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ABSTRACT
Nicot, P. C., Mermier, M., Vaissi¢re, B. E., and Lagier, J. 1996. Differential spore production by

Botrytis cinerea on agar medium and plant tissue under near-ultraviolet light-absorbing poly-
ethylene film. Plant Dis. 80:555-558.

Plastic films containing additives that alter their transmission of the light spectrum may be
useful tools for the control of aerial plant pathogens of greenhouse crops. Several samples of
polyethylene films containing additives that absorb near ultraviolet (nUV) light in the range
280 to 380 nm were compared for their ability to affect spore germination, mycelial growth,
and sporulation of Botrytis cinerea on agar medium. One film was selected and further evalu-
ated. The kinetics of spore production by the pathogen was similar on agar medium and on
tomato stem tissue, and whether incubation took place under the nUV-absorbing film or under a
control film. However, spore production on both types of substrates under the nUV film re-
mained at less than 0.05% that of the control for several weeks after inoculation, demonstrating
that the nUV film inhibited rather than delayed sporulation. A sharp reduction of spore pro-
duction was also observed on other plant tissues. However, the efficiency of the nUV film ap-
peared different for different plants, and it was lower on flowers and cotyledons than on stem
tissue. Two of the five strains of B. cinerea tested on tomato stem tissue were less sensitive to
sporulation inhibition by the nUV film. To clarify the potential of nUV films for the control of
gray mold on greenhouse crops, the epidemiological significance of these results needs to be

further examined in light of the abundance of such strains in the environment.

Gray mold, caused by Botrytis cinerea
Pers.:Fr., is among the most important
diseases on sheltered crops. It is particu-
larly damaging on tomatoes grown in
plastic-covered tunnels, as microclimatic
conditions are often highly conducive to
disease development (9). No Botrytis-re-
sistant commercial varieties are available,
and chemical control of gray mold has
become increasingly difficult due to resis-
tance to fungicides (4).

Control of this disease may be enhanced
by complementing existing methods with
measures that hinder disease development.
One such measure may consist in covering
shelters with plastic films containing addi-
tives that alter their transmission of the
light spectrum. Vakalounakis (19) demon-
strated that films absorbing long-wave
infrared radiation increased night tempera-
tures and decreased relative humidity,
resulting in a climate less conducive to the
development of several fungal diseases.
Films absorbing near-ultraviolet (nUV)
radiation (lower limits of transmission
between 345 and 390 nm, depending on
the studies) have been shown to reduce
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spore production in vitro for several
pathogens of vegetable crops, including
Alternaria dauci (Kiihn) Groves & Skolko,
Alternaria porri (Ellis) Cif., Alternaria
brassicae (Berk.) Sacc., Botrytis squamosa
J.C. Walker, Stemphylium botryosum
Wallr. (12), B. cinerea (6,10), and Alter-
naria solani Sorauer (12,18). In green-
house experiments, the nUV films pro-
vided a reduction in the incidence of
disease caused by some of those patho-
gens, as compared to control films
(6,10,12,18). Although spore counts on
diseased tissue or in the air of the green-
houses were not reported in these studies,
one would suspect that the observed re-
duction in disease incidence under the
nUV film may have resulted from an in-
hibition of spore production by the patho-
gens on plant tissue.

However, the situation may be some-
what more complex, as several factors
have been shown to interfere with the ef-
fect of light on the development of a fun-
gus (1). Some fungi that require induction
by light for sporulation on agar media do
not need such induction in the presence of
plant tissue or plant extracts (7,11). Fur-
thermore, it has been reported for A. solani
(2) and Stemphylium sp. (13) that oxidiz-
ing agents such as hydrogen peroxide, and
hormones such as ergosterols, may act as
substitutes for the light requirements in the
regulation of spore production. For B.
cinerea, results from several studies sug-
gest that a nutritional control of spore

production might also interfere with the
effect of light, and that strains of this fun-
gus may differ in their requirement for
light induction of sporulation. For exam-
ple, little or no sporulation was observed
in the dark on potato-dextrose agar (PDA)
or malt extract agar (MA) by several re-
searchers (5,6,10), while Tan and Epton
(16) reported that sporulation in the dark
amounted to nearly 20% of that of the
lighted control when the fungus was
grown on MA medium. Furthermore,
some isolates of B. cinerea have been
shown to sporulate abundantly in the dark
on MA (6,14), on PDA (17), and on an
unspecified enriched medium (5). Sporu-
lation in the dark was also reported in vivo
on cabbage in cold storage (3) and on ge-
ranium (8).

In a preliminary study, we tested sam-
ples of polyethylene films that differed in
their transmittance of light, for their ability
to reduce spore production by B. cinerea
on agar medium. Significant effects on
sporulation were observed for several
films. The objectives of this study were to
verify whether a similar effect could be
observed on plant tissue, and to investigate
the relationship between the efficiency of
the nUV film in inhibiting spore produc-
tion and the type of plant substrate.

MATERIALS AND METHODS

Films. Six 180-um-thick polyethylene
films were used in the first part of this
study. Samples of the experimental films
and data on their transmittance spectra
were kindly provided by Exxon Chemical
International, Inc. (Machelen, Belgium).
Five films (nos. 2 to 6) contained additives
to absorb nUV light (Fig. 1A). One film
(no. 1) contained no such additives and
was used as a control. The transmittance of
light was highest for film 1, particularly in
the range 300 to 390 nm, which is in-
volved in stimulation of spore production
by B. cinerea (3,10,15,16). Films no. 2
and 3 contained a yellow pigment and
absorbed nUV light completely below 340
nm. They differed in their transmittance of
visible light above 440 nm, but both had
somewhat lower transmittance in part of
the violet-blue range (400 to 480 nm) that
is known to inhibit the sporulation of B.
cinerea in vitro (3,10,15,16). Films no. 4,
5, and 6 had identical transmittance spec-
tra above 360 nm, exemplified by film 6 in
Figure 1A. Their transmittance of the
visible range was almost as high as that of
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film 1, especially in the violet-blue range.
They blocked nUV light below 380 nm,
with the exception of a short window at
260 * 10 nm. The three films differed es-
sentially in the size of the transmittance
peak at 260 nm: it was highest for film 4
and lowest for film 6 (Fig. 1A).

In order to compare the spectral trans-
mittance of those film samples to plastics
already commercially available for green-
house covers, measurements were made
with a Licor LI 1800 portable spectroradi-
ometer (Licor, Inc., Lincoln, Nebraska) in
several greenhouses in Southern France.
Five commercial films were examined:
Celloflex 4S and AI4F (Prosyn Polyane,
St. Chamond, France), COPEVA 4S (ID
Plastiques, Sartrouville, France) and two
PITT S4 films (SMS, Pouancé, France),
one of which (PITT S4y) contained a yel-
low pigment (Fig. 1B). Both PITT S4
films had been in place on a greenhouse
for 2 years when the light measurements
were performed. The UV-absorbing film
samples used in the present study had
transmittance spectra somewhat similar to
those obtained with three of the commer-
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Fig. 1. Transmittance of light in the near-ultra-
violet and visible range for plastic greenhouse
films: (A) films used in the present study; (B)
films commercially available.

cial films (Fig. 1). However, films 4 to 6
were the most absorbent in the nUV range
(lower limit of transmission close to 390
nm) and the least absorbent in the violet-
blue range (400 to 480 nm).

Inoculum production. Strain BC1 of B.
cinerea, isolated from tomato in a green-
house, was used throughout this study
unless otherwise mentioned. To examine
possible differences in the sensitivity of
different strains to the inhibition of sporu-
lation by the nUV filter, tests were also
conducted with four other strains of B.
cinerea isolated from the air spora of a
tomato greenhouse. Concentrated spore
suspensions (ca. 107 spores per ml) were
kept at —20°C in 40% glycerol, and sub-
cultures were made on PDA medium
(Difco Laboratories, Detroit, Michigan) as
needed. The inoculum used for both the
mycelial growth tests and the spore pro-
duction tests consisted of 2-mm-diameter
mycelial plugs taken from the growing
margin of a 2-day-old colony. To ensure
homogeneity in the size of the mycelial
plugs, they were removed with the help of
a sterile cork borer from petri plates con-
taining a constant volume of medium. The
2-day incubation was carried out at 22°C
in the dark to avoid possible carryover
with the mycelial plug of a (hypothetical)
light-induced sporogenic substance, as it
has been shown that even very short irra-
diation periods may lead to subsequent
sporulation of a colony (16).

Spores used in the germination tests
were collected from colonies on PDA me-
dium after 10 days of incubation at 22°C
in the dark. They were suspended in sterile
distilled water, and their concentration was
adjusted to ca. 10* spores per ml.

Quantification of spore germination
and mycelial growth. Tests were con-
ducted in vitro on PDA medium. Mycelial
growth was assessed by measuring the
diameter of colonies developing from a
mycelial plug (obtained as described
above) placed in the center of the plates.
To evaluate the rate of spore germination,
aliquots of the spore suspension (0.5 ml)
were spread on the surface of the medium.
For a given treatment, three to four repli-
cates of at least 100 spores were examined

Table 1. Effect of incubation under different ultraviolet-filtering films on Botrytis cinerea strain BC1

grown on potato-dextrose agar medium

Film¥

% Germination after

Colony diam. after Spore prod. (x103)

24 h* 72 h (mm)Y¥ after 9 days*
1 = control C 98.1 ab 68.7 119,133 £ 17,564
2 93.3b 74.3 00
3 99.7 a 73.3 0£0
4 98.1 ab 73.3 13+13
5 99.2 ab 71.0 13+£13
6=F 97.1 ab 72.7 0+0

wSee Figure 1 for characteristics of the films.

* Numbers followed by different letters are significantly different (P < 0.05) according to Duncan’s

multiple range test on arcsine transformed data.

¥ No significant differences (P = 0.15) according to Fisher’s F test.
% Data expressed as numbers of spores per petri dish * standard error of the mean.

556 Plant Disease/Vol. 80 No. 5

after 24 h. For both tests, the petri plates
were placed in trays, each covered with the
control film or a film treated to absorb
nUV light.

All petri plates used in this study were
clear polystyrene plates (Greiner La-
bortechnik, Frickenhausen, Germany).
They were always used with the covers on
to avoid dehydration of their contents
during incubation. Such plates were used
because of the high transmittance of nUV
light by polystyrene: it is close to 100%
for wavelengths 400 nm and above, 90%
near 350 nm, 80% near 320 nm, and it
drops sharply below 300 nm, with a lower
limit at 260 nm (data provided by the
manufacturer).

Incubation took place in a growth
chamber at 18°C (darkness) and 24°C
(light) with a photoperiod of 14 h. The
trays were placed 95 cm below a ceiling of
16 cool-white fluorescent tubes (Philips
TLM 40W, Philips, France) and received a
total radiation of 65 umole-m?2.s!,

Quantification of spore production.
Tests were conducted in vitro on PDA
medium and in vivo on stem cuttings,
cotyledons, and flowers. The volume of
PDA was standardized at 15 ml per 9-cm-
diameter petri plate to avoid variability in
the amount of nutrients available to the
fungus. Stem cuttings, 2 cm long, were
excised from tomato plants cv. Monalbo,
melon cv. Védrantais, and cucumber cv.
Marketer. The plants were grown in a
greenhouse and used at an age of 12 weeks
(old tomatoes) or 5 weeks (young toma-
toes, melon, and cucumber). Cucumber
cotyledons were picked fully expanded, 10
days after sowing. Sporulation on tomato
flowers was quantified on whole, freshly
opened flowers, or on dry residue (petals,
stamens, and style) collected 1 day after
onset of wilting. For a given species and
type of organ, care was taken to select
plant material as homogeneous as possible
in size and fresh weight. The plant organs
were placed in sets of five on sterile water-
soaked filter paper (Durieux N° 127, Paris)
in 9-cm-diameter petri plates.
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Fig. 2. Kinetics of spore production by strain
BC1 of Botrytis cinerea on potato-dextrose agar
medium incubated under a standard polyethylene
film (control film C = film no. 1) and a
polyethylene film containing additives that
absorb near-ultraviolet light (film F = film no. 6).
Error bars indicate the standard error of the mean.



Inoculation was performed by deposit-
ing a mycelial plug (obtained as described
above) in the center of each PDA plate or
plant organ. For each experiment, sets of
five PDA plates or plant organs were incu-
bated in trays covered with the films to be
tested. Incubation took place in a growth
chamber as described above.

To assess spore production on PDA
medium, 5 ml of 0.1% Tween 80 (Sigma
Chemical Co., St. Louis, Missouri) solu-
tion were poured on each plate, and the
surface of the colony was gently rubbed to
detach all aerial mycelium and conidio-
phores from the agar. The suspension was
transferred to a flask, and another 5 ml of
solution was used to rinse the surface of
the agar and remove any remaining spores.
The final suspension was vortexed for 30 s
with 5 g of glass beads (2.5 mm diameter)
to separate the spores. With plant material,
the plant organs were directly transferred
to flasks containing 5 or 10 ml of Tween
solution and 5 g of glass beads. Spore
concentration was assessed with the help
of a hemacytometer following appropriate
dilutions, and results were expressed as
numbers of spores per plate, per organ, or
per gram of fresh tissue.

RESULTS

Comparison of UV-absorbing film
samples: effect on the development of B.
cinerea on PDA medium. The germina-
tion rate of B. cinerea conidia on PDA
medium was high (>93%) under all six
films (Table 1). While films containing
nUV-absorbing additives could not be
distinguished statistically from the control,
significant differences (P > 0.05; Duncan’s
multiple range test on arcsine transformed
data) were found between films 2 and 3
(Table 1). No significant difference was
found on colony diameter after 72 h (P >
0.15; Fisher’s F test). Spore production
after 9 days of incubation was much re-
duced under nUV-absorbing films as com-
pared to the control (Table 1). No spores
were detected for three of the films. Based

on these data and on the light transmission
properties of the nUV-absorbing films,
film 6 was selected for further studies. It
will be referred to as film F for the re-
mainder of this paper, while control film 1
will be referred to as film C.

Kinetics of spore production on PDA
medium. Striking morphological differ-
ences were observed between colonies
growing on PDA under nUV filtering film
F and control film C. In all plates incu-
bated under film C, the colonies produced
a thick layer of conidiophores. Conidia
were first observed 2 days after inocula-
tion (DAI), and production reached a pla-
teau after 6 DAI (Fig. 2). Under film F, the
colonies produced abundant aerial myce-
lium, but very few conidiophores were
observed with a dissecting microscope.
Conidia were first detected at 4 DAI, and
their production reached a plateau after 6
to 8 DAI (Fig. 2). Spore production under
film F was sharply reduced in comparison
with the control film. It remained less than
0.05% of that under film C for the duration
of the experiment.

Kinetics of spore production on to-
mato stem cuttings. Spore production on
tomato stem cuttings was also strongly
affected by the type of film. Cuttings incu-
bated under film C rapidly disappeared
under a thick mat of fertile conidiophores,
whereas those under film F were covered

with abundant aerial mycelium showing
very scant fructification. The kinetics of
spore production under either film (Fig. 3)
closely resembled that observed on agar
medium. Sporulation on stem cuttings was
strongly inhibited under film F and re-
mained less than 0.05% of that of the con-
trol starting 4 DAI. The data collected be-
yond 21 DAI were not used, because
spore-forming phyllosphere contaminants
(such as Trichothecium roseau (Pers.:Fr.)
Link, and Rhizopus stolonifer (Eremb.:Fr.)
Vuill.) developed on the decayed tissue
and interfered with the quantification of B.
cinerea. Attempts were made to surface
disinfest the stems prior to the experi-
ments, but this treatment was abandoned
because it interfered with the development
of B. cinerea under both types of films
(data not shown).

Spore production on other plant tis-
sues. Spore production was sharply re-
duced under film F on all plant material
tested (Table 2). Because large differences
in weight of plant tissue were observed
among different types of organs and dif-
ferent species (data not shown), no attempt
was made to compare directly the spore
counts on different types of organs. Rather,
the efficiency of film F in inhibiting
sporulation was compared by computing
the ratio of spore counts under film C and
film F It differed markedly among host

Table 2. Effect of incubation under a UV-filtering film on spore production by Botrytis cinerea strain

BC1 on different plant tissues

Spore counts (x10%)
Spore counts (x103) per per organ under nUV-
organ under control film C¥ filtering film F¥ Ratio C/F*

Tomato stemY

Young plants 15,702 £ 1,779 6+3.6 2,617

Old plants 15,282 + 5,201 18+6.8 849
Melon stem 9,280 £ 1,207 T+£24 1,326
Cucumber stem 8,360 £ 1,254 14+45 597
Tomato flowers?

Dry 7,390 £ 1,043 122 £60.1 61

Fresh 12,398 + 1,009 571+78.4 22
Cucumber cotyledons 50,080+ 1,116 3,192 £ 261.6 16

%Data are expressed as numbers of spores per 2-cm stem cutting, flower, or cotyledon + standard
error of the mean (five replicates). Spore production was assessed 7 days after inoculation.

108 * Ratio of spore counts under film C over spore counts under film F.
8 Y Young plants: 5 weeks old; old plants: 12 weeks old.
8 107 -———7?:("’5—“1- % Dry flowers = petal and stamen residues; fresh = whole freshly opened flowers.
ps 6
@ 10 ﬂ :
E 1054 Film C ] Table 3. Differential inhibition of spore production by a UV-filtering film on four strains of Botrytis
o / e Film F cinerea growing on tomato tissue
D 4 g g
g’, 10 E Tomato stem cuttings Tomato flowers
_ 3]
g 1073 1 Strain FilmC"  FimF* RatioC/F'  FilmC FilmF  Ratio C/F
D 102 T T T T M3 10,709 a 30.0a 357 99,892 a 1,337.8a 75
0 5 10 15 20 M4 6,919a 29.6a 234 119487a  4,781.6a 25
Days after inoculation M10 21,194 a 35b 6,143 169,893 a 797.5a 213
Mi11 20,661 a 34b 6,095 103,588 a 2,844.4a 36

Fig. 3. Kinetics of spore production by strain
BC1 of Botrytis cinerea on tomato stem cut-
tings incubated under a standard polyethylene
film (control film C = film no. 1) and a poly-
ethylene film containing additives that absorb
near-ultraviolet light (film F = film no. 6). Error
bars indicate the standard error of the mean.

YFilm C: control film no. 1.

* Film F: film no. 6, absorbing near-ultraviolet radiation.

Y Ratio of spore counts under film C over spore counts under film F.

* Data are expressed as thousands of spores produced per gram of fresh tissue at 7 days after inocula-
tion. Within a column, numbers followed by different letters are significantly different (P < 0.05)
according to Fisher’s F test followed, if applicable, by Duncan’s multiple range test.
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species, plant age, and type of organ
(Table 2). The efficiency of film F was
greater on young tomatoes than on melon
or cucumber stems, and smallest on to-
mato flowers and cucumber cotyledons.

Differential inhibition of spore pro-
duction for different strains of Botrytis
cinerea. Spore production by four isolates
from a tomato greenhouse was quantified
at 7 DAI on stem cuttings from 5-week-old
plants and on fresh tomato flowers, and
expressed as the number of spores per
gram of fresh tissue (Table 3). On stem
cuttings, the isolates did not significantly
differ in spore production under film C
(Fisher’s F test on log-transformed data; P
> 0.05). Under film F, however, two iso-
lates (M3 and M4) produced approxi-
mately 10 times more spores than the oth-
ers (Table 3). The inhibition efficiency of
film F, as measured by the C/F ratio, was
reduced close to 20-fold for these two
isolates. On tomato flowers, no significant
differences were found among isolates for
spore production under either film. As
observed earlier for isolate BC1, the inhi-
bition efficiency of Film F was lower on
flowers than on stem tissue (Table 3). The
reduction in efficiency was larger for iso-
lates M10 and M11 than for the others:
C/F ratios were 5-, 9-, 29-, and 169-fold
lower on flowers than on stem tissue for
isolates M3, M4, M10, and M11, respec-
tively.

DISCUSSION

Historically, much effort has been de-
voted to the study of the effect of light on
spore production in vitro by B. cinerea.
This work was reviewed by several authors
(3,9,15). In contrast, similar information
for experiments using plant tissue is scant
or lacking. In the present study, the incu-
bation of B. cinerea under a film contain-
ing additives that absorb near-ultraviolet
light below 380 nm (film F) resulted in a
considerable inhibition in spore produc-
tion both on an agar medium and on plant
tissue. The efficiency of this experimental
film on agar medium cultures was compa-
rable to that reported in earlier in vitro
studies: ratios of spore counts under con-
trol film to counts under film F were ca.
2,000 on PDA medium (Fig. 2), compared
to ca. 500 for the most efficient films used
in other studies (10). Furthermore, the
kinetics of spore production over several
weeks after inoculation demonstrated that
the altered light spectrum was associated
with an inhibition, rather than just a delay
in sporulation. This persistence over time
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of the efficiency of the nUV-filtering film
may be a much desired feature for use in
agriculture, particularly for greenhouse
crops such as tomatoes, which remain in
culture for several months.

The efficiency of nUV-filtering film F in
inhibiting spore production differed de-
pending on the host species and the plant
organ. The fact that it was lowest on flow-
ers and cotyledons, two nutrient-rich or-
gans, supports the hypothesis that nutri-
tional factors may interfere with the effect
of light for spore production by B. cinerea.
These results also lead to speculation that
factors affecting the nutritional status of
the various plant organs might have an
indirect effect on the efficiency of the nUV
films in reducing spore production. To
evaluate the use of such films for the con-
trol of gray mold on greenhouse vegeta-
bles, more work is needed to determine the
possible effect of fertilization schemes and
varietal differences. The epidemiological
consequences of the differential inhibition
by the nUV film of spore production on
flowers and on stems of diseased plants
must also be examined. Although flowers
represent a small fraction of the plant bio-
mass in a tomato greenhouse, colonization
of flower residues by B. cinerea is com-
mon. This source of inoculum may not be
totally negligible, considering that under
film F, certain isolates of B. cinerea may
produce up to 837 times more spores on 1
g of flower tissue than on 1 g of stem tis-
sue (Table 3).

Different strains of B. cinerea growing
on tomato stem tissue were not equally
affected by the altered light spectrum pro-
vided by film F. Two strains were less
sensitive to the nUV film and produced
nearly 10 times more spores than the other
strains under film F. While the reduction in
spore production provided by the nUV
film for those less sensitive strains was still
in the order of magnitude of 250- to 300-
fold, this aspect clearly deserves more
attention, as it may have important practi-
cal consequences.
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