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SUMMARY

Sunflower (Heltanthus annuus L.) can be affected by leaf blight and stem
spot disease caused by Alternarta heltantht. Genotypes',vtth geneilc resistance
to this disease are highly desirable for reducing yield losses. The reaction of 28
sunflower genotypes to Alternaria leaf spot disease was evaluated ln the state of
Paranâ, Brazil, during the 1995-96 and 1996-97 growing seasons. Dlsease
occurrence, under natural conditions, was evaluated at the flowering stage wlth
reference to a dlagrammatic scale of severity, varying from 0 to 5 according to
the area of diseased leaf tissue. Hlgh Alternaria disease intensity was observed
ln eight fleld trials. The genotypes Contiflor 3, Contiflor 15 and Cargill 940I
showed an intermedlate level of resistance to the Alternaria disease.
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INTRODUCTION

Sunflower (Helianthus annuus L.) has been used as an option for crop rotation
in the Brazilian grain production area (castro et aL, 1996). The potential for
increasing the area of sunflowers can be limited by leaf blight and stem spot dis-
eases caused by Alternaria heltantht (Hansf.) Tubaki and Nishihara. This disease
has been reported in Brazil (Aquino et aI., LSTL; Ribeiro et oL, lg74) and. is very
common in North America, Africa, Argentina, India, Japan, Australla, yugoslavta,
Romania and France (Anahosur, 1978; zimmer and Hoes, l9z8; Davet et aL,
l99l; Pereyra and Escande, 1994).
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The disease is reported to affect leaves, stem and sunflower heads, causing
necrotic lesions brown to black in color and round or angplar in shape (Anahosur,
1978; Almeidaet aI.,1981; Davet ef al., 1991).

Three species of Alternaria are reported to infect sunflowers in Brazil: A. heli-
anthi (sin. Helmtnthosportum heltanthi Hansf.), A. zinniae Ellis and A. alternata
(Fr.) Keissler (sin. A. tenuis Nees) (EMBRAPA, 1982), bttl A. heltanthi is most com-
mon. Due to the frequent occurrence of climatic conditions favorable for the disease

epidemics, i.e., high relative humidity and temperatures between 25"C and 3O'C,
Alternaria leaf blight is the most important sunflower disease in Brazil.

Effective control is very difficult after the occurrence of the disease in the field.
The use of genotypes with genetic resistance to the Alternaria disease is highly
desirable, because it is the most economical way of reducing yield losses (Davet et
al., 199 1). Species of wild Helianthus,likeH. hirsutus, H. rigidus andH. tubero-
sus, show resistance to A. helianthr (Morris et aL, 1983; Lipps and Herr, 1986;
Davet et al., 1991; Ravikumar et al., 1995). Parental lines of H. annuus, such as

the male sterile line CMS 821A and the restorer line RFIA 6D-1, are considered to
be resistant to A. helianthi (Nagaraju et aI., 1992) and can be used as a source of
resistance for hybrid seed production.

Information about the response to A. helianthi are available for sunflower
hybrids and open-pollinated varieties from other sunflower-producing countries
(Agrawat et aI., 1979; Velazhahan et al., 1991; Nagaraju et al., 1994; Velazhahan
and Narayanasamy, 1994; Mirza and Hoes, 1996), but not from Brazil. The objec-
tive of this study was to evaluate the reaction of sunflower genotypes to the Alter-
naria leaf spot disease, under natural infection, in the state of Paranâ, Brazil.

MATERIALS AND METHODS

The resistance of several hybrids and one open-pollinated variety (EMBRAPA
I22 - V2OOO) to the Alternaria disease was evaluated in eight field trials conducted
in the state of Paranâ, Brazil, during the 1995-96 and 1996-97 growing seasons.
The trials were desigped in randomized complete blocks, with three or four replica-
tions. Each plot consisted of four 6 m long rows, spaced at 0.8 m, with 22 plants
per row. Cultural and agronomic practices were regularly applied, as recommended
for ttre crop in Brazil (Castro et al., 1996).

The severity of the disease, occurring under natural conditions, was evaluated
when sunflower plants were at the flowering stage. The evaluation was carried out
visually for each plot, according to the diagrammatic scale of severity, taking in
account the levels of leaf area diseased (LAD): O=no Alternaria disease; l:0.3% of
LAD; 2=3.Oo/o of LAD; 3=I2.Oo/o of LAD; 4=25.0"/" of LAD; 5=4O.O"/" or more of
LAD.

Data were submitted for statistical analysis and Duncan's multiple range test
was performed to detect significant differences among the genotlpe means.
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RBSULTS AND DISCUSSION

High Alternaria disease intensities were observed during the 1995,96 and
1996-97 growing seasons, showing that sunflower genotypes could be effectively
evaluated for disease resistance under natural conditions. Resistance to the Alter-
naria disease in the cultivated sunflower is expressed quantitatively, as a reduction
in the percentage ofleafarea affected (Block, 1990), so it could be useful to evaluate
sunflower genotypes using a diagrammatic scale of severity.

Table l: Reaction of nine sunflower genotypes to the Alternaria disease during the f995-96
growing season in two locations in the state of Paranâ, Brazil

Genotype
Disease severity mean *

Mean
Londrina Pato Branco

EMBRAPA 122.VZOOO

GR 16

Cargill 11

M 737

DK 180

M 703

M 736

M 738

M 735

2.75 a

2.75 a

3.00 a

3.00 a

2.00 a

2.00 a

2.O0 a

1.75 a

1.75 a

3.50 a

3.25 a

2.75 a

2.75 a

3.00 a

3.00 a

3.00 a

3.25 a

2.75 a

3.13 a

3.00 a

2.BB a

2.88 a

2.5O a

2.50 a

2.5O a

2.50 a

2.25 a

Mean

c.v. (%)

z.é.5

33.37

3.03

16.20

z.oô

24.28
* mean of four replications; scale: O = no Alternaria disease; 1 = O.3o/o of leaf area diseased (LAD);
2 = 3.0o/o of LAD; 3 = 12.0o/o of LAD; 4 :2s.oô/" of LAD; s = 40.0% or more of LAD; the means
followed by the same letter do not differ significantly according to Duncan's multiple range test
(p=0.05)

During the 1995-96 growing season, nine and twenty-two genot5rpes were evalu-
ated for their resistance to A. helianthi, in two field trials conducted in the counties
of Londrina and Pato Branco, respectively. No significant differences were observed
arnong the nine genotypes evaluated both in Londrina and in pato Branco (Table l ).
However, reduced disease severity was observed in genotypes contiflor 15 and
Cargill 9401, amongthe22 genotypes (Table 2).

The evaluation of nineteen genotypes during the 1996-97 growing season in
four counties in the state of Paranâ (Londrina, pato Branco, campo Mourâo and
Palotina) showed significant differences among the genotypes (Table S). The geno-
types with low disease severity under natural conditions were Contiflor 3 and Conti-
flor 15 in Londrina and cargill g4o2 in the counties of pato Branco and campo
Mourâo. The combined analysis of the data from these four trials showed that no
significant difference existed arnong the genotypes evaluated. during the 1996-97
growing season (Table 3).
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Table 2: Reaction of 22 sunflower genotypes to the Alternaria disease during the f995-96
growing season in the state ofParanâ, Brazil

Disease severity mean *
Genotype

Londrina Pato Branco

GR 16

AS 603

EMBRAPA 122. VaOOO

AS 90491

Contiflor 3

GV 3701 7

AS 470

DK 180

AS 238

Cargill 9402

Cargill 9403

AS 227

AS 243

c11
Rumbosol 90

AS 226

Contiflor 7

Contiflor I
Contiflor 9

Rumbosol 91

Cargill 9401

Contiflor 15

4.00 a

3.33 a

2.67 a

3.00 a

3.00 a

2.67 a

2.67 a

2.67 a

2.00 b

2.67 a

1.67 b

2.00 b

1.67 b

1.33 b

2.00 b

1.33 b

2.00 b

2.00 b

1.67 b

1.67 b

1.00 b

1.00 b

3.33 a

2.33 b

3.00 a

2.33 b

2.33 b

2.67 a

2.33 b

2.33 b

2.67 a

2.00 b

3.00 a

2.33 b

2.67 a

3.00 a

2.33 b

2.67 a

2.00 b

2.00 b

2.33 b

2.00 b

2.00 b

2.00 b

3.67 a

2.83 ab

2.83 ab

2.67 abc

2.67 abc

2.67 abc

2.50 abc

2.50 abc

2.33 bc

2.33 bc

2.33 bc

2.17 bc

2.17 bc

2.17 bc

2.17 bc

2.00 bc

2.00 bc

2.00 bc

2.00 bc

1.83 bc

1.50 c

1.50 c

Mean

c.v. (%)

2.18

33.78

2.44

20.18

2.31

27.13
*meanofthreereplications; scale: 0=noAlternariadisease; 1=0.3%of leaf areadiseased(LAD);
2=3.0%ofLAD; 3=12.0o/"ofLAD; 4=25.0o/"ofLAD; 5=4O.OoAormoreofLAD; themeans
followed by the same letter do not ditfer significantly according to Duncan's multiple range test
(p=0.05)

No hybrid or open'pollinated variety was found to be either immune or highly
resistant to the Alternaria disease, as reported before (Agrawat et al., lgTg;
Velazhahan et aL, 1991; NagaraJu et aI., 1994; Mirza and Hoes, 1996). Although all
genotypes were susceptible, this study revealed that some hybrids, such as conti-
flor 3, contiflor 15 and cargill 9401, were less affected by the disease than the
other genotypes. Thus, they can be used to minimize yield losses due to the disease.
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Table 3: Reaction of 19 sunflower genotypes to the Alternaria disease during the f996-97
growing season in the state ofParanâ, Brazil

Disease severity mean *

Genotype Londrina Pato Branco Campo
Mourâo

Palotina Mean

M 735

EMBRAPA 122 -V2OOO

M737

Cargill 11

M734

AS 243

M 703

Cargill 9402

Contiflor 8

AS 603

AS 227

GV 3701 7

M 738

AS 238

Contiflor 7

Gontiflor 9

DK 180

ContiTlor 3

Contiflor 15

4.75 ab 3.50 ab

3.25 cdef 3.50 ab

3.75 abcd 3.50 ab

5.00 a 3.25 abc

3.75 abcd 3.50 ab

3.50 bcde 3.63 a

3.75 abc 2.75 a 3.44 a

4.25 abc

4.75 ab

2.50 def

2.75 det

2.75 def

2.25 et

2.00 |
2.00 I

3.13 abcd

2.50 d

3.38 abc

3.38 abc

3.00 abcd

3.50 ab

2.88 bcd

2.75 cd

3.25 cd

4.13 a

3.00 d

3.63 bc

3.63 bc

3.38 cd

3.00 d

3.88 ab

3.38 cd

3.63 bc

3.63 bc

3.38 cd

3.25 cd

3.50 bc

3.50 bc

3.50 bc

3.38 cd

2.38 ab 3.47 a

2.88 a 3.44 a

2.38 ab 3.41 a

2.75 a 3.41 a

2.63 a 3.34 a

2.63 ab 3.34 a

2.88 a 3.28 a

2.50 ab 3.13 a

2.00 b 3.06 a

2.38 ab 3.06 a

2.75 a 3.06 a

2.67 ab 3.04 a

2.75 a 2.94 a

2.25 ab 2.94 a

2.50 ab 2.94 a

2.63 ab 2.75 a

2.88 a 2.75 a

3.25 cdef 2.88 bcd 3.75 abc 2.88 a 3.19 a

2.75 det 3.38 abc

3.75 abcd 3.13 abcd

3.25 cdef 3.00 abcd

3.25 cdef 2.75 cd

Mean

c.v. (%)

3.34

23.38

3.18

12.60

3.50

8.37

2.60 3.15

14.68 1 s.87
* mean of four replications; scale: O = no Alternaria disease; 1 = 0.3olo of leaf area diseased (LAD);
2 = 3.0o/o of LAD; 3 = 12.0o/o of l-AD; 4:25.0o/o of LAD; 5 :4O.Oo/o or more of LAD: the means
followed by the same letter do not ditfer significantly according to Duncan,s multiple range test
(p=o.os)

Efforts to find genetic sources with more complete reslstance should be contin-
ued. within H. annuus, resistance under natural conditions is present in some
CMS and restorer lines (Nagaraju et al., I9g2).It is known that the cultivated sun-
flower has a relatively restricted germplasm base and consequently new sources of
variability for disease resistance will probably be needed (Morris et al., l9g3). The
resistance of wild sunflower species to A. helianthi (Morris et al., lggï; Lipps and
Herr, 1986; Davet et al., 1991; Ravikumar et aL, lg95) may be transferable to cul-
tivated sunflower by backcross breeding of the inbred lines with the resistant per-
ennial species (Morris et al., 1983).
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CONCLUSIONS

The genotype Contiflor 3, Contiflor l5 and Cargill 9401 showed an intermediate
level of resistance to the Alternaria disease and can be used for cultivation in areas

where the disease is important, or can be used as sources of resistance in sunflower
breeding programs. Larger breeding efforts should be directed towards finding
sources of resistance to Alternaria leaf spot disease.
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REACCION DE GENOTIPOS DD GIRASOL AAlternorîa
hCIiANthi EN EL ESTADO DE PARANÂ, BRASIL

RESUMEN

El girasol (Helianthus annuus L.) puede ser afectado por la enfermedad
causada por el hongo Alternaria helianthi. La utilizaci6n de genotipos con
resistencia genética a esta enfermedad es muy deseable para la reduccidn de
Ias pérdidas de rendimiento. La reacci6n de 28 genotipos de girasol a la man-
cha provocada por Alternaria fué evaluada en el estado de paranâ, Brasil, en
los ciclos agricolas de 1995-96 y 1996-97. La manifestaci6n de la enfermedad
en condtciones naturales fué evaluada en el estado de florecimiento, de
acuerdo con una escala arbitraria de severidad, variando de O a S, teniendo en
cuenta el ârea foliar afectada. Fué observada alta intensidad de la enfermedad
en ocho experimentos de campo. Los genotipos Contiflor 3, Contiflor l5 y
Cargill 94Ol presentaron niveles intermediarios de resistencia a la enferme-
dad.

RÉACTIoN DE GENoTYPES DE ToURNEsoL A
L' Alterncrrirr Inelianthi DAf\IS LE DEPARTEMENT DU
PARAI\IA, BRESIL

RÉSUMÉ

Le tournesol (Helianthus annuus L.) peut etre affecté par Ia maladie
provoquée par Alternaria helianthi. L'utilisation de génotypes résistants a
cette maladie est fortement souhaitable pour la réduction de pertes. La réac-
tion de 28 génotypes de tournesoi al'A. helianthi a été évaluée dans le départe-
ment du Parana, Brésil, dans les périodes f99S-96 et 1996-97. La présence de
la maladie sous des conditions naturelles a été évaluée a la floraison selon une
échelle d'agressivité variable de 0 a 5, en tenant compte la surface de la feuillle
attaquée. La maladie a été fortement observée sur huit essais au chamo. Les
génotlpes contiflor 3, contiflor l5 et cargill 94ol ont montré des nivea'x
intermédiaires de resistance a la maladie.
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