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ABSTRACT sclerotium production. Fungicides
Porter, D. M., and Phipps, P. M. 1985. Effects of three fungicides on mycelial growth, sclerotium suspended in sterile distilled water were
production, and development of fungicide-tolerant isolates of Sclerotinia minor. Plant Disease added to cooled, autoclaved PDA to give
69:143-146. the desired concentrations of active

Mycelial growth of Sclerotinia minor was reduced in vitro on media amended with benomyl and ingredients. Plates were incubated at 21
dicloran but was much less evident on media amended with procymidone. Very little mycelium was C. In temperature studies, plates were
observed on media amended with procymidone at 0.5 pg/ml and none was observed at 1 and 5 incubated at 15, 18, 21, 27, and 30 C.
Ag/ ml after incubation for 96 hr. Tolerance to procymidone developed in in vitro bioassays at a Colony growth was measured at designated
frequency of 2.3% on media amended with this fungicide. Development of tolerance to benomyl hourly intervals.
and dicloran was not observed. Growth of tolerant S. minor isolates on media amended with In vitro soil plate bioassay.
procymidone at 100 Asg/ml was similar to that on unamended media. Mycelial growth rates for Procymidone-tolerant isolates of S.
tolerant isolates were similar to those of nontolerant isolates at 15, 18,21,27, and 30 C. Growth of minor from the in vitro fungicide
tolerant isolates on soil plates sprayed with procymidone was similar to growth on untreated plates. bioassay were used in this study. A soil-
Sclerotia produced by procymidone-tolerant isolates were frequently larger and fewer than those cornmeal mix (5% cornmeal, w/w) wa
produced by isolates on unamended media. Tolerance to procymidone persisted after 10 weekly creal mix (5% -crnea w/ w) wa
hyphal-tip transfers on unamended media. Procymidone-tolerant isolates of S. minor were not prepared using air-dried Woodstown
found in field plots treated with this fungicide. sandy loam passed through a 10-meshscreen. Fifty grams of the mixture plus 20

ml of water were added to each 9-cm-

Sclerotinia blight, caused by Sclerotinia dicarboximide fungicide procymidone, diameter glass petri plate, autoclaved at
minor (Jagger) Kohn (7), is a destructive however, gave almost complete control of 121 C for 1 hr, and allowed to cool to
disease of peanut (13,14). This disease, severe Sclerotinia blight at 0.84 kg/ha room temperature. Plugs of agar from the
first observed in Virginia in 1971 (11), (9,10). edges of 60-hr-old colonies of either
occurs in Virginia wherever peanuts are During the past decade, much has been procymidone-tolerant or nontolerantisolates of S. minor were inverted on the
grown. It is also widespread in North written about the development of sol mediumin th e nter of e h
Carolina and Oklahoma and was recently tolerance by fungi to specific fungicides
observed in Texas. Disease loss estimates (3,5,6). Tolerance appears to be associated plate. Plates were incubated at 21 C.
based on interpretation of infrared with long-term and frequent exposure of After 48 hr, the soil surface was sprayebasedwith an airbrush sprayer that delivered
photography indicated peanut yield a pathogen to a fungicide (3). Species of w n aities oproymidelin rm
losses to Sclerotinia blight exceeded 13% Sclerotinia (4,20), Monilinia (15,16,18), known quantities of procyidone in amer
in Virginia in 1979 (14). Fungicides and a and Botrytis (19) tolerant to benomyl, of liquid per plate. Colony diamete48
resistant cultivar (2) are now used in an dicloran, and procymidone have been were measured after 48, 96C 168, and 21
integrated disease control program. reported. The objectives of this study
Although not recommended for Sclerot- were to determine 1) the effects of these sclerotia produced by S. minor in each
inia blight control, benomyl suppresses fungicides on mycelial growth of S. minor plate was determined by removing a 3-
disease development at 1.1 kg/ha (1). on amended potato-dextrose agar cm-diameter sample of soil medium
Dicloran at 5.6-11.2 kg/ ha also suppresses (PDA), 2) if tolerance to these fungicides washing the sample on a 60-mesh sieve to
development of this disease (1,9). The developed under laboratory conditions, remove soil, and counting the trapped

sclerotia under a stereoscopic microscope.3) the persistence of tolerance to Stblyofpcmineoerc.
Cooperative investigations by Agricultural Research procymidone under laboratory conditions, FieSotobleran anf1 procymidone-tlrne
Service, U.S. Department of Agriculture, Suffolk, 4) the effects of temperature on growth tlrn sltso .mnrwr rw
VA 23437, and Virginia Polytechnic Institute and of proc ymidone-tolerant and nontolerant tlrn sltso .mnrwr rw
State University, Blacksburg 24061. isolates of S. minor, and 5)if tolerance to on unamended PDA for 1 mo at 21 C.
Mention of a proprietary product does not constitute procymid one developed under field Tobtraine ad from thelmrgins of3-ayoldte
a guarantee or warranty of the product by the USDA conditions, co lonines werem transferreds on 3-a yweekl
and does not imply its approval to the exclusion ofconiswrtasfreona ekl
other products that may also be suitable. This article cycle to slant tubes containing unamended
reports the results of research only. Mention of a MATERIALS AND METHODS PDA. After 10 successive weekly
pesticide does not constitute a recommendation by In vitro fungicide bioassay. Field transfers, isolates were transferred to
theFUSA.adde o ml rgsrto ne isolates of S. minor were maintained on PDA containing procymidone at 10 and

PDA slant tubes at 21 C. Isolates of S. 100 p#g/ ml. Colony growth was recorded
Accepted for publication 30 July 1984. minor were grown on a 5-mm layer of after 24, 140, and 192 hr of incubation at

____________________________ PDA in 85-mm (i.d.) plastic petri plates. 21 C.
The publication costs of this article were defrayed in part For the in vitro fungicide bioassay, 1-cm Assay for field tolerance. Isolates of S.
by page charge payment. Thia article muat therefore be plgtaefrmteeesoacily inrweobiedrmfeds ih
hereby marked "advertisement" in accordance with 18 plgtaefrmteegsoacily inrweobiedrmfeds ihU.S.C. § 1734 solely to indicate this tact, growing PDA cultures were inverted in histories of Sclerotinia blight that had

the centers of PDA plates amended with been treated four times with procymidone
This article isin the public domain and not copy- benomyl (Benlate 5OW), procymidone concentrations of 28, 56, or 1.12 kg/ha.
rightable. It may be freely reprinted with cus-
tomary crediting of the source. The American (DPX-4424 5OW), and dicloran (Botran Samples from 280 peanut branches with
Phytopathological Society, 1985. 75W) to determine the effect of each symptoms of Sclerotinia blight were
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Table 1. Mycelial growth of Sclerotinia minor on unamended potato-dextrose agar and on similar surface-disinfected with 0.5% NaOCl for
media amended with different concentrations of benomyl, dicloran, and procymidone 3 min, placed in PDA, and incubated at

21 C. Hyphal tips of isolates were
Colony diameters (mm) transferred to PDA slant tubes. Growth

after indicated hours of incubation of isolates on media amended with
Concentrationa procymidone at 1 and 10 M.g/ml was

Fungicide (Mg/ml) 48 72 96 144 192 determined as described previously.

Unamended "" 65b 85 85 85 85
Benomyl 0.5 30 70 85 85 85 RESULTS

1.0 20 62 85 85 85 In vitro fungicide bioassay. Mycelium
Dicloran 0.5 30 68 85 85 85 of S. minor covered the petri plate surface

1.0 20 42 60 85 85 after 72 hr of incubation on unamended

5.0 10 12 14 14 15 PDA (Table 1). Most isolates growing on
Procymidone 0.5 10 1... 0 12 15 benomyl or dicloran at 0.5 igg/ml covered

1.0 10 "" 10 10 10 the agar surface within 96 hr. Mycelium
5.0 10 ... 10 10 10 of most isolates covered the surface of

a Concentration of active ingredients. media amended with benomyl at 5 ,g/ ml
bMean of 24 isolates from three tests with 10 plates each. after incubation for 192 hr. At this
c A value of 10 mm (diameter of inoculum plug) indicates no growth on agar medium. concentration, growth did not occur on

dicloran after 192 hr. Growth of S. minor
on media amended with procymidone at

Table 2. Frequency of occurrence of isolates of Sclerotinia minor found to be tolerant to 0.5 mg/ml was almost nonexistent after
procymidone in in vitro bioassays on media amended with procymidone 192 hr of incubation.

Sectoring of colonies of S. minor was
Procymidone Tolerance Tolerance often observed on media amended with

concentrationa No. of frequencyb stabilityC benomyl or dicloran. Sectoring was not
Experiment (g/ml) plates (%)(observed on procymidone-amended

A 2.5 100 2 50 media. When mycelium from sectors was
B 2.5 120 4 75 transferred to media containing benomyl
D 5.0 140 2 50 or dicloran, only scant or no growth
D 10.0 100 2 50 occurred. Occasionally, an isolate wouldF 10.0 84 3 66 grow on media amended with dicloran at

aPotato-dextrose aramended w0.5-5 Iig/ml.
a ~a°dxrsagaramnewith procymidone. Procymid one-tolerant isolates of S.

b Isolates (%) showing tolerance during initial exposure to procymidone. Pm or deve oled n ia on
C Procymidone-tolerant isolates (%) of S. minor transferred to procymidone-amended media (1 minor developed on media containig
/ig/ml) to determine isolates (%) maintaining tolerance. concentrations of 0.25-10 gg/ml.

Mycelial growth, which occurred in the
absence of sectoring, was similar to that

Table 3. Mycelial growth rates of Sclerotinia minor isolates found to be tolerant (T) to produced by nontolerant isolates. Visible
procymidone in in vitro bioassays and nontolerant (NT) on unamended potato-dextrose agar and differences between the procymidone-
on similar media amended with procymidone tolerant and nontolerant isolates were

not discernible. Tolerance to procymidone
Colony diameter (mm) occurred at a frequency of 2.3% (Table 2).

after indicated hours of incubation About 50% of these isolates maintained
C~ncntrai~natheir ability to grow when transferred to

Isolate (Og/ml) 72 96 168 192 240 Sclerotia procymidon-m ded mda.
procymnid one-a mended media.

NT-18 0 46b 85 85 85 85 Yes Even with procymidone at 100 Ag/ml,
I IOC 10 10 12 12 _d the growth rates of tolerant isolates of S.

10 10 10 10 12 12 - minor were similar to those of nontolerant
100 10 10 10 12 12 - isolates growing on unamended media

T-18 0 50 85 85 85 85 Yes (Table 3). Production of sclerotia of
1 64 85 85 85 85 Yes10 63 83 85 85 85 Yes procymidone-tolerant isolates of S.

100 43 75 85 85 85 Yes minor was similar in most instances to the
NT-24 0 76 85 85 85 85 Yes number produced on unamended media.

1 10 12 60 65 85 Yes Sclerotia produced on procymidone-
10 10 10 10 10 12 - amended media, however, were often

100 10 10 10 10 15 - larger and fewer than those produced on
T-24 0 76 85 85 85 85 Yes unamended media. On rare occasions,

1 84 85 85 85 85 Yes some procymidone-tolerant isolates
10 79 85 85 85 85 Yes failed to produce sclerotia.

100 56 74 85 85 85 Yes Growth rates of procymidone-tolerant
NT-3 0 5 85 85 5 85 Yes and nontolerant isolates of S. minor on

1 10 12 12 12 12 -
10 10 10 10 10 12 - unamended media were similar at 15, 18,

100 10 10 10 10 10 - and 21 C (Fig. 1). Maximum growth of all
T-35 0 74 85 85 85 85 No isolates occurred at 21 C. At 27 C, isolates

1 76 85 85 85 85 No differed in their growth rates, but
10 75 85 85 85 85 No differences were not correlated to

100 71 85 85 85 85 No tolerance or nontolerance. All isolates
•'Concentration of active ingredients. made only a trace of growth at 30 C.

hMean of two tests with 10 plates each. In vitro soil plate bioassay. Growth
C A value of 10 mm (diameter of inoculum plug) indicates no growth on agar medium. rates of procymid one-tolerant and
dNo sclerotia were produced because mycelial growth was minimal. nontolerant isolates of S. minor on soil
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Fig. 1. Effect of temperature on growth rates of Sclerotinia minor isolates found to be tolerant (A) to procymidone in in vitro bioassays and nontolerant
(EZ) on unamended media.

plates sprayed with procymidone (1.16 Table 4. Mycelial growth rates of Sclerotinia minor isolates found to be tolerant (T) to procymidone
kg/ ha in 186 L of water per hectare) in in vitro bioassays and nontolerant (NT) on soil plates after spraying with procymidone
showed marked differences between the
two types of isolates (Table 4). Growth of Colony diameter (mm) after indicated
nontolerant isolates sprayed with hours of incubation sclerotia
procymidone was nonexistent after 216 Isolatea Treatmentb 48 96 168 216 per plate
hr of incubation. Five of seven pro- NT-17 Unsprayed 30c 83 85 85 731
cymidone-tolerant isolates grew readily Procymidone 10 10 10 10 0
after they were sprayed with procymidone; NT-19 Unsprayed 30 82 85 85 606
however, sclerotium production was Procymidone 10 10 10 10 0
reduced compared with appropriate NT-20 Unsprayed 34 83 85 85 270
checks (Table 4). Procymidone 10 10 10 10 0

Stability of procymidone tolerance. T-4 Unsprayed 28 83 85 85 299
Tolerance to procymidone was maintained Procymidone 12 50 80 85 204
after 10 successive weekly transfers of T-16 Unsprayed 19 57 85 85 261Procymidone 10 10 10 100
mycelium from actively growing colonies T-17 Unsprayed 17 70 85 85 107

of S. minor on unamended media (Fig. 2). Procymidone 13 35 51 66 100

Within 140 hr, mycelial growth of most T-18 Unsprayed 16 31 53 63 122

tolerant and nontolerant isolates covered Procymidone 12 27 45 55 112
the agar surface when transferred to PDA T-24 Unsprayed 14 18 32 46 196
in petri plates. When both tolerant and Procymidone 12 17 33 45 127
nontolerant isolates were transferred to T-35 Unsprayed 20 44 70 83 316
media amended with procymidone at 10 Procymidone 20 43 70 85 293
/.tg/ ml, mycelial growth was most evident T-36 Unsprayed 21 53 67 85 0
in the tolerant isolates. Mycelium of Procymidone 10 10 12 10 0

nontolerant isolates was not observed aNontolerant (NT) isolates had not been grown on procymidone-amended media; tolerant (T)
until after incubation for 140 hr. Tolerant isolates were from cultures that grew readily on media amended with 50 4g/ ml of procymidone.
isolates grew well on media containing Procymidone was applied at 1.16 kg/ha in 186 L of water per hectare.
procymidone at rates as high asq 100 c Mean of two tests with 10 plates each.
jig/ ml. In fact, after 192 hr of incubation,
most isolates had covered the agar were not tolerant to these fungicides. grew as rapidly on procymidone-
surface of the petri plates. Tolerance to benomyl was not observed amended media as nontolerant isolates

Assay of field tolerance. Isolates of S. in earlier studies (12) but has been grew on unamended media. Our sample
minor with tolerance to procymidone reported for other Scierotinia spp. (4,20). of 280 infected branches may have been
were not detected under field conditions. Although tolerance to dicloran did not too small to detect procymidone-tolerant
No tolerant isolates were obtained from develop in this test, some isolates grew on isolates of S. minor under field
infected plant tissues in 280 samples of low concentrations (0.25 and 0.5 iig/ ml) conditions. The importance of sample
peanut branches from several locations of dicloran-amended media. Tolerance of size in determining field tolerance was
that had received prophylactic treatments other Scierotinia spp. to dicloran has not discussed by Delp (3); however, the use of
of procymidone. been reported, but tolerance of isolates of other fungicides (chlorothalonil, benomyl,

Botrytis cinerea to dicloran has been manzate, etc.) for control of foliar
DISCUSSION reported (19). diseases of peanuts may have affected the

Growth of mycelium of S. minor was The importance of fungicide tolerance development of procymidone-tolerant
suppressed on media amended with and its development in fungi has recently isolates of S. minor under field
benomyl, dicloran, and particularly received much attention (3,5,6,8,15-17, conditions. The importance of fungicide
procymidone. Increased fungicide concen- 19,20). In this study, procymidone mixtures in reducing the probability of
tratio ns resulted in corresponding tolerance was observed in vitro under tolerance development has been discussed
reductions in mycelial growth. Sectoring controlled laboratory conditions but not (3,17). The selection pressure asserted by
colonies of S. minor developing on media under field conditions. Some pro- the continuous use of a fungicide like
amended with either benomyl or dicloran cymidone-tolerant isolates of S. minor procymidone could be averted by
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