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Abstract

Cyclamen petals were treated with a highly chitinolytic bacterium, Serratia marcescens isolate B2, 
and 24hr later, were challenge-inoculated with Botrytis cinerea conidia. The bacterium suppressed fungal 
disease incidence by ca. 60% on attached petals of cyclamen in the greenhouse. The efficacy of isolate 
B2 against gray mould caused by B. cinerea, which was resistant to benzimidazole and dicarboximide 

fungicides, was nearly equal to that of 200ppm of iprodione, a dicarboximide fungicide. Although isolate 
B2 failed to survive on petals and leaves more than two weeks after the initial application, populations 

on leaf discs placed on the soil near the base of the cyclamen plant, where gray mould regularly 
developed, increased 10-fold during this period. Cyclamen leaf discs were challenge-inoculated with B. 
cinerea conidia either 1hr, 3 days or 7 days after isolate B2 application, then placed near the base of the 

plant in the greenhouse. Fungal sporulation on the discs was suppressed by more than 85%. S. marcescens 
B2 was significantly more effective than iprodione treatment against fungal sporulation on the discs.
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INTRODUCTION

Botrytis cinerea Persoon ex Fries, the causal agent of 

gray mould, can infect an extremely wide range of crop 

plants, such as field-grown crops like grapes, and 

greenhouse-grown vegetables, flowers and fruits, during 

production or post-harvest during storage and 
transport14). Since disease control using resistant 

cultivars and so on is difficulty under these conditions, 

the control of gray mould in many crops has been based 

on frequent fungicide applications. With the introduc-

tion of systemic fungicides, effective control was pos-

sible for a short period. After a few years of using these 

fungicides, however, control became less effective with 

the development of fungicide-resistant isolates. In the 

1970s, resistance of B. cinerea populations to benzimid-

azoles was widespread. During the early 1980s, resis-

tance to dicarboximide fungicides was also reported 

in some greenhouses. In recent years resistance to 

dicarboximides has become common6). Likewise, resis-
tance has developed to the mixture of diethofencarb 
with carbendazim used for gray mould control15). Since 
resistance to currently available fungicides is com-
mon in greenhouses, alternative methods to suppress B. 
cinerea are of great importance to commercial growers.

Biocontrol of Botrytis spp. has been attempted mainly 
with fungal agents, such as hyperparasitic Trichoderma 
spp.4,7,9,10), Gliocladium spp.20,22), and saprophytic yeast5). 
When using T. harzianum to control gray mould of 

grapes in the field, all the data suggested that a conidial 
concentration in the order of 108/ml was needed for 
adequate control4,9). Below this concentration, a rapid 
decline in efficacy was observed; no particular improve-
ment seemed to be achieved using a higher inoculum 

density. Under commercial greenhouse conditions, how-
ever, T. harzianum survived at an effective population 
on cucumber plants for one month, proving to be a 
reliable biocontrol agent of gray mould7).

We previously reported that a highly chitinolytic
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bacterium, Serratia marcescens B2, suppressed the 

growth of Botrytis spp. in vitro, as well as controlling 
chocolate spot disease of broad bean caused by B. fabae 
in a growth chamber. It controlled growth and infection 

of the fungicide-resistant isolates as effectively as that 
of the fungicide-sensitive isolates, both in vitro and in 
vivo2,13,26). S. marcescens is a ubiquitous organism in 
water, soil and food8). The isolate B2 was isolated from 

tomato phylloplane in the greenhouse2), suggesting that 
this bacterium could survive on the phylloplane under 
humid conditions, which are conducive to gray mould 

development12,17).
This study was initiated to control cyclamen gray 

mould with S. marcescens B2 under greenhouse condi-

tions. Gray mould in cyclamen plants develops through-
out the cultivation period, particularly on petals in the 
winter or just before sale. Because chemical control is 
limited during this period to avoid polluting the petals 
with fungicides, safer control methods are urgently 
needed for commercial growers. The present work is 
aimed at establishing an efficient biocontrol strategy for 

gray mould and evaluating integrated disease control 
which incorporates the use of S. marcescens B2.

MATERIALS AND METHODS

Inoculum production. S. mnarcescens B2 (Plate I-

(1)) was routinely cultured on chitin-amended lima bean 

agar medium (LBCA) at 28℃2). For applications, a 2-to 

3-day-old bacterial mass was collected by centrifugation 

at 10,000rpm for 10min and diluted with sterile water to 

OD555 1.0 (ca. 1×109cfu/ml).

B. cinerea IH36 was isolated from diseased cyclamen 

plants treated with fungicides in Ibaraki Horticultural 

Research Institute greenhouses (Minori-machi, Ibaraki). 

From in vitro tests, the B. cinerea isolate showed resis-

tance to benzimidazole (MIC of benomyl>10ppm) and 

dicarboximide (MIC of iprodione, procymidone and 

vinclozolin>10ppm) fungicides. To produce inoculum, 

the fungus was grown on potato sucrose agar (PSA) at 

20℃ for five days, and incubated under BLB (Black light 

blue lamp, Toshiba) for 2 days. Conidia were suspended 

in sterile distilled water and adjusted to ca. 5.0×105 

conidia/ml.

Plant materials. Cyclamen plants (Cyclamen 

persicum, Pastel strain cv. John Strauss) were grown for 
10 to 12 months in soil (Metro-Mix 360, Grace Sierra) in 

pots (diameter of 15cm and high of 10cm) under green-
house conditions. Before blossoming, plants were culti-
vated under a fungicide control regimen.

Biocontrol test on cyclamen petals. S. marces-
cens B2 (10ml of ca. 1×109cfu/ml per plant) was 

sprayed on cyclamen petals. The plants were then kept 

at ca. 18℃ for 1hr, before spraying with B. cinerea (10

ml of ca. 5×105conidia/ml per plant). After fungal 

inoculation, the plants were placed in humid conditions 

(R.H.>95%) for 24hr, then kept in the greenhouse at 15-

20℃ for. 6 days before measuring the diameter of the 

lesions on plant tissue. Disease incidence was evaluated 

according to a damage index (Plate I-(3)). Disease inci-

dence rate (%) was calculated by the following formula: 

disease incidence rate (%)={(0×n0+1×n1+2×n2+3×

n3+4×n4+5×n5)/5×(n0+n1+n2+n3+n4+n5)}×100 

(n0～5: number of index 0～5 petals).

The effectiveness of S. marcescens B2 application was 

compared to that obtained with iprodione (0.2mg/ml), 

isolate B2 (ca. 1×109cfu/ml) combined with iprodione 

(0.2mg/ml), or a sterile water control (six replicates/

each treatment).

Light microscopy. Petals were collected from 

cyclamen plants from S. marcescens B2 alone, iprodione 

alone, the mixture of isolate B2 and iprodione, and 

sterile water control, 48hr after inoculation. One square 

cm2 pieces of the petals were fixed and decolorized in 

FAA (formalin:ethanol:acetic acid=1:1:1) solution. 

After staining with a 0.5% methyl blue solution, the 

petal pieces were observed under light microscope (12 

pieces per treatment).

Population dynamics of S. marcescens B2 on 

cyclamen plants. Cyclamen plant and leaf discs 

(diameter of 12mm), which were placed on the soil near 

the base of the plants, were sprayed with a suspension of 

isolate B2, ca. 1ml per disc (ca. 1×109cfu/ml), and then 

kept in the greenhouse at 15-20℃. At 1hr, 3 days, 7 days 

and 14 days after the application, five discs (diameter of 

12) were cut from petals, outer and inner leaves using a 

cork-borer. In addition, five leaf discs were excised near 

the base of the plant, transferred to 25ml bottles, and 

washed in 10ml sterile water for 5min. Dilutions of the 

aliquot were cultured on LBCA plate for 24hr. Colonies 

with a reddish pigment and producing a chitinolytic halo 

(Plate I-(1)) on the plates were counted to estimate the S. 

marcescens B2 population.

Effects of S. marcescens B2 against sporulation 

of B. cinerea. Cyclamen leaf discs (12mm diame-

ter) were sprayed with a suspension of S. marcescens B2 

(ca. 1×109cfu/ml). Nine discs were placed on the soil 

near the base of each cyclamen plant grown in pots 

under greenhouse conditions. These discs were chal-

lenge-inoculated with a suspension of B. cinerea (ca. 5×

105conidia/ml), 1hr, 3 days and 7 days after application. 
At 11 days after inoculation, the nine discs were washed 
with 10ml sterile water in 25ml universal bottles. After 
5min, the number of B. cinerea conidia in the aliquot 
was determined with a haemacytometer. The effect of 
isolate B2 application on B. cinerea sporulation was 
compared with that of iprodione alone (0.2mg/ml), a 
mixture of isolate B2+iprodione or sterile water control 

(three replicates/each treatment).
Data analysis. Results of biocontrol tests were 

statistically analysed using Tukey's25) method (at P=
0.05).
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RESULTS

Suppressive effect of S. marcescens B2 against 

gray mould on cyclamen petals
Under greenhouse conditions, gray mould incidence 

was reduced to ca. 20% on cyclamen petals treated with 
S. marcescens B2 for up to five days after inoculation, 
compared to a 56% incidence of gray mould on the 
controls inoculated with only the pathogen (Fig. 1 and 
Plate I-(2)). S. maycescens was as effective as iprodione 

(0.2mg/ml) in limiting lesion development on petals

Fig. 1. Effects of Serratia marcescens B2 (ca. 10ml per 

plant of 1×109cfu/ml), iprodione (10ml per 

plant of 0.2mg/ml) or S. marcescens B2 (ca. 5ml 

per plant of 2×109cfu/ml) plus iprodione (5ml 

per plant of 0.4mg/ml) on lesion development 

by Botrytis cinerea on cyclamen petals in the 

greenhouse. Different letters indicate statistical 

significance at the 5% level by Tukey's method. 

inoculated with the dicarboximide-resistant B. cinerea 

(Fig. 1). In this test, the efficacy of isolate B2 was not 
enhanced in the presence of iprodione (Fig. 1). Nor did S. 
marcescens B2 cause any significant damage to cycla-
men petals during the tests.

Light microscopy showed that conidial germination of 
B. cinerea was inhibited markedly on the petals treated 

with isolate B2, but that penetration was not inhibited 

(Table 1). The conidia became swollen and sometimes 
burst within 48hr after inoculation of the petals treated 
with the bacterium.

Survival of S. marcescens B2 on cyclamen plants
The level of the S. marcescens B2 population was 

examined on each treated organ of the cyclamen plants. 
On the petals and both the outer and inner leaves, the 

population of isolate B2 was reduced to ca. 1/104 for two 
weeks under greenhouse conditions (Fig. 2). However, 
the population level of isolate B2 on leaf discs placed on 

Table 1. Infection behavior of Botrytis cinerea conidia 
on cyclamen petals treated with Serratia 
marcescens isolate B2a)

a) Cyclamen petals were treated with S. marcescens B2 

(ca. 10ml per plant of 1×109cfu/ml) or distilled water 

control, then challenge-inoculated with conidial suspen-

sion B. cinerea (ca. 10ml per plant of 5×105cfu/ml) 

after 1hr. Samples were collected 48hr after inocula-

tion, and observed under a light microscope.
b) Ratio of germinated conidia to total conidia (ca. 150 

conidia/piece). Different letters indicate statistical 
significance at the 5% level by Tukey's method.

c) Ratio of infection hyphae-forming conidia to ger-
minated conidia.

Fig. 2. Population dynamics of Serratia marcescens B2 on petals, inner or outer leaves or leaf discs placed on the soil near 

the base of cyclamen plants in the greenhouse. Samples were collected 1hr, 3 days, 7 days and 14 days after 

application, and the density per cm2 of the each sample was calculated.
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Fig. 3. Effects of Serratia marcescens B2 (ca. 1×109

cfu/ml), iprodione or isolate B2 plus iprodione 
against sporulation of Botrytis cinerea on the 
leaf discs placed on the soil near the base of 

cyclamen plant in the greenhouse. The discs 
were challenge-inoculated with the conidial sus-

pension (ca. 5×105conidia/ml) 1hr after isolate 

B2 application and collected 11 days after inocu-

lation and the conidial concentration deter-

mined. Different letters indicate statistical 

significance at the 5% level by Tukey's method.

the soil near the base of plants remained at ca. 108cfu/
cm2 for two weeks, a more than 10-fold increase over the 
density (cfu/cm2) present on the disc at application (Fig. 
2). Survival of S. marcescens B2 was ensured at the base 
of cyclamen plants in an area of high humidity, where 

gray mould frequently develops. S. marcescens B2 and 
other chitinolytic organisms were not detected on the 
untreated control plants.

Suppressive effects of S. marcescens B2 against 
sporulation of B. cinerea
B. cinerea sporulated heavily by 11 days after inocula-

tion on untreated cyclamen leaf discs placed on the soil 
near the base of the plants (Plate I-(4)). Fungal sporula-

tion on discs treated with isolate B2 and B2 plus 
iprodione was reduced to ca. 8% and on those treated 
with iprodione alone to 38% in comparison to the 

untreated discs (Fig. 3). Although the suppressive effect 
of isolate B2 on B. cinerea sporulation declined slowly 
after application, the sporulation was inhibited by ca. 
85% on discs treated with isolate B2 7 days before the 
challenge-inoculation compared with that on untreated 
discs (Fig. 4).

DISCUSSION

S. marcescens B2 inhibited the growth of B. cinerea 

isolated from diseased cyclamen plants and showing in 

vitro resistance to benzimidazole and dicarboximide 

fungicides. Isolate B2 treatments markedly suppressed 

both lesion formation on the petals and sporulation on 

leaf discs placed on the soil near the base of the plants

Fig. 4. Duration of inhibition of Botrytis cinerea spor-

ulation by Serratia marcesceres B2 (ca. 1×109

cfu/ml) on leaf discs placed near the base of 

cyclamen plants in the greenhouse. The 

discs were challenge-inoculated with B. cineyea 

conidial susDension (ca. 5×105conidia/ml) 1hr, 

3 days and 7 days after isolate B2 application, 
collected 11 days after inoculation and the 
conidial concentration formed on the discs 

determined. Different letters indicate statistical 
significance at the 5% level by Tukey's method.

in the greenhouse.

Gray mould develops particularly on the petals in 
winter or just before the sale, when the use of polluting 
chemicals must be avoided. Since S. marcescens B2 did 
not pollute cyclamen petals in this experiment, this 
bacterium could be applied repeatedly on the petals to 
suppress more effectively petal infection by B. cinerea 
during anthesis. S. marcescens B2, therefore, may prove 
to be a useful microbial pesticide for control to cycla-
men gray mould during anthesis.

Although S. marcescens B2 failed to survive on dry 
and aerial parts of cyclamen plants, this bacterium 
established stable populations near the base of cyclamen 

plants in areas prone to high humidity. On cyclamen 
plants inoculated with B. cinerea prior to anthesis, the 
disease developed mainly on senescing leaves and 

petioles near the base of the plant, but not on the top-
most plant organs. The fungus sporulated primarily on 
the dead, fallen tissues near the base of the plant; these 

propagules caused secondary infections on petals during 
anthesis. In this experiment, population survival of S. 
marcescens B2 was ensured near the base of cyclamen 

plants, where the gray mould often developed extensive-
ly and the fungus formed numerous propagules. Because 
this bacterial treatment suppressed sporulation of a 
dicarboximide fungicide-resistant B. cinerea isolate bet-
ter than iprodione, S. marcescens B2 may have potential 
as a biocontrol agent against cyclamen gray mould 
under greenhouse conditions.

S. marcescens B2 efficiently inhibited sporulation of B. 
cinerea on leaf discs near the base of cyclamen plants,
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where the B2 population was maintained at a level of 
more than 108cfu/cm2. The survival of S. marcescens B2 
at more than 108cfu/cm2 could, therefore, effectively 
control sporulation of B. cinerea and halt the secondary 
dispersal to other plant organs and plants. As shown in 
the cases using T. harzianum and Candida sp. to control 

gray mould of other crops, antagonistic populations in 
the order of 108cfu/cm2 have been reported to be the 
most suitable for biopreparations4,9,18).

Against the fungicide-resistant isolate of B. cinerea 
alone, isolate B2 showed nearly equal efficacy to that of 
200ppm of iprodione in theontrol to gray mould on 

cyclamen petals. Mixing isolate B2 with iprodione did 
not increase control of the gray mould compared with 

isolate B2 alone. However, the efficacy of S. marcescens 
B2 was lower than that provided by iprodione against 
cucumber gray mould with the fungicide-sensitive iso-
late of B. cinerea (data not shown) and chocolate spot 
disease of broad bean by the fungicide-sensitive isolate 
of B. fabae13). Similar results have been reported for 
biocontrol of gray mould with other antagonists, e.g. 
Trichoderma spp. or Glicocladium spp. on strawberry 
and cucumber3). Under commercial greenhouse condi-
tions with both fungicide-resistant and -sensitive popula-
tions of B. cinerea1), therefore, the combination of iso-
late B2 with various fungicides may be expected to be 
highly effective against gray mould.

S. marcescens B2 causes well-developed, clear zones 
around its colonies on chitin plates, indicating its ability 
to produce chitinolytic enzyme(s). When conidia of B. 
cinerea were placed on the clear zone, germination was 
completely inhibited2). The conidia became swollen, with 
the appearance of spheroplasts. The tips of germ tubes 

and hyphae also swelled markedly. Likewise, on cycla-
men petals treated with S. marcescens B2, conidial 

germination of B. cinerea was inhibited markedly. 
Swelling of the conidia within 48hr was observed fre-

quently. Conidial germination was similarly suppressed 
on cyclamen leaf discs treated with isolate B2 (data not 
shown). Although other antibiotic substance(s) are 
known to be produced by S. marcescens19), the above 
data strongly suggest that chitinolytic activity of the 
bacterium was primarily responsible for inhibiting 
conidial germination of B. cinerea, due to the degrada-
tion of the fungal cell walls and interference with cell 
wall synthesis.

To enhance the intrinsic properties of the antagonists 
and to assist in its survival on the phyllosphere, ad-

juvants have been added to biocontrol agents, e.g. 
Trichoderma spp.10,18). Tronsmo24) found that Trichoder-
ma was more efficient against gray mould on apple and 
strawberry blosomes, if the conidial suspension 
contained soluble cellulose. McLaughlin et al.18) also 
noted that the addition of salt solutions, such as CaCl2, 
improved the efficacy of Candida sp. against gray mould 
on apples in storage. These reports suggest that the 
antagonistic activity of S. marcescens B2 can also be 
enhanced with adjuvants or nutritional substances.

To improve the efficacy of S. marcescens B2 against 

cyclamen gray mould, we are investigating nutritional 

effects of chitin and other compounds on the antagonis-

tic activity and survival of isolate B2 on cyclamen plants 

under greenhouse conditions. Studies on the efficacy of 

isolate B2 on other diseases cyclamen plants will be 

carried out at the same time.

Some strains of S. marcescens which form white 

colonies are known to be opportunistic wound pathogens 

of vertebrate animals including mammals11,16,21,23). Even 

though the S. marcescens isolate used in this study forms 

red colonies, the potential hazard of this bacterium must 

be determined before using it as a biocontrol agent of 

fungal diseases of cyclamen plants.
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kala of the STAFF Institute, Rice Genome Research Pro-
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久津 克 己:Serratia marcescens B2に よる シク ラメ ン灰 色 かび

病 のバ イオ コン トロール

キ チ ナ ー ゼ 活 性細 菌Serratia marcescens B2株 を用 い て

Botyytis cineyeaに よる シ クラ メ ン灰 色 か び病 に対 す る防 除効

果 を温室 栽 培条件 下 で検討 した。B2株 懸 濁液(ca. 1×109cfu/

ml)を ポ ッ ト栽 培 シクラ メ ン(パ ステ ル系 ヨハ ン シ ュ トラウス)

に噴 霧処 理 した後 にB. cineyea IH36(ベ ンズ イ ミダ ゾール お よ

びジ カル ボキ シイ ミ ド系薬 剤耐 性菌)の 分生 胞子 懸 濁液(ca. 1×

105個/ml)を 接 種 し,花 弁 にお ける発 病程 度 を調 べた 。B2株 処

理 区 の発 病 指数 は無処 理 区 に対 して約60%低 く,そ の効 果 はイ

プロ ジオ ン200ppmと 同程 度 で あった。次 に,B2株 の シク ラメ

ンにお ける定着性 を調 べ た結果,B2株 密 度 は花弁 お よび葉身 で

は著 し く低 下 したが,葉 柄 基部 や地 際付近 の土壌 に置床 した葉

片 で は増 加 を示 し,定 着 が示 唆 され た。B2株 を前 処理 した葉 片

(径:12mm)にB. cinerea胞 子 を接 種 して シクラ メ ン地 際付近

の土 壌 に置床 し,こ れ らの葉 片 にお ける胞 子形成 を調べ た。その

結 果,B2株 処 理葉 片 におい て85%以 上 の顕著 な胞 子形 成 阻害

が認 め られ た。

Explanation of plate

Plate I

1. Colonies of Serratia marcescens B2 on lima bean agar plate containing chitin. The bacterium produced a reddish 

pigment and formed clear zones around the colonies.

2. Gray mould on petals of cyclamen plants. Disease severity on petals (left) treated with Serratiamarcescens B2 1hr 

before inoculation with Botrytis cinerea conidia was reduced markedly compared with that on control petals (right) 

treated with distilled water before inoculation.

3. Disease index of graymould on cyclamen petals. Scale of lesion diameter: 0, nolesion; 1, Φ<1mm; 2, 1mm≦ Φ<

3mm; 3, 3mm≦ Φ<5mm; 4,Φ ≧5mm; 5, whole petal destroyed.

4. Sporulation of Botrytis cinerea on leaf discs placed on the soil near the base of cyclamen plants. The number of B. 

cinerea conidia on discs (left) treated with Serratia marcescens B2 was greatly reduced compared with that on discs 

(right) treated with distilled water before the inoculation.


