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RESUMEN 

Conidiosde lacepasilves/re ? 157 de ML1urhizium 
unisopliae varo unisoplille (AJe/sch.) Sorokin, ji/eron ex­
pues/os a la radiación gama para la obtención de nuevos 
bio/ipos. En la dosis de 390Gy se obtuvo 36 colonias 
(Ma?). Cinco colonias (Ma? 03, Ala? 17, Mal' 25, Ala? 
27), expresaron al/eración morfblógica para el color en 
el Aledio Comple/o. En es/e, 21 colonias presentaron 
crecimiento micelial signUica/ivamen/e distinto del tes­
ligo silves/re, de.~pués de 12 días de la inoculación. La 
colonia Ala? 25, presentó mayor valor de crecimiento 
/l/icelial y la colonia Ala? 11, e//l/enor valor. Entre las 
colonias obtenidas, sulml/en/e la colonia Ala? 28 presen­
tó auxotrojia, ident({tcada como una dejiciencia en la 
síntesis del ácido paraminobenzóico. Los conidios de 29 
colonias, presentaron U/1 promedio de porcentaje de 
germinación sign({tcativml/ente des/in/u del re.~pectivo 
aislamiento silves/re, de.spués de J 2 horas de incubación 
en J\fec!io Afínimo, a 25°C. Las colon ia.\· JI la? 02, JIfa? 2 J 
Y ¡I.fa? 36, presentaron precocidad e,i la germinación de 
los conidios en relación al patrón sih'es/re. 

INTRODUCTION 

Some fungi reveal great possibiliLies ofbeing used 
in insect and pest biological control programllles beca use 
they have an enlomopathogenic aclion. Among these, M. 
al1isopliue is one ofLhe most studied as regareis the patho­
genicily and virulence on more than 200 species of i nsecls, 

SUMMARY 

Conidia o/ the lI'ild ?157 strain Meturhizium 
ul1isopliae var.al1isoplille (Afe/sch.), lI'ere exposed to 
gamma radia/ion /0 ob/ain nell' biotypes. At a dose o/ 
390C.v, 36 colonies (Ua?) lI'ere o!J/ained. Five colonies 
(Ua? 03, ¡Ifa? 17, MaP 25, MaP 27 and A.faP 29) sho­
lI'ed morphological al/era/ion to colour inthe Complete 
Aledium. In this same medium, 21 colonies sh01l'ed a 
signUicant~y dUferent /l/ycelial gr01l'/h ji-O/l/ the wild 
strain after 12 days of innoculatiol1. The lHaP 25 colony 
sholl'ed the greatest value of mycelial groll'th, and the 
l\Ia? 11 colony, the least value. Among the colonies 
obtained, only MaP 28 sholl'ed auxotrophy, identUied as 
a de.{tciency in the synthesisofthe paraminobenzoic acid. 
Conidia (?f tll'en~vnine colonies exhibited an average 
gerlllina/ion percenlage signUicantly dUferenl.fi"olll the 
Il'ilds/rain afier a tll'elve hour incuba/ion in A.finilllulII 
Afe di UIII , o/ 2YC. The AlaP 02, kJaP 21 amI MaP 36 
colonies sholl'ed 80llle precoci/y in conidial gerlllina/ion 
as regards /he Il'ild slrain. 

being manyof then ofagronomic interesl (2 , 3, 17, 25 , 35). 
T\\'o characlerislics associaled wilh this funglls are of 
great relevancefor its use in the field as a biocontrol agent: 
il does nol mean pathogenicity for 111 a n alld it be oblained 
in large quantities at a rclatively lo\\' cost (27). 

In Brazil , M.al1isop!iae has been lIsed very 
sllccessfllIly in the biologic control of sllgar-cime cicadas 

* Parl of a disscrlalion lo obtain a Ms. degrec in Criptogams at lhe UniversidatJe federal de Pemambuco, Recife, PE, Brazil. 
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(Mahanarva posticata Stal. , Ma¡'anarvafimbriolata Stal .) 
and those of pastures Deois flavopicta Stal. and Zulia 
entreriana Ber.g. This fungus is also used in the control of 
Diatraea sacc¡'aralis Fabr, Hypot¡'enemus Iwmppei 
Ferrar, Tihraca limhativentris Stal. and Cornitermes 
cumQlans Kollar(2,7,13) 4) .The efficiency of entomo­
pathogenic fungi used in biological control, can be 
improved by means of genetic manipulation, by altering, 
among other things, factors Iike spomlation, dispersion 
and tolerance of the spores to stress (36). A considerable 
increase in the infectivityof a wild strain of M. al1isopliae 
was obtained by Yokoyama et al. (37) aftcr treatment of 
protoplastswith UVlight. Tsai etal. (36) isolatedsamples 
of M. anisopliae resistant to Benomyl and Carbendazim 
after treatment of conidia with UV. c1lélracteristics which 
are desirable in integrated past conl rol programmes.The 
identification ofthe traces ",hich determine pathogenicity 
and vimlence is a fundamental step for the improvement 
ofthese fungi. Riba et al. (26), point out that thc vimlence 
of a strain seems to be the resuIt of the manifestation of 
different genes. Among the various factors related to 
"imlence are the speed in germination of the conidia, 
production of extra-cellular enzymes related to penetra­
tion (lipa ses, proteases and qllitinases) and productionof 
toxins (1 , 6, 23 . 29. 31. 32).The speed in germination of 
the conidia and the fOJ'lnation of appressoria are crucial 
events in patllOgenesis (9). Resistance to high tel11peratures 
and UV radiation, pR luminosity, nutritional sources, 
colony and stock age are factors which act on the viability 
and speed gennination ofthe conidia ofentomopathogenic 
fungi (8. 11. 15, 18, 30).The objectives ofthis study ",ere 
the produclion of ne", biotypes of M. al1isopliae var. 
anisopliae using gamma radiation , through tile analysis 
ofmycelial gro",th, auxotrophy, conidia gennination, and 
morphological and physiological charactcrization. 

MATERIALS ANO METHOOS 

The P 157 strain of M. 1I11isopliae var. anisopliae 
used was granted by the culture collection (Micoteca -
URM), of the Department of Mycology of the Fcderal 
University ofPernambuco, Brazil ; this strain was isolated 
from Ma¡'al1arva posticata StaL and maintaincd in solid 
Complete Medium (MC) (24), 1110dified by Azevedo and 
Costa (5). 

Conidia from colonies of 8-day old 1110nosporic 
cultures (12), were separately suspended in 3ml ofTwccn 
80 (0, 1% v/v) solution and disaggregated in a vortex 
agitator. Appropriate (1 : 10) dilutiollS ",cre made and 
distributed to five test tubes, each containing 5ml of 
suspension with 106 conidia/ml, estimated quantitatively 
in a Neubauer Chamber. The suspellsions werc subl11ittcd 
to different doses of gamma radiation Cobalt 60 type 
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GAMMABEAN 650 - Atomic Energy of Canada, (50, 
100, 150 ·and 200 Gy). One of the suspensions not treated 
with radiation \Vas used as a control. After this procedure, 
the suspensions were proportionally diluted (1: 10) in a 
saline solution (0,85%v/v) up to a concentration of 102 

conidia/mI. They were placed in triplicates on Petri dishes 
containing solid MC and O, lml of these suspensions was 
spread with a Drigalsky ring and then incubated at 25°C 
for 48 hours. After the incubation period, the surviving 
colonies were counted, taking into consideration the . 
number of colonies obtained in the control as a 100% 
survival. Data obtained served as a basis for constmcting 
a survival curve and for calculating the dose necessary to 
obtain 5% survival by means of linear regression. 

A suspension of conidia with 106 conidia/ml \Vas 
submitted to adose ofgamma radiation of390 Gy, aiming 
at a survival rate Iesser than 5%. The suspension was 
diluted proportionaIly (1:10) to a concentration of 102 

conidia/ml and aliquots ofthis suspension ",ere placed on 
10 Petri dishes containing solid Me. The dishes were 
incubated for 48 hours at 25°e. The colonies arising were 
transferred to test tu bes containing solid MC and incuba­
ted at room temperature and luminosity for 8 days. These 
colonies ",ere designated as MaP. 

The micromorphologic characters ,"vere analyzed 
by means of smearing conidia separately on Petri dishes 
containing solid MC at three different points and covering 
them \Vitll cover glass. The dishes were incubated for five 
days at 25°e. The cover glass \Vas removed from tlle 
cultures and placed on slides with a drop of Amann blue, 
and observed under light microscope. 

For the analysis of the macroscopic characters, 7 
day-old l11ycelium discs frOI11 the MaP colonies, cut with 
the aid of a 5mm diameter cork drill, \Vere transferred 
separately to the center ofthe Pe tri dishes containing solid 
MC, in triplica tes, with the help of a platinum ring, and 
then, incubated at 25"C. Gro\\1h \Vas accompanied for a 
period of 12 days \Vith observation intervals on the 6th, 9th 
and 12th days. In this process the colour and diameter 
parameters of the colonies ",ere considered. 

The auxotrophy of the MaP colonies \Vas verified 
by means of inoclllating conidia in Petri dishes contai­
ning solid Minimum Medilll11 (MM) (24), and incllbated 
at 25°C for 12 days. The dishes were marked in four 
diameters of 2.25cl11, to estimate the percentage growth. 
At the end of this pcriod, conidia which had not formed 
colonies, \Vere transferred to Petri dishes containing solid 
MM to which was added, separately, hydrolyzed casein, a 
sollltion ofyeast nucleic acid, and a sollltion ofvitamins, 
in order to gain specific knowlcdge of the nutritional 
deficiency. 

A prior synchronization of conidia (lO) was 
undertaken to analyze germination, thereby obtaining 



conidia of lhe same age and physiological slate. Conidia 
of lhe MaP and ",ild PI57 colonies, arising from the 
synchronization process were pul in test lubes containing 
9ml of liquid MM in a concentration of I OC' conidia/ml. 
Aliquots of the medium were with drawn at intervals of 
one houL and observed under lhe light microscope. Thc 
percentage of germination \Vas calclllated by observing 
after 12 h lhe presence or absence o[ germination lubes 
on 500 conidia using a Neuballer Chamber. 

Turkcy 's tesl \Vas employed to compare the mean 
gro\\1h of the diffcrcnt colonies. 

RESUL TS AND DISCUSSION 

The results obtained as lo the survival in gamma 
radialion, of conidia of the P 157 slrain of M, al1isopliae 
var. allisopliae, ",ere used lo constructo a survival curve 
(Figure 1). The exlrapolated dose lo gel aSo;;) survival was 
390 Gy. 

FigUl'c 1 - Conidia survival curve ofthe P' 57 slrain of M, 
al1isopliae vaL al1isopliae submittcd to gamma radiation 
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After exposing lhe conidia sllspension lo a 390 Gy 
dosis . 36 colonies \Vere oblained. The colonics showed 
lhal lhe morphology of the hiphae, conidiphores and 
conidia were preserved . Among lhese, 5 sho\\'cd 
morphological alteralion in colour: 4 ccJlonies a yello\V 
colour(MaP03, MaP 25,MaP 27, MaP 29)andonea while 
colour (MaP 17). 

Of lhe 36 colonies oblained aftcr treatmentldose 
wilh gamma radialion, 26 colonies sho\Ved a mycelial 
growth in diameter, significanlly different from lhewild 
strain according lo the data appearing in Table l. 

Onl)' one colony, MaP 28, showed allxotrophy and 
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Tablc 1 

Mean mycelial growth (diametel') of MaP colonics (lf 
M, allisopliae Yar. allisopliae on thc 12th day of growth 
on solid MC, at 25°C. 

2 

3 

Colonies Growth Avcrage! 
(mm) 

MaP 25 67.0 a2 

MaP08 57.3 b 
MaP 34 56.6 b c 
MaP 33 56 .3 b c 
MaP02 55.6 bcd 
MaP 20 54.0 c d e 
MaP 09 54.0 c d e 
MaP 35 52.6 d e f 
MaP 15 52.0 efg 
MaP 22 52 .0 e f g 
MaP 36 52.0 e f g 
MaP28 51.0 e f g h 
MaP21 50.3 f g h 
MaP 38 50.3 f g h 
MaP04 50.0 f g h 
MaP 18 49.3 g h i 
MaP 10 48.0 h i j 
MaP 30 46.3 i j 
MaP 23 46.0 j 
MaP 24 46.0 j 
MaP 31 46.0 j 
MaP 12 46.0 j 
MaP 13 45 .5 j 
MaP 19 45.0 j 
MaP05 44.6 
MaP 01 44.3 
MaP27 44.3 
Contro13 43 .0 
MaP 14 39.0 
MaP 37 38.0 
MaP29 29.0 
MaP07 28.0 
MaP06 26.0 
MaP 32 25 .0 
MaP03 20.3 
MaP 17 18.0 
MaP 11 HU 

Average of lhree samples. 

k 
k 1 
k 1 
k 1 
k 1 
k 1 
k 1 
k 1 
k 1 
k 1 

m 
m 

n 
no 
no 

o 
p 

P 
q 

Values followed by lhe same letter are not statisticalIy 
different al the 5% level ofprobabilily, accordingto the 
Tukey's test. 
Wild strain, P157. 
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Tablc 2 

G.-owth of MaP colonics of M. al1isopliae Yar. anisopliae 011 thc 12th da~' of incuhation on solid MM, at 25°C, 

Colonies Gro",th I Colonies Growth Colonies Growth 

MaPOl ++ MaPI4 ++ MaP29 + 
MaP02 ++ MaPI5 +++ MaP30 ++ 
MaP 03' MaPI7 + MaP31 ++ 
MaP04 +++ MaPI8 ++ MaP32 ++ 
MaP05 ++ MaPI9 ++ MaP33 +++ 
MaP06 ++ MaP20 ++ MaP34 ++ 
MaP07 ++ MaP21 +++ MaP35 ++ 
MaP08 ++ MaP22 ++ MaP36 +++ 
MaP09 ++ MaP23 ++ MaP37 ++ 
MaP 10 ++ MaP24 ++ MaP38 ++ 
MaP 11 ++ MaP25' Control' +++ 
MaP 12 + MaP27 + 
MaP 13 ++ MaP28 

1 + low gro",th, relative to 25% of the Petri dish diameter. 
++ regular gro",th. relative to 50(% of the Petri dish diameter. 

+++ normal growth, relativc to 75'X, of the Petri dish diamcter. 
no growth. 

2 The colonies MaP 03 and MaP 25 developed on MM only after 25 days of incubation. 
3 Wild strain, P157 . 

in the complementary tests the colony shO\\'ed deficiency 
in paraminobenzoic acid. The MaP 03 and MaP 25 
colonies did not sho", growth in solid MM during the 
twelvc days trial periodo but grew 25 days later, which 
probably indicates that the gamma radiation caused 
auxotrophy and a reversal of lhis condition occurred 
(Table 2) . 

To analyze the germination percentage the MaP 
colonies that showcd .an aYerage ofm)'celial diameter of a 
significantly greater value than that of the wild strain, in 
addition to the some colonics having an average diallleter 
of lesser yalue were chosen. The germination percentage 
ofthe analyzed colonies is to be found in Table 3. Among 
the tested colonies,17 sho",ed an average germination 
percentage significantly minor from lhe ,úld slrain 
(Table 4). Thc MaP O l. MaP 02, MaP 0-1.. MaP 05. MaP 
13 , MaP 15 , MáP 19. MaP 21. MaP 22, MaP 36 and MaP 
38 colonies, sho",cd an aYcrage gerlllination percenlage. 
arter 12 hours incubation, significantly greater than lhat 
ofthe wild strain. Three colonies. MaP 02, MaP 21 e MaP 
36, began germination of the conidia arter a 6 h 
incubation; the colonies MaP 06, MaP 14, MaP 22, MaP 
30, MaP 32 and MaP 37 arter8 hour: the colonies MaP OS. 
MaP 11 , MaP 20, MaP 33 . MaP 34 and MaP 35 after 9 
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hom: " 'hile the MaP 09 colony only presented conidial 
germination after lhe 11 hour incubalion. The MaP 21 
colonyprescnted the highest germination percenL:1ge while 
lhe MaP 09 colony presented the lowest pcrccntage(Table 
3). 

Okino et a1.(19), ",orking with M. al1isopliae and 
two species of Aspergilllls, observcd after cxposure of 
conidia to gamma radiation, a survival of approximatcly 
1% in lhe dosc of348 Gy for M. allisopliae, and reportcd 
a grcal scnsibility ofthis fungus to radiation, that \Vas also 
obseryed in this study. 

Luna-Alvcs Lima (12). points out that differcnt 
chemicéll and physical agents are used in the induction of 
lllutation in organisms, ",hile gamma radiation is little 
used as él Illutagenic agent in enlomopathogenic fungi . 
One ofthe mosl " 'idely used physical agents for induction 
of mutation in' filamentous [ungi is ultraviolet light (14, 
33.37). In the improvement programmes [or fungi used in 
biolocal control , ultraYiolet light is also used more 
frequcntly due lo the ease of manipulation . Azcvedo (4). 
points that gamma radiation can bc considercd as an 
exccllent mutagenic induclor in some cases. 

The induction of morphological mutations in 
filalllentous fl\Ilgi may Yary in frequency depending on lhe 
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Tablc 3 

Conidial gcrmination I)Crccntagc of MaP colonics 01' M. allisopliae val'. allisopliae, on Iiquid MM, at 25°C. 

Gcrmination Jlcrccntagc1 

Incubation Jlcriod (hours) 

Colonics 5 6 7 8 9 10 11 12 

Control 2 - - 1.4 4.0 11.8 15.8 37.4 53 .6 

MaPOI - - 2.2 4.6 12.4 . 17.4 39.2 60.2 

MaP02 - l.2 3.0 7.6 12.4 25.8 35.8 59 .0 

MaP 04 - - 4.2 10,0 27.0 33.8 36.8 61.0 

MaP05 - - 3.0 5.8 12.0 19.2 40.2 59.8 

MaP06 - - - 2.2 6.4 11.8 15.2 36.2 

MaP07 - - 1.0 3.6 \tU l·lA 38.6 48.6 

MaP08 - - - - 6.0 11.8 15.8 38.0 

MaP09 - - - - - - 2.6 5,8 

MaP 10 - - 2. -1 5.0 17.0 24.0 39.0 50.8 

MaP 1I - - - - 3.4 5.0 12.2 18.4 

MaP 13 - - 8.4 18,8 32.6 40.4 51.8 60.6 

MaP 14 - - - 1.2 :u 11.0 15 .8 35.2 

MaP 15 - - 3.6 11.8 24. O 52.4 67.8 71.2 

MaP 18 - - 3.2 6.0 12.0 18.4 26.2 33.4 

MaP 19 - - 7.8 17.6 31.8 38.4 49.2 58.4 

MaP 20 - - - - 6.0 19.0 29.6 38.2 

MaP 21 - 5.6 12.8 23 ,8 31.4 50.2 63.2 71.6 

MaP 22 - - - 6.2 21.0 :12.0 53.0 64.6 

MaP 23 - - 5.4 9.8 16.0 18.6 28.2 34.4 

MaP 24 - - 5.8 9.2 15.8 19.6 30.2 36.6 

MaP 30 - - - 1.8 4.2 20.8 :1.4 37.8 

MaP 31 - - 4.8 8.6 15.6 19.0 26.0 33.2 

MaP 32 - - - l.2 4.4 7.8 12.2 27.2 

MaP 33 - - - - 4.6 13 .0 24.6 41.8 

MaP 34 - - - - 3.8 11.8 18.2 35.2 

MaP 35 - - - - 7.8 15.0 33.8 53.'l 

MaP 36 - 6.1 l-+.el 18.0 28.0 46.2 55 .0 67.2 

MaP 37 - - - 1.8 4.01 2.21 6.8 36.8 

MaP 38 - - 13.6 24.4 31.8 49.2 53.8 67.8 

Counting of 500 gcrminatcd and ungcnninatcd conidia 
2 Wild strain. P 157 
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Table 4 
Conidial geI"nlination average of MaP colonies 01" M. 
al1isopliae val'. anisopliae on the 12th hour, 011 li(IUid 
MM, at 25°C, 

Colonies Growth Average! 
(mm) 

MaP 21 71.5 a2 

MaP 15 71.1 a 
MaP 38 68.1 a b 
MaP 36 67.1 a b c 
MaP22 64.5 b c d 
MaP04 61.1 c d e 
MaP 13 60.6 d e 
MaPOl 60 .2 de 
MaP05 59.7 d e 
MaP02 59 .0 de f 
MaP 19 58.4 e f 
ConlroP 53.6 f g 
MaP 35 53 .3 f g 
MaP 10 50.7 g 
MaP07 48 .5 g 
MaP 33 41.7 
MaP 20 38.1 
MaP08 38.0 
MaP 30 37.8 
MaP 37 36.8 
MaP06 36.2 
MaP 24 36. 1 
MaP 14 35 .1 
MaP 34 35 .1 
MaP 23 34.3 
MaP 18 33.4 
MaP 31 33.2 
MaP 32 27.1 
MaP 11 18.3 
MaP09 5.7 · 

1 Average 01' lhree smnples. 

h 
h i 
h i 
hi 
hi 
h i 
hi 

.1 

.i 
k 

2 Vallles rollo,,"ed by lhe same leller an: nol slali slically 
differenl al lhe 5% levcl 01' probabilily, accon.ling lo lhe 
Tllkey 's test. 
3 Wiltl slrain , P 157. 

lype of mulagenic agenl used for induclion (12, 21 , 22). 
Using UVas a mulalion induclor in IJeal/veria hassiana, 
Paccola-Meirelles (21), poinls oullhal il \Vas nol oblained 
any slable 11l0rphologicalmulanl, \Vhile it ,,,ere oblained 
22 morphological mulanls lo colour by using gamma 
radialion as an agenl. 

Morphological mulanls of enlomopalhogenic 
fungi. oblained by arlificial processes, are of lhe highesl 
importance, beca use they may facililate the recognilion of 
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recombinants in crossings via the parasexual cycle which 
increases Iheir possibililies of being in a single genome, 
gencs pOlenlially favourable lo enlomopalhogenic action 
(12) . Oliveira et al .(20), oblained morphological mutants 
lo colour of conidia in M. anisopliae var. minI/S and M. 
anisopliae var.nll~il/s,using as mulagenic agcnts 8-me­
loxipsolarein associaled wilh long UV. 

Luna-Alves Lima (12), working·wilhM. anisopliae 
var. anisopliae oblained by using Ullraviolet lighl 14 
simple auxolrophic mulanls and 5 doubles; Paccola­
Meirelles (21), obained arter trealmenl of conidia of an 
isolate of Beal/veria hassialla with gamma radiation, 5 
simple mutanls and 3 with double auxotrophic marks. 

One ofthe delenni ning factors in the palhogenicity 
of entomopathogenic fungi is the germinalion of conidia , 
this being the first slep for host infection (16). Samuels el 
al. (28), staled that paramelers like germinalion speed 
and groWlh are correlated with the high virulence of some 
strains o[ M. anisoplille for Nilllparvata [l/gens. The age 
oflhe colon)' can be considered as an interaction faclor in 
a conidial gcnnination. Hall el al. (8) , in a comparative 
analysis of different species of enlomopalhogenic [ungi 
claimlhat conidia coming from )'oungcultures show more 
rapid genninalion lhan lhose ofold cultures. In this study 
the synchronizalion oflheconidia fromlhe wild slrain and 
[rom the MaP colonies was reached in such a way that lhe 
conidia used in lhe genninalion Irial possessed lhe same 
physilogical condilions, lhus climinaling varialion due to 
lhe age of Ihe conidia. 

It was obseryed lhat Ihe MaP 15, MaP 21 , MaP 33 
and MaP 36 colony, showedaccordingly a high germinalion 
percentage, good growlh in MM and Me and in addilion 
lo lhis, MaP 21 began germinalion ",ell in advance. 
Considering Ihat characlerislics Iike high percenlage and 
speed of germination. apart from good mycclial groWlh, 
are desirablc in entomopathogenic fungi , the colonies 
which showed such characteristics may be promising for 
use in genelic crossing aiming the inc¿rporation ófthese 
ClléHacleristics inlo strains wilh recognized good 
performance in biological control. 

The biolypes obtained in this study need furlher 
studies lo analyze olher changes arisi ng [ro m the cxposure 
lo gamma radial ion ",hich may ",ell contribute lo lhe 
knowledgc of lhe genetic bases associaled wilh lhe 
mosl appropriale phcnolypcs for biological conlrol 
prograllllllcs. 
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