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First Report of Black Spot Caused by Alternaria alternata on Grafted Cactus
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A stem spot disease was observed on Gymnocalycium
mihanovichii (Korean name: Bimoran), a scion of graft-
cactus, in major growing areas of Goyang and Eum-
seong, Korea during 2008 and 2009. Typical symptoms
were initial blackish brown lesions produced mainly on
areoles and scars of injured stem tissues, gradually
becoming large black spots. A causal organism isolate
CD2-7A isolated from the infected stems was identified
as Alternaria alternata based on its morphological
characteristics and confirmed by the DNA sequencing
analysis of ITS, glyceraldehydes-3-phosphate dehydro-
genase (gpd), and allergen Alt a1 (Alt a 1) genes.
Artificial inoculation of the fungal isolate CD2-7A
produced the same rot symptoms on the cactus stems,
from which the same fungus was isolated and identified.
This is the first report of the black spot caused by A.
alternata in the grafted cactus.
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Most cactuses are stem succulents, having fleshy stems. A

grafted cactus, which is composed of stock and scion

cactuses, is a major commercial product in Korea and one

of the most important exporting ornamental plants due to its

high quality in the world market. The most widely culti-

vated stock cactus is a three-angled cactus (Hylocereus

trigonus), while two scion cactuses commonly used in

Korea are Gymnocalycium mihanovichii and Chamaecereus

silvestrii, of which the Korean common names are Bimoran

and Sanchui, respectively. G. mihanovichii is more popular-

ly cultivated in Korea than C. silvestrii.

One of the limiting factors for cultivating grafted cactuses

in greenhouses is due to stem rot diseases especially caused

by fungi. They include stem rots caused by Fusarium

oxysporum (Chang et al., 1998), Bipolaris cactivora (Hyun

et al., 1998; Kim et al., 2004), and Glomerella cingulata

(Kim et al., 2000). In our surveys of cactus diseases during

2008 and 2009, however, we often observed some stem

diseases of G. mihanovichii with no fungi belonging to the

above reported genera. 

Therefore, we report the occurrence of a fungal stem

disease of G. mihanovichii and the identification and

characterization of the fungal pathogen.

Disease occurrence and symptoms. Occurrence of a stem

disease was observed frequently on G. Mihanovichii in

major growing areas of Goyang and Eumseong, Korea

during 2008 and 2009. Symptoms were characterized by

blackish brown lesions produced mainly on areoles and

scars of injured stem tissues (Fig. 1A, B). Sometimes large

portions of the cactus stems were diseased with large black

spots at advanced infection stages. 

Fungal isolation and pathogenicity. Pathogen isolation

was conducted using infected G. mihanovichii stems. Small

stem tissues were cut from the edge of the diseased area

with flame-sterilized razor blade and surface-sterilized with

75% ethanol for 30 sec and 1% sodium hypochlorite for 60

sec, and rinsed with sterile water. The stem tissues were

placed on potato-dextrose agar (PDA) supplemented with

0.1% lactic acid, incubating at 25oC for 3-4 days in an

incubator. Fungal mycelia grown from the stem tissues

were transferred to fresh PDA, incubating at 25oC for 7

days. We selected several isolates producing dictyosporic

conidia typical of genus Alternaria, of which isolate CD2-

7A was used as a type culture for further studies. 

For pathogenicity test, the fungal isolate was grown on

10% V-8 juice agar (10% (v/v) V-8 juice, 0.3% (w/v)

CaCO3 and 2.0% Bacto-agar in 1000 ml distilled water) at

25oC for 2 weeks, from which spores were collected in

sterile distilled water (SDW) by scratching the fungal cul-

ture surfaces and filtered through two layers of cheesecloth

to make spore suspension. The spore suspension was centri-

fuged at 6,370×G for 10 min and re-suspended and diluted
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in SDW to make a concentration of ca. 5×105 spores/ml.

For inoculation, one-year-old stems of G. mihanovichii

were inoculated with the fungus by dropping 0.01 ml of

the spore suspension on a wound of ca. 0.5 mm (dia-

meter)×5 mm (depth) made with a syringe needle, and

placed at 25oC and RH 40% in a growth chamber after

placing them under saturated humid conditions for one day.

The experiment replicated three times and SDW was used

as control. 

The fungal isolate caused initial symptoms of brownish

lesions on the inoculation sites of the cactus stem at 3 days

after inoculation, and the lesions were blackened and

enlarged with time, comprising a large diseased area at a

late infection stage (Fig. 1C). The same fungus was re-

isolated from the diseased area. Water-inoculated control

did not induce any rot symptoms (data not shown).

Fig. 1. Symptoms of black spots on Gymnocalycium mihanovichii naturally infected (A, B) and artificially induced at 10 days after
inoculation (C), fungal colony produced on potato-dextrose agar (D) and light microscopic pictures of fungal spores (E, F). Bars represent
100 µm and 20 µm for E and F, respectively.

Table 1. Comparison of morphological characteristics of the present isolate CD2-7A with Alternaria alternata reported previously

Characteristics CD2-7A
alternata

Ellisa Yub

Colony Color Velvety, olivaceous brown 
to black

Olivaceous black to sooty 
black

Velvety, olivaceous black to 
sooty black

Conidiophores Shape
Length (µm)
Width (µm)

Solitary or in small fascicles 
Up to 60 
3.0-4.5 

Solitary or in small fascicles 
Up to 50
3.0-6.0

Solitary or in small fascicles 
Up to 80
3.0-5.0

Conidia Shape

Size (µm)

Ellipsoid to ovoid, obclavate

10~37(60)×6~12

Ellipsoid to ovoid, obclavate to 
obpyriform
20~63×9~18

Ellipsoid to ovoid, obclavate to 
obpyriform
13~35(43)×8~14

Septa (2)3~4(6) transverse 
1~2(4) longitudinal

3~5 transverse
1(2) longitudinal

3~5 transverse
1 (2) longitudinal

aDescribed by Ellis (1977); bDescribed by Yu (2001)
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Identification of the fungal isolate. The fungal isolate

CD2-7A formed velvety, olivaceous brown or olive-green

to sooty black colonies with partly superficial mycelium on

PDA (Fig. 1D). Light microscopic observations showed

branched hyphae, hyaline at first but later pale brown to

brown; conidiophores solitary or in small fascicles, com-

monly branched, pale brown, up to 60 µm long, 3-4.5 µm

wide; conidia commonly in moderately long or long chains

of 3-10, branched or not, pale brown to brown, mostly

ellipsoid to ovoid, conidium body 10~37 (60)×6~12 µm

with (2) 3~4 (6) transverse septa and 1~2 (4) longitudinal

septa (Fig. 1E, F). These morphological characters of the

present isolate coincide with those of Alternaria alternata

described by Ellis (1971) and Yu (2001) (Table 1). 

Genomic DNAs of CD2-7A were used for sequencing of

ITS, glyceraldehydes-3-phosphate dehydrogenase (gpd)

gene and Alt a1 gene. Using the primers, ITS 1 (TCCGTA-

GGTGAACCTGCGG) and ITS 4 (TCCTCCGCTTATTG-

ATATGC) for ITS, gpd 1 (CAACGGCTTCGGTCGCAT-

TG) and gpd 2 (GCCAAGCAGTTGGTTGTGC) for gpd

gene, and Alt-for (ATGCAGTTCACAACCATCGC) and

Alt-rev (ACGAGGGTGAYGTAGGCGTC) for Alt a 1 gene,

these genes were amplified by PCR following the processes

previously described by White et al. (1990), Berbee et al.

(1999), and Hong et al. (2005), respectively. Amplified

DNA fragments were subjected to electrophoresis in 1.0%

agarose gel, and the target DNA bands were purified and

sequenced on an Applied Biosystems DNA Sequencer

(model ABI 3700). The resulting sequences were compared

to the GenBank database using the NCBI BLAST search

program. A total of 955 base sequences determined from

the ITS DNA were 100% identical to those of several A.

alternata strains with NCBI accession nos. EJ946480.1,

AB4708380.1, AB470832.1 and AB470831.1. A total of

1020 base sequences from gpd gene were 100% identical to

A. alternata with no. EF513205.1. Also a total of 743 base

sequences from Alt a 1 gene were identical to those of

several A. alternata strains or isolates with nos. U86752.1,

U82633.1 and AF288160.1. Thus, based on the results, the

fungal isolate CD2-7A was confirmed to be A. alternata.

The fungal pathogen isolated from the stem rot of G.

mihanovichii was identified as A. alternata. In pathogeni-

city test, this fungus formed lesions on the cactus stem

rapidly, although severe diseases were not frequently found

in natural greenhouse conditions. This suggests that it has a

possibility to outbreak in some environmental conditions

favorable for the disease development. A variety of crops

other than the cactus are infected with A. alternata, includ-

ing safflower (leaf spot) (Park and Lee, 2003), kiwifruit

(brown ring spot on leaves) (Jeong et al., 2008), and sweet

persimmon (black spot) (Kwon et al., 2004). However, this

is the first report that Alternaria alternata is a causal patho-

gen of the stem disease of the grafted cactus. We here pro-

pose to name this disease as black spot of G. mihanovichii

because of its typical symptom appearance of a black lesion.
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