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ABSTRACT

Fifty strains of the entomopahogenic fung Beauveria bassiana (Bals.) Vuill. and Metarhizium anisopliae (Metsch.)
Saok. were tested against the termite Cornitermes cumulans. In the first phase of the experiments, several
bioassays were condwted and the five best strains were seleded. The aiterion for strain selection during this
phase was the @nfirmed mortality above 50% five days after application d the fungus. Three M. anisopliae and
two B. bassiana strains were the most virulent. The second phase of the experiments consisted of a hiocassay and a
conidial production test using arice medium. The best M. anisopliae and B. bassiana strains were selected using
bath the confirmed insed mortality nine days after apdication d the fungus and the yield of conidia. Considering
results from the bioassay, M. anisopliae 1037 showed the highest confirmed (57.8%) and total (89.2%) mortaliti es
after nine days. Among the B. bassiana strains, 447 was the most virulent with confirmed andtotal mortalities of
45.9% and 89.86, respectively. M. anisopliae 1037 had the highest conidial yield with mean o 3.37 x 10“
conidia/kg of rice, followed by B. bassiana strain 447 with 266 x 10" conidia/kg of rice. The M. anisopliae strain
1037 was the highest virulent followed by B. bassiana strain 447. This grains owed the greatest potential as
agentsto be used in biological control programs aganst C. cumulans.
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INTRODUCTION

The mourt termite Cornitermes cumulans (Kollar,
1832, is one of the most common inseds in
Brazlian tropicd pastures. Their nests reduce
useful pasture aea ad hinder medanized
treaments. Their occurrence is aso asciated
with pasture degradation ( Valério et al., 1995).
There ae medanicd and chemicd control
techniques for this insed. The mechanicd control
destroy the nests with an implement such as a
plow (Avilla & Goulart, 1992 Avila & Rumiatto
1995) or a “termite drill” with variable results
(Avila & Rumiatto, 19958. The dhemicad control
methods are more widely used, and are highly
efficient (Furquim et al., 1968 Mariconi et al.,
1971 Wilcken, 1992 Mariconi et al., 199%).
However, these produts contaminate the
environment, food cdtle ad farmers, <o
aternative less emlogicdly aggressve ntrols
shoud be studied.
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The use of entomopathogenic fung, applied in
high concentration in inundiive (floodng)
strategy, is an biologicd alternative for control of
this pest. They are dfedive becaise the termites
are socia inseds which live in nests where the
temperature axd humidity vary little and are
suitable for this type of pathogen (Fernandes &
Alves, 1991 Fernandes & Alves, 19923 Alves et
al., 1995.

The first studies on C. cumulans control using
fung were caried out by Fernandes & Alves
(1992). However they only compared eight
strains of the entomopathogenic fung B. bassiana
and M. anisopliae. The strains s€leded were B.
bassiana 868 and M. anisopliae 865 The control
levels for small nests (30 to 40 cm base diameter)
were quite high. However, for large nests (50 to
150 cm base diameter) the results were very
variable, with control efficiency ranging from 0 to
100% (Alveset al., 1995.

The present study was caried out as part of a



program to increase the dficiency of large nest
control (50 to 13 cm base diameter).

The objedive was to test the virulence of 50
strains of B. bassiana (26) and M. anisopliae (24)
for the cntrol of Cornitermes cumulans colonies.

MATERIAL AND METHODS

First phase: The virulence of fifty Beauveria
bassiana (Bals.)Vuill and Metarhizium anisopliae
(Metsch.). All strains belong to the pathogen bank
a the Insed Pathology Laboratory at the
Department of Entomology at ESALQ/USP.

Second phase: The five previoudy seleded
strains were aain studied for virulence in
bioassays and for conidial production.

Biossaysfor virulence comparison: Conidiawere
produwced in complete alture medium (CM)
(0.36g pdassum phosphate, 1.05g sodium
phosphate, 0.6g magnesium sulfate, 1g pdassum
chloride, 1.58g sodium nitrate, 5 g yeast extrad,
20g agar, 1000l distill ed water (s.q.f.) (Alves et
al., 1998. Eight to 12 strains and a @ntrol were
used as treaments in ead hicassy. The inseds
were olleaed from nests in the field, and sprayed
with 0.5 ml (106° conidia mi™ with 100% viabili ty)
in sterile water plus Tween 80 (1 ml I™%) in a hood,
using amicro sprayer (“PAASCH” Airbusch type
with 15 pound/sg. in). A randamized complete
block design with five replicaions was used, eat
with 20workers (at least one soldier). Only sterile
water and Tween 80 were gplied to the @ntrol.
The inseds were sprayed with a single goplicaion
per treament and then transferred to transucent
4.5 cm diameter, 6 cm high dastic containers (20
per container), containing a piece of the carton
portion d the nest and a strip of filter paper
attadhed to the lid and kept moist. They were then
transferred to an incubator (B.O.D.) at 25+0.5°C.
Mortality was evaluated daily and the deal
individuals were washed in 70% acohd and
digtiled water (3 times) for 30 seconds and
transferred to a moist chamber. Total mortality
was considered to be the number of dea
individuals in the treament regardless of the
cause. Confirmed mortality was obtained by
registering the number of dead inseds on which
the fungws  orulated, after superficia
demntamination. The rreded mortality was

cdculated by the difference between total deah
and the @ntrol. The inseds which ded on the first
day in al the bicassays were replacal in the
respedive treaments, eliminating pessble
variations from deah caused by handing during
the experiment setting.

The sdledion parameter was an acamulated
confirmed mortality over 50% up to the fifth day
after inoculation (first phase) and the acumulated
confirmed mortality up to the ninth day (second
phase).

Conidia production: Conidia production was also
compared in the second phase using the production
methoddogy developed by Alves & Pereira,
(1989 where 200g d pre-cooked rice, sterilized in
plastic bags were inoculated with 5 ml of fungal
suspension (5 x 10 conidia ml™) and them
transferred to an incubator (B.O.D.) at 25+0.5°C.
After micdial growed, rice were transferred to
trays for fung sporolation. When the fungus was
completely sporulated ontrays, a gram of ricewith
fungus was removed from ead tray. After that 20
ml of sterile water plus tween was applied. The
number of conidiawas evaluated using a Neubauer
chamber. A randamized complete block design
with four replicdions (200 gam/bag) was used.
The data obtained was log transformed (x + 0.5).
The analysis of variance was made and the means
were mmpared by the Tukey test at a level of 5%
probabili ty. The bioassays and the production tests
were caried out at 25+0.5°C, 70+5% relative
humidity and 24 hou phaophese.

RESULTS AND DISCUSSION

Table 1 shows the results of mortality test. The
mortality data did na fit the Probit model because
there was a highly significant x> and high
heterogeneity for the mgjority of strains. Thus
graphic analysis of confirmed mortality was
chosen. Corfirmed mortality as a seledion
parameter was chosen because: total mortality
equal or greaer than 80% for 35 strains on the
fifth day made it impaosdble to dfferentiate them
(Table 1 and Fig. 1); there was no confirmed
mortality in the ntrol in any of the bioassys.
Twenty-four (48%) of all strains, had
acamulated total mortality rates greaer than 90%,
17 M. Anisopliae and 7 B. bassiana, up to the fifth
day after application (Figure 1). On the other hand,



there was an inverse performance for accumulated
confirmed mortality on the fifth day where 38
strains (76%), 19 M. anisopliae and 19 B.
bassiana, caused 0 to 3% mortality and only five
strains (10%), 3 M. anisopliae and 2 B. bassiana,
caused a mortality greater than 50% (Figure 1).
Total accumulated mortality means for the control
at the first stage varied from 4.4% to 19.5% for the
2" and 7" days after application, respectively, for
the 6 bioassays.

Total mortality represents the death caused directly
(confirmed mortality) and indirectly by the
pathogen (e.g. septicemia) besides mortality
caused by other factors such as stress and
handling. Mortality by septicemia (rot) where

there was no sporulation of the pathogen, may
have been caused by a bacteria invasion during
the fungus penetration, through the integument or
digestive system. Under laboratory conditions
manipulation of the insects and abiotic conditions
during the setting up and running of the bioassays;
it istherefore fairly variable and may not represent
the real virulence of the pathogen. However, direct
mortality (confirmed) shows the colonizing
capacity of the pathogen overcoming all the
competitive microbial agents present in the insect,
confirming its virulence. This is also important
because sporulation increases the dissemination of
the pathogen in the environment.

Table 1. Total mortality (%) (accumulated), corrected and confirmed, of Cornitermes cumulans 3, 4 and 5 days after

inoculation.
Mortality (%)
Third day Fourth day Fifth day

Strain Tota® Corr.? Confir® Total Corr. Confir. Totad  Corr. Confir
447 50.5 42.3 31.7 78.2 69.0 55.4 86.1 75.9 63.4
760* 48.5 40.3 35.0 75.7 66.5 60.2 91.3 81.1 74.8

EQ® 53.1 449 43.8 81.3 72.1 69.8 96.9 86.7 84.4
1097° 49.0 40.8 34.0 82.0 72.8 64.0 94.0 83.8 75.0
1037° 80.2 56.4 39.6 97.2 65.9 53.8 99.0 65.3 55.7

! Total mortality; 2 Corrected mortality; > Confirmed mortality;

“ Beauveria bassiana; > Metarhizium anisopliae

When selecting M. anospliae and B. bassiana
strains to control C. cumulans, Fernandes & Alves
(1992a) found that total mortality varied from 20
to 100% on the 2™ day and from 50 to 100% on
the 4™ day. However, they used another
inoculation methodology, where the carton portion
surface was treated. The insects were thus in
permanent contact with the conidia deposited on
this surface decreasing the effect of the superficial
cleaning behavior carried out by the workers
which is considered to be one of the main
resistance or defense mechanisms against
entomopathogenic fungi. This may have caused a
decrease in the lethal time and an increase in
mortality. Fernandes & Alves (1992a) only
collected confirmed mortality data in the second
bioassay and found a variation of 95 to 100% and
9 to 42% on the 5 day after inoculation for M.
anisopliae and B. bassiana strains respectively.
The accumulated total mortality for the control on
the 9" day was 8.3% and no confirmed mortality
was observed in the bioassay of the second phase
(Table 2). On the second phase data did not fit the
Probit model for the previousy mentioned

reasons. The accumulated confirmed mortality on
9" day was greater for strains 1037 and 447.
However, strain 1037 reached confirmed mortality
levels greater than 50% more rapidly than the
other strains, being 51% on the fifth day (Table 2).
Also, mortality caused by strain 1037 on the 3
day after inoculation was significantly greater and
on the fifth day strains 1037 and 447 had greater
mortality than the others. Thus strain 1037 (M.
anisopliae) was more virulent and caused high
confirmed death levels. Strain 447 was the most
virulent of B. bassiana strains.

A possible cause for the differences in strain
virulence may be germination speed and
consequent penetration (Moorhouse et al., 1993).
Two most virulent strains were obtained from
Solenopsis spp (Hymenoptera: Formicidag) which
were phylogenetically very different  from
termites, but were also sociable and have the
behavior of superficial cleaning  for
decontamination (Pereira et al., 1993). Thus, rapid
germination and penetration in the insect may have
been one of the factors which enabled the infection
of these ants by these pathogens.
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Figure 1. Strain distribution frequency of Metarhizium anisopliae and Beauveria bassiana in relation to total and
confirmed mortality of Cornitermes cumulans, in the fifth day after inoculation in the first phase of strains selection.

Table 2. Total and confirmed mortality (%) (accumulated), of Cornitermes cumulans in the second phase of strains

selection.
Strains and % of mortality (accumulated)
1037 * E9*’ 1097 * 447° 760 °

Day Tot®> Conf* Tot. Conf. Tot.  Conf. Tot.  Conf. Tot. Conf.
S
2 49 19a 88 00a 3.7 00a 6.12 00a 4.1 00a
3 284 137a 245 0.0b 13.0 0.0b 163 1.0b 15.3 0.0b
4 574 333a 441 49b 296 56D 408 132ab 42.9 51b
5 775 510a 657 216b 53.7 23.1b 69.4 34.7ab 61.2 12.2b
6 823 558a 755 304ab 620 29.6ab 755 37.8ab 72.4 14.3b
7 823 558a 804 343ab 71.3 36.1ab 80.6 40.8ab 775 14.3b
8 87.3 569a 853 373ab 741 37.0ab 83.7 439a 775 14.3b
9 89.2 578a 873 37.3ab 759 37.0ab 89.8 459a 78.6 14.3b

! Metarhizium anisopliae; > Beauveria bassiana;
3 Total mortality; * Confirmed mortality;

> Means following by the same letters are not significantly different by Tukey at 5% of probability, in the same day.

This characteristic may also have been decisive in
the colonization success and in the expression of
greater virulence for C. cumulans. However, this
may not be the only important characteristic in
these two strains, which makes them highly
virulent for different insect species. Alves et al.,
(1997) showed that strain 1037 was highly virulent
by the speed of its lethal action for Culex
quinquefasciatus, Blatella germanica, Diatraea
saccharalis, Solenopsis saevissima and
Heterotermes tenuis. Other factors such as
differences in ability to overcome barriers in the
immune system are probably also acting in the

differentiation of the virulence among the strains.
This ability may be associated with the production
of toxins or secondary metabolites such as
dextruxins (Vey et al., 1982). Thus virulence may
be determined by different intrinsic characteristics
in the strain, which act in a additive manner in its
total expression. The manifestation of these
characteristics is aso closely related with biotic
and abiotic variations. Thus a series of important
characteristics  throughout the infection,
colonization and reproduction process make
strains 1037 and 447 be considered more virulent
for C. cumulans.



The most virulent strains 1037and 447 showed no
differences in relation to conidia production
(Table 3). The cnidia production of B. bassiana
760 was the only one datigticdly different
(smaller) from the others. Alves & Pereira (1989
showed that the prodiction in large scde was
superior to the one ohtained in this dudy for the
best B. bassiana strain 447 and smaller them the
best M. anisopliae strain 1037 The authors
obtained an average productions of 6,2 x 10" and
8,13 x 10" conidia per kilogram of rice for B.
bassana and M. anisopliae, respedively.
Fernandes (1991) observed productions of 3,3 X
10" conidia per kilogram of rice, for B. bassiana
strain 868 3,23 x 10” for strain 865 2,35 x 10
for strain 866and 2,45 x 10" for strain 259 all of
them M. anisopliae strains. The productivity
obtained by Fernandes (1991) was very close to

the one obtained in this gudy. So, except for strain
760 in relation to productivity in rice al the
others drains gudied can be used.

The mparison d these results with those
obtained by other authors have two main
limitations. The first one is related to the variation
in rice hardness which is impossble to be the
same on two dfferent experiments. The secmnd
limitation is related to the type of rice used in
diff erent experiments.

The present study showed that of the tested strains,
1037 (M. anisopliae) was the most virulent. Strain
447 was the most virulent B. bassiana strain and
the seand d the 50 tested strains. Thus drain
1037 (M. anisopliae) may be used in biologicd
control programs for C. cumulans colonies in the
field.

Table 3. Conidia production average for the different strains.

Strains Means! Means’

1037° 337.15a° 3.37
4474 266.57 a 2.66
E9 3 153.62a 1.54

10973 104.03a 1.04
7604 1228 b 0.12

1 Original means (x 10 conidia per ricegram);
2 Original means (x 10"*conidia per ricekilogram);
3 Metarhizium anisopliae; * Beauveria bassiana;

®> Means following by the same letters are not significantly different by Tukey at 5% of probability. Transformed data

bylog(x + 0.5

RESUMO

Nesta pesguisa foram testados cinqienta isolados
dos funges entomopatogénicos Beauveria
bassiana (Bals.) Vuill. e Metarhizium anisopliae
(Metsch.) Sorok. sobre Cornitermes cumulans. Na
primeira fase foram redizados varios bioensaios,
seledonando-se os 5 melhores isolados. O critério
usado para aselec® foi a mortalidade wnfirmada
adma de 50%, no quinto da apds a glicaca.
Trés isolados de M. anisopliae e dois de B.
bassiana foram os mais virulentos. A segunda fase
de sele¢@ constou e um bioensaio e um teste de
produigcdo de nidios em meio de aroz,
seledonando-se 0 melhor isolado de M. anisopliae
e de B. bassiana. Os critérios adotados foram:
mortalidade onfirmada @é @ nono da apds a
inoculac® e quantidade de nidios produzidos.
Considerando s resultados do boensaio, o isolado

1037 M. anisopliae foi 0 que apresentou maior
média de mortaidade onfirmada (57,8%) e
mortali dade total (89,2%), decorridos nove dias da
inoculac®. Dos isolados de B. bassiana, o 447 foi
0 mas virulento, causando mortalidade
confirmada média de 50,5% e total de 89,8%. O
isolado 1037 @& M. anisopliae foi o mais
produivo, com produdes médias de 3,37 x 10"
conidiog’kg de aroz, seguido do 44 com 2,66 x
10" conidios/kg de aroz. Estes isolados posgiem
grande potencial para utilizac® em programas de
controle bioldgico de C. cumulans.
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