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ABSTRACT

WU, W. S. 1991. Control of sclerotinia rot of sunflower and chrysanthemum.
Plant Prot. Bull. 33:45-55,

Benomyl and DCNA were able to inhibit the growth of Sclerotinia sclerotiorum in
cultural medium and uble to control sclerotinia rot of sunflower in field. Vinclozolin
expressed better effectiveness of disease control on sunflower than DCNA and iprodi-
one. Vinclozolin inhibited the germination of ascospore completely and caused the us-
cospore losing its cytoplasm. When soil treated with calcium cyanamide. the survival of
sclerotia declined and the disease on chrysanthemum was reduced significantly due to
the amount of apothecium was reduced. Trichoderma viride isolated from decayed scle-
rotium was able to infect . sclerotiorum and produced some inhibitory substance(s) to
inhibit the growth of the studied pathogen. Spraying the spore suspension of T. viride
onto sunflower was able to reduce the disease rate significantly, but was unable to in-
crease the yield of sunflower. Soil solarization by mulching the field soil with black
polyethylene sheet was an effective method to reduce the amount of upothecium signit-
icantly. Consequently, the percent of disease was significantly reduced in 1986 but not
in 1987. The temperature on the top soil at solar energy-treated field was 10°C higher
than untreated soil, but 5°C higher when the soil temperature was measured at the
depth of 5 ¢cm from the soil surface. Sclerotia lost their vitality when the soil was wet
and the soil temperature was raised to 45°C for four hours a day for four days.

(Key words: Sclerotinia sclerotiorum, chemical control, biocontrol, integrated control)

that it has a wide spectrum of host ranges
INTRODUCTION Sy P e
and ability of survival for long time. This

Sclerotinia sclerotiorum (Lib.) de Bary is pathogen was able to infect about 400 differ-
an important plant pathogen due to the fact  ent species of plant in 72 families™1%30313340)
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Generully, S. sclerotiorum  produced  black,
irregular-shaped slerotia under various stress
conditions.  Sclerotium is the fundamental
structure of this pathogen to survive for sev-
eral years under natural field conditions™'**)
Although sclerotium of this pathogen can be

the primary inoculum'®"3?

, ascospore, usual-
ly, plays much more important role as prima-
ry inoculum to cause plant to be infected.
Ascospore was produced in apothecium
which was initiated from sclerotium. Each
apothecium contained approximately 1.3-2.3

(3441 " The duration of each

X 10% ascospores
apothecium to release ascospore can last for
[1-12 days, once the apothecium started to
discharge ascospore®”. Since ascospores
were produced only once from one specific
sclerotium and infected host plant once in
one growing season, the disease caused by S.
sclerotiorum should be regarded as monocyclie
or simple interest disease™.

S. sclerotiorum is world-wide spread and
existed in Taiwan, especially in notrhern Tai-
wan. This pathogen caused evidently losses
on vegetables and flower plants when the
temperature was below 25°C and weather was
wet in Taiwan. In order to reduce the inci-
dence of this pathogen, chemical control was
However, the ad-

verse effect of applying chemical was men-
(.11

the most popular practice.
tioned frequently For minimizing the
drawbacks of using chemicals, the most
promised chemical should be screened. Be-
sides, other control measurements should be
considered solely or applied integratly with
less amount of fungicides. Biological control
has endurable effect to inhibit pathogens
without polluting or disturbing the environ-
ment dramatically'”. Since 1976, solar ener-
gy has been applied to control soil-borne
(8 solarization has been identified
as an effective measurement to improve plant

pathogens

growth, increase yield and reduce the amount
and severity of disease "FFBAIIN - ph.
main purpose of this study is try to find out
some effective and available methods to con-
trol this pathogen in Taiwan.

MATERIALS AND METHODS

Tested plants

Sunflower and chrysanthemum were
used in this study. Sunflower seeds and
chrysanthemum seedling were sown and
transplanted, respectively, in field when
bioassay was needed.

Chemical control
1. laboratory experiment

Benomyl (methyl 1-(butylcarbamoyl)-2-
benzimidazole carbamate, Benlate 50%, du
Pont), DCNA (2, 6-dichloro-4-nitroaniline,
Dicloran 50%, The Boot's Co.), PCNB
(pentachloronitrobenzene, Terraclor 75%.
Olin) and zineb (zinc ethylene bisdithiocar-
bamate, Zineb 75%, Luxan) were prepared in
potato dextrose agar (PDA) and broth (PDB)
at either 250, 500 or 1000 ppm (active ingre-
dients, a.i.). The same size and uage of inocu-
lum was transferred either on the center of
PDA plate or in PDB. All the cultures were
incubated at 25°C for certain period of times.
Each treatment consisted of four replicates
and repeated twice.

Compared to DCNA, iprodione (3-(3, 5-
dichlorophenyl)-N-isopropyl-2, 4-dioxoimi-
dazolidine-1-carboximide, Rovral 50%; Rhone-
Pouienc Inc.) and vinclozolin (3-(3, 3-
dichlorophenyl)-5-methyl-5-vinyl-1, 3-oxazo-
ladine-2, 4-dione, Ronilan 50%, BASF) were
also prepared at either 0.01, 0.1, 1, 10, 100 or
1000 ppm (a.i.) in PDA. When the ED 4, was
less than 1 ppm, further tests were made at
concentrations of 0.05, 0.1, 0.5, 1, 5 and 10
ppm. The mycelial growth was measured af-
ter incubating this pathogen under 22°C for
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certain period of time.

DCNA and vinclozolin (1000 ppm, a.i.)
were sprayed onto sunflower 5, 2 or 0 days
before and after inoculation of ascospores.
After inoculation for two days, the inoculated
tissues were treated and observed under
scanning electron microscope (Hitachi S-550).

Either 0.5, 0.25 or 0.05 g of calcium
cyanamide (SKW Trostbery) was mixed with
100 ml of field soil (40% moisture content).
Ten sclerotia were immersed in the soil and
incubated in 40°C for 4 hr and in 30°C for
the rest of 20 hr. everyday. After incubating
for either 2, 4, 8 or |2 days. the survivability
of sclerotia was determined. Each treatment
consisted of three replicates.

2. field experiments

Sunflower was planted in 0.05 ha. field
Each
Each
replicate consisted of either 40 or 50 sun-

which was divided into four blocks.
treatment consisted of four replicates.
flower or 200 chrysanthemums. Randomized
completely block design was used in this
study. The field soil was clay loam.

For the first field experiment, each
treatment consisted of 40 plants which were
planted in adjacent two rows. Every row was
25 ¢m apart from each other. Each row was
600 ¢cm long. Benomyl, DCNA, PCNB, and
zineb were sprayed at the concentration of
5.25 g (a.i.)/6 1 when sunflower had grown
for one month. Afterwards spraying was
once every week. In the second field exper-
iment, DCNA, vinclozolin, mancozeb, PCNB
were used. Each chemical consisted of two
One was applying 50 g (a.i.) of
chemical along the seeding sites plus spraying
with the saume chemical 14 days after planting.

treatments.

The other was spraying only which was start-
ed 14 days after planting. The concentration
of each sprayed chemical was 1000 ppm (a.i.).
DCNA. iprodione and vinclozolin were used

in the third field trial. After 30 days of
planting, 1500 ppm (a.i.) of each chemical
was sprayved and continued to be sprayed for
eight times at 7-day interval.
Chrysanthemum was planted in the §.

sclerotiorum-infested field for determing the

effective of soil treatment with different
chemicals. The size of each block was 2.2 X
3.9 M2,  Two hundred chrysanthemum
seedlings were planted in each blocks. 250 g
of either urea or calcium cyanamide and
1000 ppm vinclozolin were treated with and
sprayed on, respectively, the field. The dis-
ease rate and survival of sclerotia were
recorded and analysed by Duncan’s multiple
range test.
Biological control
1. isolation of antagonists
The sclerotia of S. sclerotiorum  were
buried in field at the depth of 5-10 em.  Af-
ter 30 days, microflora on the sclerotia were
isolated by dilution plite on PDA. Soil mi-
croflora were also isolated by dilution
method on sclerotia-powder medium. The
sclerotia-powder medium consisted of 2 g
powder of sclerotia. 8 g agur and 400 ml dist.
water.
2. screening the antagonists
Capability of either hyperparasitism, an-
tibiotic activity or competition® were used
as the criterion to determine which isolated
soil microorganisms were good for further
study.
3. field experiment
The spore suspensions of Trichoderma
viride 81, T. viride 8IR, Gliocladium virens and
Bacillus sp. were prepared in glycerol-sodium
nitrate nutrient solution®™.  Spraying began
30 days after planting sunflower and contin-
ued to spray for eight times at 7-day interval.
All treatments in the field experiment had
four replicates and followed by randomized
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completely block design.
Physical control
I. soil solarization

Bluck polyethylene sheet (0.2 mm in
thickness) was covered on field plots for 50
days (Sept. 5-Oct. 25, 1986) in the first exper-
iment, and for 35 days (Aug. 29-Oct 2, 1987)
Afterwards, 200
chrysanthemum seedlings was transplanted to
each of these treated plots.

in the second experiment.

Control was
seedling growing in the untreated plots.

2. determining the effect of temperature on
the survival of S. selerotiorum

Every 10 sclerotia (0.4-0.6 ¢cm in diam.)
were buried in field soil which was filled in
100 ml beaker. Those beakers were separate-
ly incubated under 45, 40, 35 and 30°C for 1,
2. 4, 8 and 14 days. When these beakers
were incubated under 45, 40 and 35°C , the
incubation time was 4 hr a day and they were
transferred to 30°C  for the rest of 20 hr ev-
eryday.  Survivability was determined by
counting whether those scleotia was able to
germinate on PDA.

Lvery 10 sclerotia was also buried at the
depth of 5 cm in each field plot which was
After 50 days, scle-
rotia were removed from field and cleaned

treated with solarization.

with running tap water. Then the survivabili-
ty of sclerotia was also determined as afore-

mentioned.

..

RESULTS

Chemical control
1. laboratory experiment

Benomyl and DCNA stopped the growth
of S. sclerotiorum after three days of incuba-
tion, this inhibitory effects remained even till
14 days after incubation (Table 1). PCNB
and zineb slowed down the growth rate of §.
sclerotiorum on PDA. Besides, PCNB at all
tested concentration altered the mycelial col-
or from white to brown. Small sclerotia were
formed on PDA containing either 250 of 500
ppm zineb, but irregular colonies were
formed when the concentration of zineb was
1000 ppm.

This studied pathogen was unable to
grow in PDB which contained 1000 ppm
benomyl (Table 1). All the other chemicals
reduced significantly the dry weight of S. scle-
rotiorum compared to control. S. sclerotiorum
was unable to grow in PDB which contained
1000 ppm of DCNA in the first two weeks,
but started to form a dense layer of mycelia
and irregular sclerotia after three weeks of

Table 1. The effects of four different fungicides on the growth of Sclerotinia sclerotiorum

- concentr. diam. of colonies (cm)"
EPRIELES (pPm)  benomyl DCNA _ PCNB zineb CK
' _ 250 nil nil 28 a? 34 a 84 b
il 500 nil nil 30 a 34 a 84 b
1000 nil nil 30 a 28 a 84 b
dry wt. (g)* 1000 0d 046b  0.16 cd 0.26 be 0.69 a

1) Each treatment consisted of four replicates and was repeated twice.

2) Data, the average of every treatment, followed by common letter in the same row did not
differ significantly (p = 0.05) by the Duncan’s new multiple range test.

3) Data were obtained after three days of incubation under 25°C .

4) Data were obtained after 21 days of incubation under 25°C .
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incubation.

Compared to DCNA and iprodione, vin-
clozolin was the most effective in inhibit-
ing the mycelial growth of S. sclerotiorum on
PDA. The concentration of EDs; of vinclo-
zolin, iprodione, DCNA to inhibit the growth
of 8. sclerotiorum was 0.25, 0.27 and 1.47 ppm
(a.i.), respectively. The concentration of EDy,
of vinclozolin, iprodione, and DCNA to in-
hibit the growth of S. sclerotiorum was 1.24,
1.37 and 7.37 ppm, respectively.

2. field experiment

Benomyl. DCNA and PCNB were able
to reduce the percent of disease when sun-
flower grew for 70 days, but were unable to
continue to control this disease when sun-
flower was ready for harvest (Table 2).
Among the four fungicides, DCNA was the
most effective fungicide to control S. sclero-
riorum in field.

Among DCNA, vinclozolin, muncozeb
and PCNB, DCNA and vinclozolin were able
to reduce disease rate and increase the per-
centage of surival of sunflower significantly
(Tuble 3).
ed the capability to increase the yield signifi-
cantly than the other three chemicals. There

However, only vinclozolin provid-

was no significant difference between two
methods of applying either chemical.

DCNA, iprodione and vinclozolin were
able to control sclerotinia rot of sunflower

(Table 4). Besides, DCNA and vinclozolin
were able to increase yield, but not for ipro-
dione.

Ascospores germinated readily on the
untreated sunflower, but failed to germinate
on vinclozolin-treated sunflower after ten
days of inoculation. Although DCNA al-
lowed some ascospores to germinate, the
germination was limited. Besides inhibiting
the germination of ascospore, DCNA, iprodi-
one and vinclozolin were able to cause the
affected ascospore to leak their cytoplasm.

Chrysanthemum  sclerotinia rot was sig-
nificantly reduced when the field soil was
sprayed with vinclozolin or mixed with calci-
um cyanamide (Table 5). Besides. calcium
cyanamide reduced the survivability of sclero-
tia of S. sclerotiorum significantly in field soil.
Chrysanthemum grew significantly higher
than other treatments when field soil was
mixed with urea.

Biological control

One hundred and eleven isolates of mi-
croorganism were isolated from sclerotia
which were incubated in field soil for 30 days.
Amorg them, Trichoderma viride 81 and 8IR.
as well as Gliocladium virens were identified
as hyperparasites of S. sclerotiorum.  They
produced short hyphal branches which at-
tached to the susceptible host hyphae and
caused them to be evacuated or disintegrated.

Table 2. The effects of four different fungicides on controlling sclerotinia rot of sunflower

2)

days after percent of disease

planting " benomyl DCNA PCNB zineb CK
70 10.6 9.8 12,5 225 206
120 51.3 46.1 58.3 57.7 55.2

1) Spraying chemical (5.25 g/6 |, a.i.) was once a week after 30 days of planting.
2) Percent of disease = disease rating X no. of plant of the same category of disease rating/5 X

160 (total tested plants).
3) Data were the average of four replicates.
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Table 3. The effects of four different fungicides on controlling sclerotinia rot of sunflower

PCNB - - vinclozolin

. DCNA mancozeb ) . BB
e " i I T I T I T
2 216bY 250b 350a 3.75a 3.75a 3.28a 0.75¢ L19¢ 3.664a

disease rute
21.00b 1925b 4.75¢ 3.00c 475¢ 7.25¢ 3250u 32.75a 75 ¢

% survival
220.13b 1769 b 91.25b 110.6 b 130.0 b 163.1 b 546.3 a 576.3 a 163.8 b

yield (kg)

1) I: soil incorporated and plant sprayed with a specific tested fungicide;

11: spray tested fungicides only.
2) O: healthy, 1: leaves infected only, ——, 4: wilting.
3) Data. average of four replicates and recorded at harvest time, followed by the same letter in

the sume row were not significantly (p = 0.05) different.

Table 4. The effects of three fungicides on controlling sclerotinia rot of sunflower

e oty treatment "

aramete . _
) P DCNA inprodione vinclozolin CK
disease rate after 2) = .

79 days of planting 8.3 be 8.8 be 38 ¢ 224 a
disease rate after

92 days of planting 389 b 396 b 27.1 e 604 a
average yield (kg.) 10.7 ab 5t e 13.7 a 38 ¢

1) Each treatment consisted of four replicates. Each replicate had 50 tested plants. The con-

centration of all tested fungicides was 1500 ppm (a.i.)
2) Data, average of four replicates, followed by the same letter in the same row differed signifi-

cantly (p = 0.05) by Duncan’s multiple range test.

Table 5. The effects of different soil treatment on controlling sclerotinia rot of chrysanthemum

treatment "

RE vinclozolin urea C;;';S;I;e CK
percent of disease 3.36 b? 7.26 ab 330 b 12.88 a
height of plant (cm) 39.39 be 49.70 a 46.71 ab 39.96 be
% survival of sclerotia = 100.00 a 10.00 b 100.00 a

1) Each treatment consisted of four replicates. Each replicate had 200 seedlings. 250 g of urea
and calcium cyanamide was mixed thoroughly with soil of each block (2.2 X 3.9m?). 1000

ppm vinclozolin was sprayed on the soil before planting.
2) Data, average of four replicates, followed by the same letter in the same row differed signifi-

cantly by Duncan’s multiple range test.
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G. virens was able to penetrate into and grew
1. viride
produced appressorium-like structure to press
against the hyphae of S. sclerotiorum. Besides.

within the hyphae of §. sclerotiorum.

they produced some inhibitory metabolites
which caused swelling and plusmolysis of af-
fected cells of S. sclerotiorum. The growth of
S. sclerotiorum was inhibited eventually.

T. viride 8IR, the DCNA-tolerant strain,
had the same capability to reduce the disease
rate significantly as T viride 81 (Table 6), but
was unable to increuse the yield of sunflower
significantly.  G. virens and Bacillus sp. were
also able to reduce some degree of diseuse

rate.
Physical control

Solarization was able to reduce the
amount of apothecium as effective us soil
treated with calcium cyanamide (Tuble 7).
Spraying vinclozolin and soil treated with cal-
cium cyanamide reduced disease rate signifi-
cantly in 1986 and 1987, but solarization re-
duced disease rate significantly only in 1986
and not in 1987. Spraying vinclozolin waus
not able to reduce the amount of aprotheci-
um significantly in field.

The temperature of solarization-treated
top field soil can be reached to 45-50°C and

Table 6. The effects of different antagonists on controlling sclerotinia rot of sunflower

puarameter

treatment "

B 1. viride 8]

T. viride 8IR

disease rate after

2)
79 days of planting 1.4 b 10.5 b
diseuse rate after
92 days of planting 468 b 458 b
yield (kg) 4.8 43

G virens Bacillus sp.f_ K
13.3 ab 13.9 ab 224 q
48.9 ab 51.9 ub 6.4 u

39 33 38

1) Euch treatment consisted of four replicates. Each replicate had 50 tested plants.

2) Data, average of four replicates, followed by the same letter in the asme row differed signifi-
cantly (p = 0.05) by Duncan’s multiple range test.

Table 7. The effects of solarization on controlling of sclerotinia rot of chrysunthemum compared
to spraying vinclozolin and soil treated with calcium cyanamide

no. of apothecium % disease
treatment p——
1986 1987 1986 1987
solarization " 2.00 b 4.50 b 261 b 46.57 a
vinclozolin? 22.00 a 20.75 a 336 b 2455 b
calcium cyanamide? 1.50 b 575 b 3300 24.87 b
CK 22.00 a 20.75 a 12.88 u 56.25 a

1) Black polyethylene sheet was covered on wetted field for 50 days in 1986 and 35 days in

1987.

2) The method of application was the same as in Table 5.
3) Data. average of four replicates, followed by the same letter in the same column did not dif-
fer significantly (p = 0.05) by Duncan's multiple range test.
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the untreated field soil was 35-40°C . The
temperature at the depth of 5 cm in solariza-
tion-treated soil and untreated aoil was 35-40
°C and 30-35°C, respectively.

The survivability of sclerotia was reduced
to 26.67% when sclerotia were buried in wet
field soil (40% water content) and incubated
under 45°C for 4 hr only. Sclerotia incubat-
ed in the saume type of soil at other tempera-
tures remained 100% alive. After incubation
for four days under 45°C , sclerotia were
dead completely. The survivability of sclero-
tia which were kept under 40, 35 and 30°C
for 14 days was 96.67%. 46.67% and 70%, re-
spectively. The survivability of sclerotia was
reduced to 509% when they were buried in so-
larization-treated soil in field after 35 days of
treatment.

DISCUSSIONS

Although benomyl was found to be able
to control white rot of cucumber™ and scle-

. {27}

rotinia blight of peanuts effectively, beno-
myl failed to control sclerotinia rot of sun-
flower in the first field trial regardless of the
fact that benomyl was able to inhibit this
studied pathogen to grow in cultural medium
within 21 days of incubation. This was prob-
ably due to the timing of first spray was late.
high inoculum potential and suitable envi-
ronment for disease development were exist-
ed in the field. DCNA reduced the amount
of disease of sunflower the most compared to
benomyl, PCNB and zineb in this study.
DCNA was regarded better than benomyl
and PCNB to control lettuce drop™®’.

ever, vinclozolin provided the best effective-

How-

ness to control sclerotinia rot of sunflower
than DCNA and iprodione in this study. 5
ppm of vinclozolin was able to reduce the
production of sclerotia and controlled lettuce

drop very effectively®’.  Ascospore of this

studied pathogen failed to germinate on vin-
clozolin-treated sunflower. Besides, vinclo-
zolin caused the ascospore to lose its cyto-
plasm. This may be due to vinclozolin was
able to inhibit the bio-synthesis of triglyceride
and cell wall®,

Urea was reported to be able to reduce
the inoculum density of Pythiwum  ultimum,
Thielaviopsis basicola and Macrophomina pha-
seolina by producing ammonia in soil”. Scle-
rotinia rot of chrysanthemum was not re-
duced when soil treated with urea in this
study. This was probably due to the amount
of urea used to treat the field soil was low
and there was no coverage to stop the am-
Calci-
um cyanamide was hydrolyzed and released
cyanamide in soil.

monia to release to the air from soil.

The production of
cyanamide was regarded as the major fuctor
of calcium cyanamide which can be used as u
soil fungicide to inhibit soil microorganism‘'®,
Calcium cyanamide was proven to be able to
control sclerotinia rot of chrysunthemum ef-
fectively in this study. This chemical reduced
the production of apothecium from scle-
rotium of S. sclerotiorum, especially signifi-
cantly when the soil was wet with high tem-
perature. Consequently, the disease was re-
duced significantly in this study.

Coniothyrium 1B
(36)

minitans Gliocladium

virens and  Sporidesmium  sclerotivorum )
could penetrate in and destroy the sclerotia
of §. sclerotiorum and reduced the diseases of
sunflower and lettuce, ete. T. viride was able
to control sclerotinia rot of sunflower when
spore suspension of T. viride was sprayed in
this study. This was due to the capability of
T. viride to infect the hyphae and sclerotia di-
rectly and to produce some inhibitory
metabolite(s) to inhibit the growth of S. scle-
rotiorum. Besides T. viride, the other species
of Trichoderma, e.g. T. koningli, T. harzianum,
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had the capability to destroy all the sclerotia
in field within 60 days“?. T. viride and T.
polysporum were proven to be able to pro-
duce trichodermin to inhibit the growth and
production of apothecium of S. sclerotiorum™)
Whether the inhibitory substance produced
by T. viride in this study was trichodermin
had not been investigated yet.

Soil-borne Verticillium dahliae and Fusar-
ium oxysporum f. sp. lvcopersici were reduced

0 Trans-

significantly by soil solarization
parent thin polyethylene sheet had better ef-
fect to raise the soil temperature than black
polyethylene sheet''”.  Usmani and Ghaffar
7 regarded that there was no different ef-
tect on raising soil temperature by either
black or transparent polyethylene sheet when
the soil was wet. Black polyethylene sheet
wus used for soil solarization in this study
and was efficiently to reduce the amount of
apothecium in the field. This treatment was
able to raise the soil temperature to 45-50°C .
Sclerotia of this studied pathogen were Kkilled
when they were incubated under 45°C  four
hours a day for four days. This treatment
reduced the initial inoculum significantly.
Consequently, the disease on chrysanthemum
was reduced in 1986, but not in 1987. This
inconsistent result was probably due to that
this treatment can not impede the arriving of
inoculum (air-borne ascospore) from sur-
roundings or other sources.
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