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ABSTRACT

Effects of the fungi; Metarhizium anisopliae var. acridum (Metchnikoff) Soroken (=Metarhizium flavoviride) Beauveria
bassiana (Bals.) Vuill. and the microsporidian Nosema locustae Canning on the acridiids Schistocerca gregaria
(Forskal) and Euprepocnemis plorans (Charpentier) were studied in the laboratory. The three pathogens were tested at
doses of 10%, 10°, 10° and 10° spores/nymph. Mortalities were subjected to probit analysis to study the dose and time
mortality response. The results showed that M. anisopliae var. acridum was the most virulent pathogen to the 3™
nymphal instar of S. gregaria and E. plorans followed bg' B. bassiana, then N. locustae, where the LDsos for desert
locust at the 7% day were 3.5X107, 7.4X10® and 3.0X10" spores/nymph, on the 14™ day were 4.5X10*, 7.0X10° and
1.2X10® spores/nymph and on the 21* day were 3.6X10°% 3.5X10* and 1.1X10° spores/nymph, after infection with
M. anisopliae, B. bassiana and N. locustae, re?ectively. In case of E. plorans, the LDsgs on the 7% day were 3.5X10,
1.6X10°% and 3.7X10° spores/nymph, on the 14" day were 2.3X10%, 7.0X10° and 3.3X10° spores/nymph on the day 21*
were 1.3X10%, 8.7X10% and 1.3X10° spores/nymph, after infection with the same respective pathogens. Concerning the
speed of kill, M. anisopliae was the fastest pathogen in its action followed by B. bassiana, then N. locustae at LTs
values bases. The LTs, values of M. anisopliae, B. bassiana and N. locustae when applied to S. gregaria at the dose 10°
were 24.66, 36.39 and 51.26 days, at the dose 10* were 16.37, 21.84 and 27.05 days, at the dose 10° were 11.76, 17.85
and 20.13 days and at the dose 10° were 10.76, 13.59 and 17.40 days, respectively. When applied to E. plorans, the
LTs, values of M. anisopliae, B. bassiana and N. locustae at the dose 10° were 19.72, 36.61 and 40.47 days, at the dose
10" were 14.90, 23.24 and 23.54 days, at the dose 10° were 11.76, 17.85, and 20.12 days, and at the dose 10° were
10.43, 13.47 and 16.08 days, respectively. The fungi M. anisopliae var. acridum and B. bassiana showed significant
prolongation to infected 3™ nymphal insatr of both insect species. The entomopathogens lead to significant prolongation
in duration of infected 4™ and 5™ nymphal instars. M. anisopliae var. acridum caused the longest prolongation to all
nymphal instar durations followed by B. bassiana then N. locustae. The pathogens also caused significant reduction in
number of egg pods and number of eggs per pods, in addition they caused significant prolongation in the
preovipositional period and the period between each egg pod. They also induced significant reduction in the adult
longevity. The most effective pathogen on the fecundity of S. gregaria and E. plorans was M. anisopliae var. acridum
followed by B. bassiana then N. locustae.
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INTRODUCTION Governorates (unpublished data, El-Maghraby

2003). Millions of ha. of land in many countries

Locusts and grasshoppers are major economic
pests of crops and grasslands throughout the world’s
dry zones, their attacks attract much public attention,
few other pests make headline news (Lomer et al.,
1999). Desert locust Schistocerca gregaria
consumes approximately their own weight (ca. 2g)
of fresh vegetation each day. Swarms often contain
50 million individuals per Km? so that even a
moderate swarm measuring 10 Km’ could consume
about 1000 tons of fresh vegetation daily during
migration (Coper, 1982). Since long time,
grasshopper Euprepocnemis plorans (Charp.) is
considered the most economic grasshopper in Egypt,
causing a serious damage to cultivated crops
specially in the newly reclaimed lands (Nakhla,
1957). Recently, E. plorans caused serious damage
to maize cultivation in Sharkia and Dakahlia

received aerial or ground insecticide treatments to
control locusts and grasshoppers, using millions of
liters of insecticides, the large scale repeated
application of insecticides, raised concern about the
possible impact on the environment as well as on
human health (Anonymous , 1990 and 2006). All
fungi isolates whish are highly virulent to S.
gregaria belonged to genus Metarhizium. The
1solate that was adopted as a standard and used in all
assays for comparison was M. anisopliae var.
acridum IMI330189 which originated from the
grasshoppers Ornithacris cavroisi (Finot) collected
in Niger. No highly virulent isolates to locust have
yet been found originating in non orthopteran hosts
(Prior, 1992). About 58 species of Orthoptera were
known to be susceptible to infection by N. locustae,
while there is no species out order Orthoptera
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susceptible to N. locustae (Henry, 1969). Also, most
economic grasshopper species in Egypt are
susceptible to N. locustae infection (Abdelatef,
1998).

The aim of the present study is to evaluate the
susceptibility of S. gregaria and E. plorans to the
three entomopathogens: Metarhizium anisopliae var.
acridum, Beauveria bassiana and Nosema locustae.

MATERIALS AND METHODS

Test insects

Insects used were the 3™ nymphal instar of the
locust, S. gregaria and the grasshopper, E. plorans.
The insects were obtained from stock cultures
maintained for several generations at the Locust and
Grasshopper Research Department, Plant Protection
Research Institute, Agricultural Research Center
(AR.C), Dokki, Giza, Egypt. The cultures are
usually fortified with some fresh insects brought
from the field every year.

Metarhizium anisopliae var. acridum IMI 330189

Spores of M. anisopliae var. acridum used were
from isolate IMI330189, kindly provided by
(Biological Control Products), South Africa. The
spores were first used to contaminate desert locust,
S. gregaria and the grasshopper, E. plorans nymphs,
then the nymphs were kept under 31 °C and
observed for mortality. Cadavers were removed and
sterilized according to Lacey and Brooks (1997) and
kept in sterilized Petri dishes to dry for 24 h. Then
sterilized moistened pieces of cotton were placed in
the Petri dishes. Every tagaver was kept alone in a
Petri dish, incubated. 8t 7 °C and observed for
sporulation. Spores grown from 10 cadavers were
suspended in 1ml. of sterile sunflower oil then 100
micro liter were used to contaminate 1 Petri dish (ten
Petri dishes were used), each dish contain: 0.36 g.
KH,PO,, 1.42 g. Na,HPO, 12H,0, 0.62 g. MgSO,
7H,0, 1 g. KCL, 0.70 g. NH,NO,, 10 g. Maltose,
5 g. yeast extract, 18 g. agar-agar and 0.5 g.
chloramphenicol per 1000 ml of distilled water.
Then M. anisopliae var. acridum speres were
collected by using small brush.

Beauveria bassiana

The spores of B. bassiana used were originally
isolated from mycosed red palm weevil adult. The
spores were used to contaminate nymphs of the
desert locust, S. gregaria and the grasshopper, E.
plorans. The infected nymphs were treated as
previously described in case of M. anisapliae.

Nosema locustae
+ The spores of N. locustae used were originally
obtained from Rangeland Insect Laboratory,

Montana State University, A.R.S, USDA, U.S.A. in
1990. Spores were in many types of formulations:
contaminated wheat bran, aqueous solution of spores
and polyethylene glycol solution of the spores, dried
spores and infected grasshopper cadavers. All
formulations were used for the mass rearing by
infecting the grasshopper, E. plorans. Then after 2
generations of E. plorans the harvested spores were
used in this study.

Inoculation methods

The three pathogens, M. anisopliae var. acridum,
B. bassiana and N. locustae were used at doses of
10> 10%, 10° and 10° spores/nymph to contaminate .
gregaria and E. plorans nymphs of 3™ instar. Sixty
nymphs were used for each treatment, divided into 4
groups each of 15 nymphs placed in a cylinder
plastic cage covered with a piece of white light
cloth. The appropriate doses of both fungi were
suspended in sunflower oil and the appropriate
volumes were placed using micro pipette under the
pronotum of the insects according to Prior e al.
(1995). The spores of N. locustae were suspended in
water then placed into 7mm diameter lettuce disc,
then allowed to dry for two hrs at room temperature,
and then introduced to the nymphs individually.
Nymphs which did not consume the entire lettuce
disc were discarded (Henry and Oma, 1974). Each
treatment received 60 nymphs divided into 4 groups;
each of 15 nymphs placed in cylinder plastic cage.
The infected and non infected nymphs were daily
cleaned, fed and observed for mortality. The

mortality data were subjected to probit analyses

according to Fimmey (1971) to calculate dose
mortality responses and its regression lines; also
time mortality respomses and its regression lines
were calculated wsing Ldp line software
(bttp://www. ehabsoft.convldpline/).

Effect of the emtomopathogens on the

development and fecundity

To study the effect of the entomopathogens on
the development and fecundity, newly molted 3"
imstar nymphs (100 nymphs/treatment) of S.
gregaria and E. plorans were infected with dose 107
spares/nymph. Twenty infected nymphs with each
pathogen and control were individuallly kept in white
plastic cups, the. nymphs were daily fed amd
observed for molting till reaching adult stage amd
duration of every mymsphal stadium was recondied.
When 5® nymphal instar molted to adult stage, 20
males and females paired of each treatment;, then
each couple was kept in a glass cylinder. The glass
cylinders were placed in a. box, whigh had
appropriate holes leading to plastic cups full of
sterilized sand for the oviposition. These cups were
screened carefully to detect any new egg pods. Fresh
food, especially Egyptian clover was added daily.



The pre-ovipositional period was recorded for each
female. When any egg pod was found, it was
isolated and recorded. The number of eggs/pod was
counted in randomly selected 10 pods of each
treatment. Days between egg pods/female were also
recorded as well as longevity of the adult. All
infected and non infected insects were kept in an
incubator at 31 + 0.5 °C, 65+5% R.H. and 12:12 hrs
light: dark photo period.

RESULTS AND DISCUSSION

Dose mortality response

Table (1) shows calculated lethal doses of the
tested pathogens to kill 25, 50 and 90 % of S.
gregaria and E. plorans individuals at the mentioned
days and slopes of dose-mortality regression lines.
The results revealed that Metarhizium is the most
virulent pathogen to S. gregaria and E. plorans
followed by Beauveria then Nosema, where LDsps of
Metarhizium at all the experimental durations were
lower than those of Beauveria and Nosema, while
LDsss of Nosema were the highest at all
experimental periods. The LD,ss show the same
trend as LDss, while LDgs show the same trend
except at day 21, in case of S. gregaria where LDgos
of Nosema were lower than those of Beauveria, the
same in case of E. plorans in day 14.

Regarding the differences among LDsos of the
tested pathogens, on the 7™ day after infection, in
case of S. gregaria, there was me significant
difference between Metarhizium and Beauveria
while wpper and lower limits (fiducial probability)
for Nesema couldut be calculated due to low
mortality observed (8.33, 10, 15and 20 for doses 10°,
10*,107 and 10° spores/nymph, respectively). In case
of E. plorans, there was no significant difference
between Metarhizium and Nosema, upper and lower
limits for Beauveria couldn't be calculated due to
that doses 10° and 10° caused the same muomtality
percentage (23.33 %). On the 14® day, there was
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no significant difference between Metarhizium and
Beauveria, while upper and lower limits for Nosema
in case of S. gregaria couldn't be calculated due to
heterogenic response of locust individuals to
Nosema (slope = 0.168). In case of E. plorans, there
was significant difference between Nosema and both
Metarhizium and Beauveria. On the 21* day, there
was significant difference between Metarhizium and
both Beauveria and Nosema, while there was no

significant difference between the last two
pathogens.
Time Mortality responses

Data presented in table (2), illustrate LT,s,
LTsp, LTg and slope of time mortality responses and
their regression lines after infection of S. gregaria
and grasshopper E. plorans with the tested
entemopathogens at the doses of 10°, 10%, 10° and
10° spores/nymph. The fungus, Metarhizium was
significantly faster in action against S. gregaria and
E. plorans individeals where the cosresponding
LT, values were significamtly Iower than the other
two pathogens at all tested doses, as well LTs;s,
LT, values were lower than those of Beauveria
and Nosema. Mean while Beauveria was faster than
Neosema, there was no significant difference between
Beawveria and Nosema in their speed of kill at
all used doses, except im case of dose 10°
spores/mymph. Also, LT,, LTy wvalues for
Beauveria were lower than those of Nesema except
im. case of LTy and LTy of Nosema at dose 10°
spores/nymph against S. gregaria and i case of
LT, against E. plorans.

Bidochka & Khachatourians (1990) identified the
B. bassiana extracellnlar protease as a virulence
factor in pathogemicity toward the migratory
grasshopper, Melamoplus samguinipes. So, the
virulence of the tiwee tested pathogens against the
two acridiied species coald be arranged ascendingly
as follow:M. anisepliae var. acridivm > B. bassiana
> N. locustae. In the present study Nosema was the

Table (1): Vimulence of M amisopliae var. acvidum, B. bassiana and N. locustae against Schistocerca
gregaria and Euprepocnemis plorans after 7, 14 and 21 days post treatment.

Days affiex Pathogens: Schistocerca gregaria Euprepocnemis plorans
treatment LDs,™ LD, LDog' Slope LDs™ LD LDy"  Slope
M. anisoplize 3.5X10'a  4.5X10°  1.1X10° 0233 3.5X10'a  4.5X10° 1.1X10" 0.233
7 B. bassiana  7.4X10°%a 2.1X10° 4.2X10° 0.190 1.6X10°* 25X10° 3.5X10° 0.240
N. locustae _ 3.0X10™* 84X10° 1.7X107 0.190 3.7X10°a 14X10' 14X10° 0.281
M. anisopliae 4.5X10%a__ 55.73 _ 1.5X10° 0232 2.3X10°b  1.926  13X107 0.165
14 B. bassiana  7.0X10°a  531.58 5.8X10" 0216 7X10°ab 4.4X10° 82X10"" 0211
N. locustae  1.2X10°* 1.1X10° 5.1X10° 0.168 3.3X10°a 1.2X10° 13X10" 0.279
M. anisopliae  3.6X10°b 2776  3.6X10" 0.320 1.3X10°b 1229  9.4X10° 0332
21 B. bassiana  3.5X10°a  164.99 9.5X10° 0.289 8.7X10°a 6458 9.8X10° 0.316
N. locustae  1.1X10°a 1.3X10° 5.7X10° 0347 1.3X10°a 1.0X10° 1.3X10° 0.320
*Spores/nymph. Values with same letter did not differ significantly. *Significance could not be calculated.
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Table (2): Time mortality response of Schistocerca gregaria and Euprepocnemis plorans to M. anisopliae
var. acridum, B. bassiana and N. locustae after treatment with 10°, 10, 10° and 10° spores/nymph.

Dose Pathogens Schistocerca gregaria Euprepocnemis plorans

Spores/nymph LT LT, LTe*  Slope LTs” LT, LTe'  Slope
M. anisopliae  24.66b 11.34  107.97 1.99 19.72b 9.97 72.12 2.28

10° B. bassiana 36.39a 14.11 220.36 1.64 3661la 1348 23222 1.60

N. locustae 51.26a 20.73  286.39 1.72 4047a 19.68  159.22 2.15

M. anisopliae  16.37b  9.06 50.42 262 1490b 876 40.87 2.92

10* B. bassiana 21.84a 10.88 82.03 223 2324a 1098 96.62 2.07

N. locustae 27.05b 14.04 94.03 237 2354a 14.02 63.02 3.00

M. anisopliae  11.76b  6.81 33.19 284 11.76b  6.81 33.19 2.84

10° B. bassiana 17.85a  8.35 75.54 2.05 17.85a  8.35 75.54 2.04

N. locustae 20.13a  7.21 56.20 2.87 20.12a 11.72 56.20 2.87

M. anisopliae 10.76¢c  6.18 30.89 2.80 1043¢ 6.14 28.53 2.93

10° B. bassiana 13.59b  7.27 44.57 248 13.47b 7.29 43.16 2.53

N. locustae 17.40a 946 55.44 2.55 16.08a 10.11 38.84 3.35

*values indays.  °Values with same letter did not differ significantly. ~ *Significance could not be calculated.

Table (3): Effect of Metarhizium anisopliae var. acridum, Beauveria bassiana and Nosema locustae on
durations of the 3", 4™ and 5™ nymphal instars of Schistocerca gregaria and Euprepocnemis plorans.

Treatment

Schistocerca gregaria®

Euprepocnemis plorans®

39 4" 5% Total 3" 4% 5% Total
Metarhizium anisopliae 6.22a 9.13a 9.50a 24.85a 6.00a 7.27a 9.38a 22.65a
Beauveria bassiana 6.17a 9.07a 9.42a 24.66a 5.94a 7.20a 9.23a 22.37a
Nosema locustae 5.78ab 8.93a 9.25a 2396a 5.52ab 7.06a 8.92a 21.50a
Untreated control 5.55b 6.71b 6.75b 19.01b 5.21b 5.71b 6.63b 17.55b

"Means in same columns with same small letters didn’t differ significantly.

slowest killing pathogen to S. gregaria and
E. plorans, many other investigators reported that
N. locustae is slow acting pathogen so it’s suitable to
be used as long term control agent (Tanada & kaya
1993 and Olson et al., 2002). Fungal species have
numerous strains that differ in their virulence and
pathogenicity Tanada & Kaya (1993). The
pathogenicity of fungus may be associated with the
production of enzymes or and mycotoxins during the
course of infection in an insect (McCoy et al., 1988).

The present data confirm those of Sieglaff er al.,
(1997), they found that M. flavoviride was much
more virulent than B. bassiana to Schistocerca
americana and Melanoplus sanguinipes.

Effect on the development and fecundity

Data in table (3) demonstrate the effect of the
tested pathogens on the duration of 3%, 4™ and 5%
nymphal instars of S. gregaria and E. plorans. The
infection with Metarhizium and Beauveria caused
significant prolongation to 3™ nymphal instar of both
insects compared with untreated nymphs, while
prolongation of infected nymphs with Nosema did
not differ significantly from untreated ones, also did
not differ significantly from those infected with the
two fungi. It was obvious that the tested pathogens
also caused significant prolongation to the 4® and 5%

nymphal instars of S. gregaria and E. plorans when
compared with untreated nymphs.

Figure (1) shows percentages of reduction in
number of egg pods/female and eggs/pod of S.
gregaria and E. plorans after infection with each of
the three pathogens. It was clear that the infection
caused significant reduction in number of egg
pods/female and eggs/pod. The highest reduction
was induced by Metarhizium, followed by Beauveria
and Nosema.

Figure (2) shows percentages of prolongation of
the pre-oviposition period and period between egg
pods of S. gregaria and E. plorans, after infection
with the entomopathogens. The infections caused
significant prolongation in the pre-ovipositional
period and the period between egg pods of infected
insects, except the pre-ovipositional period of
infected E. plorans insects with Nosema. Highest
prolongation was achieved in case of Merarhizium
infection, followed by Beauveria then Nosema.

Figure (3) shows percentages of reduction in the
adult longevities of S. gregaria and E. plorans, after
infection. In case of S. gregaria, Metarhizium
infection caused the highest reduction in the adult
longevity of males and females as well as males plus
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Fig. (3): Percentages of reduction in the adult
longevities of S. gregaria and E. plorans, after
infection.
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females, followed by Beauveria then Nosema. While
in case of E. plorans, the infections caused
significant reduction in the males’ longevity. The
highest reduction was found in infected males with
Metarhizium, followed by Beauveria then Nosema.
In case of females, the infection also caused
significant reduction in infected females’ longevity.
The highest reduction caused by infection with
Nosema followed by Metarhizium and Beauveria.
The longevity of males and females were affected by
the infections with the three pathogens. The greatest
effect was achieved after infection with Metarhizium
followed by Nosema and Beauveria.

In general the most effective pathogen on adult
fecundity of both S. gregaria and E. plorans was
Metarhizium followed by Beauveria then Nosema.
Except in case of E. plorans female’s longevity,
Nosema was the most effective pathogen.

Prolongation in the nymphal duration may be
attributed to one or all of the flowing reasons: 1-
Secretion of juvenile hormone by the fungi and
Nosema, (Schneiderman et al., 1960 and Fisher &
Sanborn, 1964), 2- Hormonal imbalance as
suggested by Gaugler & Brooks (1975) and Sloman
& Reynolds (1993), 3- Hormone substance
disturbance or other factors during the host-
pathogens interaction as mentioned by Beckage &
Riddiford (1982), El-Maghraby (1984), and El-
Maghraby et al., (1988). 4- Starvation of the host;
several authors reported the reduction of feeding as a
result of infection by many pathogens, e g.
Abdelatef (1998), Arthurs & Thomas (2000) and
Tefera & Pringle (2003).

In contrast to the present results, the infection
with M. anisopliae var. acridum did not affect the
egg production of the brown locust Locustana
pardalina (Walker), as reported by Arthurs and
Thomas (2000) and S. gregaria Blanford and
Thomas (2001). In these studies, the reduction in
pre-oviposition period in infected females was
associated with more egg pods. Such reduction of
pre-ovipositional period was hypothesized to be due
to that the synthesis of juvenile hormone was
affected (Blanford and Thomas, 2001).

Henry (1971) observed that grasshoppers,
exhibiting light or higher levels of infection with
N. locustae, rarely possessed detectable quantities of
ovarian tissue or egg debris. Also, Sajap & Lewis
(1992) reported that the ovarian tissue of Ostrinia
nubilalis was infected with Nosema pyrausta.
Abdelatef (1998) studied the effect of N. locustae on
grasshopper E. plorans fecundity and confirmed this
result. Malone (1987) suggested that the infection of
ovaries is a possible explanation for such reduction.
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Such explanation may be accepted in case of
N. locustae infection, but it was not true for
M. anisopliae var. acridum and B. bassiana
infections, because the fungal propagation occurs
mainly in “heamolymph of its host. Moreover,
infection may diminish the uptake of nutrients by the
host, where the depletion of the nutritive resources
was suggested as possible factor for reduction of egg
production by other investigators, e.g. Gaugler &
Brooks (1975) for the infection of Heliothis zea by
Nosema heliothidis, and Ewen & Mukerji (1980) for
the infection of Melanoplus sangunipes and M.
packardii by N. locustae. The prolongation of the
period between eggs pods may be due to that M.
locustae competes with developing organs for
nutrient resources. Gaugler & Brooks (1975)
suggested that the adult longevity of H. zea was
reduced after infection with N. heliothidis because of
the extensively infected adult fat body. Also, Arthurs
and Thomas (2000) found that treatment with M.
anisopliae var. acridum showed a significant
reduction in body fat accumulation at sexual
maturity compared with controls.
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