Green Muscle®, and contru} 
(gasoline) were assigned randomly to each plot in 
each block and replicated three times. The dose/ha 
of Metarhizium anisopliae var. acridum (Green 
Muscle®) was done according to the ocp's 
recommendation (25ljha). 
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Fig. 1. Field layout. Indicates the treatment plot., * Gear area indicates buffer zone 

Total land used was 210 m x 26{) m, The experimental field was divided into three blocks (Green islands), of 20 m x 210 m (w xl). 
Each bkx:k was divided in to two plots for treatments, which are 20 m x 30 m each. Each treated plot is separated from the 
neighbouring treated plot by 50 m (barrier). Sirnilarly each bkx:k is separated from the neighbouring block by 50 m width buffer zone. 

Dilution was made in less than 10 minutes before 
spray. Battery operated hand-held ULV+ sprayers 
(one for each treatment) were used for the 
application of the treatments. Eight fresh dry eelI 
batteries were loaded and used that resulted in a 
disc speep. of 10,000 RPM measured using a 
Vibratak. The average spray height of the nozel 
disc from the ground was 1.3 m. 

The flow rate of the treatments was 40 mlf min, 
The swath width was 10 m and the average 
walking speed was 1.2 m/sec (Emiru Seyoum, 
1994; Kooyman and Abdalla, 1998). The first trial 
was carried out during the rainy season 
(August/September, 2003) whilp the second trial 

was carried out at the end 'of the rainy season 
(October/November, 2003). 

Sampling of experimental insects from each plot 
was made between 8 am and 9 am commencing 24 
hrs after application for a duration of 21 days for 
the two trials. Sampling was made by usin& 
different sweep nets for each treatment to avoid 
possible contamination between treatments. Ten 
1800 sweepings were made in each plot. The 
collected insects were kept in cages of 20 cm x 40 
em x 30 em (L x H x w) within the experimental 
field. The insects kept in the cages were fed with 
untreated fresh grass daily. Mortality was recorded 
from day two onwards every day at the same time 
















