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ABSTRACT

Hoy, M. W, and Ogawa, J. M. 1984. Toxicity of the surfactant Nacconol to four decay-causing
fungi of fresh-market tomatoes. Plant Disease 68:699-703.

The anionic surfactant Nacconol 90F (active ingredient sodium dodecylbenzene sulfonate) was
fungistatic in vitro to mycelia and spores of four decay-causing fungi of California tomato fruit.
EDso values for Botrytis cinerea, Geotrichum candidum, Phytophthora parasitica, and Rhizopus
stolonifer were 23, 20,75, and 27 uga.i./ ml for mycelial growth and 116, 60, 60, and 136 uga.i./ ml
for spore germination, respectively. Nacconol was fungicidal to B. cinerea spores at concentrations
greater than 5,000 uga.i./ ml. In laboratory tests, B. cinerea decay of injured fresh-market tomatoes
was significantly reduced by treating the fruit in Nacconol solutions of 200, 2,000, or 5,000 ug
a.i./ml for 3 min at 38 C followed by a fresh-water rinse. However, Nacconol amendments of 200,
2,000, or 5,000 ng/ ml did not enhance the ability of 100- or 400-ug/ ml chlorine solutions to reduce
the incidence of B. cinerea decay. When the water rinse was omitted, Nacconol amendments
significantly improved the efficacy of 100-ug/ml but not 400-ug/ml chlorine treatments.
Phytotoxicity symptoms developed when fruit were not rinsed after treatment with 2,000 or 5,000
ug/ml Nacconol alone or in combination with chlorine.

Additional key words: postharvest decays

Surface-active agents, or surfactants,
are compounds that reduce the surface
tension of solutions (10). Certain
surfactants have fungistatic properties
(3,7) and have been used to control plant
diseases including apple scab (4) and
apple powdery mildew (6). Postharvest
pear decays can be reduced significantly
by adding surfactants to postharvest
disinfectant chlorine washes (14).

Commercial postharvest treatments to
control decay on fresh-market tomatoes
(Lycopersicon esculentum Mill.) in
California usually involve dipping
mature-green fruit in heated (38—42 C),
chlorinated water, followed by a fresh-
water or chlorinated water spray rinse
and application of a wax containing 2.5%
ortho-phenylphenol. California tomato
packers have sought to improve control
of decay by adding the anionic surfactant
Nacconol 90F to chlorinated water in
dump tanks. A similar surfactant,
Santomerse F85, which contains the
active ingredient of Nacconol, has been
reported to reduce postharvest decays
caused by Erwinia carotovora (Jones)
Bergey et al, Aerobacter cloacae (Jordan)
Bergey et al, and Alternaria tenuis Nees
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when added to chlorine for field-washing
tomato fruit (12). This paper reports on
the fungitoxicity of Nacconol to four
common decay-causing fungi on California
fresh-market tomatoes: Botrytis cinerea
Pers. ex Fr., Geotrichum candidum Link
ex Pers., Phytophthora parasitica
Dastur, and Rhizopus stolonifer (Ehrenb.
ex Fr.) Lind. Additionally, we report
some results on the efficacy of Nacconol
amendments to heated chlorine washes
for postharvest decay control on fresh-
market tomatoes.

MATERIALS AND METHODS
Effects of Nacconol on mycelial
growth of fungi. The isolates of B.
cinerea, G. candidum, P. parasitica, and
R. stolonifer used in this study were
obtained from infected tomato fruit. In
vitro toxicity of Nacconol 90F (active
ingredient sodium dodecylbenzene
sulfonate) to mycelial growth of B.
cinerea, G. candidum, and R. stolonifer
was determined on Difco potato-
dextrose agar (PDA) amended with
4-128 ug a.i./ml Nacconol. Toxicity of
Nacconol to mycelial growth of P.
parasitica was evaluated on V-8 agar (V-
8A) (200 ml of V-8 juice, 2 g of CaCOs3,
800 ml of distilled water, and 17 g of agar)
amended with 50-175 ug a.i./ml
Nacconol. Preliminary experiments
determined that autoclaving had no effect
on the activity of Nacconol; therefore,
proprietary Nacconol 90F (Stepan
Chemical Company, Northfield, IL
60093) was added to PDA or V-8A before
autoclaving. All plates contained 25 ml of
V-8A or PDA. Four-millimeter disks of
2-day-old B. cinerea or G. candidum

colonies or 1-day-old nonsporulating R.
stolonifer colonies on PDA or 3-day-old
P. parasitica colonies on V-8A were
transferred to Nacconol-amended media.
Controls consisted of disks transferred to
PDA or V-8A without Nacconol. Plates
were incubated at the optimum temp-
erature for mycelial growth of each
fungal isolate: B. cinerea at 21 C, G.
candidum and P. parasitica at 30 C, and
R. stolonifer at 27 C. Colony diameters
for six replicates of each concentration
were measured when growth of controls
reached the edges of the plates.

Growth inhibition was calculated as
percent inhibition of mycelial growth
relative to fungicide-free controls. Linear
regression equations fitted to data by
using logarithms for each concentration,
and probits for percentage growth
inhibition (2) were used to determine
EDso values (concentration resulting in
50% growth inhibition). Dosage-response
curves were plotted on logarithmic-
probability paper (15).

Fungistatic effects of Nacconol on
spore germination of fungi. On the basis
of preliminary trials, the fungistatic
effects of Nacconol on spore germination
were tested on PDA amended with
100-125 ug a.i./ml for B. cinerea, 5075
uga.i./mlfor G. candidum, and 100~185
ug a.i./ml for R. stolonifer. Fungistatic
effects on P. parasitica zoospores were
tested on 50-70 ug a.i./ ml of Nacconol-
amended Difco cornmeal agar (CMA).
Spores were obtained from 9-day-old B.
cinerea, 11-day-old G. candidum, and 4-
day-old R. stolonifer cultures on PDA,
and spore suspensions in sterile distilled
water (SDW) were adjusted to 5 X 10°
conidia per milliliter. Suspensions of P.
parasitica zoospores, which were produced
by a previously described method (13),
were adjusted to 4 X 10* zoospores per
milliliter. The suspension was agitated
briefly to induce encystment of zoospores.
Six replicate 50-ul drops of spore or
zoospore suspensions were then pipetted
onto Nacconol-amended media. Controls
consisted of spores added to PDA or
CMA without Nacconol. Plates of B.
cinerea, P. parasitica, R. stolonifer, and
G. candidum were incubated for 24 hr at
21, 24, 27, and 30 C, respectively. Fifty
spores were examined for each replicate
and were considered germinated when
the length of the germ tube equaled or
exceeded the length of the spore. EDso
values were calculated and dosage-
response curves were plotted as described
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for mycelial growth inhibition.

To determine the effect of Nacconol on
germ tube elongation of B. cinerea
spores, germ tubes were measured 6, 8,
and 12 hr after ungerminated spores were
placed on 0, 10, or 100 ug a.i./ml of
Nacconol-amended PDA. To determine
the effect of Nacconol on germ tube
elongation of previously germinated B.
cinerea spores, sterile cellophane squares
(18 mm?®) were placed on Nacconol-free
PDA. B. cinerea spores were allowed to
germinate for 6 hr at 21 C on the
cellophane squares. The cellophane
squares with germinating spores were
then transferred to 0, 10, or 100 uga.i./ ml
of Nacconol-amended PDA, incubated
at 21 C, and further germ tube elongation
was measured 6 hr after the transfer.
Spore suspensions for germ tube
elongation studies were prepared as
described for fungistatic effects on spore
germination. Germ tube measurements
were recorded for 30 spores per
concentration. Analysis of variance was
used to test the main effects and the
interaction of Nacconol concentration
and time. The Bonferroni pairwise
comparison procedure, which ensures
that all pairs are compared at the same
level of significance (5), was used to
separate means.

Fungicidal effect of Nacconol on B.
cinerea spores. In several trials to
determine the fungicidal effects of
Nacconol on B. cinerea spores, equal
volumes of suspensions of 9-day-old B.
cinerea spores (4.5-5 X 10° spores per
milliliter) and Nacconol were combined
in sterile test tubes. In different
experiments, final Nacconol concen-

trations were 750—1,000, 1,000—5,000, or
1,000-10,000 upg a.i./ml. Controls con-
sisted of spore suspensions combined with
SDW. After incubation for 20 hr at 21 C,
the Nacconol/spore suspensions were
centrifuged for 90 sec at 3,000 rpm. The
spore pellet was rinsed five times by
discarding the supernatant, resuspending
the pellet in 10 ml of SDW, and
centrifuging for 90 sec. Finally, 50-ul
drops of each suspension (average
concentration 5 X 10* spores per
milliliter) were pipetted onto Nacconol-
free PDA and the number of germinated
spores was determined after 12 hr.
Effects of Nacconol and chlorine
treatments on B. cinerea on green tomato
fruit. Nacconol and Nacconol-amended
chlorine treatments were evaluated for
control of B. cinerea on healthy, mature-
green tomato fruit (cultivar Royal Flush)
harvested from a field plot in Davis. Fruit
were washed in tap water and allowed to
dry and equilibrate to room temperature
(24-25 C) overnight. Three 2-mm-deep
wounds were made near the stem end of
each fruit with the tip of a 2-mm-wide
finishing nail and inoculated with 25-ul
drops of B. cinerea spore suspension (1
X10° spores per milliliter). Spores were
obtained from 9- to 14-day-old cultures
on PDA maintained under continuous
fluorescent light. Inoculated fruit were
incubated for 3 hr before treatment with
0, 200, 2,000, or 5,000 ug a.i./ml of
Nacconol; 0, 100, or 400 ug/ml of
available chlorine; or combinations of
Nacconol and chlorine. All chlorine
solutions were prepared from 5.25%
sodium hypochlorite and remained stable
throughout the treatment period.
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Fig. 1. Dosage-response curves for in vitro toxicity of Nacconol 90F to mycelial growth of (A)
Botrytis cinerea isolates 1-81 and 51-75, (B) Geotrichum candidum, (C) Phytophthora parasitica,
and (D) Rhizopus stolonifer 3,7, 3, or 2 days, respectively, after mycelial disks from Nacconol-free
media were placed on Nacconol-amended media. Correlation coefficients were significantly

positive at P<0.01.
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Concentrations of available chlorine
were determined by titration with sodium
thiosulfate (1). Nacconol solutions
without chlorine ranged from pH 6.6 to
6.9. Solutions containing chlorine or
both Nacconol and chlorine were
adjusted with HCI to pH 7.5. Controls
consisted of inoculated fruit treated with
water. All treatment solutions were
heated to 38 C as described previously (9).
Fruit were immersed and agitated for 3
min in treatment solutions, rinsed in tap
water, and incubated at 20 C. In some
experiments, the tap water rinse was
omitted to determine if the efficacy of
treatment solutions could be improved.
Disease was evaluated after 7-9 days at 20
C. The data were analyzed statistically by
the procedures described for the effects of
Nacconol on germ tube elongation.

The efficacy of Nacconol, chlorine, and
Nacconol plus chlorine treatments was
evaluated further for decay control at a
commercial fresh-market tomato packing
shed with two dump tanks in King City,
CA. Fruit (cultivar Castlemart) were
treated for a total of about 3 min in the
two dump tanks. Both dump tanks
contained chlorinated water amended
with either 0, 200, or 2,000 ug a.i./ml of
Nacconol. Available chlorine concen-
trations averaged 98 ug/ml in the first
dump tank and 190 ug/ml in the second
dump tank. The average pulp temperature
of fruit arriving at the shed was 16 C and
temperatures in the first and second
dump tank averaged 28 and 23 C,
respectively. All fruit except controls
were sprayed with 100 ug/ ml of available
chlorine as they came out of the second
dump tank. Control fruit were washed in
the dump tanks before addition of
chlorine or Nacconol. Control and
treated fruit were then coated with a wax
containing 2.5% ortho-phenylphenol and
packed in 25-1b boxes. Ten boxes of fruit
per treatment were incubated at 20 C and
observed for symptom development for
11 days.

RESULTS

Effects of Nacconol on mycelial
growth of fungi. Nacconol was fungistatic
to mycelial growth of B. cinerea, G.
candidum, P. parasitica, and R. stolonifer.
The EDso values were 23 and 21 ug/ml
for B. cinerea isolates 1-81 and 51-75,
respectively (Fig. 1A), and 20, 75, and 27
ug/ml for G. candidum, P. parasitica,
and R. stolonifer, respectively (Fig.
1B-D). Mycelial growth of B. cinerea, G.
candidum, P. parasitica, and R. stolonifer
was reduced by more than 90% at
concentrations of 500, 100, 175, and 64
wng/ml, respectively. Nacconol strongly
affected mycelial growth of R. stolonifer
(Fig. 2). Concentrations of Nacconol
greater than 16 ug/ml caused restricted,
patchy growth of R. stolonifer on the
agar surface and increased production of
aerial mycelium originating on the
mycelial plug. At 128 pg/ml, only aerial



Fig. 2. Fungistatic effect of Nacconol 90F on
mycelial growth of Rhizopus stolonifer 2 days
after 4-mm disks from nonsporulating R.
stolonifer colonies were placed on potato-
dextrose agar amended with 0, 8, 16, 32, 64,
and 128 ug a.i./ml of Nacconol.

mycelium was produced. Sporangium
production on aerial mycelium was
limited or absent.

Fungistatic effect of Nacconol on spore
germination of fungi. Nacconol was
fungistatic to spore germination of B.
cinerea, G. candidum, P. parasitica, and
R. stolonifer. Higher concentrations of
Nacconol were required for inhibition of
spore germination than for inhibition of
mycelial growth except for P. parasitica,
for which the concentrations required
were similar. Spore germination EDso
values were 116 and 105 ug/ml for
isolates 1-81 and 51-75 of B. cinerea,
respectively (Fig. 3A), and 60, 60, and 136
ug/ml for G. candidum, P. parasitica,
and R. stolonifer, respectively (Fig.
3B-D).

Both Nacconol concentration and the
length of time spores were exposed to
Nacconol had a significant effect (P =
0.01) on germ tube elongation (Fig. 4).
The interaction between Nacconol
concentration and length of exposure was
also significant (P=0.01), indicating that
the response to Nacconol depended on
the length of exposure. Twelve hours
after B. cinerea (isolate 1-81) spores were
placed on 10 or 100 ug/ml of Nacconol-
amended PDA, germ tubes averaged 64
or 34 um in length, respectively, whereas
germ tubes of spores not treated with
Nacconol were significantly longer,
averaging 117 um (Fig. 4). Similarly,
when B. cinerea spores with an average
germ tube length of 34 um after 6 hr on
Nacconol-free PDA were transferred to
Nacconol-amended PDA, further elon-
gation of germ tubes was significantly
suppressed (P=0.05). Six hours after the
transfer, germ tubes of isolate 1-81
averaged 114 um in length on Nacconol-
free PDA, whereas spores transferred to
10 or 100 pg/ml of Nacconol-amended
PDA averaged 82 or 54 um, respectively.
Germ tubes of Nacconol-treated spores
were shortened, thickened, swollen,
distorted, and tended to curl around the
spore.

Fungicidal effect of Nacconol on B.
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Fig. 3. Dosage-response curves for in vitro fungistatic effects of Nacconol 90F on spore
germination of (A) Botrytis cinerea isolates 1-81 and 51-75, (B) Geotrichum candidum, (C)
Phytophthora parasitica, and (D) Rhizopus stolonifer, 24 hr after ungerminated spores were placed
on Nacconol-amended media. Correlation coefficients were significantly positive at P<0.01.

cinerea spores. The fungicidal effects of
Nacconol at concentrations of 500-5,000
ung/ml varied in five trials with different
concentration ranges. A 20-hr treatment
with 1,000-ug/ml Nacconol solutions
prevented germination of as few as 7.7%
of spores in one trial or as many as 69.7%
in another trial. For all trials, a mean of
98.6% of spores germinated when treated
with SDW. Nacconol was consistently
fungicidal to spores of B. cinerea when
concentrations exceeded 5,000 ug/ml.
EDso values for the fungicidal activity of
Nacconol were not calculated because
the variability among trials prevented
selection of a concentration range within
which fungicidal effects increased
gradually and consistently.

Nacconol and chlorine treatments on
green tomato fruit. In the laboratory,
decay caused by B. cinerea was
significantly (P = 0.01) reduced when
inoculated green tomato fruit were
washed in Nacconol solutions of 200,
2,000, or 5,000 ng/ml and rinsed in tap
water (Fig. 5). A significant (P = 0.01)
interaction between Nacconol and
chlorine indicated that the response to
Nacconol depended on the concentration
of chlorine. Treatment with 200, 2,000,
and 5,000 pg/ml of Nacconol alone
resulted in significant decay reductions
that averaged 38.8, 64.4, and 71.5%,
respectively. There was no significant
difference between 2,000- and 5,000-
pg/ml Nacconol treatments, although
2,000 and 5,000 ug/ ml were significantly
more effective than 200 wg/ml of
Nacconol. When fruit were treated with
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Fig. 4. Effect of Nacconol 90F on germ tube
elongation of spores of Botrytis cinerea isolate
1-81. Ungerminated spores were placed on
Nacconol-amended potato-dextrose agar and
germ tubes were measured 6, 8, and 12 hr later.
Each value represents the mean of 30 germ
tube measurements. Mean differences that
exceed 19.5are significant (P=0.05) according
to the Bonferroni comparison procedure.

100 or 400 g/ ml of chlorine alone, the
incidence of decay was significantly
reduced by 56.7 or 60.7%, respectively.
Addition of 200 ug/ml of Nacconol to
100- or 400-ug/ml chlorine solutions
further reduced the incidence of decay by
7.8 or 14.5%, respectively (Fig. 5), but the
reductions were not statistically significant.
Although the lowest incidence of decay
was observed for fruit treated in chlorine
solutions amended with 5,000 ug/ml of
Nacconol, the differences among 200-,
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2,000-, and 5,000-ug/ml Nacconol-
amended and Nacconol-free chlorine
solutions were not significant (Fig. 5).
When fruit were not rinsed after
treatment, the efficacy of 100-ug/ml
chlorine solutions was significantly (P =
0.05) improved by addition of 200, 2,000,
or 5,000 ug/ml of Nacconol. Nacconol
amendments to 400-ug/ml chlorine
solutions made no significant difference
in the incidence of decay, however, even
when the final rinse was omitted. At
concentrations of 2,000 or 5,000 ug/ ml of
Nacconol alone or Nacconol in combi-
nation with 100 or 400 ug/ ml of chlorine,
green fruit that were not rinsed after
treatment developed phytotoxicity
symptoms characterized by irregular
brown spots 2-8 mm in diameter (Fig.
6A,B). Although the spots were superficial
discolorations and fruit tissue beneath
the spots appeared green and healthy,
damaged fruit were considered not
marketable. Treatment with 200 ug/ ml of
Nacconol alone or with chlorine did not
cause phytotoxicity symptoms whether
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Fig. 5. Effect of Nacconol 90F amendments of
0, 200, 2,000, or 5,000 ug/ml to chlorine
washes of 0, 100, or 400 ug/ml at 38 C on the
incidence of Borrytis cinerea decay on green
tomato fruit. Each data point is an arc sine
v/ percentage transformation and represents
the mean of three experiments, each with four
replicates of 12 fruits each. Mean differences
that exceed 19.8 are significant (P = 0.05)
according to the Bonferroni procedure.

Fig. 6. (A) Uninoculated, healthy green
tomato fruit treated in 5,000 ug/ml Nacconol,
then rinsed in water, and (B) phytotoxicity
symptoms on green tomato fruit treated in
5,000 ug/ ml Nacconol but not rinsed in water.
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or not the fruit received a final rinse.

Inatrial at a packing shed in King City,
CA, the overall incidence of postharvest
decay was low, resulting in little
difference among treatments. Decay
caused by B. cinerea and total decay,
including Geotrichum, Phytophthora,
and Rhizopus rots, were slightly but not
significantly reduced when chlorine
solutions in the two dump tanks were
amended with 200 ug/ml of Nacconol.
An increase in the concentration of
Nacconol from 200 to 2,000 ug/ ml made
no significant difference in the incidence
of B. cinerea or other decays but caused
excessive foaming in the dump tanks.
Fruit treated with Nacconol and chlorine
appeared to dry more quickly than fruit
washed only in chlorine.

DISCUSSION

Nacconol has been used for several
years in California fresh-market tomato
packinghouse dump tanks without
evidence that it contributes to control of
postharvest decay. Nacconol is fungistatic
in vitro to mycelial growth and spore
germination of four important decay-
causing fungi on tomatoes in California,
B. cinerea, G. candidum, P. parasitica,
and R. stolonifer. EDso values for
mycelial growth and spore germination
are similar to those reported for other
anionic surfactants (7) and fatty acids
(11). Considerably higher (5,000-10,000
pg/ml) Nacconol concentrations were
required for fungicidal activity against B.
cinerea spores, indicating that the
fungistatic, not fungicidal, properties of
Nacconol were responsible for the decay
control achieved when injured tomato
fruit inoculated with B. cinerea were
treated in 200, 2,000, or 5,000 ug/ml of
Nacconol (Fig. 5). Additionally, surfactant
properties of Nacconol may have
increased its penetration into wounds (8)
and into the cuticle by dissolving oils and
waxes on fruit surfaces.

Although B. cinerea decay was
controlled by Nacconol solutions,
Nacconol solutions alone were no more
effective for decay control than were
chlorine solutions alone (Fig. 5).
Nacconol amendments to chlorine
solutions did not significantly enhance
decay control unless the chlorine
concentration was low (100 ug/ml) and
the treatment solution was not removed
by a final rinse. At 400 ug/ ml of chlorine,
the fungistatic effects of Nacconol
apparently were not sufficient to enhance
the activity of the chlorine, whether or
not treated fruit were rinsed. The
surfactant must remain on fruit surfaces in
order to exert the maximum fungistatic
effect. In practice, however, a final rinse is
necessary to remove debris as fruit leave
the dump tank. A final rinse may also be
needed to prevent phytotoxicity at high
concentrations of Nacconol. Phytotoxicity
could occur if 2,000 pg a.i./ml, the
maximum concentration of Nacconol

registered for postharvest washes (Parts
170-199 of Code of Federal Regulations
21, revised as of 1 April 1982), were used
without a rinse. However, because 2,000
ng/ml of Nacconol caused excessive
foaming in the dump tanks and was not
significantly more effective than 200
g/ ml, use of such high concentrations is
undesirable.

Tomato packers are likely to continue
to use Nacconol, in part because it has
been suggested that Nacconol-amended
chlorine solutions facilitate fruit drying.
The data presented here indicate that
Nacconol amendments to chlorine in
packing shed dump tanks contribute little
to decay control. However, the non-
significant reductions in decay that
occurred in three laboratory experiments
using 200-ug/ml Nacconol amendments
averaged 7.8 and 14.5% for 100 and 400
png/ml of chlorine, respectively. Large
variations between treatment and
experiment replicates caused these
reductions to be nonsignificant in the
laboratory, but for large tomato packing
sheds, these reductions nevertheless
might be economically significant.
Further packing shed tests are needed to
determine whether Nacconol could
significantly enhance the activity of
chlorine under commercial conditions
when the incidence of decay is high.
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