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Consumo Alimentar dBhammatocerus schistocercoid®shn (Orthoptera: Acrididae)
Infectado pelo FungMetarhizium flavovirideGams & Rozsypal

RESUMO - Foi examinada a capacidade de consumo foliar de ninfas e adultos
do gafanhot®Rhammatocerus schistocercoid®shn apds infeccéo pelo fungo
Metarhizium flavoviridéGams & Rozsypal. Ninfas de sexto e oitavo estadios e
fémeas adultas consumiram diariamente, em média, 6,9 + ?360;h+ 2,92

mg de matéria seca), 11,0 + 1,3%¢i#4,9 + 9,24 mg m.s.), e 16,0 £ 0,50°cm
(126,5 + 6,35 mg m.s.) de folhas de cana-de-agucar, equivalente a 85,4, 35,9 e
41,9% do peso vivo dos insetos, respectivamente. Ninfas de oitavo estadio e
fémeas adultas inoculadas com o furidoflavoviride (5.000 conidios/
gafanhoto) ingeriram significativamente menos alimento a partir do terceiro dia
apos a inoculacgéo do patdgeno e apresentaram no décimo dia um consumo médio
74,5 e 45,6% inferior ao do controle, respectivamente. Fémeas adultas tratadas
topicamente com dose subletaji{8le uma solug&o 8 ppm/ inseto) do inseticida
quimico diflubenzuron apresentaram consumo semelhante aquele da testemunha
(P=0,065), e a combinacédo do quimico com o fungo ndo apresentou resultados
diferentes daqueles obtidos com o fungo isoladamente (P=0,405). Observou-se
forte correlagdo &0,998) entre a producédo de pellets fecais Ror
schistocercoides o consumo foliar. Os resultados obtidos confirmaram a grande
voracidade do gafanho®. schistocercoides demonstraram marcante efeito
adverso do fungo na ingestao de alimentos por adultos e ninfas da espécie.

PALAVRAS-CHAVE: Insecta, reducao alimentar, consumo foliar, fungo
entomopatogénico.

ABSTRACT - Foliage consumption by nymphs and adults of the grasshopper
Rhammatocerus schistocercoidgshn infected with the fungidetarhizium
flavoviride Gams & Rozsypal was evaluated. Sixth and eighth instar nymphs
and female adults consumed on average (+SEM) 6.9 + 0.360r7 + 2.92

mg of dry matter), 11.0 £ 1.35 ér(v4.9 + 9.24 mg d.m.), and 16.0 + 0.50°cm
(126.5 +6.35 mg d.m.) of sugarcane leaves per day, equivalent to 85.4, 35.9 and
41.9% of the insect body weights, respectively. Eighth instar nymphs and fe-
male adults inoculated witH. flavoviride(5,000 conidia / insect) ingested less
food from day three onward and showed at day 10 an average consumption 74.5
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and 45.6% lower than control insects, respectively. Adult females topically treated
with a sub-lethal dosage (8 of a 8 ppm suspension / insect) of the chemical
insecticide diflubenzuron showed consumption rates comparable to untreated
insects (P=0.065). The combination fungus + chemical did not show results
different from those obtained with the fungus alone (P=0.405). A strong corre-
lation (P=0.998) between production of fecal pelletsRiyschistocercoides

and food consumption was observed. These results confirmed the high voracity
of R. schistocercoideend showed a remarkable adverse effect of the fungus on
food intake by infected nymphs and adults.

KEY WORDS: Insecta, feeding reduction, foliage consumption, ento-
mopathogenic fungus.

Reports on the extraordinary destructivédrom 1984 to 1988, the Brazilian government
capability of grasshoppers and locusts in thepent more than US$ 5 million, mainly in pur-
African and Asian continents in modern agechase of chemical insecticides (approx.
and the economic losses associated to thes0.000 liters of fenitrothion and malathion)
attacks, are well known (Steedman 1990and aerial spraying costs (Guerra & Manfio
Showler 1995). In Brazil, reports on acridid1996).
outbreaks are relatively recent, and only afew A research program focusing on the bio-
species have been mentioned as agriculturkdgical control ofR. schistocercoidewas
pests, among themRhammatocerus started in 1993, and resulted in the selection
schistocercoideskehn andSchistocerca of a fungal pathogeMetarhizium flavoviride
pallensThunberg (Lecoq 1991). Gams & Rozsypal. Field trials carried out in

Rhammatocerus schistocercoidasgre- Mato Grosso, have demonstrated that mor-
garious and univoltine species, frequentlytality of nymphs treated with this fungus is
occurs in Rondobnia and the western area adfitiated seven days after spraying, and peaks
Mato Grosso, and there are reports of occaround the tenth day (B. Magalhdes, M. Faria,
sional occurrence in other states, such as Mag Xavier-Santos & S. Mendez, unpublished).
Grosso do Sul (. Pierozzi Jr., personal comUnlike chemical insecticides which have
munication), Goias (W.D. Guerra, personaknockdown effectM. flavoviridehas a slow
communication), S&o Paulo and Minas Geraiaction, although infected insects show reduc-
(G.W. Cosenza, personal communication), ason in the locomotory and feeding capacities.
well as in other South American countriesSub-lethal dosages of chemical insecticides
(Léon 1996, Mirandat al 1996, Lecoq & can disturb the locomotory, reproductive and
Assis-Pujol 1998)R. schistocercoides a alimentary functions of insects (Haynes 1988).
polyphagous insect, showing preference foln preliminary studies on the compatibility of
native grasses, rice and sugarcane crops. Dehemical insecticides arMd. flavoviride we
spite its voracity, information regarding thehave observed that, in contrast with the in-
economic impact of this pest is difficult to secticides used to control acridids in Brazil
assess due to the large number of host plant{snalathion and fenitrothion), diflubenzuron
lack of notifications to official phytossanitary shows notably less adverse effects on the co-
authorities when infested areas are treated, anddial germination and growth oM.
inprecise estimates of the actual losses in aftavoviride (S. Xavier-Santos, B. Magalh&es
tacked crops and pastures. To overcome th& M. Faria, unpublished).
problem in infested areas of Mato Grosso, The purpose of this work was to estimate
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the food intake of nymphs and adultsRif 423). Following an adaptation period of 24
schistocercoidetreated withM. flavoviride  h, 20 nymphs were topically inoculated with
and investigate the relationship between foo8 pl of soybean oil containing conidia bf.
ingestion and production of fecal pellets.  flavoviride (5,000 conidia / nymph). Control
nymphs (h=15) were inoculated withuBof
Material and Methods pure soybean oil. Leaf consumption was as-
sessed for 10 days as described above. Fun-
InsectsThird instar nymphs oR. schisto- gus-treated nymphs that died during the ex-
cercoideswere collected from the field and periment were held in wet chambers, and only
kept in laboratory until used in bioassays. Du¢hose killed by the fungus were considered.
to the short duration of initial instars, the foodTreatment comparisons were performed us-
consumption experiments were performedng the t-testg=0.05).
with sixth and eighth instars and adult females
(approx. 15 days following the final molt). SexLeaf Consumption by Adult Females
determination was based on morphologicalreated with M. flavoviride and
traits of the external genitalia (Lecoq & Diflubenzuron. Food consumption was de-
Pierozzi Jr. 1994). termined for healthy (oil-inoculated), fungus-
inoculated (5,000 conidia / female),
Assessment of Leaf Consumptiorin a pre-  diflubenzuron-treated (Dimility Basf) (3ul
liminary experiment, leaf consumption byof a 8 ppm suspension), and fungus +
sixth instar nymphs was assessed over eightflubenzuron-treated adult females (using
days. Fifteen females and 15 males were irprevious dosages). Previous experiments had
dividually kept in transparent 300-ml plasticshown that, at the doses used in this experi-
cups with perforated lid. Insects had beement, diflubenzuron alone did not kill treated
moved to cups 24 h before initiation of ex-R. schistocercoidesFor both oil and
periment and were fed fresh sugarcane. Thdiflubenzuron-treated insects, only those
initial weight of each insect was determinedshowing a positive gain in weight during the
with an analytical balance. Pieces of freskexperiment were considered. For treatments
sugarcane leaf (2,7 x 6,0cm), one endvith M. flavoviride only data referring to in-
wrapped in wet cotton and aluminum foil, sects confirmly killed by the fungus were con-
were offered daily. The wrapping was showrsidered in the statistical analyses (t-test).
to maintain the turgidity of leaf pieces for at
least 48 h. Insects were maintained at 27°G;0od Consumption and Production of
57% RH and 12 h photophase. Leaf pieceBecal Pellets Adult females were individu-
were removed daily and their area determinedlly kept in plastic cups and allowed a 24 h
with the use of an area meter (CI-203 Aregeriod on fast. Pieces of fresh sugarcane
Meter, Cid Inc., Vancouver, WA, USA). In- leaves with known area were then offered to
sects that underwent molt or were damageihsects once a day. For each 24 h period, both
during the experiment were discardedthe consumed area and the fecal pellets pro-
Nymphs showing a loss in body weight wereduction were determined. Fecal pellets were
assumed to be strongly stressed, and were raied at 70°C for 24 h, and then weighted.
considered. Pieces of fresh sugarcane leav€sr each day the correlation coefficierf) (r
were weighted before and after drying at 70°Qvas calculated through linear regression con-
for 48 h, to determine wet and dry matter insidering all insects (n=10), with the excep-
gested per nymph. Treatment comparisonton of the fourth and fifth days, which were
were performed using the t-teat50.05). grouped before the analysis. Since the objec-
tive of this experiment was to determine if
Leaf Consumption by Eighth Instar there was a correlation between food intake
Nymphs Treated with M. flavoviride (CG  and production of fecal pellets by adult fe-
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males, all insects, independently of present- The average daily consumption of healthy
ing or not a positive weight gain, were con-eighth instar female nymphs was 11.0 + 1.35

sidered in calculations. cm?(74.9 + 9.24 mg of dry matter) (Table 2),
equivalent to 35.9% of their body weight,
Results e Discussion which is considerably less than that obtained

for sixth instar nymphs. The food consump-

Significant differences in daily consump-tion of fungus-infected nymphs was signifi-
tion of fresh sugarcane leaf between male anchntly lower than that of healthy nymphs from
female sixth instar nymphs were observediay three onward (P=0.024). The average
(P=0.041; t-test) (Table 1). However, no staamount of food consumed daily by fungus-

Table 1.Consumption of fresh sugarcane leaves, initial and final body weight of sixth instar
nymphs ofR. schistocercoides.

Females (n=10) Males (n=6)
Mean daily consumption (chnper insect (+SEM) 6.9 = 0.36 6.0+ 0.31 (P=0.041)
Initial mean body weight (mg) 214.4 +7.88 1979+ 6.70
Final mean body weight (mg) 243.3 £ 6.62 227.9 £10.75

The experiment was initiated with 15 nymphs per gender. Calculations were based only on
nymphs that survived the eight-day experiment and showed a positive gain in body weight
during this period.

tistical differences between gender were obinfected eighth instar nymphs was drastically
served when food consumption per mg ofeduced to 2.8 cn¥, which is 74.5% lower
body weight was used (P=0.193). The initiathan that of healthy nymphs. The adverse ef-
average weight of female nymphs (8.3%fect of pathogens on food intake by acridid
higher than for males) seems to explain theaymphs has been reported in a number of stud-
greater food consumptiorMale and female ies. Food reduction rates from 15.3 to 74.3%
sixth instar nymphs were quite voracious, inat 21 days post-treatment, were observed in
gesting the equivalent to 81.3 and 85.4% ofourth instar Melanoplus sanguinipes
their body weight per day, respectively, in(Fabricius) treated with spores of the
terms of wet matter. The average food conmicrosporidianNosema locusta€anning
sumption of less than 7 éns lower than the (Johnson & Pavlikova 1986). First instdr
approximately 10 cAreported to fifth instar sanguinipegreated with 5x18inclusion bod-
nymphs of the locus$chistocerca gregaria ies of an entomopoxvirus showed reduction
Forskal (Mathews 1992). According toin food consumption levels of 24 and 40%, at
Steedman (1990), one of the main reasons fér days and two weeks post-inoculation, re-
the extraordinary damage potential of mangpectively (Olfert & Erlandson 1991). For
locust species is the amount of food ingestesixth instarSchistocerca americararury, a
daily by the insects, in some cases equivalesignificant reduction on food consumption by
to their body weight. Although less voraciousindividuals treated wittM. flavoviride was
than several locust species, the grasshoppebserved in the second day following inocu-
R. schistocercoidés highly destructive due lation, resulting in 36.6% reduction of food
to a high populational density, up to 10,000ngestion from 5 to 8 days after treatment
nymphs / i (Mirandaet al. 1996). (Sieglaffet al 1997).
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Table 2. Consumption of fresh sugarcane leaves by eighth instar female nynfhhs of
schistocercoides

Days post-inoculation Mean daily consumption fcper insect (+SEM)
Control Fungus Reduction (%6)
1 2.2+0.55 25+0.79 (17) -15.7 (P=0,385)
2 5.5+0.88 5.1+1.09 (17) 7.1 (P=0.400)
3 9.5+1.05 5.8+1.23 (17) 39.1 (P=0.024)
4 11.7+1.26 2.6 +0.91 (17) 77.7 (P<0.001)
5/6 23.1+2.37 5.6 + 2.05 (17) 75.8 (P<0.001)
7 13.9+1.50 0.5+ 0.25 (15) 96.4 (P<0.001)
8 13.6+1.74 0.0+ 0.00 (2) 100.0 (P=0.003)
9 152+1.61 - -
10 154 +1.16 - -
Mean 11.0+ 1.35 2.8+ 0.18 74.5 (P<0.001)
Initial body weight (mg) 795.7 + 24.54 788.0 £ 23.06 -
Final body weight (mg) 869.1 + 30.61 ND -

!Each nymph (n=10) was topically inoculated withl ®f soybean oil.

2Each nymph was topically inoculated withuBof soybean oil containing conidia .
flavoviride (approx. 5,000 conidia per insect). Only data referring to nymphs killed by the
fungus were used. The number of nymphs considered in the figures of mean daily consump-
tion (£ SEM) are in brackets. All nymphs that succumbeéd.tflavovirideinfection died by

day eight.

3Negative value indicates that food consumption by fungus-infected nymphs was higher than
that observed to untreated nymphs. Values in brackets refer to the P-value obtained at t-test
(0=0.05).

The average intake of fresh sugarcandosages of 2,700 and 17,000 conidia per in-
leaves by healthy adult femal®k. sect caused a clear reduction on food intake
schistocercoidewas 16.0 + 0.50 cfr{Table after the fifth and sixth days and the level of
3), equivalent to 126.5 + 6.35 mg of dry mat+eduction of food consumption on day 8 was
ter per insectM. flavoviridetreated insects 17.9 and 33.8%, respectively. The invasion
ingested significantly less food than untreatedf R. schistocercoidésemocoel by structures
insects from day three onward (P=0.006), andf M. flavoviride(isolate CG 423) from three
the average consumption during the experito four days following inoculation (Vicentini
ment was 8.7 + 1.50 ¢n which is 45.6% & Magalhaes 1996), may explain the signifi-
less than control females. Adult females otant reduction on food intake observed in this
Melanoplus differentiali§Thomas) treated as study for both nymphs and adults.
nymphs with spores dfl. locustaengested Adult females inoculated with sub-lethal
up to 55% less food than untreated insectdosage of diflubenzuron showed a food in-
(Oma & Hewitt 1984). Mooret al. (1992) gestion equivalent to that of healthy ones
demonstrated a correlation between the dog®=0.141). The combination of fungus and
of M. flavovirideapplied and the level of re- chemical insecticide did not show a synergistic
duction of food consumption by infect&l effect either on food consumption (P=0.405)
gregariaadults. Those authors reported thabr on the mean survival time of infected in-



Faria et al.

96

*(60°0=10) 15911 18 PauIeIqo IN[BA-J 341 O
12§21 $19)JkIq UI SAN[EA "S[ONUOD PAILANUN O) PIAIISQO 1Bl URY) IYSIY Sem s109sul pajean; Aq uondwnsuod pooy 1eyy edIpul sanfea aAneSaN

‘uoINZuaqnjip jo

wdd g pue ‘(1vasut 1ad vIpruod (‘s “xoidde) apLiacanyf “jy jo eIpiuod Suiureiuod (10 ueaq£os jo 1l ¢ Yim parenoour Ajjeardol sem 1npe yoeq,

‘uonzuaqnyyip jo wdd g Sutureiuod [10 ueaqAos Jo [T ¢ Yim parean sem (] [=u) 199sul Yorg,
's1ayorIq

ut are (WHS F) uondwnsuod A[rep ueaw Jo saI31y 3y} Ul PpIISPISUOD S)[NPE JO JaquInU Y], ‘pasn a1am sn3unj ay) Aq paj[iy synpe o} Surajax
eiep A[uQ “(103sut 1ad erptuod 9oQ's “xoidde) apriaoan)f py Jo eipruod Jurureluod jro ueaqAos jo [ ¢ yum parenoour A[eardos sem 199sut yoeq,
110 ueaq£os jo |1l ¢ yua paje[noout K[feardo) seam (g [=u) npe yoeg,

0L'99 ¥ T'0t6 8€°€E F 6'6L01 [I'EEFE0L6  T8'EEF8GH0I (Bu)iySiom Apoq feury

0L'8Y ¥ €016 6L°9¢ F $'8S6 POIEF LVYTOI TR TY F9'186 (Bw) wyStam Apog rentuy
(1000>d)8'8y 1+'1FT8 (IP1°0=)8°EI 0E1F8€l  (100°0>d)9°SP 0STFLS 0S50 F 091 LLE) )
(Too0=d)c£z8 @9T1*7e (1000>d)E0S TSTF06 S'LS (DL ss1=F181 01
(1000>d)e68 (P9LO0F LT  (1000>DETS LT FH'L 1'9¢ (66 660FSSI 6
(1000>d)9%S - (PILETFHL  (LOT'0=DETI TRIFEVI (10000>d)9°18  (IL60OFEE  660F €91 8
(cev'0=d)6'1 (P)P00F9'S1 (820°0=)9°TT 901 FI'El (100°0>D1°1L  (IDL60F9Y  €60F 661 L
(10000>d)8'8S (PNTTF99 (LITO=D¥+I- 891 F €81 (1000>d¥+vL  @DSLOFTIY  060F09I1 9
(1000>d)69L (PI'TF0v (PIT'O=DFTI 11T FTSI (1000>d)9€9 (TDSSTFE9  €TIFELI S
@roo=dree WILTzF601 (LOOO=AT6I- €90 F 61 (1000>d)¥'Le  @DTYTIFTOl 060F#91 ¥
(€000=d)¥v'1v¥ (#)880F€6 (660°0=d)LTI- TOI F8'LI (9000=d)6'ze  (ZI)SSTF90I LO'TF8CI €
987°0=d)8°0 MISTF6 I (E0T0O=ASLI- OLTFI'HI (00$°0=d) 0°0 (RDISTF0TI vLT1F0OTI [
(900=d)1'8T PWWLOFZII (S000=AS I+ +6'1FL6 BII'0=d)6SI- (@D F0O6] TSTFH9I I
(95)cuononpay ,SnSung+aponoasu] (%)uononpay ApIondasu] (95 )uononpay sn3unyg lonuo)

(NS F) 199sut 1ad (;wo) uondwnsuod Ajrep ueay

uonenoout-1sod skeq

"$aP10242I01IS1YIS

"y arewdj )npe Aq uondunsuod a5e1]0] UO UOINZUIQN[JIP SPISNIISUT [BINWAYD Y} PUE apLiacav)f wnizyiviapy snduny ay1 Jo 193139 "¢ 3[qeL,



Margo, 1999 An. Soc. Entomol. BragiB(1) 97

sects. In fact, the mean survival time of intion (?=0.998) between the food intake and
sects that succumbed to fungal infection wathe production of fecal pellets (Table 4). This
eight days and when the fungus was used ievidence allows studies to assess the reduc-
combination with diflubenzuron, 9.5 days. Astion of food intake by infected acridids with-
an insect growth regulator (IGR), diflu- out using expensive equipment to measure leaf

Table 4. Correlation between the consumption of fresh sugarcane leaves by adult females
of R. schistocercoidesnd production of fecal pellets.

Days Mean daily consumptiéien?)  Fecal pellet{mg) (3
1 9.7 £2.56 43.3+ 10.91 0.934
2 12.3+3.13 70.9+ 18.31 0.959
3 15.1+4.62 772+ 24.44 0.982
4/5 15.8 £ 3.67 93.7+ 20.21 0.972
6 20.3 £ 3.67 100.4 + 18.28 0.980
7 14.0 + 3.80 77.4 £ 20.46 0.992
8 95+244 43.8+ 14.01 0.964
9 7.9+2.69 40.6 £ 15.59 0.926
10 49+155 23.0+ 7.27 0.954
Total per insect 109.0 + 25.36 567.9 £ 135.50 0.998

!Based on 10 insects kept on fast for 24 h before starting the experiment. All insects, inde-
pendently of presenting or not gain in body weight, were considered in calculations.

2Dry weight, obtained after drying fecal pellets at 70°C for 24 h.

3Correlation coefficient calculated through linear regression analys€s0b).

benzuron is not expected to cause the dea#tieas. Furthermore, it is possible to collect and
of adult insects. Data presented in this studgtore feces for future weight measurements.
demonstrate that this IGR, used in associd?roduction of fecal pellets by grasshoppers
tion with M. flavoviride is neither able to in- as an indicator of food consumption rate has
crease the virulence nor the invasive capabibeen recently used as an indication of food
ity of the fungus. In contrast, Sanyang & Vanconsumption (Sanyang & Van Emden 1996,
Emden (1996) observed that the associatioR. Milner, personal communication).
of M. flavovirideand the chemical insecticide  Although less voracious than many locust
cypermethrim inhibited feeding by 50% onspecies, nymphs and adults d?.
day one onwards, and advanced onset of mosehistocercoidegresent a high food con-
tality by 48 h. For the non-migratory and gre-sumption potential. In addition to ingestion
gariousR. schistocercoidefemales, it was of food, a considerable damage is observed
observed a daily average of wet matter conwhen this insect cut the stalk of rice plants
sumption equivalent to 41.9% of their ownjust below flowering seed heads. Due to high
body weight. In a similar study, Davey (1954)population densities that may be achieved, the
reported that adults &. gregariaeat approxi- reduction orfood intake following applica-
mately 50% of their own weight per day. tion of M. flavoviridewould not be sufficient
The experiment with adult femalR. to avoid economic losses to attacked crops
schistocercoidesonfirmed a strong correla- and pastures. Nevertheless, the strategy based
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on control of youngR. schistocercoides larvaires deRhammatocerus schisto-
bands, which are usually found in native pas- cercoidegRehn, 1906), criquet ravageur
tures and are very sensitive to the fungus, de I'état du Mato Grosso, Brésil
seems to be a suitable biological control ap- (Orthoptera, Acrididae). Bull. Soc.
proach for avoiding damage. Entomol. France 99: 525-535.
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