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Abstract

Sunflower was grown in a field heavily infested by Sclerotinia sclerotiorum
on October, 1979. The amount of inoculum was approximately 22-40 apothecia/
M? during the growing stage of sunflower. Each apothecium was able to
produce 1.3 x 10% ascospores totally. The apothecia discharged ascospores con-
tinuously for 11-12 days under laboratory condition.

DCNA, mancozeb, PCNB, and vinclozolin at the concentration of 1,000 ppm
of active ingredient were sprayed once every 10 days after 14 days of planting.
Ten sprayings were carried out totally in the field. Percent germination,
height, disease index, survivability and yield of sunflower were recorded and
analysed statistically. Vinclozolin seemed to be the best chemical among these
fungicides to control the disease. Besides, DCNA was also effective in prevent-
ing sunflower from infection. PCNB and mancozeb were unable to reduce the
harmful effect caused by Sclerofinia sclerotiorum.

Ascospores germinated readily on the surface of both leaves and stems of
sunflower which were treated with sterilized distilled water. Ascospores were
unable to germinate or gave a limited growth on sunflowers whenever the
plants were pre-sprayed with either vinclozolin or DCNA.

Introduction

Sclerotinia sclerotiorum has a very wide range of hosts. Besides, sclerotia
of this pathogen can survive long time in the soil. Hence it is not suitable
and uneasy to apply crop rotation to reduce the threétening of sclerotinia
disease in Taiwan where farmers grow economic crops intensively in their
land. Although Coniothyrium minitans (Huang, 1977; Huang and Hoes, 1976),
Sporidesmium sclerotivorum (Avers and Adams, 1979a,b) have been proven
to be able to infect the sclerotia of S. sclerotiorum,it may not succeed to con-
trol sclerotinia disease in the field without understanding the ecology of these
antagonists. Planting resistant varieties of crops is a very effective method

(1) This project, NSC-68 B-0409-02 (53), was supported financially by National Science
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to control plant diseases. However, there are no profitable vegetables and oil
crops resistant to S. sclerotiorum in Taiwan. Disease management with chemi-
cals still provides direct, prompt and effective results.

It is important to investigate the source and dispersal of inoculum of a
disease which are generally the two critical factors associated with the out-
break of disease. It is necessary to understand the rhythm of discharging
infective unit of pathogens, then the critical spraying time can be setted.

This paper studies on the effectiveness of chemicals to control sclerotinia
disease, the effect of chemicals upon the germination and penetration of S.
sclerotiorum on the surface of sunflower, and the spore discharging rhythm
of this pathogen.

Materials and Methods

DCNA (Dicloran, 2,6-dichloro-4-nitroaniline; Boots), mancozeb (Dithane
M-45, a coordination product of zinc ion and manganese ethylene bisdithiocar-
bamate; Rohm and Haas), PCNB (Terraclor 75%, pentachloronitrobenzene;
Olin International) and vinclozolin‘(Ronilan 5095, 3-(3,5-dichlorophenyl) b-ethyl-
5-methyl-2, 4 oxazolidinedione; BASF) were selected to spray onto sunflower
in the field. This field was infested heavily by S. sclerotiorum naturally since
it was used to grow cruciferous plants and sunflower continuously for many
yvears. Sunflower (Helianthus annus L.) was planted in a 0.05 ha field. There
were four plots. Each plot consisted of nine treatments which were control
and plants treated with either of the four fungicides. Each chemical consisted
of two treatments. One was placing 50 g of chemical (a.i.) along the seeding
sites plus spraying with the same chemical 14 days after planting. The other
was spraying only 14 days after planting. The concentration of each spraying
chemical was 1,000 ppm of active ingredient. Spraying was once every 10
days. There were 10 sprayings totally, and it was harvested after 120 days.
Randomized completely block design was used in this study. There was one
row of oats growing beside every treatment in order to prevent the drift of
chemical to the sunflower which should not be treated with it. Each treat-
ment consisted of 40 plants which were planted in two adjacent rows. Each
row was 25cm apart from the next one, and it was 6 M long. Disease ratings
were recorded separately for stem and flower parts. Disease ratings of stem
were 0, healthy: 1, leaves being infected; 2, stem being infected; 3, both
leaves and stem being infected but without wilting; 4, wilting. Disease
ratings of flower were 0, healthy; 1, 1/4 of flower part being infected; ...;
4, 4/4 of flower part being infected.

1,000 ppm of both DCNA and vinclozolin were selected to spray onto sun-
flower at 5, 2 and 0 days before and after inoculation with the ascospore of
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S. sclerotiorum. After inoculation of two days, the inoculated leaves and
stems were detached from sunflower. These tissues were fixed with 2.5%
glutaraldehyde and 19 osmic acid, then dehydrated with a series of alcohol.
After rinsing with isoamyl acetate for 10 minutes, the specimens were dryed
by critical point drying method, coated with gold. The specimens were
observed with scanning electron microscope (Hitachi S-550).

A 24-hour spore trap (Kramer and Pady, 1966) has been used to trap the
released ascospores every hour from the apothecium. The apothecium was
collected either from the field or the culture. Spore trap was started from
the very beginning of initiated apothecium to the time of decaying. The
collected apothecium with sclerotium was placed in wetted cotton pad in a
petri plate which was covered with a glass funnel which was connected with
the spore trap by rubber tube. One apothecium was tested each time and
repeated five times. The number of ascospore releasd every hour from every
apothecium was counted.

Results

Applying PCNB in the soil increased the germination significantly (P=
0.05) than control after 7 days of planting (Table 1). Plants grew from the
soil treated with PCNB and sprayed with the same fungicide afterward grew
significantly (P=0.05) higher than control after 55 days of planting. At the
time of harvesting, vinclozolin and DCNA provided significanly (P=0.05)
better disease control than the other treatments to prevent the stems and
leaves from the infection by S. sclerotiorum in the field. In spite of rotted
flower head, vinclozolin and DCNA kept the significantly (P=0.05) more green
and standing sunflower than the other treatments in the field. However, only
plants treated with vinclozolin had significantly (P=0.05) more yield than the
other treatments.

Ascospores germinated readily on the untreated leaves and stems after
two days of inoculation (Fig. 1). However, they seemed unable to germinate
on vinclozolin-treated tissues, even the ascospore located beside the stoma.
DCNA allowed the ascospore to germinate, but the germination was limited.

After 20 days of planting, apothecia were appeared in the field. There
were about 22-40 apothecia persisting on each M? of experimental field during
the growing period. Since the initiation of apothecia from the sclerotia, the
apothecia can last for 16 to 22 days without decaying. Each apothecium can
produce ascospores continuously for 11 to 12 days (Fig. 2). Most of these
ascospores released from the fifth to the ninth days ever since the
apothecium stérted to release ascospores. The maximum daily production of
ascospores was 3%105, and 1.3%10% ascospores totally during the period of
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Fig. 1. The behavior of ascospores of Sclerotinia sclerotiorum on (A) Chemical-untreated
leaf and (B) Vinclozolin-treated stem of sunflower.
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Fig. 2. Percent discharging ascospores of Fig. 3, Percent discharging ascospores of
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releasing. Apothecium discharged ascospores every hour, but the maximum
ascospores releasing was during the period between 12 AM and 2 PM (Fig. 3).
Within this period of time, one apothecium can release about 2X10° asco-
spores. i

Discussion

There were almost no significant difference among these different treat-
ments from control in germinability. Sunflower planted in the soil treated
with PCNB germinated more significantly than control. This was probably
due to PCNB prevented these seedlings from infection by Rhizoctonia solani,
since seedlings with girdling necrotic lesion and ungerminated seeds yielded ‘
a high percentage of R. solani on water agar. This beneficial effectiveness
extended to promote the early development of plants, hence sunflowers grown
from the soil treated with PCNB showed significantly higher than control
Plants sprayed with vinclozolin also grew significantly higher than control.
Although PCNB has been demonstrated to control sclerotinia disease (Beute
et al., 1975; Kruger, 1973), PCNB was failed to protect sunflower continuously
from the infection by S. sclerotiorum which infested with the field intensively
(22-40 apothecia/M? of field) in this study. DCNA and vinclozolin showed the
ability to control sclerotinia disease on sunflower. Soil incorporation with
DCNA or sprayed of DCNA can control lettuce drop caused by S. sclerotiorum
and the effectiveness of DCNA was better than benomyl and PCNB (Marcum
et al., 1977). The same was true in this studv. DCNA provided significanly
more survival plants than plants treated with PCNB or mancozeb. Mancozeb
showed a promising effective to inhibit the growth of S. sclerotiorum (Charifi-
Tahrani, 1974). However, mancozeb was proven not suitable to control sclero-
tinia disease of sunflower in this investigation. Vinclozolin was a relative
new product of BASF and has shown its promising effect to control sclerotinia
disease as DCNA did. Vinclozolin could almost inhibit the germination of
ascospores completely on the leaves and stems of sunflower. DCNA was also
able to delay or stop the germination of ascospores on leaves and stems.

The first application of fungicides was 14 days after planting this time,
whereas the first application of chemical was 30 days after planting in 1979
(Lee and Wu, 1979). Since the delay spraying in 1979, there were no signifi-
cant difference among those chemicals to control sclerotinia disease due to
early infection. Early spraying of chemicals protected seedlings from infec-
tion and provided normal growth. Consequently, there were some difference
between these chemical treatments and control.

Kramer-Collins 24-hour spore sampler can collect air-borne spores every
hour (Kramer and Pady, 1966) and was used in this study. Each apothecium
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released 1.3Xx10° ascospores in average.-in laboratory condition by direct count-
ing from these sampling slides, whereas 2.32Xx10° ascospores were estimated
by Schwartz and Steadman (1978) by counting from a Spencer hemacytometer.
Maximum discharge of ascospores was between 12 AM and 2 PM, and between
the fifth and ninth day since the apothecium started to release ascospores.
Hence protective chemicals had to be sprayed before the maximum spore
releasing time and" dates for the purpose of keeping the crops in healthy
condition. ' ' )

Acknowledgement

Thanks are due to Fu-Qeng Hsu for his technical assistance.

Literature Cited

Avyers, W.A. and P.B. Adams. 1979a. Mpycoparasitism of sclerotia of Sclerotinia and
Sclerotium species by Sporidesmium sclerotivorum. Can. J. Microbiol. 25: 17-23.

Ayers, W. A. and P.B. Adams. 1979b. Factors affecting germination, mycoparasitism, and
survival of Sporidesmium sclerotivorum. Can. J. Microbiol. 25: 1021-1026,

Beute, M.K., D.M. Porter and B. A. Hadley. 1975. Sclerotinia blight of peanut in North
Carolina and Virginia and its chemical control. Plant Dis. Reptr. 59: 697-701.

Charifi-Tehrani, A. 1974. Effect of several fungicides on mycelial growth and patho-
genicity of Sclerotinia sclerotiorum (Lib.) de By. agent of sclerotinia disease of
sunflower. Phytratrie-Phytopharmacie 23: 189-192. (IN RPP 54: 548).

Huang, H.C. 1977. Importance of Coniothyrium minitans in survival of sclerotia of
Sclerotinia sclerotiorum in wilted sunflower. Can. J. Botany 55: 289-295.

Huang, H.C. and J. A. Hoes. 1976. Penetration and infection of Sclerotinia sclerotiorum
by Coniothyrium minitans. Can. J. Botany 54: 406-410.

Kramer, C.L. and S. M. Pady. 1966. A new 24-hour spore sampler. Phytopathology 56:
517-520.

Kruger, W. 1973. Measures for controlling Sclerotinia sclerotiorum (Lib.) de Bary on
rape. Phytopathologische Z. 77: 125-137.

Lee, Y. A. and W.S. Wu. 1979. Management of the sclerotinia disease with biological
and chemical methods. Memoirs of the College of Agric. (NTU) 19: 96-108.

Marcum, D.B., R.G. Grogan, and A.S. Greathead. 1977. Fungicide control of lettuce drop
caused by Sclerofinia sclerotiorum ‘minor’. Plant Dis. Reptr. 61: 555-559.

Schwartz, H.F. and J. R. Steadman. 1978. Factors affecting sclerotium populations of
and apothecium production by Sclerotinia sclerotiorum. Phytopathology 68: 383-388.



82 Botanical Bulletin of Academia Sinica Vol. 22

AL

W H R MERIREFEG S

xr -

-3 X A

BVAE 3o PNE L7 = S S

SRR A A E A BP0 A R 822~ 40 728 » 5 TR HE
WEL 1.3x10° FTHRT » MBS T3 DIER 11~12 Rk B TERTF o

[7] F SERME RIS 0 DL 1,000 ppm A%EE Ry DCNA, mancozeb, PCNB J vin-
clozolin &M REEMWIEY 2k » EREERLEESER{2X o DCNA J vinclozolin &
BALHEF RN » T PCNB X mancozeb HREZEZIEGEHY H A9,

HER TR T ERKEERRE AR B o W UEAR RS » (AT RE A
i DCNA J vinclozolin A # BB~ LR o



