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Abstract Stemphylium solani is an important foliar
pathogen that infects many agricultural plants, especial-
ly solanaceous plants. The difficulty inducing sporula-
tion in pure culture is a limiting factor for research on the
different pathosystems involving S. solani. In this study,
the influence of the culture medium, photoperiod with
alternating temperatures, Petri dish cover materials
(glass, polystyrene and PVC film) and stress factors of
the colonies were investigated in the conidia production.
Six sequential assays were performed with four isolates
of S. solani, obtained from tomato plants. The inoculum
produced was evaluated for infectivity on tomato plants
under greenhouse conditions. The addition of fresh to-
mato juice to the agar medium and incubation tempera-
tures of approximately 25 °C favoured mycelial growth.
The ability to sporulate in vitro varied with the isolate,
but in general the conidia production was significantly
higher in V8 medium at 25 °C 6 h−1 light and 10 °C
18 h−1 of darkness. Sporulation was lower in glass Petri
dishes but higher in transparent polystyrene dishes. The
methodology allowed the production of viable and

infective inoculum in sufficient quantity to inoculate
plants under experimental conditions.
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Introduction

Stemphylium solani Weber is an important foliar patho-
gen that infects cultivated solanaceous plants (tomato -
Solanum lycopersicum, jilo - Solanum gilo, eggplant -
Solanum melongena, sweet pepper and chili pepper -
Capsicum spp.), wild solanaceous plants (Solanum
lycocarpum, Solanum paniculatum, Nicandra
physa lo ides , So lanum pa l inacan thum and
Cyphomandra betacea), cotton (Gossypium hirsutum),
basil (Ocimum basilicum) and garlic (Allium sativum)
(Reis and Boiteux 2006; Zheng et al. 2009; Reis et al.
2011). Increasing losses in the Brazilian tomato crop are
related to the cultivation of varieties susceptible to
S. solani (Domingues et al. 2017a). Throughout the
world, the other three species of Stemphylium are re-
ported to be pathogenic on tomato plants. These species
include Stemphylium lycopersici (Enjoji) W. Yamamoto
(syn. Stemphylium floridanum Hannon and G. F. We-
ber), Stemphylium botryosum Wallr. and Stemphylium
vesicarium (Wallr) Simmons. However, only the species
S. solani and S. lycopersici have been reported in Brazil,
and the first is prevalent, more polyphagous and better
adapted to tropical conditions (Reis and Boiteux 2006;
Domingues et al. 2017b).
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The isolates of S. solani grow well in culture media
but rarely sporulate under laboratory conditions
(Domingues et al. 2017b), thus resulting in difficulty
obtaining inoculum for research in controlled condi-
tions. The growth rate and sporulation of the fungi in
the culture media are most affected by the composition
and concentration of nutrients, and the main factors for
the incubation conditions are temperature, light and
photoperiod (Dhingra and Sinclair 1995). Different
methods have been studied to produce inoculum of
Stemphylium as the culture in V8 juice agar medium at
25 °C and 12 h photoperiod (Bentes and Matsuoka
2005), and v8 agar medium at 21 °C (Mehta and Arias
2001). However, the results of these studies vary be-
tween laboratories and because of genetic variability in
the pathogen population (Domingues et al. 2017b).

The culture media most cited for the cultivation of
S. solani and Stemphylium spp. are widely used for
Hyphomycetes and dematiaceous fungi: V8 juice agar
(Diener 1952; Behare et al. 1991; Mehta and Arias
2001; Bentes and Matsuoka 2005) and potato-
dextrose-agar (PDA) (Lima 1982; Bentes and
Matsuoka 2005), although better results were obtained
with V8 juice agar. Culture media with corn flour
(Sandrock and Vanetten 1998) and malt peptone agar
(Lima 1982) have also been reported to promote the
sporulation of S. solani. The addition of fresh extracts
from the host plant to the culture media is recommended
to stimulate the production of the conidia of phytopath-
ogenic necrotrophic fungi, although there have been no
previous studies on the use of this procedure with
S. solani (Dhingra and Sinclair 1995) or even involving
isolates from tropical regions, or from Brazil.

Temperature and light are among the factors that
most affect fungal development, including the forma-
t ion of reproduct ive structures . Species of
Stemphylium require higher temperatures to grow
and form conidiophores, but low temperatures favour
conidiogenesis (Leach 1967). Temperatures of 15 to
35 °C, with an optimum of 25 °C, are reported by
Kim et al. (2004) to culture S. solani. The alternation
of 12 h light/darkness is cited as being more
favourable to the sporulation of Hyphomycetes as
well as S. lycopersici (Bashi and Rotem 1975; Kim
et al. 2004). The use of fluorescent lamps (380 to
775 nm) or near ultraviolet (NUV) light (320 to
420 nm) induces the in vitro production of spores of
many foliar ascomycetes, as well as those of S. solani
(Leach 1962; Pulz and Massola Jr. 2009).

Some practices that cause stress to the cultures or
injuries to the mycelia can also stimulate the sporulation
of different fungi, such as scraping the aerial mycelia,
treating themwith radiation (ultraviolet - UVand NUV),
washing the colonies under tap water and dehydrating
the cultures (Leach 1967; Wells et al. 1971; Rodrigues
et al. 2010). However, little is known about the effect of
these factors on the sporulation of S. solani.

The previous studies sought to establish the mini-
mum conditions required stimulating the sporulation of
S. solani in vitro. However, due the variation among
isolates, pathogen populations and results from different
laboratories, regional research is required to adapt the
methodology, once variations are expected for fungus
isolates originated from distinct phytogeographic
regions.

In this study, sequential assays were carried out with
four isolates of S. solani collected from tomato plants,
originated from two distinct tomato producing regions
of the Rio de Janeiro State, Brazil. The culture medium,
temperature, light, photoperiod regimes with alternating
temperatures, Petri dish cover materials (glass, polysty-
rene and polyvinyl chloride – PVC) and stress factors to
the colonies were evaluated to determine the production
of the conidia in vitro. The inoculum produced in vitro
was tested for infectivity in tomato plants.

Materials and methods

Four isolates of S. solani isolated from tomato plants
(S. lycopersicum) were used. The isolates SENA 106
and SENA 108 were collected in organic crop from
Seropédica City, RJ, Brazil (22° 44' 29" S, 43° 42'
19" W, 26 m, climate tropical with dry season - Aw),
and SENA 301 and SENA 304 were collected in
conventional crop from Paty do Alferes City, RJ,
Brazil (22° 25' 10" S, 43 ° 25' 21" W, 624 m, humid
subtropical climate - Cfa).

All of the fungi were previously identified at the
species level based on the size, colour and number of
septa on the conidia (Ellis 1971) and characterized as
being virulent to tomatoes. The pure cultures were pre-
served in PDA media and mineral oil for later use. The
fungi were grown for 10 d in PDA at 25 °C and 12 h
photoperiods to provide the inoculum required for fur-
ther study. Six assays were carried out in sequence to
evaluate the effect of culture media, temperature and
photoperiod regimes, light source, application of stress
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factors in the colonies and the Petri dish cover materials
(glass, polystyrene and PVC) on mycelial growth and
conidia production. The completely randomized design
was used in all of the assays, with five replications. Each
replicate was comprised of a Petri dish. Additionally, the
infectivity of the inoculum from the four isolates was
evaluated in assays conducted under greenhouse condi-
tions. Thus, a randomized block design was used with
two plants per pot for each isolate and three repetitions.

Culture medium

The effects of different culture media on the growth and
sporulation of the four isolates of S. solani were evalu-
ated: 1) V8 juice agar (200 mL juice vegetables V8®,
20 g agar, 3 g CaCO3) (V8®, Campbell Soup Co.,
Camden, USA); (2) JT, juice tomato agar (300 g tomato
boiled in 500 mL of water for 10 min, 3 g CaCO3, 20 g
dextrose, 15 g agar); 3) PDA (42 g commercial product
potato dextrose agar) (Kasvi, São José dos Pinhais,
Brazil); 4) PDA +V8 (177 mL juice vegetable V8®,
12 g commercial PDA, 3.54 g CaCO3, 12 g agar brought
to a volume of 650 mL with distilled water); 5) LT,
tomato leaf agar (60 g extract cut tomato leaves cooked
for 30 min, 18 g agar, 2.55 g CaCO3) (adapted from
Brunelli et al. 2006); 6) MC, carrot agar (20 g extract of
grated carrot that had been incubated in 400 mL water
for 60 min, 20 g agar) (Alfenas and Maffia 2007); 7)
MO, oats agar; and 8) FM, maize agar flour, prepared
with 50 g oatmeal or cornmeal, both heated for 5 min in
1 L water, 20 g dextrose, 15 g agar (Dias Neto et al.
2010). The volume of all of the culture media was
adjusted to 1 L with distilled water, and the pH was
adjusted to 5.0 using lactic acid prior to autoclaving
(121 °C for 20 h). Mycelial discs (5.0 mm diameter)
from each of the four isolates were separately cut and
transferred to the centre of glass Petri dishes containing
the culture medium to initiate the assays. The isolates
were incubated in a growth chamber at 25 ± 1 °C with a
photoperiod of 12 h for 10 d followed by 15 ± 1 °C for
an additional five days.

The colony diameter (mm) was measured daily in
two orthogonal directions using a pachymeter. The
amount of conidia produced was evaluated at 15 days
by counting spores in triplicate (aliquots) in a Neubauer
chamber (Fortuna, Wertheim, Germany). The conidia
were removed from cultures, and 5 mL of distilled water
was added to each plate, followed by careful scraping

with a brush and the filtration of the suspension through
gauze.

The number of conidia per mm2 of colony was cal-
culated from the number of conidia and the colony
diameter. The area under the curve of mycelial growth
(AUCGM) was calculated based on the daily mycelial
growth as described by Shaner and Finney (1977).

Temperature

Discs of the isolates were placed in the centre of Petri
dishes containing V8 juice agar culture medium and
incubated under different temperature regimes during a
12 h photoperiod: 1) 25 °C continuous; 2) 25 °C con-
tinuous for 10 d followed by 10 °C continuous for 5 d;
3) 25 °C for 10 d followed by 15 °C for 5 d; 4) 25 °C for
10 d followed by 20 °C for 5 d; 5) 25 °C and 10 °C
alternating light/darkness; 6) 25 °C and 15 °C, alternat-
ing light/darkness, and 7) 25 °C and 20 °C, alternating
light/darkness. After 15 days of incubation, the same
evaluations were carried out using the procedures de-
scribed in the previous assays.

Photoperiod

The isolates were placed in the centre of Petri dishes
containing V8 juice agar medium and incubated in
growth chambers at 25 °C (light) and 10 °C (darkness),
in the following photoperiods: 1) 0/24 h; 2) 4/20 h; 3)
6/18 h; 4) 8/16 h and 5) 12/12 h, light/darkness. Four
fluorescent lamps (20 watts) were used as a source of
light and were positioned on the growth chamber door at
a distance ranging from 10 to 30 cm from the dishes.
The dishes were wrapped in aluminium foil for the dark
continual conditions. The mycelial growth and sporula-
tion were evaluated as described previously.

Light source

Mycelial discs from the four isolates were placed on the
centre of Petri dishes containing V8 juice agar media.
The dishes were incubated in a growth chamber for 6 h
at 25 °C under light and for 18 h at 10 °C in the dark.
Two light sources were utilized: 1) cool white fluores-
cent lamps (daylight) of 20 watts (380 to 775 nm) and 2)
black fluorescent lamp NUV of 20 watts (310 to
440 nm). Four lamps for each treatment were placed in
the doors of the respective growth chambers, and the
dishes were positioned 10 to 30 cm away from the
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lamps. After 15 d of incubation, the number of conidia
per mm2 was counted as previously described.

Stress factors for the colonies

Mycelial discs were placed on the centre of Petri dishes
containing V8 juice agar media and incubated at
preselected conditions of temperature, photoperiod and
light source (25 °C/6 h light and 10 °C/18 h darkness
using the cool white fluorescent lamps). After 10 d of
growth, the different treatments were applied using three
stress factors: 1) aerial mycelium scraping, 2) UV radi-
ation, 3) scraping the aerial mycelium plus UV radiation
and 4) control (intact cultures).

The aerial mycelia were scraped with a fine brush and
washed with sterile distilled water. The UV radiation
was applied in a laminar air flow chamber (UV lamp of
15 W for 5 h, positioned 40 cm from the uncovered
dishes). After the treatments, the dishes were returned to
the growth chambers for 5 d using the same incubation
conditions. The number of conidia per mm2 was count-
ed as described previously.

Types of Petri dish cover materials

The mycelial discs were placed on the centre of the Petri
dishes containing V8 juice agar media and incubated
under the preselected conditions of temperature, photo-
period and light source (25 °C/6 h light and 10 °C/18 h
darkness, using the cool white fluorescent lamps). Two
types of Petri dishes and three dish cover materials were
used: 1) glass Petri dishes 9 cm in diameter, 2) glass
Petri dishes, uncovered, but wrapped in transparent
PVC films of 8 μm thickness (Banpack®, Bandeirante,
Guarulhos, Brazil) and 3) Crystal polystyrene Petri
dishes, 9 cm in diameter, disposable (J Prolab, São José
dos Pinhais, Brazil). After 13 d of incubation, the pro-
duction of conidia was evaluated as described
previously.

Infectivity of isolates

The infectivity of the inoculum produced in vitro by the
four isolates of S. solani was evaluated by inoculating
tomato seedlings (‘Perinha Água Branca’ cultivar) sus-
ceptible to grey leaf spot (Domingues et al. 2017a).
Seedlings cultivated in 150 mL pots were inoculated at
the first leaf pair stage with a suspension of 104 conidia
mL−1 until the liquid ran off both sides of the leaves. The

plants were conditioned in a growth chamber model
1112FC (Eletrolab, São Paulo, Brazil) with alternating
temperatures of 25 and 15 °C (light/darkness), a 12 h
photoperiod and 100% relative humidity for 48 h. After
this period, the humidity was adjusted to 50%. In addi-
tion, plants without inoculation which were sprayed
with water (control) were kept under the same condi-
tions). The disease severity was evaluated in the three
terminal leaflets of two leaves per plant using the dia-
grammatic scale of Boff et al. (1991) from the 3rd to the
11th day after inoculation (DAI).

Statistical analysis

For all the tests, the data were submitted to analysis
of variance, and the means were compared by the
Tukey test (p < 0.05) using the SISVAR program
(Ferreira 2011).

Results

Culture media

A significant interaction on the mycelial growth and
sporulation was found between the culture medium
and the isolates. Higher averages of colony diameters
and amounts of spores were obtained with JT media and
V8 media, respectively (Table 1). Generally, the four
isolates grew well in the eight types of media tested, but
they grew better in the treatments containing tomato
juice as JT, followed by PDA+V8, V8 and MO. The
isolates varied a great deal in the amount of spores they
produced in the different media. The isolates SENA
106, SENA 304 and SENA 301 sporulated very well
in the V8 media, while isolate SENA 108 sporulated
more effectively in the JT medium. In general, the
isolate SENA 108 produced the lowest number of
spores. Only the SENA 301 isolate sporulated well in
the four different media V8, JT, LT and PDA +V8,
while isolates SENA 106 and SENA 304 sporulated
well only in the V8 media. In general, the MC, MO
and PDA media were unfavourable for the sporulation
of the isolates tested (Table 1).

Temperature

There was a significant interaction on mycelial growth
between the isolate and the temperature regime.
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However, in general, the mycelia grew at a higher rate
when the temperature was 25 °C continuously for 15 d,
followed by a continual 25 °C temperature during the
first 10 days. There was also a significant effect of the
interaction between the isolate and temperature on spor-
ulation (Table 2). The SENA 106 isolate produced de-
monstrably higher amounts of conidia in all of the
regimes tested, especially in the alternating light/
darkness treatments in the temperature regimes of 25/
10 °C, followed by 25/15 °C and 25/20 °C. Lower levels
of sporulation were observed under a continual temper-
ature regime of 25 °C. The alternation of light/darkness
and temperature at 25/10 °C favoured sporulation the
most effectively resulting in higher mean values for the
four isolates, but there was variation among the isolates.
The SENA 304 isolate sporulated more effectively at
25/20 °C and 25/15 °C, and the isolate 108 with the
lowest number of conidia per mm2 of colony (mean)
sporulated well at 25/10 °C and 25 + 10 °C (Table 2).

Influence of the photoperiod

A significant interaction on mycelial growth and sporu-
lation was observed between the isolate and the photo-
period regime. In general, the isolates grew similarly.
However, growth was higher during a 12 h photoperiod.
A reduction in the amount of growth of all four isolates
was observed as the period of darkness increased
(Fig. 1a, c, e and g).

Three of the four isolates sporulated more effectively
during a photoperiod of 18 h darkness (Fig. 1b, d, f, h).
Isolate SENA 304 sporulated less and had minimal
variation as a function of photoperiod (Fig. 1h).

Effect of the light source, stress factors and type of Petri
dishes

There was no effect on mycelial growth and sporulation
from the type of the light source, cool white or NUV,

Table 1 Mycelial growth expressed by the area under the curve of mycelial growth (AUCGM) and conidial production expressed by
number of conidia per mm2 of colony of four isolates of Stemphylium solani in different culture media

Mediuma AUCGM mm2 day Mean

SENA 106 SENA 108 SENA 301 SENA 304

JT 527.16 Aa 506.67 Aa 548.90 Aa 528.56 Aa 527.82 a

PDA +V8 444.41 Bb 460.45 ABabc 499.55 Aab 513.74 Aa 479.54 b

V8 431.69 Bb 498.34 Aab 483.21 ABb 493.01 Aab 476.56 b

MO 446.34 Ab 439.38 Abcd 487.13 Aab 441.53 Abc 453.59 bc

FM 451.58 Ab 433.92 Acd 445.75 Abc 435.95 Abc 441.80 c

MC 359.98 Ac 377.18 Ad 388.09 Ac 364.02 Ac 372.07 d

PDA 423.85 Ab 285.54 Be 228.73 Ce 379.52 Acd 329.41 e

LT 291.63 Ad 293.02 Ae 315.16 Ad 229.17 Bd 282.25 f

Mean 421.95 A 411.81 A 424.56 A 423.19 A

Number of conidia per mm−2 of colony

JT 7.43 Ab 9.69 Aa 9.36 Aabc 0.20 Bb 6.67 b

PDA +V8 0.19 Bb 0.14 Bb 9.29 Aabc 2.06 ABb 2.92 bc

V8 50.30 Aa 0.61 Cb 10.46 Bab 36.43 Aa 24.45 a

MO 1.55 Ab 0.33 Ab 0.88 Acd 0.09 Ab 0.71 c

FM 1.12 Ab 3.44 Aab 1.06 Abcd 5.25 Ab 2.72 bc

MC 4.31 Ab 0.43 Ab 0.54 Acd 1.59 Ab 1.72 c

PDA 0.59 Ab 1.08 Ab 0.00 Ad 0.67 Ab 0.58 c

LT 0.22 Bb 1.15 Bb 10.30 Aa 1.02 Bb 3.17 bc

Mean 8.21 A 2.11 B 5.24 AB 5.91 A

Means followed by same lowercase letters (column) and capital letters (line) do not differ significantly using the Tukey test at 5% probability
aV8 juice of vegetables V8-agar, PDA potato dextrose agar, JT juice of fresh tomato agar, MO oats flour agar, MC carrot agar, FM maize
flour agar, LT leaf of tomato-agar, PDA+ V8 potato dextrose agar plus V8 juice
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with the exception of the SENA 304 and SENA 106
isolates, which growth and sporulated more effectively,
respectively, under cool white fluorescent light bulbs.
The application of stress such as UV light to the colo-
nies, scraping and a combination of the two had a
negative effect on the sporulation of the four S. solani
isolates (Table 3).

The effect of the type of the Petri dish was not
evaluated for the SENA 301 isolate because the fungus
lost of sporulation capacity due maintenance in vitro.
There was some variation among the isolates. However,
in general, the disposable Crystal polystyrene Petri
dishes resulted in higher levels of sporulation by the
three isolates, followed by plates wrapped in transparent
PVC film (Table 4).

Infectivity of the isolates

The conidia obtained by the most favourable method for
the conidial sporulation of S. solani (V8 juice agar
media, incubation under alternating conditions of

temperatures 25/10 °C, photoperiod 6 h light/18 h dark-
ness and cool white light) were considered viable and
infective. After inoculation, disease symptoms were
observed in the inoculated tomato seedlings. No symp-
toms were observed on leaves of no-inoculated plants
(control). The first symptoms of grey leaf spot in the
inoculated tomato seedlings appeared three days after
inoculation with the isolates SENA 106 and SENA 301,
and only at 11 days after inoculation with the isolates
SENA 108 and SENA 304. The mean severity at 11
DAI was 3.4 and 9.7% for the first two isolates, respec-
tively, and 1% for the last two isolates. The pathogen
was re-isolated from the inoculated plants and the
S. solani agent was confirmed.

Discussion

The greatest amount of S. solani mycelial growth oc-
curred when fresh tomato juice was added to the media
as has been reported for other fungi such as Alternaria

696 Eur J Plant Pathol (2018) 152:691–700

Table 2 Mycelial growth expressed by area under the curve of mycelial growth (AUCGM) and conidial production expressed by the
number of conidia per mm2 of colony of four isolates of Stemphylium solani under different regimes of temperature

Temperaturea AUCGM mm2 day Mean

SENA 106 SENA 108 SENA 301 SENA 304

25 °C 340.73 Ba 344.13 Bab 350.84 Bab 430.59 Aa 366.57 a

25/10 °C 235.29 Bb 231.73 Bd 243.09 ABc 272.70 Ac 245.70 d

25/15 °C 308.38 BCa 282.45 Cc 318.89 Bb 352.39 Ab 315.53 c

25/20 °C 345.79 Ba 315.18 Bbc 326.35 Bb 388.05 Ab 343.84 b

25 + 10 °C 334.17 Ca 346.66 BCab 384.24 Aa 369.52 ABb 358.65 ab

25 + 15 °C 315.81 Ba 361.22 Aa 374.55 Aa 363.09 Ab 353.67 ab

25 + 20 °C 307.98 Ca 329.80 BCab 387.28 Aa 361.12 ABb 346.54 b

Mean 312.59 C 315.88 C 340.75 B 362.59 A

Number of conidia per mm2 of colony

25 °C 57.56 Ac 0.00 Ba 11.56 ABa 7.58 Bab 19.18 c

25/10 °C 516.23 Aa 35.75 Ba 29.82 Ba 8.41 Bab 147.55 a

25/15 °C 262.00 Ab 1.58 Ba 2.68 Ba 32.83 Bab 74.77 b

25/20 °C 171.64 Ab 3.68 Ca 14.39 BCa 52.54 Ba 60.56 b

25 + 10 °C 36.58 Ac 15.01 Aa 3.27 Aa 4.08 Ab 14.73 c

25 + 15 °C 8.73 Ac 3.23 Aa 3.24 Aa 3.61 Ab 4.70 c

25 + 20 °C 16.70 Ac 2.81 Aa 6.29 Aa 1.25 Ab 6.76 c

Mean 152.78 A 8.86 B 10.18 B 15.76 B

Means followed by same lowercase letters (column) and capital letters (line) do not differ significantly using the Tukey test at 5% probability
a 25 °C continuous, 25+ 10 °C 10 d at 25 °C and 5 d 10 °C, 25+ 15 °C 10 d at 25 °C and 5 d at 15 °C, 25+ 20 °C 10 d at 25 °C and 5 d a
20 °C, 25/10 °C alternating light/darkness, 25/15 °C alternating light/darkness and 25/20 °C alternating light/darkness. Isolates were
cultivated in V8 juice media under a 12 h photoperiod



Fig. 1 Mycelial growth expressed by the area under the curve of
mycelial growth (AUCGM) and conidial production (conidia
mm−2) of the four isolates of Stemphylium solani in vitro. SENA
106 (a and b), SENA 108 (c and d), SENA 301 (e and f) and

SENA 304 (g and h) and the mean of the four isolates (i and j) as a
function of the photoperiod, expressed by the number of darkness
hours. Isolates were cultivated in V8 media at 25 °C and 10 °C
light/darkness
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cassiae (Ávila et al. 2000). Higher sporulation in the
media to which commercial V8 juice had been added
has also been observed with other species of
Stemphylium (Diener 1952; Wells et al. 1971; Bentes
and Matsuoka 2005). This result is probably due to the
composition of V8 juice that has a more complex mix of

nutrients, since it contains other vegetables such as beet,
celery, carrot, lettuce, spinach, parsley and watercress.
Another reason for this could be that the inclusion of
susceptible plant tissue in culture medium is a technique
that is recommended to stimulate the spore production
of some fungi (Dhingra and Sinclair 1995). However,
the culture medium to which tomato leaves (LT) had
been added was not favourable to the mycelial growth or
sporulation of S. solani.

The mycelial growth of S. solani was more vigorous
at 25 °C, which was also observed by Kim et al. (2004).
However, in this study, sporulation was stimulated more
effectively at lower temperatures such as 10 °C, 15 °C,
or even 20 °C, depending on the isolate. The photope-
riod had little effect on the mycelial growth of S. solani,
but it was a determinant factor in the induction of
sporulation. Eighteen hours of darkness was optimal.
These results indicate that the sporulation of S. solani is
stimulated by alterations in temperature, photoperiod
(light/darkness) and low temperatures at night. The
alternation of light and darkness is necessary for some
fungi to sporulate, because they require a period of
light, even in short periods, to produce conidiophores,
while they need darkness to induce conidial formation

Table 3 Effect of light source (cool white vs NUV) on mycelial
growth, expressed by the area under the curve of mycelial growth
(AUCGM), and methods to induce stress on colonies (mycelial

scraping and UV radiation), conidia production expressed by
number of conidia per mm2 of colony in vitro of four Stemphylium
solani isolates

Light sourcea AUCGM Mean

SENA 106 SENA 108 SENA 301 SENA 304

Cool white light 334.03 Ca 390.76 Ba 395.81 Ba 460.01 Aa 395.15 a

NUV light 331.86 Ba 353.15 ABa 356.73 ABa 402.02 Ab 360.94 b

Mean 332.95 C 371.96 B 376.27 B 431.02 A

Conidia per mm2 of colony

Cool white light 215.58 Aa 0.27 Ba 1.83 Ba 0.10 Ba 54.45 a

NUV light 43.35 Ab 1.88 Aa 7.72 Aa 0.35 Aa 13.32 a

Mean 129.47 A 1.07 B 4.77 B 0.23 B

Stress of colonyb Conidia per mm2 of colony Mean
SENA 106 SENA 108 SENA 301

Mycelial scraping (MS) 4.38 Aa 0.00 Aa 0.00 Ab 1.46 b

UV radiation 9.71 Aa 6.57 Aa 3.89 Aab 6.72 ab

MS+UV 14.32 Aa 0.48 Aa 0.15 Ab 4.98 b

No stress 22.00 Aa 13.89 Aa 21.54 Aa 19.14 a

Means followed by same lowercase letters (column) and capital letters (line) do not differ significantly by the Tukey test at 5% probability
aDaylight cool white fluorescent lamps of 20 watts, black fluorescent lamp NUVof 20 watts
bMS Scraping of aerial mycelium, UV UV radiation exposure

Table 4 Effect of the type of Petri dish (polystyrene vs glass) and
dish cover materials (glass, polystyrene and PVC film) on the
sporulation of three Stemphylium solani isolates in V8 medium
expressed by the number of conidia per mm2 of colony

Type of Petri dish Conidia per mm2 of colony Mean

SENA 106 SENA 108 SENA 304

Polystyrene dish 58.47 Aa 47.19 Aa 71.06 Aa 58.91 a

Glass dish (GD) 0.96 Ab 3.7 Ab 24.88 Aa 9.85 b

GD wrapped
with PVCa

7.68 Aab 28.2 Aab 30.68 Aa 22.18 b

Mean 22.37 B 26.36 AB 42.21 A

Means followed by same lowercase letters (column) and capital
letters (line) do not differ significantly using the Tukey test at 5%
probability
a Glass Petri dishes wrapped with transparent PVC film
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(Leach 1967). Our results were similar to these pre-
viously published. Fewer conidia were produced dur-
ing continual darkness or light, and the conidiophores
remained sterile. However, this study showed that the
four S. solani isolates tested produced conidia when
grown continually in the dark. The emission of co-
nidia was significantly lower under this condition,
although it indicates the ability of this species to
produce conidiophores even in the absence of light.

The application of stress factors on the colonies is
reported to induce the sporulat ion of other
pleosporaceous fungi, such as Alternaria solani
(Rodrigues et al. 2010). However, it did not encourage
the sporulation of S. solani. Therefore, these procedures
are not recommended for S. solani, since they negatively
affect the sporulation of this species.

Some studies such, as Leach (1962) and Pulz and
Massola Jr. (2009), report that the use of white fluores-
cent lamps or NUV stimulates conidiophore formation,
and subsequent exposure to the darkness results in the
formation of spores of Stemphylium spp. and other
fungi. In general, both white and NUV light can be
used to induce the sporulation of S. solani, since only
one isolate responded differently to the light source.
Rodrigues et al. (2010) reported higher sporulation of
A. solani under black light and a 12 h photoperiod; the
probable effect of certain wavelengths on photoreceptor
pigments affected the results on the induction or inhibi-
tion of fungal sporulation. Thus, the lower sporulation
of the fungus in glass Petri dishes may be associated
with the lower transmittance of this radiation by the
glass. If this is the case, the higher sporulation in the
Crystal polystyrene Petri dishes and the glass Petri
dishes covered with PVC film could be due to the
stimulation of conidiophores by the radiation (Leach
1967) and in the polystyrene dishes, the greater aeration
(oxygenation) of the cultures (Hawker 2016). The poly-
styrene dishes had grooves in the socket between the
base and the cap that allowed gas exchange. The dishes
wrapped in PVC film remained completely sealed.
However, it is possible that some gases diffused through
the PVC film. Further research should be conducted to
evaluate the effect of aeration and atmospheric gas
composition on the sporulation of S. solani.

As expected, the S. solani isolates varied in their
ability to grow and sporulate in vitro. Isolates that spor-
ulated with difficulty seemed to maintain this character-
istic, even if the conditions favoured conidia formation
(Namekata and Tokeshi 1967), due to the composition

of the medium, regime of temperature or light. Howev-
er, based on the results of this study, S. solani grew and
sporulated most effectively in V8 agar media under
incubation with alternating temperatures of 25 °C with
6 h light and 10 °C with 18 h darkness and light sources
of cool white fluorescent lamps or NUV. Culture in the
crystal polystyrene Petri dishes also favoured higher
conidial production by S. solani. The conidia produced
under these conditions could infect plants. Therefore,
this methodology may be recommended for the produc-
tion of S. solani inoculum. However, the need to pre-
select the most prolific and virulent isolates remains. In
a similar study, Namekata and Tokeshi (1967) observed
a relationship between the sporulation capacity in pure
culture and the virulence of S. solani isolates on
tomatoes.
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