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Soft Rot on Citrus unshiu Caused by Rhizopus oryzae in Korea
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Soft rot caused by Rhizopus oryzae occurred on unshiu orange (Citrus unshiu Marc.) sampled from
commercial markets in Jinju, Korea, 2010. The first symptom of soft rot on orange is a water-soaked
appearance of the affected tissue. The infected parts later disintegrated into a mushy mass of disorganized
cells followed by rapid softening of the diseased tissue. The lesion on orange was rapidly softened and rotted,
then became brown or dark brown. Optimum temperature for mycelial growth of the causal fungus on potato
dextrose agar was 30°C and growth was still apparent at 37°C. Sporangiophores were 6~20 um in diameter.
Sporangia were globose and 40~200 pum in size. The color of sporangia was brownish-grey to blackish-grey at
maturity. Sporangiospores were sub-globose, brownish- black streaked and 4~10 pm in size. Columella were
globose to sub-globose and 85~120 pm in size. On the basis of mycological characteristics, pathogenicity test,
and the ITS sequence analysis, the causal fungus was identified as Rhizopus oryzae. To our knowledge, this is
the first report of soft rot caused by R. oryzae on unshiu orange in Korea.
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Fig. 1. Symptoms of soft rot on unshiu orange (Citrus unshiu) caused by Rhizopus oryzae. A: Typical symptoms of soft rot on fruit, B

Longitudinal section of the infected fruits showing water-soaked lesions, C: Symptoms induced by artificially inoculation after 4 days of
incubation, D: Longitudinal section of fruit. Symptom was induced by artificial inoculation.

Fig. 2. Morphological characteristics of Rhizopus oryzae isolated from unshiu orange. A: Colony on PDA after 7 days of inoculation.
B: Sporangium and sporangiophore, C: Columellum, D: Sporangiospores, E: Rhizoid.
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Table 1. Comparison of morphological characteristics of the fungus isolated from unshiu orange (Citrus unshiu) with those of Rhizopus

oryzae described previously

Characteristics

Present isolate

Rhizopus oryzae

Colony color brownish-grey to blackish-grey brownish-grey to blackish-grey
Sporangia shape globose globose
diameter 40~200 um 30~210 um
Sporangiospore shape sub-globose sub-globose, rhomboidal or limoniform
length 4~10 um 4~10 um
Sporangiophore diameter 6~20 um 7~20 um
Columellum shape globose to sub-globose globose to sub-globose
diameter 85~120 um 90~120 pm
“Described by Lunn, J. A. (1977).
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92, AB097389 Rhizopus microsporus var. oligosporus CBS338.62
97 | AB097392 R. azygosporus CBS357.93

AB097386 R. microsporus var. microsporus CBS700.68
AB097387 R. caespitosus CBS427.87

AB097388 R. homothallicus CBS336.62

AB113015 R. schipperae ATCC 204270

78r HQ897686 R. oryzae KACC 45817

AY213684 R. oryzae CBS 395.95
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97 | AB181316 R. oryzae CBS 395.34
63! AB097299 R. oryzae CBS278.38

{ AB100450 R. stolonifer var. reflexus CBS320.35
81 AB113022 R. stolonifer var. stolonifer CBS 150.83

|
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AF198253 Mucor miehei ATCC 26282

Fig. 3. Phylogenetic tree using ITS sequences showing relationships among Rhizopus oryzae isolated from Citrus unshiu and closely
relative Rhizopus species. DNA sequences from the NCBI nucleotide database were aligned using ClustalW and a phylogenetic tree was
constructed using MEGA4 with neighbor-joining method and Tajima-Nei distance model. Numbers above the branches indicate the
bootstrap values. Bars indicate number of nucleotide substitutions per site. The present isolate infecting C. unshiu Mac. was marked in

bold font.
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