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Helicoverpa	armigera
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Helicoverpa	armigera	(Hübner)	(Lepidoptera:	Noctuidae)	larvae	are	polyphagous,	aggressive,	and	have	been	found	in	many	of	Brazil’s	agricultural	
areas.	Biological	control	with	baculoviruses	is	part	of	an	integrated	pest	management	(IPM)	strategy	to	manage	this	insect.	Three	isolates	of	nucleo

H.	armigera 	(an	imported	
nucleopolyhedrovirus),	and	to	Nucleopolyedrovirus	spodoptera	(SPNPV)	that	was	passed	serially	through	H.	armigera

and	lef9	genes	revealed	that	the	Brazilian	isolates	were	closely	related	to	nucleopolyhedrovirus	species	from	Australia,	South	Africa,	China,	and	India.	
The	isolates	caused	high	mortality	rates	in	third	instar	H.	armigera	larvae.	The	mean	lethal	dose	(LD50 50

H.	armigera	in	Brazil.

Lagartas	de	Helicoverpa	armigera

áreas	de	produção	agrícola.	O	controle	biológico	de	baculovírus	faz	parte	do	manejo	integrado	de	pragas	(MIP).	Três	isolados	de	nucleopoliedrovírus	

(NPV)	foram	coletados	em	populações	brasileiras	de	H.	armigera ,	com	base	
Nucleopolyedrovirus	spodoptera	(SPNPV)	em	H.	armigera.	Foram	realizados	testes	

Austrália,	Índia,	África	do	Sul	e	China.	Todos	os	isolados	testados	possibilitaram	o	controle	de	lagartas	de	terceiro	instar	de	H.	armigera.	Analises	
biológicas	da	dose	letal	média	(DL50)	e	do	tempo	letal	médio	(TL50)	variaram	entre	os	isolados	testados.	O	isolado	HearNPVBR2	apresentou	os	

H.	armigera	no	país.

Helicoverpa	 armigera	 (Hübner)	 (Lepidoptera:	 Noctuidae)	 is	 a	
polyphagous	 insect,	 and	 one	 of	 the	 most	 important	 agricultural	
pests	worldwide	(Cunningham	&	Zalucki	2014).	Its	larvae	preferen
tially	feed	on	the	reproductive	structures	of	agricultural	plants	(Fitt	

H.	armigera	 are	estimated	 to	be	more	
than	$2	billion	annually,	in	addition	to	socioeconomic	and	environ
mental	costs	(Tay	et	al.	2013).	Helicoverpa	armigera	now	has	spread	
through	most	of	Brazil,	and	 is	present	 in	Paraguay	and	Argentina,	
and	recently	was	detected	(though	not	established)	in	Florida,	USA	

al.	2014;	Hayden	&	Brambila	2015).

Bacillus	 thuringinsis	 (Bt)	proteins,	

of	H.	armigera

in	Australia,	China,	and	India	(Tabashnik	et	al.	2009;	Liu	et	al.	2010;	




used	for	biological	control	(Rollie	et	al.	2013).	Baculovirusbased	in
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pests	such	as	 	Hübner	(Lepidoptera:	Erebidae)	

and	Cydia	pomonella	(Linnaeus)	(Lepidoptera:	Tortricidae)	(Moscardi	



do	et	al.	2000;	Chen	et	al.	 2002;	Arrizubieta	et	al.	 2013).	This	 is	 es



more,	Haase	et	al.	(2015)	reported	that	the	search	for	local	isolates	is	



ucts	based	on	foreign	isolates	have	been	registered	for	commercial	use	

against	H.	armigera

H.	armigera	larvae.

Larvae	of	H.	armigera	were	obtained	from	the	Biological	Control	

Laboratory	of	Applied	Biology	Center	“Embrapa	Milho	e	Sorgo”	in	Sete	

25	±	2	°C,	with	70	±	10	%	RH,	and	a	12:12h	(L:D)	photoperiod,	and	fed	

Five	virus	isolates	were	obtained;	3	were	from	H.	armigera	larvae,	

Three	larvae	(1	collected	in	Feb	2013	and	2	in	Apr	2014)	showed	be

insects	died	within	a	few	d	of	the	integument	rupturing.	The	other	2	

LC,	ef

H.	armigera	(HzSNPV)	or	Baculovirus	spodop

tera	SpNPVBR4.	One	was	considered	the	reference	 isolate,	whereas	

the	other	was	obtained	by	serial	passage	of	a	Baculovirus	spodoptera

SpNPVBR4	through	H.	armigera

Spodoptera	frugiperda	SfNPV,	which	

was	isolated	from	Spodoptera	frugiperda	Smith	&	Abbot	(Lepidoptera:	

Noctuidae)	 larvae,	was	obtained	 from	the	“Embrapa	Milho	e	Sorgo”	

baculovirus	bank,	and	sprayed	on	corn	leaves	containing	H.	armigera

H.	armigera	popula

larval	mortality	 in	 the	 third	 passage,	 and	was	 therefore	used	 in	 the	

bioassays.



H.	armigera

9	polyhedra	per	mL	per	

obtained	from	this	step	were	used	in	the	bioassays.





ences	of	the	“Universidade	de	Brasília”	in	Brasilia,	Distrito	Federal,	Brazil.	









to	the	Basic	Program	Local	Alignment	Search	Tool	(BLAST)	(Altschul	et	al.	







ment.	 The	 alignments	 were	 trimmed	 to	 the	 size	 of	 the	 partial	



4	(Tamura	et	al.	2011).	The	trees	were	built	by	1,000	replicates	of	

stepwise	addition.

HELI

COVERPA	ARMIGERA	LARVAE

H.	 armigera	 larvae	were	held	without	 food	

3 4 5 7 	polyhedra	



mined	in	advance	using	a	hemocytometer	(Neubauer	chamber,	Kasvi,	

pathogen.	Each	treatment	had	32	larvae.	Control	leaf	discs	were	treat

.	Helicoverpa	armigera	mortality	

hosts	(Rowleya	et	al.	2011).

Isolated Insect	species

HearNPVBR1 Helicoverpa	armigera

HearNPVBR2 Helicoverpa	armigera

HearNPVBR3 Helicoverpa	armigera

SfNPV	BR4 Spodoptera	frugiperda Cascavel,	Paraná,	Brazil

Helicoverpa	zea USA,	imported
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The	median	 lethal	dose	 (LD
50
)	was	calculated	 for	each	 isolate	us

(LT
50

	polyhedra	per	mL.	This	was	the	lowest	dose	determined	to	

	isolates.

is	 closely	 related	 to	baculovirus	HearNPV	of	other	 regions.	BR1	 (Ac

related	to	nucleopolyhedrovirus	from	Australia	(HearNPVAus,	Acces

(Accession	Nos.	MF542297	and	MF542301)	was	closely	related	to	nu

cleopolyhedrovirus	from	South	Africa	(HearNPVNNg1,	Accession	No.	

AP010907.2),	HearNPVAus,	HearNPVCI	(Accession	No.	AF303045.2),	

not	related	to	any	HearNPV,	but	was	closely	related	to	isolated	control,	

nucleopolyhedrovirus	 from	 India	 (HearNPVFaridkot,	 Accession	 No.	

KM357512.1)	(Fig.	1).

HELICOVERPA	ARMIGERA	LARVAE

H.	

armigera 

ages.	The	LD
50

4 4 4 5,	and	
5

the	LD
50

The	BR3	and	BR4	isolates	showed	higher	limits,	with	values	above	the	

virulent	based	on	assessment	of	mortality.

The	LT
50
	value	ranged	from	7	to	10	d.	With	the	BR1	and	BR2	isolates,	

curve	reached	LT
50

,	BR3,	and	BR4	iso



ences	between	the	isolates	in	terms	of	LT
50
	values,	with	faster	replica

The	recent	presence	of	H.	armigera	in	Brazil	indicates	that	it	may	

2013;	Costa	et	al.	2015),	commonly	collected	during	pest	outbreaks,	

world	(Wyckhuys	et	al.	2013;	Luo	et	al.	2014).	Naturally	occurring	iso

lates	of	pathogenic	H.	armigera	baculovirus	in	Brazil	could	allow	for	the	



in	Spain	(Arrizubieta	et	al.	2013),	China	(Luo	et	al.	2014),	and	Australia	

H.	armigera





mance	for	biological	control	(Cory	et	al.	2005;	Baillie	&	Bouwer	2012).	



virus	isolates,	as	reported	for	those	used	in	China	against	H.	armigera

(Tang	et	al.	2012).

The	 high	 degree	 of	 relatedness	 among	 Brazilian	H.	 armigera	 vi

rus	 isolates	 and	 those	 of	 Australia	 (HearNPVAus),	 China	 (HearNPV

H.	armigera	in	Brazil.	

HearNPV	baculovirus	had	not	been	reported	previously	in	this	country,	

and	therefore	they	may	have	been	introduced	by	H.	armigera	popula

pest	 indicates	 that	 these	microorganisms	 and	 their	 insect	 hosts	 can	

overcome	 geographical	 barriers	 and	 colonize	new	habitats	 (Mazzi	&	



hedrovirus	shows	that	they	were	introduced	by	various	means,	as	re

ported	for	H.	armigera

H.	armigera

The	natural	dispersion	of	baculovirus	is	possible	due	to	their	ability	

al.	2010).	This	occurs	when	viruses	are	ingested	at	sublethal	concen

disease	signs	(Burden	et	al.	2003;	Cory	&	Myers	2003).	The	latent	virus	







The	 tree	 is	 drawn	 to	 scale,	with	branch	 lengths	measured	 in	 the	number	of	
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imposed	on	H.	armigera





Bom

byx	mori	(L.)	(Lepidoptera:	Bombycidae)	larvae	with	adults	producing	

progeny	infected	with	the	same	isolate	as	their	ancestors	(Khurad	et	

al.	2004).	Similarly,	30.9	±	2.9%	H.	armigera	progeny	were	infected	due	

doses	of	Plodia	interpunctella	(Hübner)	(Lepidoptera:	Pyralidae)	virus	

(Burden	et	al.	2002).

The	BR4	isolate	may	have	originated	from	a	latent	baculovirus	ac

H.	

armigera

Mam

estra	brassicae	(L.)	(Lepidoptera:	Noctuidae)	when	a	latent	baculovirus	

Autographa	califor

nica	(Speyer)	(Lepidoptera:	Noctuidae)	nucleopolyhedrovirus	isolates	



rus	isolates	of	M.	brassicae)]	(Hughes	et	al.	1993).	On	the	other	hand,	



ity	 of	 the	 alphabaculovirus	 isolated	 from	dead	 Lymantria	 dispar	 (L.)	

to	baculovirus	previously	isolated	from	Lymantria	monacha	(L.)	(Lepi

doptera:	Lymantriidae).

Virus	isolates	caused	third	instar	H.	armigera	larval	mortality	at	the	

evaluated	doses.	Analysis	of	LD
50
	values	indicated	that	the	BR2	isolate	

was	more	virulent	as	compared	with	the	other	isolates.	The	LD
50
	values	

were	 similar	 to	 those	 reported	 in	 screening	 tests	 for	 biological	 pest	

control	programs	of	H.	armigera	in	Spain	(Arrizubieta	et	al.	2013).	The	

H.	armigera	is	similar	to	that	reported	in	



virus	isolates	(Ogembo	et	al.	2005;	Arrizubieta	et	al.	2013).

H.	armigera	lar





drovirus	isolates	are	in	accordance	with	results	of	baculovirus	strains	

collected	in	the	Iberian	Peninsula	on	second	instar	H.	armigera	larvae,	

which	showed	that	the	isolate	HearSNPVSP1	caused	more	rapid	mor

tality	than	the	other	Iberian	strains	tested	(Arrizubieta	et	al.	2013).

H.	armigera	in	Brazil	im



lates	in	H.	armigera

H.	armigera.

de	Pessoal	de	Nível	Superior	(CAPES),”	“Conselho	Nacional	de	Desen



Estudos	Florestais	(IPEF)	for	funding	and	support.

Helicoverpa	zea	single	nucleopolyhedrovirus	isolated	in	
Helicoverpa	armig

era

	Response	dose	and	mortality	of	third	instar	Helicoverpa	armigera	(Lepidoptera:	Noctuidae)	larvae	with	nucleopolyhedrovirus	isolates.

Isolate N Slope	±	SE X² LD
50

Range P df

192 4 4	 5 <	0.001 4

BR1 192 4 4 5 <	0.001 4

BR2 192 4 4 4 <	0.001 4

BR3 192 5 5 <	0.001 4

BR4 192 5 5 <	0.001 4

50

the	lowest	and	the	highest	value	for	LD
50
;	P

	Survival	curves	of	Helicoverpa	armigera

feeding	on	corn	leaves	inoculated	with	1	×	10 	polyhedra	per	mL	of	baculovirus	
LC,	BR1,	BR2,	BR3,	BR4,	and	in	control	obtained	with	Kaplan
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hedrovirus	 isolate	from	Helicoverpa	armigera	as	the	basis	 for	a	biological	

Helicoverpa	

armigera 

Spodoptera	fru

giperda



Plodia	interpunc

tella





Spodoptera	exigua	nuclear	poly





Helicoverpa	 zea	 and	 Helicoverpa	 armigera
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