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ABSTRACT

Melero-Vara, J. M., Garcia-Baudin, C., Lopez-Herrera, C. J., and Jimenez-Diaz, R. M. 1982.
Control of sunflower downy mildew with metalaxyl. Plant Disease 66:132-135.

Dressing of sunflower seeds with metalaxyl at 1, 2, or 4 g a.i./ kg prevented Plasmopara helianthi
sporulation on seedlings inoculated by dipping the roots into a zoosporangial suspension. Washing
seedlings with water before inoculation did not influence results, suggesting a systemic activity of
the fungicide in the seedlings. One or two drenches of soil in pots with metalaxyl at concentrations
of 125, 250, or 500 mg a.i./L reduced symptom severity in P. helianthi-infected seedlings and
allowed plants to resume normal growth. Symptom remission in infected plants was also achieved
by fungicide sprays in the field. Highest incidence of symptom remission occurred with three sprays
at a concentration of 520 mg a.i./ L and two or three sprays at a concentration of 1,040 mga.i./L.

Downy mildew (DM) caused by
Plasmopara helianthi Novot. severely
affects sunflower (Helianthus annuus L.)
in Spain (8,13) as well as in other countries
(13). Primary infections by the pathogen
result in systemic colonization of plants
and are far more frequent than secondary
local infections, which may not reduce
seed yields but can be important in the
spread of the pathogen through the seeds
4).

The disease is controlled mainly by
resistant cultivars, the use of which may
be restricted by new, more virulent races
of P. helianthi (20,21). However, the
development of systemic fungicides
effective against Oomycetes opens the
possibility of chemical control. Recently,
work done with Ridomil 25 WP (5,14,15)
and Apron 35 SD (1,7,18) has shown the
efficacy of seed treatments with metalaxyl
[N-(2,6-dimethyl-phenyl)- N-(2’-meth-
oxyacetyl)-alanine methyl ester] in the
control of sunflower DM. Foliar sprays with
metalaxyl controlled several locally
infecting DM (2,10,12,19), but were only
partially effective against a systemic DM
affecting maize (9).

The objective of the research reported
in this paper was to determine the efficacy
of soil drenches and foliar sprays with
metalaxyl in the therapy of sunflower
DM. Aneffort was also made to determine
whether the effectiveness of seed
treatments with metalaxyl is the result of
a protective or a systemic action. A
preliminary report of this work has been
published (5).

Accepted for publication 12 May 1981.

The publication costs of this article were defrayed in part
by page charge payment. This article must therefore be
hereby marked “advertisement” in accordance with 18
U.S.C. §1734 solely to indicate this fact.

This article is in the public domain and not copy-
rightable. It may be freely reprinted with cus-
tomary crediting of the source. The American
Phytopathological Society, 1982.

132 Plant Disease/Vol. 66 No. 2

MATERIALS AND METHODS

Peredovik, a sunflower cultivar
susceptible to DM, and metalaxyl
(Ridomil 25 WP) were used in two
experiments (I,II) on seed treatment, one
on soil drench and one on foliar spray.

Seed treatment and soil drench
experiments were carried out in growth
chambers adjusted to 20 = 2 C by day and
18 £ 2 C by night, and to a 12-hr
photoperiod of 15 klux. Seedlings were
inoculated with a suspension of 5 X 10*
zoosporangia per milliliter of distilled
water for 6—7 hrat 201 2 C. The seedlings
were then planted in 10-cm-diameter
plastic pots containing perlite or an
artificial, nonsterile soil mixture (peat
moss:sand:silt, 1:2:2 by volume).

Seed treatment. One-hundred gram
lots of seeds were treated with metalaxyl
attheratesof 0, 1,2,and4 ga.i./kgin 70
ml of distilled water. The fungicide was
applied by agitating the seeds in a glass jar
until most of the fungicide covered the
seeds (6).

In experiment I, 3-day-old seedlings
with 1- to 2-cm-long rootlets were
inoculated by dipping only the rootlet
into the inoculum suspension. Just before
inoculation, about half of the seedlings
were kept for 2 hrina stream of tap water.
For each treatment combination, five to
seven seedlings were planted in each of 10
pots. Disease reaction was assessed by
sporulation on cotyledons 11 days after
inoculation. Sporulation was induced by
placing the seedlings in a saturated
atmosphere 24 hr before assessment.

In experiment II, seedlings from
metalaxyl-treated (concentration as stated
above) and untreated seeds were grown
for 7 days. They were then uprooted,
washed in a stream of tap water for 2 hr,
inoculated, and repotted at three to four
seedlings per pot. For each fungicide
concentration and the untreated seeds,
seedlings were inoculated in separate

beakers; there were 11 pots per treatment.
Additional seedlings from untreated seeds,
which were inoculated simultaneously in
the beakers with the treated seedlings,
served as checks for the direct activity of
the fungicide on the inoculum. Those
seedlings were planted in six pots per
treatment with three to four seedlings per
pot. Disease reaction was assessed by the
occurrence of symptoms of systemic
infection 1 mo after inoculation.

Soil drench. Three-day-old seedlings
were inoculated by the whole seedling
inoculation method (3) and planted three
to four per pot. Soil drenches at the rate
of 40 m1/ pot (500 ml of soil mixture) were
done with an aqueous solution of
metalaxyl at concentrations of 0, 125,
250, or 500 mg a.i./L. Drenches were
done 11 days or 11 and 18 days after
inoculation. Eight pots were used for
each treatment combination. When the
first drench was applied, seedlings were at
the two-leaf stage and systemic
symptoms had not developed. Assessment
of disease reaction was made 4 wk after
the first drench.

Foliar spray. A field of sunflowers with
more than 90% natural systemic infections
was thinned to leave 100% incidence of
the disease. Experimental plots consisted
of three rows 5 m long and 75 cm apart,
with about 25-cm plant spacing.

Plants were sprayed with an aqueous
solution of metalaxyl at concentrations
of 0, 260, 520, or 1,040 mg a.i./ L. Sprays
were applied one to three times for every
concentration at 12-day intervals with a
portable, single-nozzle sprayer delivering
500 L/ha. The first spray was done 21
days after emergence when plants were at
the six-leaf stage. Treatments were
arranged in a randomized complete block
design with six replications.

The percentage of plants with symptom
remission in leaves was determined 2 mo
after the first spray when plants had
completed the blooming stage. One week
later, at initiation of maturity, the head
diameter and percentage of horizontal
heads (a symptom of sunflower DM)
were determined in a random sample of
17 plants per plot. Finally, at harvest, the
head diameter in 15 random plants and
the average seed yield per plant were
determined in each plot. Analyses of
variance were performed with all data,
the percentage values being arc-sin trans-
formed before analysis. Mean compar-
isons were done following the Student-
Newman-Keuls’ test (17) at P=0.01.



RESULTS

Seed treatment. In experiment I,
infection in the untreated control was
88.3%. No sporulation developed on any
of the metalaxyl-treated seedlings, either
washed or unwashed (Table 1). Inexperi-
ment II, however, only the rates of 2and 4

g a.i./kg reduced the percentage of
infected seedlings to a significant extent,
ascompared with the untreated, separately
inoculated control (Table 1).
Soildrench. Fungicidal drenches of the
soil in pots reduced symptom severity in
inoculated seedlings. Ninety percent of

Table 1. Effect of seed treatment with metalaxyl on the incidence of downy mildew in sunflower
seedlings

Experiment I* Experiment I1Y

Washed seedlings Unwashed seedlings Treated seedlings

Untreated seedlings

Inocu-  Sporu- Inocu- Sporu- Inocu- Inocu-
Rate lated lating lated lating lated  Infected lated Infected
(g a.i./kg) (no.) (%) (no.) (%) (no.) (%) (no.) (%)

0 60 88 42 86 a’ 42 86a
1 62 0 56 0 33 52b 19 58b
2 54 0 64 ] 42 2l ¢ 18 61 b
4 59 0 65 0 45 Ile 17 70 ab

*Washed, 3-day-old seedlings were kept in a stream of tap water for 2 hr before inoculation.
Sporulation on cotyledons was induced by placing in a saturated atmosphere 10 days after
inoculation.

*Seven-day-old seedlings were washed in a stream of tap water for 2 hr before inoculation.
Fungicide-treated and untreated seedlings were inoculated together in the same container.
Symptoms of DM were assessed | mo after inoculation.

*Values followed b¥ same letter within rows or columns are not significantly different (P = 0.05),
according to the x” interaction test.

Table 2. Effect of soil drenches with metalaxyl in the therapy of sunflower downy mildew*

Seedlings

With symptoms With symptoms only in

Concentration No. of Inoculated in all the second pair of
(mg a.i./L) drenches (no.) leaves (%)" leaves (%)
0 30 90

125 1 29 0 41 a’
2 28 0 43 a

250 1 32 0 4]l a
2 30 0 17b

500 1 28 0 25 ab
2 26 0 6b

*Untreated, 3-day-old seedlings were inoculated by the whole seedling inoculation method (3)
and grown in pots. Soil drenches were applied to the pots 11 days or 11 and 18 days after
inoculation.

*The effect of the soil drenches was assessed 4 wk after the first application. Seedlings in pots
drenched with metalaxyl had the first pair of leaves mostly necrotic and showed light chlorosis
around the veins in leaves of the second pair.

*Values followed by same letter are not significantly different (P = 0.05), according to the x*
interaction test.

the control seedlings were stunted and
chlorotic, showing in the leaves the mosaic
pattern typical of the disease (Table 2). By
contrast, seedlings in pots drenched with
each concentration of metalaxyl were not
stunted, but showed only a light chlorosis
around the veins in the second pair of
leaves, while the first pair was mostly
necrotic. Furthermore, the inci-
dence of such chlorosis decreased with
two drenches of 250 mg a.i./L and was
the lowest with two drenches of 500 mg
a.i./L (Table 2).

Soil drenches with metalaxyl induced
necrosis of leaf margins and brown
necrotic spots 2-3 cm in diameter in the
interveinal spaces of leaves. The severity
of symptoms of phytotoxicity increased
with the fungicide concentration, with the
number of drenches, and in a basipetal
direction in the seedlings (the third pair of
leaves was only occasionally affected).
Phytotoxic symptoms did not, however,
influence the normal growth of the
seedlings.

Foliar spray. No phytotoxic effects
were observed in this experiment. Plants
sprayed with metalaxyl showed a remission
of DM symptoms, which consisted of a
chlorosis restricted to the vicinity of the
leaf veins (Fig. 1). This remission was
more evident in the upper leaves of plants
sprayed two to three times at 12-day
intervals with fungicide concentrations of
1,040 or 520 mg a.i./L. Remission of
symptoms was transient in nature because,
by the time of the third spray, the typical
chlorotic mosaic occurred in leavesabove
those that had showed symptom remission.
Results on symptom remission and average
seed yield per plant are summarized in
Figure 2.

Greatest incidence of symptom
remission occurred with two or three
spraysat 1,040 mga.i./Land threesprays
at 520 mg a.i./L. One spray at 260 mg
a.i./L or 520 mg a.i./L did not reduce
symptom severity as compared with the
unsprayed control. Results on average
seed yield per plant followed the same

Fig. 1. Symptom remission in Plasmopara helianthi-infected sunflowers: (A) Unsprayed control plant showing the characteristic chlorotic pattern.

(B) Restricted chlorosis in plant sprayed with metalaxyl.
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Table 3. Effect of foliar sprays with metalaxyl on the incidence of horizontal heads and on head
diameter in Plasmopara helianthi-infected sunflower

Head diameter (cm) at

Concentration No. of Horizontal Initiation of
(mg a.i./L) sprays* heads (%)’ maturity Harvest
0 62 ab’ 57a
260 1 60 ab 59a 53a
2 67 a 87c¢ 74b
3 76 a 10.6 d 8.9 cd
520 1 56 ab 70b S6a
2 44 abc 10.4d 9.6 de
3 42 be 120e 10.9 ef
1,040 1 57 ab 9.0c 7.6 bc
2 22¢ 123 e 11.0f
3 7d 134 f 11.3f

*Sprays were applied at 12-day intervals beginning 21 days after seedling emergence, with plants at

the six-leaf stage.

"The horizontal head is typical of systemic infections by P. helianthi.
*Values followed by same letter within columns are not significantly different (P=0.01), according

to the Student-Newman-Keuls’ test.
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Fig. 2. Symptom remission (filled bars) and
seed weight (whole bars) in Plasmopara
helianthi-infected sunflowers sprayed with
metalaxyl (1 = 260, m = 520, h = 1,040 mg
a.i./L). Capital letters over bars indicate
statistical significance.

pattern as those on symptom remission
(Fig. 2).

Average incidence of horizontal heads
atinitiation of maturity and head diameter
at initiation of maturity and harvest are
presented in Table 3. Two or three sprays
at 1,040 mga.i./L and three sprays at 520
mg a.i./L were again the most effective
treatments. Also, incidence of horizontal
heads at initiation of maturity and mean
head diameter at initiation of maturity
and harvest followed a similar trend.

DISCUSSION

The effectiveness of seed treatment
with metalaxyl in the control of sunflower
DM was first shown by Sackston (14,15),
using the whole seedling inoculation
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method (3). This might be interpreted as a
protection from infection by the fungi-
cide. Our results with washed seedlings in
the seed treatment experiments (Table 1)
suggest a systemic activity of the com-
pound in the seedlings, possibly after its
absorption by the rootlets during ger-
mination. Alternatively, a direct fungicidal
activity on the inoculum suspension may
occur, although that would contrast with
results reported with other Oomycetes
(16).

In experiment II, the inoculation of
seedlings from treated and untreated seeds
together in the same beakers appeared to
reduce the incidence of infection in the
untreated seedlings as compared with
that in the untreated, separately inoculated
controls (Table 1). This suggests the
possibility that metalaxyl diffused into
the inoculum suspension from treated
seedlings and interfered with the infection
process.

The incidence of infection in seedlings
from treated seeds in experiment II also
contrasts with the lack of infections found
with the same rates of the fungicide in
experiment I (Table 1). Those results
indicate that as the time between seed
treatment and seedling inoculation
increases, the effectiveness of metalaxyl
decreases. That loss in effectiveness may
be important in the field; however, the
short period of susceptibility to systemic
symptoms (3) probably occurs when
metalaxyl is still active.

Results of soil drenches and foliar
sprays indicated the effectiveness of
metalaxyl in the therapy of systemic
infections by P. helianthi. This contrasts
with results obtained with the same
compound in-the therapy of systemic
infection of maize by sugarcane DM (9).
The transient nature of symptom
remission that we observed between the
second and third sprays suggests a
fungistatic activity of the compound.

The phytotoxic symptoms induced by
metalaxylin sunflower seedlings after soil
drenches did notappear in plants sprayed
in the field, though relatively high

concentrations were used. The data
suggest that a single spray of a metalaxyl
concentration higher than 1,040 mg
a.i./L will bring complete recovery of
sunflower plants systemically infected by
P. helianthi (Fig. 2, Table 3). Such a
spray would probably be most effective if
applied as soon as symptoms develop in
the plants.

Seed dressing is the most effective and
economically feasible way to control sun-
flower DM with metalaxyl (1,7,18).
However, the therapy achieved with soil
drenches and especially with foliar sprays
might be useful in experimental fields and
breeding nurseries. In any case, the risk of
P. helianthi developing resistance to
metalaxyl should be considered in the
strategies of using it to control sunflower
DM. Resistance to metalaxyl in other
Oomycetes has already been reported
(10,11).

ACKNOWLEDGMENT
We are indebted to J. M. Cobos-Vazquez for
technical assistance.

LITERATURE CITED

- Acimovic, M. 1980. Control of Plasmopara

helianthi Novot. with new systemic fungicides.

Pages 148-149 in: Proc. Congr. Mediterr. Phyto-

pathol. Union, 5th. Patras, Greece. Hellenic

Phytopathological Society. 219 pp.

2. Biehn, W. L., Young, T., Dill, T. R., Snow, J.,
and Seifried, E. B. 1973. CGA-48988, a unique
fungicide for the control of Oomycetes. (Abstr.)
Phytopathol. News 12:142,

3. Cohen, Y., and Sackston, W. E. 1973. Factors
affecting infection of sunflowers by Plasmopara
halstedii. Can. J. Bot. 51:15-22.

4. Cohen, Y., and Sackston, W. E. 1974, Seed
infection and latent infection of sunflowers by
Plasmopara halstedii. Can. J. Bot. 52:231-238.

5. Garcia-Baudin, C., Melero-Vara, J. M., and
Jimenez-Diaz, R. M. 1981. Eficacia del Ridomil
en el control de la infeccién primaria de
Plasmopara helianthi Novot. Pages 187-194 in:
Proc. Int. Sunflower Conf., 9th. Vol. I.
Torremolinos, Spain. Inst. Nac. Invest. Agrar.
461 pp.

6. Hansing, E. D. 1978. Techniques for evaluating
seed-treatment fungicides. Pages 88-92 in:
Methods for Evaluating Plant Fungicides, Nemati-
cides, and Bactericides. The American Phyto-
pathological Society, St. Paul, MN. 141 pp.

7. lliescu, H. 1981. La lutte contre le mildiou du
tournesol par des traitements chimiques. Pages
152-161 in: Proc. Int. Sunflower Conf., 9th. Vol.
1. Torremolinos, Spain. Inst. Nac. Invest. Agrar.
461 pp.

8. Jimenez-Diaz, R. M., Melero-Vara, J. M.,
Blanco-Lopez, M. A., and Trapero-Casas, A.
1980. El mildiu del girasol en Espafia: Situacién
actual. Comun. Inst. Nac. Invest. Ser. Prot. Veg.
11:1-26.

9. Lal Sangam, Bhargava, S. K., and Upadhyay,
R. N. 1979. Control of sugarcane downy mildew
of maize with metalaxyl. Plant Dis. Rep. 63:986-989.

10. Malathrakis, N. E. 1980. Control of downy
mildew of cucumber by systemic and non-
systemic fungicides. Pages 145-146 in: Proc. Congr.
Mediterr. Phytopathol. Union, 5th. Patras,
Greece. Hellenic Phytopathological Society.
219 pp.

11. Pappas, A. C. 1980. Effectiveness of metalaxyl
and phosetyl-Al against Pseudoperonospora
cubensis (Berk. and Curt.) Rostow isolates from
cucumbers. Pages 146-148 in: Proc. Congr.
Mediterr. Phytopathol. Union, Sth. Patras,
Greece. Hellenic Phytopathological Society.
219 pp.

12. Paulus, A. O., and Nelson, J. 1977. Systemic
fungicide for control of Phycomycetes on vege-



table crops. Proc. Am. Phytopathol. Soc. 4:154.

. Sackston, W. E. 1978. Sunflower disease mapping

in Europe and adjacent Mediterranean countries.
Pages 7-29 in: Proc. Int. Sunflower Conf., 8th,
Minneapolis, MN. Sunflower Association of
America. 592 pp.

. Sackston, W. E. 1979. Treatment with Ridomil

tocontrol downy mildew of sunflowers. Sunflower
Newsl. 3(4):7-8.

. Sackston, W. E. 1980. Control of downy mildew

of sunflower by treatment with Ridomil. (Abstr.)
Phytopathology 70:468.

. Staub, T., and Schwinn, F. J. 1980. Fungicidal

19.

. Steiner, H.

properties of metalaxyl and its use strategies.
Pages 154-156 in: Proc. Congr. Mediterr.
Phytopathol. Union, 5th. Patras, Greece.
Hellenic Phytopathological Society. 219 pp.

. Steel, R. G. D, and Torrie, J. H. 1960. Principles

and Procedures of Statistics. McGraw-Hill, New
York. 481 pp.

1981. La lutte contre le mildiou
systémique du tournesol avec Apron® 35 SD.
Pages 93-100in: Proc. Int. Sunflower Conf., 9th.
Vol. I. Torremolinos, Spain. Inst. Nac. Invest.
Agrar. 461 pp.

Tsakiridis, J. P., Vasilakakis, C. B., and

21.

Chrisochou, A. P. 1979. Evaluation of new
y ic and non-s ic fi for the
control of Peronospora tabacina in tobacco
seedbeds and fields in Greece. Plant Dis. Rep.
63:63-66.

. Vranceanu, A. V., Pirvu, N.,and Iliescu, H. 1978.

A new race of the fungus Plasmopara helianthi
Novot, identified in Romania. Pages 328-333 in:
Proc. Int. Sunflower Conf., 8th, Minneapolis,
MN. Sunflower Association of America. 592 pp.
Zimmer, D. E. 1974. Physiological specialization
between races of Plasmopara halstediiin America
and Europe. Phytopathology 64:1465-1467.

Plant Disease/February 1982 135



