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ABSTRACT 
 

Begonia plants (Begonia elatior) showing a combination of symptom, i.e. basal rot on stems, 
yellowing veins and water soaked lesions on leaves followed by wilting and plant death were found in 
a nursery in Gunma Prefecture, Japan, in August 2006. This study was aimed to isolate and identify the 
causal organisms of the disease. Based on the morphological characteristics, pathogenicity test, 
optimum growth temperature and phylogenetic analysis of the fungal isolates from the diseased plants, 
it was proved that a fungus, identified as Fusarium foetens was the cause of the disease. This fungus is 
pathogenic only against Begonia elatior. 
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INTRODUCTION 
 

Begoniaceae is a superb plant family that contains around 1,000 species, and 10,000 hybrids. 
Genus Begonia is one of the genus under this family, a native to China, and arrived in Japan around 
1650 (Japan Times, 2007). In August 2006, diseased plants of Begonia elatior grown in a nursery at 
Gunma Prefecture, Japan were found. The diseased plants showed basal rot on stems, water soaked 
lesions and yellowing veins on the upper stems and leaves, and plant death (Fig 1).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Symptoms appeared on Begonia elatior. (A - C) Natural infected symptoms indicated by 
arrows on Begonia x hiemalis Fotsch, showing a combination of basal rot, stem lodging and wilting; 
(D - F) Symptoms of basal rot, lodging of stems and water soaked lesions on stems and leaves 
indicated by arrows 7days after cut inoculation of BF 3-1 fungal spore suspension. Bars A, B, D and E 
- 20mm; C & F -10mm.  
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Fungal isolates that morphologically resembled with the Fusarium oxysporum complex 
(FOC) were found to be associated with the diseased-plants. Based on the chlamydospore formation 
ability and peculiar pungent odor, this fungus is different from Fusarium begoniae, the cause of 
flower, leaf and stem blights of begonia plants that previously reported by de Gruyter et al. (1994) 
and Nirenberg et al. (1998). 

 
This study sought to determine the causal agent of this newly occurring disease by its 

morphology, cultural properties, pathogenicity and phylogenetic features. 
 

MATERIALS AND METHODS 
 

Fungal Isolation 
 

Fungal isolation was done on oatmeal agar (Gams et al., 1998) and potato-dextrose agar 
(PDA, Difco). Rotten tissues of stems and leaf lesions of diseased plants of Begonia x hiemalis 
obtained from a nursery in Gunma Prefecture were incised and placed in 70% alcohol for 2 mins and 
2% sodium hypochlorite solution for 3 mins. These materials were then rinsed in sterilized distilled 
water for 10 mins, then placed on PDA medium and incubated at room temperature. Single conidium 
isolation was done to obtain pure isolates of the fungus. 

 
Eight fungal isolates were obtained. Koch’s postulates confirmed only six isolates to be 

pathogenic to Begonia x hiemalis. BF 3-1 was used in this study since it was the most pathogenic 
fungal isolate (Table 1). 
 
Pathogenicity Tests 
 

A pathogenicity test was done on nine plant species, i.e. French bean (Phaseolus vulgaris), 
tomato (Lycopersicon esculentum), eggplant (Solanum melongena), green pepper (Capisicum 
annuum), cow pea (Vigna unguiculata), Purimura malacoides, Purimura sp., Viora x wittrockina and 
Cyclamen persicum. Eight fungal isolates were tested for their pathogenicity on these plants, by 
inoculating the injured leaves of the 6-8 weeks old seedlings grown in pots, and kept in a green house. 
Sterile needles were used to injure plants prior to inoculation. 

 
Mycelial plugs (8 mm diam.) were obtained with a cork borer from the edges of the 8-10 

days old fungal colonies were used as inocula. These inocula were then placed upside-down onto the 
injured part of the leaf mid rib using a sterile metal scalpel. Cotton wools saturated with sterile 
distilled water were used to cover the inocula to keep the moisture. The injured plants without inocula 
were used as control. A total of 10 plants were inoculated per plant species with 1 plant used as 
control. Two leaves and mid ribs per plant were chosen for inoculation. 

 
Observation of the severity of the symptom was done three weeks after inoculation. The 

severity of symptom was determined as follows:- (no symptom: healthy plant), + (mild symptom: 
plant showing slight yellowing), ++ (moderate symptom: plant showing definite yellowing and some 
loss of turgour), +++ (severe symptom: enlarged lesions) (Table 1). Two experiments were conducted 
in September and October 2006, respectively. 
 
Morphological Characterization 

 
To determine morphological characteristics, the representative isolate of this fungus, BF 3-1 

was grown on oatmeal agar and/or potato-dextrose agar for 8-10 days and observed under light 
microscope. Microscopic characteristics, i.e. size and shape of conidia, size and shape of 
chlamydospores as well as macroscopic characteristics, i.e. aerial mycelium, vegetative mycelium, 
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colony color and odor were examined. 
 
Optimum Growth Temperature  

 
Isolate BF 3-1, the representative strain of the pathogen fungus, was cultured onto PDA 

plates and kept at 25°C for 8-10 days.  Each fungal disk with an 8mm diameter was obtained from 
the newly growing marginal area of BF 3-1 mycelium by cork borer and using a sterile metal scalpel 
placed upside down on the center of PDA plates.  Then each plate was sealed with parafilm and 
incubated in the temperature gradient chamber TG/100-ADGT that had temperature adjusted at 5, 10, 
15, 18, 20, 25, 28, 30 and 35°C. Four Petri dishes were each placed in each chamber and the 
experiment was replicate twice.  The diameter of BF 3-1 fungal strain was measured diagonally and 
horizontally using a Mitutoyo calibrating ruler and averages were calculated to determine colony 
growth daily at various temperatures.  The combined averages of the two replications were then 
calculated and plotted. 
 
Phylogenetic analysis 
 

Phylogenetic analysis was done based on the selected DNA sequence data of the translation 
elongation factor 1a (TEF) as previously described by Schroers et al. (2004). The taxon matrix 
consisted of TEF genes of 18 Fusarium foetens and 15 FOC as shown in Table 3.  DNA was 
extracted from mycelia of the BF 3-1 strains cultured on PDA with a DNeasy Plant Mini Kit (Qiagen, 
Hilden, Germany). The TEF genes were amplified with the primer pairs EF-1H and EF-2T 
(O’Donnell 2000).  Polymerase chain reaction amplification of TEF genes was performed with the 
Takara ExTaq system (Takara Bio, Otsu Japan), with a first denaturation for 2 min at 95 °C followed 
by 40 cycles of incubation for 35 s at 94 °C, 55 s at 52 °C and 2 min at 72 °C.   

 
Sequencing was conducted with the ABI-PRISM 377 DNA sequencing system (Applied 

Biosystems, Foster City, USA) and DNA sequencing kit (Perkin-Elmer, Foster City, USA) following 
the ABI protocol, by using the same primer pairs as described above.  Phylogenetic analysis used 
segment of ca 700 nucleotides including four introns and exons in TEF genes. 

  
The length differences were compensated in the alignments by gaps.  The sequence 

alignment and homology analysis were carried out using Assembly LIGNTM 1.0.9c (Accelrys, San 
Diego, USA) and the CLUSTAL W package with Mac Vector 6.5.3 (Accelrys) (Thompson et al. 1994). 
The aligned sequences were analyzed by the neighbor-joining method (Saitou and Nei 1987), using 
PAUP 4.0b (Swofford 1998).   

 
The distance matrix was calculated using DNADIST with the Kimura’s two-parameter 

method (Kimura 1980), and the topology was tested with 1,000 bootstrap trials. 
 

RESULTS AND DISCUSSION 
 

Pathogenicity of Fungal Isolates 
 

Six out of eight fungal isolates were pathogenic to the Begonia elatior, and produced 
similar symptoms to natural infected plants. No symptoms occurred on other plant species tested in 
this study (Table 1). The pathogenic isolates were kept in PDA test tube slants, for future use. The 
fungal isolate BF 3-1 showed signs to be the strongest pathogenicity, among those six fungal isolates 
by back inoculation to begonia plants. Therefore BF 3-1 strain was used for our further study.  
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Table 1. Pathogenicity of fungal isolates against several plant species. 
 

Strain 

Plants  BF 1-1 BF 1-2 BF 2-1 BF 3-1 BF 3-2 BF 3-3 BF 4 BF 5 

Begonia elatior       

  Leaves   +++ ++ ++ +++ + - - ++ 

  Stems   ++ + + +++ + - - + 

Phaselous vulgaris  - - - - - - - - 

Solanum lycocarpum - - - - - - - - 

Solanum melongena  - - - - - - - - 

Capisicum annum  - - - - - - - - 

Vigna unguiculata  - - - - - - - - 

Purimura malacoides - - - - - - - - 

Purimura sp.  - - - - - - - - 

Viora x wittrockina  - - - - - - - - 

Cyclamen persicum  - - - - - - - - 

- (No symptom), + (mild symptom), ++ (moderate symptom), and +++ (severe symptom). 

 
 
Morphological Characteristics 
 

White and spongy like aerial mycelium was abundantly produced on PDA at 25°C forming 
irregular patterns over the surface of the colony.  In addition, there is a presence of a purplish to light 
blue pigment color on the PDA.  Also reddish and purple to greenish pigments were produced in the 
PDA medium when the isolate was incubated in the dark.   
 

On oat meal agar, the BF 3-1 fungal strain produced pale orange and purple to greenish 
pigments in the agar.  The BF 3-1 fungal strain on OA under continuous black light bulb (BLB), had 
reddish to a dark maroon colored pigments in the agar. BF 3-1 fungal strain on OA incubated at 25°C 
in the dark had a blue to purplish color; orange to reddish pigments and brownish cream colored 
mycelium.  There was also the presence of a thick white irregular mycelium growth on the OA 
plates.  
 

BF 3-1 fungal strain on OA in room temperature of 25°C, produced a maroon to reddish 
colored pigments, and also some of the plates produced orange to purplish colored mycelium.  There 
was a thick white mycelium growth towards the sides of all the OA plates. There was a yellow distinct 
irregular formation of sporodochia on PDA that was kept for more than 4 weeks (Fig 2).  All BF 3-1 
strains grown on OA and PDA had a pungent, irritating odor.  This is another distinctive feature that 
is unique and cannot be found on other Fusarium oxysporum sp. (Gerlach and Nirenberg 1982).  The 
average colony growth of BF 3-1 on PDA is 5.18mm/day and the optimum growth temperature is 
25°C. 
 



J. ISSAAS Vol. 15, No. 2:1-11 (2009) 

� 5 

 
 
 
 
 
 

 
 
 
 
 
 

Fig. 2. BF 3-1 fungal strain forming densely aggregated sporodochial conidiomata indicated by 
arrows on PDA after 4 – 5 wks. Bars A - 20mm; B - 10mm 
 

Microconidia, transparent, with no septum, ovoidal to elliptical, slightly curved or straight 
with rounded apexes and 6.7 x 2.9 (2-12 x 2.3-3.5) µm in size were abundantly produced on PDA and 
2 to 3 celled and oval shaped ones were also produced by BF 3-1. Macroconidia were mainly 
transparent, with 3 to 4 septa, slightly crescent moon shaped and 32.4 x 5.1 (25.0-36.0 x 4.0-6.5) µm 
in their size. The dorsal side was more curved than the ventral side. The difference between the sizes 
of 3-septated and 4-septated conidia was not significant.  

 
There were also seen the 5 and 6-septaed conidia, 26.0-38.0 x 3.0-4.3µm and 25.5-42.7 x 

3.3-4.3µm, respectively, that were very similar in their shapes and rather thinner than the 3 to 
4-septaed macroconidia. The ends of the macroconidia were papillated and becoming thinner towards 
the ends and always thicker at the center. Frequently, the central two cells were almost straight and 
the widest. The macroconidia were produced usually on polyphialides and in some cases on long 
monophialides (Fig. 3).  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Conidia morphology of Fusarium sp. BF 3-1 strain isolated from begonia plants which was 
grown on PDA for 4 - 5weeks. 
A, F and E: Macroconidia developing from 
sporodochia.   
B: Microconidia. Non-septate and 1 septate. 
C: 2 septate microconidia. 
D: 3 septate macroconidia.  
G: 4 septate macroconidia. 

H: 5 septate macroconidia 
I: 6 septate macroconidia. 
J: monophiladies forming macroconidia. 
Scale bars: A, B and J = 20µm; C,D, E,F,G, H and 
I = 25µm. 
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Phylogenetic Property 
 

The TEF gene sequence of the present isolate (BF 3-1) was clustered in the same group of F. 
foetens sequence with the highest homology (99%) (Fig 4). This result indicated that the sequence of 
TEF sufficiently supported the morphological based identification. The sequences obtained in this 
study were deposited in the DDBJ/EMBL/GenBank databases under the accession number AB448731 
(Table 2). 
  

Begonia plants showing stem rot were found at nursery field in Gunma Prefecture, Japan in 
2006.  The damage of this disease was serious and expanding in nursery field, however the casual 
agent was not known.  The author would clarify and identify the casual agent for the development of 
control methods.  From diseased begonia, Fusarium sp. was mainly isolated and isolated Fusarium 
sp. produced same symptoms on the begonia elatior and no symptoms on some of the vegetables and 
ornamental plants (Table 1).  The symptoms of this disease were different from F. begoniae (Table 3). 
  

The casual fungus was identified to be a Fusarium sp according to its morphological and 
cultural properties. Literature review stated that there is a new disease, F. foetens (Schroers et al., 
2004) affecting begonia elatior hybrids. This disease was first observed at the end of 2000 in The 
Netherlands and Europe, suggesting that F. foetens is a new introduction. The begonia plants grown in 
Gunma Prefecture were imported from central Europe where the new disease caused by F. foetens was 
reported recently on begonia elatior hybrid (Begonia x hiemalis) especially in Netherlands and 
Germany.  
 

Also quarantine inspections in England detected and isolated F. foetens from begonia plants 
shipped from The Netherlands (Schroers et al., 2004). Although a trace back audit was not done in this 
study, the BF 3-1 strain isolated from diseased Begonia reveals that the disease affecting begonia 
plants in Gunma is caused by F. foetens, and could have been introduced into Japan through begonia 
plants imported from central Europe, though the country of origin has not been identified. This could 
justify how this new disease of Begonia caused by F. foetens could have been established in flower 
nurseries in Gunma Prefecture, if the Begonia seedlings were imported from these infected areas.  
 

The morphological characters and the phylogenetic analysis confirmed that the BF 3-1 
infecting begonia plants in Gunma to be F. foetens. Also F. foetens has not been recorded in Japan 
until 2007 thus makes it an exotic disease. 
 

Sekine et al. (2008) found same begonia disease collected from Miyagi Prefecture and 
identified the causal fungi as F. foetens and named Kabugusare-byo in Japanese for this disease, this 
study was done independently from us. 
 

CONCLUSION 
 
  Since F. foetens is hard to detect at the early stage of infection, begonia cultivators should 
ensure that they purchase begonia seedlings from reliable wholesalers in non infected F. foetens areas. 
Fusarium spores can be spread over long distances through water, air and soil, thus it’s important that 
farmers incorporate chemical control together with good glasshouse hygiene measures to prevent and 
stop the spread of F. foetens. 
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isolate BF 3-1 

Fusarium foetens AY320089 

F. foetens AY320088 

F. foetens AY320087 

F. foetens AY320086 

F. foetens AY320085 

F. foetens AY320084 

F. foetens AY320083 

F. foetens AY320082 

F. foetens AY320081 

F. foetens AY320080 

F. foetens AY320079 

F. foetens AY320078 

F. foetens AY320077 

F. foetens AY320076 

F. foetens AY320075 

F. foetens AY320074 

F. foetens AY320073 

F. foetens AY320072 

F. oxysporum f. sp. melonis AF008504 

F. oxysporum f. sp. cubense AF008487 

F. begoniae AY329036 

F. begoniae AF160293 

F. commune AF324333 

F. commune AF246832 

Fusarium sp. AF008514 

F. miscanthi AF324332 

F. miscanthi AF324331 

F. nisikadoi AF324330 

F. nisikadoi AF324329 

F. redolens AF324296 

F. redolens AF324294 

F. hostae AF324322 

F. hostae AY329034 

0.005 substitutions/site 

100 

98 

100 

100 

100 

100 100 

100 

96 

99 

�

Out group 

Fusarium foetens  group 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. A neighbor-joining tree inferred from sequence on the translation elongation factor 1a 
gene-coding region (TEF) using CLUSTAL W and PAUP. Bootstrap values above was from 1,000 
replicates are indicated for the corresponding branches. Length of branches is proportion to number of 
base changers, indicated by scale above. Sequences were retrieved from the DDJB databases under 
the accession numbers indicated. 
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Table 2.  The sequence of BF 3-1 strain and Fusarium sp. used for TEF gene sequence analysis. 

  Country  GenBank  Strain no.  Substrate      

Species  of Origin  no.   

Fusarium foetens Japan  AB448731       BF3-1       Begonia x hiemalis 

F. foetens  The Netherlands AY320073 CBS 110290    Begonia x hiemalis 

F. foetens  The Netherlands AY320083 CBS 110297    Begonia x hiemalis 

F. foetens  The Netherlands AY320076 CBS 110293    Begonia x hiemalis 

F. foetens  The Netherlands  AY320077 CBS 110294    Begonia x hiemalis 

F. foetens  The Netherlands AY320084 CBS 110298    Begonia x hiemalis 

F. foetens  The Netherlands AY320078 CBS 110179    Begonia x hiemalis 

F. foetens  The Netherlands AY320082 CBS 110180    Begonia x hiemalis 

F. foetens  The Netherlands AY320080 CBS 110181    Begonia x hiemalis 

F. foetens  The Netherlands AY320075 BS 110292     Begonia x hiemalis 

F. foetens  The Netherlands AY320079 CBS 110295    Begonia x hiemalis 

F. foetens  The Netherlands AY320081 CBS 110296    Begonia x hiemalis 

F. foetens  UK   AY320088 CBS 110284    Begonia x hiemalis 

F. foetens  UK  AY320089 CBS 110285    Begonia x hiemalis 

F. foetens  The Netherlands AY320086 CBS 110287    Begonia x hiemalis 

F. foetens  The Netherlands AY320087 CBS 110286    Begonia x hiemalis 

F. foetens  The Netherlands AY320085 CBS 112089    Begonia x hiemalis 

F. foetens  The Netherlands AY320074 CBS 110288    Begonia x hiemalis 

F. foetens  The Netherlands AY320072 CBS 110291    Begonia x hiemalis 

F. oxysporum f. sp. melonis  AF008504 NRRL26406 Cucumis melo 

F. oxysporum f. sp. Cubense Australia AF008487 NRRL25603 Musa acuminata 

F. begoniae The Netherlands AY320076 CBS110282     Begonia x hiemalis 

F. begoniae The Netherlands AY320076 CBS110282     Begonia x hiemalis 

F. commune      The Netherlands    AF246832 CBS110089   Dianthus caryophyllus 

F. commune Japan     AF324333 NRRL 28058 river sediment 

Fusarium sp. Germany  AF008514 CBS 573.94 peaty soil 

F. miscanthi       Denmark         AF324331  CBS577.97    Miscanthus sinensis 
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  Country  GenBank  Strain no.  Substrate      

Species  of Origin  no.   

F. miscanthi       Denmark       AF324332        NRRL 26239     Miscanthus sinensis 

F. nisikadoi Japan           AF324329         CBS 742.97     Phyllostachys nigra  

F. nisikadoi Japan            AF324330         NRRL 25183    Phyllostachys nigra  

F. redolens Germany        AF324294        CBS 248.61   Dianthus caryophyllus 

F. redolens The Netherlands AF324296 NRRL28381  Asparagus officinalis 

F. hostae  USA  AY329034 NRRL 29889 Hosta sp. 

F. hostae  The Netherlands AF324322 NRRL 29642 Hyacinthus sp. 

 

CBS, Centraalbureau voor Schimmelcultures, Utrecth, The Netherlands; NRRL, Agricultural Research Service 

Culture Collection, National Center for Agricultural Utilization Research, Peoria, IL, USA 
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Table 3. Comparison of conidia and colony characteristics of the isolate BF 3-1 with previously described two isolates of Fusarium foetens isolates, 
and Fusarium begoniae. 
 
 

Isolate 
 
Character Present isolate  Fusarium foetens  Fusarium foetens  Fusarium begoniae 
  (BF 3-1)   (Schrores et al., 2004) (Sekine et al., 2008)  (O’Donnell et al., 1998) 
 
Country  Gunma Prefecture  Germany   Miyagi Prefecture  Germany  
  Japan      Japan   
 
Colony growth 
Average diameter 5.18mm/day  4.8mm/day  5.6mm/day  
 
Colony color white to light blue  white and   white to    almost white 
PDA (top)      purplish   purplish   and cottony 
 
Colony color reddish, purple  brownish, reddish      grayish 
PDA (reverse) and greenish  brown, grayish ruby  purplish   white 

or dark green 
   

Conidium length 6.7 x 2.9µm  (4.5-)5.5-6.5-7.0(-13.5) 6.9 x 3.0µm  (6.5-)7.3-8.5-9.8(-11.8) 
0 septate (µm) (5-12 x 2.3-3.5)  x (2.1-)2.5-2.8-2.9(-4.3) (4.5-13 x 2.3-4.3)  x(2.0-)2.4-2.9-3.4(-3.8) 
  
Conidium length 32.4 x 5.1µm  (22.5-)31.5-34-36.5(-47.5) 32 x 4.7µm  (37.0-)42.4-46.7-51.0(-56.0) 
3 septate (µm) (26-36 x 4-6.5)  x (3.4-)4.2-4.4-4.6(-5.3) (27-40 x 3.8-5.3)  x (3.5-)3.6-3.8-4.0 
 
Odor  distinctive, strong   pungent and irritating bad smell,   not perceptible 
  stinking smell     not to strong 
 
Chlamydospores present   rare or abundant  present   absent 
     smooth or warted  (7.5-10 x 7-10µm) 
     (7-13 x 7-11µm) 
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