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Caracterização e Patogenicidade de Beauveria bassiana contra Diatraea 
,vacc/rara/is (F.) (Lepidoptera: Pyral iclae) na Argentina 

RESUMO - Foram analisados 21 isolados de Beauveria bassiana (Bais.) VuilI. 
quanto à patogenicidade em lagartas de Diatraca saecharalis (F.), importante 
praga da cultura do milho na Argentina. Os isolados obtidos originalmente de 
D.saccharalis foram patogênicos a essa praga, o que não ocorreu com isolados 
provenientes de outros hospedeiros. A mortalidade observada variou de 50 a 
90 1%, com TL, entre 2,1 a 8,4 dias. Os isolados apresentaram alta variabilidade 
quanto a genTunação e produção de conidios em meio de cultura artificial. A 
análise de isoenzirnas mostrou alta similaridade (>801/0) entre os isolados 
obtidos originalmente de D. saccharalis, independente do local de origem 
(Argentina ou Brasil). As características analisadas nào se relacionaram en-
tre si, mas permitiram a seleção de isolados de B. bassiana com potencial para 
controle biológico de D...accharalis na Argentina. 

PALAVRAS-Cl-IAVES: Insecta, broca da cana-de-açúcar, fungos entorno-
patogénicos, controle biológico. variabilidade 
genética. 

ABSTRACT - The pathogcnicity of 21 isolates of Bcauieria bassiana (BaIs.) 
VuilI. collected in differcnt hosts and localities of Argentina and Brazil was 
evaluated on the sugar cane borer, Diatraea sacci ara/is (F.), lsolatcs origi-
na!ly ohtained fioni this host were virulent against it in tlie laborator, while 
isolates froni otlicr insect specics showed no virulence towards D. sacc/iarali.v 
Iarvae. Mortality rates ranged from 50 to 90% with a TL of 2.1 to 8.4 days. 
High variahility was observed among isolates in gerrninatíon and conidia 
production on artificial culture medium. Howcver. isozyme pait1s of the 
isolates collected from sugar cane borer showed high similarity (> 80%) re-
gardless of their origin (Argentina or Brazil). The analyzed characterisiics 
did not show a clear relationship. but allowed the selection of B. hassiana 
isolates with potential as a biological control agent of D. saccharalis lo 
Argentina. 

KEY WORDS: lnsecta, sugar cane borer, cntornopathogenic fungus. biologi-
cal control, genetie variability. 
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The sugar cane borer. Diatraea 
saccharaiis (F.), is ao irnportant pest of 
maize, sorghum and sugar- cane crops in the 
Aniericas. lo Argentina, this pest is respon-
sible for 20% of reduction in maize produc-
tion (E. Dagoberto & R.E. Lecuona, unpub-
lished). Because the chemical control of sugar 
cane borer is not cfficient, different strate-
gies of control have beco developed. In Bra-
zil, D..accharaiis is mostly conlroled 
through the release of parasitoids (Botelho 
1992). The entomopathogenic fungi 
Itietarhi2iu,n anisopiiae (Mctsch.) Sorok. and 
Beuui'eria bas.sianci (Bais.) VuilI, have shown 
potential as biological control agents in sugar 
cane 1PM in Brazil (Alves e! ai. 1984,1985, 
Lecuona & Alves 1988). In Argentina, B. 
hassiana was found infecting Iarvae of D. 
sacc/iaraiiç (Dagoberto ei ai. 1981, R.E. 
Lecuona, unpublished). However, few stud-
ies were conductcd to explore the potencial 
use of B. hassiana as a hiopesticide against 
this pest. The utilization of isoenzymes to 
differcntiate isolates and populations of B. 
hassiana was dcmonstratcd (Poprawski etai. 
1988. Mugnai ei ai. 1989, Tigano-Milani e! 
ai. 1990. St. Leger ei ai. 1992). The possi-
hilities to use this entornopalhogen as 
bioinsecticide depend on the availability of 
virulent strains with good capacity to produce 
conidia and high growlh rate (Paccolia-
Mcirelles & Azevedo 1990). The aim of this 
work was to cliaracterize Argentinean and 
Brazilian strains of B. bassiana to be used in 
the control of D.saccharaiis. Isolates co)-
lectcd from diflèrent host species and locali-
ties were analyzed regarding biological pa-
rarneters and isozyme patterns. 

Material and Methods 

Fungal Cultures. Twenty onc strains of B. 
has.viana isolated from D.sacclzarahs and 
other insecis in Argentina and Brazil were 
studied (Table 1). Monoconidial cultures were 
produced for cach isolate and niaintained on 
complete media agar plate (CMA): 0.4 g 
K112PO4. 1.4 g NaHPO4, 0.6 g SO4Mg, 1 g 
KCI. 0.7 g NH4N039  10 g glucose. 15 g agar. 

5 g yeast extract, 1 liter of distilled water. 
Conidia were obtained from cultural grown 
on CMA at 25°C for 15 days. Mycelia needed 
for isozyme studies were obtained by 
inocu]ating 50 mi ofSabouraud dextrose broth 
in 250-mi flasks with a final conidial 
suspension of 101 conidia/mI, Flasks were 
incuhated on a rotary shaker (150 rpm, 26°C). 
Seven days afier inoculation, the mycelia were 
separated from the supernalant by vacuum 
filtration. 

Electrophoresis. The mycelial niatcrial 
obtained from liquid media was washed 
severa] times in sterile distilled water (SDW) 
and in a buifer (0.05 M Tris-HCL, pH 7.8) to 
remove residual broth. Mycelial were 
collected and concentrated by vacuurn 
filtration, weighed, fraernented witli liquid 
nitrogen, and centrifuged at 30.000 g for 30 
min at 4°C. The supernatants were placed in 
1.5 ml ampoules and frozen at -80°C. 
Hidrophilic proteins were separated via 
isoe1ctic focusing (IEF), as described by Riba 
ei ai. (1986). Zymogranis were obtained 
using 10% polyacrylamide gel containing 6% 
ampholytes (Pharmacia, Sol lentuna, Sweden). 
Twclve microliters ofsamplcs was Iayered on 
the gel. and IEF was done in a pFI gradient 
from 3 to 10 at constant poer o) 8 W. After 
migration, the gels were incuhated in the 
appropriate staining niixtures. Fifteen 
cnzynies systems were tested, but only 6 were 
selected because thcy were polymorphic and 
presented well-resolved bands. AlI strains 
were then ana]yzed for peroxidase (PER). 
phosphoglucomulase ( P('JM  ), mal ato 
dehydrogenase (MDII). diaphorase (DIA), 
phosphogluconatc dchydrogenase (PGD), and 
alcohol dehydrogenase (ADH) activity. 
Staining procedures were adapted from Shaw 
& Prasad(1970). 

Bioassays. The isolates obtained from D. 
,vacchai'aiis were passed through this host 
before performing the hioassays. The 
pathogenicity of B. hassiana strains was 
determined by using third instar D. 
saccharali.s larvae. Twenty larvue were 



301 	 Au. Soc. Ento,nol. Brasil 25(2) 	 Agosto, 1996 

Table 1. Origin and phenetic classification of Beauveria hassiana isolates. 

Isolate 	 Host 	 Location 	 Ycar Phenetic 

group2  

Bh l (CG276) Diairara saccharalis Pergamino/BsAs/Argentina 1990 
Bb2 Dian-aea saccharalis Pergarnino!BsAs/.Argenhina 1990 
Bh3(CG277) Diiuraea saccharalis (Tolón!BsAs/Argcntina 1990 
[3h5(C'G278) Diairaea saccharalis Lincoln/BsAs/Argeutina 1990 
l3b6(C'G279) Diairara saccharalis 9 de Jul io/BsAs/Argentina 1990 
Bh7 Diatraea saccharalis 9 de Julio/BsAs/Argentina 1990 
Bb8(CG280) Diairaea saccharalis 25 de Mayo/BsAs/Argentina 1990 
Bb9(CG28 1) Diairaea saccharalis Venado TucrtoiSFe/Argentina 1990 
Bb10(C'G282) Diatrara .saccharalis Elortondo/SFe/Araentina 1990 
Bh li (CG283) Diairaea saccharalis Rio Cuarlo/Cha/Argentina 1990 
[3h 1 2(C'G284) Diaaaea saccharalis Fluínca Renancó/C'ba/Argentina 1990 
[3h 13 Diairara sarcharalis Huinca Renanco!Chu/Argentina 1990 
13h32(CG ló) Dia/rara saccharalis Ipoiuca/PE!Brazil 1983 
Bh34(CG7 1 ) Dia/rara saccharalis PE/Brazil 1984 
Bb35(C'G72) 1)/atraca saccharalis Araras/SP/Brazil 1983 
Bb39(CG85) Diatrara saccharalis lraceinápolis/SP/Brazil 1985 
I3h33(CG25) Anticwsia gemmata/is l3rasília/DF/Brazil 1987 
13b36(CG74) Tibraca limhaiireniri.s' Goiania/GO/Brazil 1982 
Bb38(C'G8 1) Tibraca Iimbatiueniris Chapecó/SC/BraziI 1984 
Bh40(CG 135) Euselasia sp. RS/Brazil 1988 
Bb4 1 (CG 136) Drois /lavopicla Piracicaba/SPíBraziI 1989 
Bh37(CG78) A'e:w-a viridula Yerba Buena/Tuc'Argentina 1986 

Bh. IMYZA-CICA-INTA Coliection. Castelar, Argentina: CG. EMBRAPA!CENARGEN Collection. 
Brasília. Brasil. 
Group classification was bascd ou clustering analysis of isozymes characters. 

immerscd 111 a conidial suspenston (1 
conidia/ml) for approx inlately 6 seconds. 
After treatnient, the larvac were grown 
individually and incubated at 26°C, 70% HR 
and photofase of 14 hs. Treatments were 
replicated four limes. Control Iarvac were 
immersed in SDW. The rnortality of larvae 
was observed daily to detennine the median 
lelhal tinie ( LT 0). 

Conidial germination. Conidia harvested from 
15-days-old CMA spread plate cultures were 
used to prepare CMA spread plate. using 0.1 
ml ofa lO conidiaíml suspension in SDW with 

0.01% Tween 80 (Sigma. St. Louis, MO), 
incubaied at 26°C. The observation of the 
gerniination started 6 lis after the inoculation. 
Plate were assessed to determine the mcd tan 
germination time (GT5 = the time to germinate 
501% ofconidïa). 

Sporulation. Five-niillimeter plugs from 15-
days-old colonies were incuhated ou CMA 
plate at 26°C for 9 days. Then conidia 
produced were harvestcd I'olI owing agitation 
in lO ml of SDW containing 0.01% Twccn 
80. Conidia concentration was determincd 
with a heniocytomcter. 
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Statistical analysis. A dendrogram was 
constructed from the isozyrne data using 
NTSYS-pc prograni (Rohlf, 1993). A 
sirnilarity rnatrix was created using lhe 
Jaccard coefficient, and cluster analysis was 
done using lhe unweighled pair group 
arithrnctic mean rncthod (UPGMA) (Sneath 
& Sokal, 1973). The percentage ofrnortality 
and germination were transforrned using 
Probit (Finncy 1964) to calculate LT and 
GT respectivcly. For ANOVAs and mean 
comparisons, sporulation data were 
transformed to SQRT. Mean differenccs were 
comparcd using Tukeyls test. 

Results and 1)iscussion 

There were diffcrences among lhe isolates 
regarding their capacity to infcct D.sacchara/is 
larvae, or their LT for lhe pathogenic ones 
(Table 2). The six strains originally isolated from 
other hosts than I).saccharulis were 
nonpathogenic to this insect(E3b 33, 36,37,38, 
40 and 41). The isolates obtained from D. 
saccharaiis in Argentina or Brazil were ali 
patlu)genic to lheiroriginal host. Their virulencc 
varied from 50110 oflarvae mortality for Bb 34 
to 90% for Bb 12 (Table 2). in general lhe Bra-
zilian isolates showed to be less virulents (50 - 
70' 	mortality) than lhe Argentinean (60 - 90% 
mortality), possibiy because they were obtained 
eariierthan lhe Argentinean, and a large number 
ofreplications were rnade before heing stored 
at CENARJEN coliecliou. The LT  ranged 
fiom 2.1 days to Bb lOto 8.4 days to Bb 1, but 
this parameter was not related to lhe virulence. 
The ability of R. bassiana to infect D. 
saccha,-a/is is aiready known from Brazílian 
populations of this pest in sugar cane (Lecuona 
& Alves 198$). 1 Iowevcr. in this study we had 
lhe first screening, in laboratory, ofB. t'assiana 
isolates against population of Argentinean 
sugar cane borer coilected from maize crops. 
Lecuona & Alves (1988) showed that Bb 34 
can intèct 82% (LTÇ  of 7.8 days) of D. 
.vaccharalis 1 arvae tcsted in Brazi 1. 1-1 owever. 
lhe sarne isolate caused 50% of mortality 
(LT of 7.4 days) on Argentinean D. 
sacc/,amiis, which could be reiated to lhe dif- 

ference of susceptibility in sugar cane horer 
populations (Argentincan and Brazilian). Other 
biological parameters anaiyzed. conidial ger-
mination and sporulation, also showed a wide 
variarion among lhe isolates. The GT varied 
froni 9.4 hours (Bb 38) to 20.() (Bb 12). This 
characteristie was not correlated to 
pathogenicily as shown above with lhe extreme 
values presented, where Bb 38 was not patho-
genic but showcd lhe fastest gerniination in ar-
tificial media. hi contrast, lhe most virulent 
strain, Bb 12, took ionger time to germinatc in 
similar conditions (Tabie 2). Similarly. in lhe 
sporulation analysis, not ali of lhe most vii-u-
lent isolates were (,00d conidial producers in 
artificial medium. The sporuiation iate rangcd 
widely from 6 x 10 to 130 x lO  conidia/uni 
among lhe isolates analyzed. 

Using isoelectric focusing (IEF), ii was 
possihle to analyze six cnzyrnalic systems, 
more than in previous studics with R. 
bassiana using LEF or starch gel electro-
phoresis (Poprawski e, ai. 1988, Tigano ei ai. 
1990, St Legeretai. 1992).Thc isozyme sys-
tems analyzed expressed a combination of 
bands in two or three patterns ou lhe gels, de-
pending ou lhe isolate. The enzynie profiles 
for PGM, PER. MDII, DIA, PGD and ADH 
are shown m Fig. 1. In ali cnzymatic systems 
anaiyzed there was a common pattern, fre-
quently found among lhe isolates. As shown 
in lhe dendrograni (Fig. 2), isolates were clus-
tered in thur main groups with > 70% simi-
larity within them. In group 1 and 2 lhe iso-
lates were identieal. Thesc groups clustercd 
together with 87.3% of siinilarity. Ali lhe 
strains isolated from 1). saccharahs, either in 
Argentina or Brazii fali in these groups. How-
ever, there was not a clear correlation between 
host and phcnetic group. Groups 1 and 2 also 
contained an isolale, Bb 41, obtained fruiu 
anolher host. The two olher groups ohserved 
were less homogenous than lhe first ones. The 
two isolates Bb 37 and Bb 38 from group 3. 
clustered together at 79.4% of siniilarity. 
whiie Bb 36 and 8h 33 from group 4, pre-
sented 72.7% of sirnilarity. The minimum oí 
similarity (54.8%) was obscrvcd bctween 
group 4 and lhe rest of lhe isolates anaiyzed. 
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Table 2. Pathogenicity to Diatraea sacchara/is, conidia germination and sporu]ation of 
Beauveria hassiana isolates. 

Pathogenicity to D. Saccharahv 

Isolate Mortality(%)2  LT 0  (days)4  GT(hours)4  Sporulation 

and siope and siope (n x 107  conidia/rn1)' 

Bb 12 90 a 7.8 (7.1245) 20.0 (8.8388) 36.7 (6.035 c) 
Bb 10 89 a 2.1(4.7092) 13.4 (11.0467) 9.1 (2.940 ef) 
BbS 85 ah 5.1 (4.7675) 14.2 (14.7655) 26.7 (5.159 cd) 
Bb 3 81 ah 7.3 (8.1877) 16.3 (9.7453) 71.5 (8.453 h) 
Bb 6 80 abc 7.7 (5.9426) 14.1(12.5939) 15.5 (3.877 ed) 
Bb 11 75 ahcd 6.9 (6.2307) 18.0 (12.2520) 38.0 (6.131 	e) 
Bb 13 75 ahcd 7.2 (7.8382) 12.5 (17.6725) 69.2 (8.3111)) 
Bb 7 70 bcde 7.5 (7.2809) 14.2 (10.4773) 28.0 (5.252 cd) 

Bb 9 70 hcde 7.3 (6.0837) 15.1 	(12.3979) 29.5 (5.398 e) 
Bb 32 70 hccle 6.9 (4.9642) 12.6 (16.5622) 33.2 (5.727 e) 
Bb 1 64 cdef 8.4 (4.2018) 17.3 (8.6046) 105.0 (10.241 a) 

Bb 8 60 def 7.4 (2.7830) 13.4(11.1092) 113.0 (10.626 a) 

Bb2 60def 7.4(3.1186) 14.3 (11.4876) 130.0 (11.398u) 
Bb 39 60 dei 7.7 (4.1762) 15.2 (10.8117) 6.6 (2.519 ef) 
Bb 35 55 ef 7.7 (2.6983) 13.3 (11.8998) 33.0 (5.709 c) 
Bh34 50f - 15.1 	(13,0491) 22.5 (4.689cd) 
Bb 33 O - 13.5 	(15.2189) 0.6 (0.760 h) 
Bb 36 0 - 12.4 (18.3338) 3.8 (1.927 /Ji) 
Bh38 O - 09.4(11.6915) 6.4 (2.481 efk) 
Bb 40 O - 13.6 (11.5641) 0.9 (0.903 h) 
Bb41 O - 13.4(19.3347) 3.5 (1.813 fh) 
Bb37 O - 13.5 (12.3728) 2.1 (1.411 gh) 

'Values are means of four replicates with 20 larva/replicate. 
2 Means followed by the sarne letter were not significantly different at a = 0.05 using Tukey 
tcsl. 
The percentage was calculated over infccting larvae. MSE= 44.9218, DF= 48, F 13.09, 

CV= 9.46 
4Median lelhal time and germination time calculatcd by Prohit. 
'Calculated 011 400 conidia in CMA. 
°Data were transformed to SQRT. MSE 0.3277, DF= 66, F= 123.07, CV= 11.27. 

showing less diversity among the isolates of 
this study than observed in another study with 
several B. bassiana strains isolated from dif-
ferem geographic regions and hosts (St. Lcgcr 
eI ai. 1992). Even using a smaller sample of 
isolates, the rcsults obtained here agree with 
previous observations made for B. hassiana 

and olher entomopalhogenic fungi, when it 
was difficult to correlate molecular rnarkcrs 
to any other characteristic of the isolates (St. 
Leger ei ai. 1992, Sosa-Gómez ei ai. 1994. 
Tigano-Milani e! ai. 1 995h). 

The strain pairs Bb 1, Bb 2. Bb 6, Bb 7, 
Bb 12, and Bb 13, allhough isolated at the 
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PGM PER MDH 

1,2,3,5,6 33,36,37,38 1,2,35,6,7 33,36 	38 1,2,3,5,6,7 	36,40 	38 
7,8,9,10,11 8,910,11,12 8,910,11,12 
12,13,32,34 13,3234,35 13,32,33,34 
35,39,4041 37,39,40,41 35,37,39,41 

DIA PGD ADH 

1,3,6,8,9,10 2,5,7 	33 12,3,5,6,7,8,9 33,36 	37,38 1,2,3,5,6,7,8,9 	33 
1112,13,32, 34,36, 10,11,1 213,32, 10,11,12,13,32 
34,38,40,41 37,39 34,35,39,40,41 34,35,36,37,38 

39,40,41 

Fiurc 1 Electrophorctic polyrnorphism ofperoxidase (PER), phosph gIuomutase (PGM). 
malato dehydrogenase (MDI-I), diaphorase (DIA), phosphogluconate clehydrogenasc (PGD). 
and alcohol dehydrogenase (ADH) systems in Beaw'ei1a ictsxiwm isolates. The nurnbers 
represent thc isolate (Table 1). 

sarne place and time. hut from different D. 
succiraralis larvae (Table 1). showed dif-
ferem biological characteristics (Table 2). 
These differences were confirrned for the 

strain pair at isosymanc leveI (phenetic 
group 1 and 2, Table 2). This faci was also 
observed by Tigaio-MiIani ( 1995a, b) for 

Noinuraca rilevi ( Farlow) Sanison for bio-
logi cal characters and for Paecilomtces 
/u,nosnmseus (\Vize) Brown et Sm ith at lhe 
DNA leveI. 

The strain Bb 37, although native fiom 
Argentina, was placcd in a different phenetic 
group (group 3), as conipared lo alI others 



305 	 An. Soc. Enunnol. Brasil 25(2) 
	

Agosto, 1996 

0,00 	 0.25 	 0.50 	 0.75 	 1.00 

Bbl -- 

Bb3 

Bb6 

Bb41 
Bb8 

Bb9 

Bb35 

BblO 

Bb 32 Group 1 

Bb13 

Bb12 

Bbll 
Bb40 -- 

8b2 -- 

Bb5 

Bb7 Group2 

Bb34 

Bb39 - 
Bb37 -' 

Bb 38 
- 	Group 3 

Bb36 - 
Bb33 

- 	Group4 

Figure 2. Dendrogram constructed from isozymes data, indicating the rclationships among 
Beauveria hassiana isolates. A similarity mairix was calculated based on Jaccard coeffi-
cient, and the tree was generated from this niatrix by the unweighted pair group rnethod 
arithmetic mean (UPGMA). 

Argentinean strains, which are in the groups 
1 and 2. However, this strain was the only 
Argentinean one obtained from other host 
than D. sacc'haralis (Table 1). 

The different paranieters used to characteri-
ze the isolates aI]ow the selection of the ones 
with higher performance toward developing a  

biopesticide to control D. sacchw-alis in Ar-
gentina. In fact, four isolates, Bb 10, 5, 3. and 
6, were selected for further analysis concern-
ing their capacity to infcct and ki]l sugar cane 
borer, in a short period of time, as wel] as for 
their capacity to be produced efficiently in ar-
tificial media. 
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