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Abstract
In January 2018, gerbera plants showed root rot symptoms were found in a greenhouse at Guizhou Horticultural Institute in 
Guiyang city, Guizhou Province in southwest China. Morphological and molecular identifications confirmed the isolation 
of Fusarium proliferatum. The pathogenicity was verified with Koch’s postulates. To our knowledge, this is the first report 
confirming root rot of gerbera caused by Fusarium proliferatum in China.
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Gerbera (Gerbera jamesonii, family Asteraceae), also known 
as Transvaal Daisy, Barberton Daisy or African Daisy, is the 
fifth most popular cut flowers and potted plants with great 
commercial value around the world (Terri et al. 2006; Bhatia 
et al. 2009). Gerbera is a genus of ± 30 species of perennial 
herbs distributed largely through Africa, Madagascar and 
extending into China (Hind 2007).

In the winter of 2018, we noticed approximately 30% of 
gerbera plants showed the root rot symptoms in a greenhouse 
located at Guizhou Horticultural Institute in Guiyang city, 
Guizhou Province in southwest China. In the advanced stage 
of the disease, the roots, crown and stems of these plants 
were all in black and rotten, with their epidermis peeling 
off. The leaves and stems of infected plants were chlorotic 
and wilted.

Diseased root pieces (3 × 3 mm) of gerbera plants were 
surface-disinfected with 75% ethanol for 30 s and 0.5% 
NaClO for 3 min and washed three times with sterilized 
water. The disinfected pieces were dried and incubated on 
potato dextrose agar (PDA) at 25 °C for 7 days inside a dark 
chamber.

After incubation, on PDA, colonies of isolated fungi 
were white mycelium initially and gradually turned violet 
with aging (Fig. 1a, b). Hyphae were septate and lightly 
constricted at the septa (Fig. 2a); sterile coiled hyphae 
were observed (Fig. 2b). Microconidia were abundant, usu-
ally nonseptate, occasionally septate, oval, club-shaped 
or kidney-shaped, measuring 6 to 10 × 2 to 4 μm (average 
7.6 × 3.0 μm, n = 100) (Fig. 2g). Macroconidia were sparse, 
sickle-shaped, 3 to 5 septate, thin-walled with a tapering and 
curved apical cell and a well-developed foot cell, measuring 
20 to 47 × 3.6 to 7.4 μm (average 25.3 × 5.3 μm, n = 100) 
(Fig.  2f, g). Conidiophores formed in moderate-length 
chains or false heads originated from monophialides and 
multiphialides (Fig. 2c–e, h–k). This species could produce a 
lot of moderate-length chains and the number of false heads 
which were relatively small. Chlamydospores were absent. 
Morphological characteristics matched F.  proliferatum 
(Zhang et al. 2013).  

In order to confirm the morphological identification at 
species level, a single-spore culture (Leslie and Summerell 
2006) of strain (named FZJf3-1) was subjected to a genomic 
DNA extraction and gene amplification. The translational 
elongation factor 1α (TEF-1α) region was amplified with 
PCR using the primer pairs TEF1-728F (5′-CAT CGA 
GAA GTT CGA GAA GG-3′) and TEF1-rev (5′-GCC ATC 
CTT GGA GAT ACC AGC-3′) (Carbone and Kohn 1999), 
and internal transcribed spacer (ITS) region was amplified 
using the primer pairs ITS1 (5′-TCC GTA GGT GAA CCT 
GCG G-3′) and ITS4 (5′-TCC TCC GCT TAT TGA TAT GC 
-3′) (White et al. 1990). PCR products were sequenced, and 
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Fig. 1  Colony morphologies on PDA and pathogenicity tests on ger-
bera plants of isolate FZJf3-1. a, b Colony morphologies on PDA of 
isolates FZJf3-1. c, d After 49 days, the plants’ leaves and stems were 

chlorotic and wilted, and roots and crown were all black and rotten in 
inoculated pots of inoculation of isolates FZJf3-1

Fig. 2  Morphological characteristics of isolate FZJf3-1. a Hyphae 
(arrow showing lightly constricted at the septa), b coiled hyphae, c 
monophialides, d double monophialides, e multiphialides, f, g macro-

conidia (mac) and microconidia (mic), h, i, j, k false heads (false) or 
moderate-length chains (chain) of microconidia on phialides (arrow). 
Bars = 20 μm



281Journal of Plant Diseases and Protection (2020) 127:279–282 

1 3

the sequences were compared against the GenBank nucleo-
tide database by using the BLAST alignment. The TEF-1α 
sequence showed 100% identity with all F. proliferatum 
(F. proliferatum strain NRRL 52743(JF740819.1), F. pro-
liferatum strain CH98 (KU939029.1) and F. proliferatum 
strain CD-3 (KU939025.1)) (Fig. 3), and the ITS sequence 
showed 100% identity with all F. proliferatum (F. prolifera-
tum strain MA84 (JQ693101.1) and F. proliferatum strain 
CH98 (KU939077.1)) (Fig. 4).

The TEF-1α and ITS sequences of this isolate were 
deposited in GenBank database with accession Nos. 
MH712884 and MH715405, respectively.

Koch’s postulates were checked by using 1-month-old 
gerbera healthy plants under controlled conditions. F. pro-
liferatum strain FZJf3-1 inoculum (1 × 106 conidia/ml in 
sterile distilled water) was produced from PDA cultures, and 
a 25 ml suspension was used to inoculate five potted plants 
which were grown in sterilized soil. Control plants were 
inoculated with sterile distilled water. They were incubated 

at 28 °C and a 12:12 dark/light photoperiod. After 49 days, 
plants with root rot, leaf and stem chlorosis were observed in 
inoculated pots while control plants inoculated with sterile 
water did not show any of the disease symptoms (Fig. 1c, 
d). F. proliferatum was reisolated from the symptomatic tis-
sues of infected plants and shown to be genetically identical 
to the original inoculated strain FZJf3-1, fulfilling Koch’s 
postulates.

So far, in China, the main Fusarium pathogens caus-
ing root rot are reported by the complex of the F. oxyspo-
rum and F. solani species. In this study, we found that the 
gerbera root rot was due to F. proliferatum. F. proliferatum is 
a cosmopolite saprophytic species, but it is also known to be 
a pathogen causing root rot on garlic (Leyronas et al. 2018), 
codonopsis (Gao et al. 2017), alfalfa (Cong et al. 2016.), 
soybean (Díaz Arias et al. 2011) and blueberry (Pérez et al. 
2011). To our knowledge, this is the first report confirming 
root rot of gerbera caused by F. proliferatum in China.

Fig. 3  Phylogenetic tree pro-
duced from the TEF1-α gene 
sequences showing the phylo-
genetic relationships among 
Fusarium spp., using the neigh-
bor-joining method. Relevant 
bootstrap values (expressed as 
a percentage of 1000 replicates) 
are shown at branch points. Bar 
(0.05) changes per sequence 
position
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Fig. 4  Phylogenetic tree 
produced from the ITS gene 
sequences showing the phylo-
genetic relationships among 
Fusarium spp., using the neigh-
bor-joining method. Relevant 
bootstrap values (expressed as 
a percentage of 1000 replicates) 
are shown at branch points. Bar 
(0.05) changes per sequence 
position
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