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ABSTRACT

Matheron, M. E., and Matejka, J. C. 1993. Effect of sodium tetrathiocarbonate on growth
and viability of Sclerotinia minor and S. sclerotiorum and development of lettuce drop. Plant
Dis. 77:995-998.

Studies were initiated to determine the effect of sodium tetrathiocarbonate (STTC) on mycelial
growth and viability of sclerotia of Sclerotinia minor and S. sclerotiorum and to evaluate
the efficacy of this material for control of Sclerotinia leaf drop of lettuce. No growth of mycelia
from agar disks containing either S. minor or S. sclerotiorum was apparent 72 hr after exposure
to STTC at 122 pg/ml, but mycelia resumed growth when placed on potato-dextrose agar
(PDA). Mycelia of S. minor and S. sclerotiorum were killed following exposure at rates of
245 and 1,225 pug/ml, respectively. There was a significant linear relationship between the
concentration of STTC applied to soil in which sclerotia of S. minor or S. sclerotiorum were
buried and the subsequent percentage of sclerotia that germinated. Only 3% of sclerotia of
S. minor in soil treated with STTC at 3,675 pg/ml subsequently germinated when placed on
PDA. In contrast, the germination rate for sclerotia of S. sclerotiorum treated with STTC
at the same rate was 95%. For sclerotia of S. minor, a significant linear relationship was observed
between the duration of exposure to STTC at 2,450 pug/ml and subsequent germination.
Germination ranged from 75 to 5% after exposure to STTC for 8 and 96 hr, respectively.
When compared with nontreated soil containing sclerotia of S. minor, a preplant drench with
STTC at 3,675 pg/ml resulted in a significant increase in plant survival and fresh weight of
leaf tissue of lettuce plants subsequently seeded and grown. These investigations demonstrate
the potential utility of STTC for control of leaf drop of lettuce caused by S. minor.

Sclerotinia leaf drop of lettuce (Lac-
tuca sativa L.), caused by Sclerotinia
minor Jagger and S. sclerotiorum (Lib.)
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de Bary, occurs annually in the Yuma
County production area of southwestern
Arizona. Although disease incidence
within the 18,000 ha of lettuce grown in
this region varies from year to year, dis-
ease severity in affected fields has been
high and of economic importance. The
lettuce production season begins with

initial seeding in late August and ends
with final harvest by mid-April. During
this time, the incidence of lettuce drop
is highest during cool, wet periods (4).

The efficacy of the dicarboximide fun-
gicides iprodione and vinclozolin against
species of Sclerotinia has been demon-
strated (14,20,24,26). These materials can
provide effective control of lettuce drop
in Arizona (14). However, recent studies
have documented the in vitro develop-
ment of resistance to dicarboximide fun-
gicides by S. minor (6,22,23), a situation
that suggests the need for continued test-
ing of new materials and methods for
disease control.

The activity of sodium tetrathiocar-
bonate (STTC) on the sporulation and
growth of six species of Phytophthora
in vitro (13) and the control of Phy-
tophthora root rot of citrus (15) recently
has been reported. When added to water
and applied to soil, STTC releases car-
bon disulfide, a known biocide (5,7,8,18).
The objectives of this study were to de-
termine the effect of STTC on mycelial
growth and viability of sclerotia of S.
minor and S. sclerotiorum and to
ascertain the efficacy of this material for
control of Sclerotinia leaf drop of lettuce.
A partial account of this study was re-
ported earlier (16).
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MATERIALS AND METHODS
Mycelial growth and viability. Scler-
otia of S. minor and S. sclerotiorum were
collected from naturally infected lettuce
plants in Yuma County. Several sclerotia
of S. minor and S. sclerotiorum were
surface-disinfested by agitation in a
5.25% solution of NaClO (undiluted
household bleach) for 3 min, rinsed in
sterile distilled water, then plated onto
petri dishes containing potato-dextrose
agar (PDA). Growth and colony morph-
ology of all isolates from sclerotia of S.
minor or S. sclerotiorum were similar,
so one isolate of each species was selected
to be used in all subsequent in vitro tests.
S. minor and S. sclerotiorum were
grown on PDA for 5 days at 24 C. Five
replicate 6-mm-diameter agar disks were
removed from the edge of an actively
growing culture of each pathogen and
placed in a similar number of 9-cm-
diameter plastic petri dishes containing
20 ml of 5% clarified V8 juice broth
amended with STTC (Enzone 3.4E) at
concentrations of 24, 122, 245, 612, and
1,225 ug/ml. V8 juice broth was prepared
by centrifuging V8 juice for 10 min at
1,000 g, followed by dilution of the super-
natant with sterile distilled water and
adjustment to an initial pH 7 with KOH.
Control petri dishes contained only
broth. Petri dishes containing similar
concentrations of STTC were incubated
in sealed plastic containers at 26-28 C.
After 72 hr, radial growth of mycelia was
measured from the edge of each in-
oculum disk. To ascertain the effect of
STTC on the viability of mycelium, agar
disks without visible mycelial growth
were transferred to PDA. After 96 hr
at 24 C, the disks were observed for my-
celial growth. This dosage-response test
was performed three times.
Germination of sclerotia. Sclerotia of
S. minor were produced according to the
method of Patterson and Grogan (21).
Briefly, potatoes with skins removed
were cut into l-cm cubes, and 10-15
pieces were autoclaved (121 C, 102 kPa,
15 min) in 125-ml Erlenmeyer flasks
twice in 24-hr intervals. A disk of agar
containing mycelium of S. minor was
then added to the potato cubes in each
flask, and the flasks were incubated at
20 C for 4-6 wk. Mature sclerotia were
then separated from residual liquefied
potato tissue by washing the contents of
each flask in running tap water within
a soil sieve. Sclerotia were air-dried and
stored in a glass container at room tem-
perature until needed. Sclerotia of S.
sclerotiorum were produced by inocu-
lating 9-cm-diameter petri dishes con-
taining PDA with the pathogen and
incubating the dishes at 24 C for 2 wk.
Sclerotia, which formed at the edge of
the petri dishes, were collected, air-dried,
and used in subsequent tests.
Ten sclerotia of S. minor or S. scler-
otiorum were placed between two layers
of Whatman No. 4 filter paper on a 2.5-
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cm layer of nonsterile field soil (sandy
loam [81% sand, 7% silt, 12% clay], used
in all laboratory and greenhouse tests)
in a 10-cm-diameter X 10-cm-deep plas-
tic pot, then covered with an additional
5-cm layer of field soil. The soil in each
pot was drenched with water containing
0, 612, 1,225, 2,450, or 3,675 ug/ml of
STTC in sufficient quantities to thor-
oughly wet the soil. Five replicate pots
were established for each treatment. Pots
were allowed to drain freely, then incu-
bated for 7 days at 26-28 C in the lab-
oratory. Sclerotia were then removed
from the soil, rinsed in tap water, blotted
dry, and placed onto petri dishes con-
taining PDA. After 4-5 days, the number
of sclerotia that germinated were re-
corded. This experiment was performed
three times.

To determine the effect of duration of
exposure to STTC on viability of scler-
otia of S. minor, 10 sclerotia were placed
between two layers of filter paper in field
soil within a plastic pot as described
earlier. The soil in each pot was drenched
with water containing 2,450 ug/ml of
STTC in sufficient quantities to thor-
oughly wet the soil. Pots were allowed
to drain freely, then incubated at 26-
28 C. Control pots were drenched with
water only. At 8 hr, 16 hr, and 1, 2, and
4 days after treatment, the sclerotia from
five pots treated with STTC and five
control pots were removed from the soil,
rinsed in tap water, blotted dry, and
placed onto petri dishes containing PDA.
After 4-5 days, the number of sclerotia
that germinated were recorded. This test
was conducted twice.

Effect of preplant drench on disease
development. A sandy loam soil (350
cm®) was added to 10-cm-diameter X 10-
cm-deep plastic pots. Approximately 150
sclerotia of S. minor, produced on potato
cubes as described earlier, were sprinkled
on the soil surface and covered with an
additional 1-cm layer of soil. Water con-
taining 3,675 ug/ml of STTC was added
to each pot in sufficient amounts to thor-
oughly wet the soil. Control pots were
drenched with water only and included
soil with and without sclerotia. Six repli-
cate pots were established for each treat-
ment. Pots were allowed to drain freely,
then maintained in the greenhouse. One
week after treatment, each pot was
drenched with enough tap water to thor-
oughly wet the soil, and 15 seeds of
lettuce cv. Vanguard 75 were placed on
the soil surface of each pot, covered with
a 5-mm layer of sterile sand, and fer-
tilized with water-soluble Miracle-Gro
fertilizer. After emergence, lettuce seed-
lings were thinned to a uniform stand
of 10 plants per pot. Plants were main-
tained in the greenhouse, fertilized
weekly with Miracle-Gro fertilizer, and
observed for the development of symp-
toms of lettuce drop. Final determina-
tions of plant growth and disease de-
velopment were made 3 mo after seeding.

The average minimum/maximum air
and soil temperatures in the greenhouse
during these studies were 15/32 C and
14/26 C, respectively. This experiment
was performed three times, with com-
parable results. Because variances be-
tween data from each run of the exper-
iment were homogeneous, the data pre-
sented here were derived from the com-
bined results of the three experiments.

Linear regression analysis was used to
detect a significant relationship between
the concentration of STTC and the re-
sultant germination of sclerotia as well
as the relationship of duration of ex-
posure to STTC and germination of
sclerotia of S. minor. Data from disease
control tests were subjected to analysis
of variance. When a significant F test
was achieved, Duncan’s multiple range
test (10) was used to determine significant
differences among treatments. Data were
processed with the MSTAT-C statistical
software package (17).

RESULTS

Mycelial growth and viability. No
growth of mycelia from agar disks con-
taining either S. minor or S. sclerotiorum
was apparent 72 hr after exposure to
STTC at 122 ug/ml (Table 1). Although
growth was inhibited at this concentra-
tion of STTC, subsequent placement of
treated agar disks onto PDA revealed
that the mycelia within the agar disks
were still viable. Exposure of mycelia to
STTC at concentrations of 612 and 1,225
ug/ml were necessary to kill S. minor
and S. sclerotiorum, respectively (Table
1).

Germination of sclerotia. There was
a significant linear relationship between
the concentration of STTC applied to
soil in which sclerotia of S. minor or S.
sclerotiorum were buried and the sub-
sequent percentage of these treated scler-
otia that germinated (Fig. 1). In these
tests, 919 of sclerotia of S. minor germi-
nated after treatment with STTC at 612
ug/ml, whereas only 3% of sclerotia
treated with STTC at 3,675 ug/ml
subsequently germinated when placed
onto PDA. In contrast, germination
rates for sclerotia of S. sclerotiorum were
98 and 95% after exposure to STTC in
soil at rates of 612 and 3,675 ug/ml,
respectively.

When sclerotia of S. minor were buried
in soil and drenched with STTC at 2,450
ug/ml, a significant linear relationship
was observed between duration of ex-
posure to the chemical and the subse-
quent percentage of treated sclerotia that
germinated (Fig. 2). Germination ranged
from 75 to 5% after exposure to STTC
at 2,450 pg/ml for 8 and 96 hr, re-
spectively.

Effect of preplant drench on disease
development. A preplant soil drench with
STTC at 3,675 ug/ml resulted in a sig-
nificant increase in plant survival and
fresh weight of leaf tissue for lettuce



plants seeded and grown in treated soil
containing sclerotia of S. minor (Table
2). Growth and survival of lettuce plants
in soil infested with S. minor and treated
with STTC were not significantly differ-
ent from growth and survival of plants
in noninfested soil. No evidence of phy-
totoxicity was observed on lettuce plants
grown in soil treated 1 wk before seeding
with STTC at 3,675 pug/ml.

DISCUSSION

The ultimate utility of any fungicide
for control of lettuce drop is determined
by the effect of the material on the life
stages of S. minor and S. sclerotiorum
and the proper placement of the material
in the field to maximize its activity
against a pathogen. Infection of lettuce
with S. minor can occur either at the
soil line through senescent lower leaves
or belowground through stem tissues
(12). The majority of infections begin
from sclerotia within the top 2 cm of
soil (1,2,11) and result from myceliogenic
germination of these fungal propagules
(12). Apothecia rarely have been ob-
served for S. minor, and ascospores are
not regarded as important propagules in
the epidemiology of disease development
with this pathogen (3,12). In contrast,
infection of lettuce with S. sclerotiorum
primarily occurs at ground level on lower
leaves, originating from mycelia or asco-
spores arising from germinating sclerotia
(12). Mycelial germination from sclerotia
of S. sclerotiorum is common in Arizona
(27) but infrequent in the eastern United
States (1).

For effective control of leaf drop of
lettuce originating from mycelial germi-
nation of sclerotia, fungicides currently
are applied in the field with the objective
of placing the material around the crown
and upper roots to form a protective
layer between the soil surface and lower
leaves (20). STTC at appropriate concen-
trations inhibited growth of S. minor and
S. sclerotiorum in our studies, but the
relatively short time that carbon disulfide
remains in soil after application (13) sug-
gests that the current formulation of this
material will probably not provide long-
term control of lettuce drop by pre-
venting growth of mycelia. On the other
hand, STTC was lethal to sclerotia of
S. minor in soil, which suggests that the
tested formulation of this compound has
potential utility as a preplant soil drench
for control of lettuce drop caused by this
pathogen.

The in vitro development of resistance
by S. minor to dicarboximide fungicides
(6,22,23), a class of compounds that in-
cludes iprodione and vinclozolin, is a
demonstration of the potential for devel-
opment of resistance in the field. The
mode of action of dicarboximides is not
clear even though it has been studied
extensively (25). As a general nonselec-
tive biocide, however, the carbon disul-
fide released by STTC may be equally

lethal to all isolates of S. minor, whether
they are susceptible or resistant to dicar-
boximides. In this case, STTC could play
a role in resistance management strate-
gies to prevent or delay development of
resistance by .S. minor to dicarboximides
in the field.

Sclerotia of S. minor apparently are
not killed rapidly when STTC is applied
to soil containing these fungal structures.
In our studies, 75% of sclerotia removed

from soil 8 hr after treatment germinated,
whereas a treatment period of 96 hr was
necessary to reduce germination of scler-
otia to 5%. Perhaps a formulation of
STTC that released carbon disulfide at
a slower rate than the tested formulation
would maintain a lethal concentration of
the biocide in the soil for a longer period
of time, which in turn might shorten the
time needed to kill sclerotia of S. minor
in soil. A slow-release formulation could

Table 1. Growth and viability of mycelia of Sclerotinia minor and S. sclerotiorum in V8 juice
broth after 72 hr in the presence of sodium tetrathiocarbonate (STTC)*

STTC Mycelial growth (mm) Agar disks with viable mycelia (%)

(ug/ml) S. minor S. sclerotiorum S. minor S. sclerotiorum
0 10 12 100 100
24 1 2 ... -
122 0 0 100 100
245 .. ... 80 100
612 0 40
1,225 0 0

* Each value is the mean of five replicate measurements from one representative experiment.

This experiment was conducted four times.
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Fig. 1. Significant linear regressions (P = 0.01) of dosage-reponse effects of sodium
tetrathiocarbonate (STTC) on myceliogenic germination of sclerotia of Sclerotinia minor and
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Fig. 2. Significant linear regression (P = 0.01) of duration of exposure to sodium
tetrathiocarbonate (STTC) on myceliogenic germination of sclerotia of Sclerotinia minor.
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Table 2. Effect of preplant treatment with so-
dium tetrathiocarbonate (STTC) on subse-
quent growth of lettuce and development of
lettuce drop in soil artificially infested with
sclerotia of Sclerotinia minor™

Fresh weight Plant

of leaves  survival’
Treatment (g) (%)
Infested soil
No STTC 21 b* 31b
STTC, 3,675 pg/ml 78 a 98 a
Noninfested soil 68 a 9a

*Each value is the mean of 18 replicate pots
from three experiments, with 10 lettuce plants
per pot.

¥ Percentage of lettuce plants alive at the termi-
nation of the experiment.

?Numbers in each column with a different
letter are significantly different (P = 0.05)
according to Duncan’s multiple range test.

also maintain an adequate level of carbon
disulfide in the soil for a sufficient dura-
tion to kill the larger sclerotia of S. scler-
otiorum. The tested formulation of
STTC did not reduce the germination
of sclerotia of S. sclerotiorum.

The use of carbon disulfide as a partial
soil sterilant first was recorded in 1894
(9,19). Since then, this material has been
reported to have biocidal effects on Ar-
millaria mellea (5,8,18), Trichoderma
viride (18), Clitocybe tabescens (7),
species of Phytophthora (13,15), and
plant-parasitic nematodes (7). The
biocidal effects of carbon disulfide re-
leased from STTC on mycelium of S.
minor and S. sclerotiorum and sclerotia
of S. minor demonstrate the potential
utility of this compound for disease
control. Additional studies are needed to
determine the spectrum of activity of
STTC in various soil types and at dif-
ferent soil temperatures.
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