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that may have novel mechanisms of action as antimicrobial 
agents (Xu et al. 2021).

The largest class of natural products comprise the ter-
penoids, which likely are the most structurally diverse and 
have the most important biological properties of all natural 
products (Gershenzon and Dudareva 2007). Natural diter-
penoids derived from microorganisms are among the most 
valuable sources for novel bioactive compounds (Saha et al. 
2022), and many are active against plant pathogenic fungi 
such as Botrytis cinerea, Colletotrichum coccodes, and Phy-
tophthora infestans (Bi and Yu 2016; Han et al. 2018).

We previously reported that traversianal (Fig. S1), a 
diterpenoid aldehyde produced by the fungus Cercospora 
sp. ME202 isolated from Trifolium incarnatum, had anti-
fungal activity against Colletotrichum orbiculare (Ino et 
al. 2024), which causes cucumber anthracnose. To further 
evaluate the antifungal activity of traversianal against other 
plant pathogenic fungi, in the present study, we tested tra-
versianal against P. oryzae.

Traversianal, purified from the culture filtrate of Cerco-
spora sp. ME202 using silica gel column chromatography 
and high-performance liquid chromatography (HPLC) as 
previously described (Ino et al. 2024), was tested for inhi-
bition of conidial germination of P. oryzae on glass slides 
and thin-layer chromatographic (TLC) bioassays as previ-
ously described (Ino et al. 2024). In brief, 1.0 × 105 conidia/
ml were mixed with 1–30 ppm of traversianal in water with 

Rice blast, caused by the fungus Pyricularia oryzae, which 
can infect all aboveground parts of rice plants, is respon-
sible for 10–30% of annual rice yield losses worldwide 
(Skamnioti and Gurr 2009; Talbot 2003; Wilson and Talbot 
2009). Although synthetic chemical fungicides are the major 
means for managing rice blast (Asibi et al. 2019; Rajeswari 
et al. 2024), excessive use of fungicides leads to fungicide 
resistance in the fungus (Yamaguchi et al. 2002; Tenni et al. 
2021). Therefore, it is crucial to search for alternative anti-
fungal compounds with novel modes of action.

The extensive range of secondary metabolites produced 
by microorganisms are a rich resource for mining com-
pounds such as antibiotics and bioactive compounds that 
can be used as pharmaceuticals and pesticides (Demain 
2009; Keswani et al. 2020; Sparks et al. 2023). Fungi pro-
duce secondary metabolites with diverse chemical structures 
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Abstract
Here, we evaluated the antifungal activity of traversianal, a diterpenoid derived from Cercospora sp. ME202, against 
Pyricularia oryzae, which causes rice blast. Traversianal had concentration-dependent inhibitory activity against conidial 
germination and inhibited hyphal growth in a TLC bioassay. Staining conidia for viability with fluorescein diacetate and 
propidium iodide showed that the fungicidal activity was associated with cell membrane damage over time. Pretreatment 
of rice leaves with traversianal before inoculation decreased the number of blast lesions. These results suggest that tra-
versianal has potential for controlling rice blast.
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DMSO (max: 0.3%) and placed on glass slides in a moist 
chamber at 25 ± 2 °C for 24 h, then the number of germi-
nated conidia among 300 conidia for each treatment were 
counted using a light microscope (BA210E; Shimadzu, 
Kyoto, Japan). The percentage of germinated conidia was 
calculated as Number of germinated conidia/300 conidia) 
× 100. For the TLC bioassay, 100  µl of 30 ppm traver-
sianal was spotted on a TLC plate (Silica 12 Gel 60; Merck 
KGaA, Darmstadt, Germany) and developed in chloro-
form–ethanol–water (40/10/1, v/v/v). The dried plate was 
sprayed with molten potato sucrose agar containing 20 ppm 
chloramphenicol and > 1.0 × 107 conidia/ml, then incubated 
at 25 ± 2 °C for 7 days, then any mycelial inhibition zones 
were measured.

On the slides, conidial germination was inhibited by 
traversianal in a concentration-dependent manner, with 
over 70% reduction at concentrations above 10 ppm com-
pared with the control, and complete inhibition at 30 ppm 
(Fig. 1a). The percentage germination after treatment with 
traversianal at 10 ppm was 25.6 ± 9.8%, 3.7 ± 2.5% at 20 
ppm and 0% at 30 ppm compared with 98.4 ± 2.4% after the 
control treatment with 0.3% DMSO (Fig. 1b). On the TLC 
plate, traversianal was detected in the mycelial inhibition 
zone at Rf 0.91 (Fig. 2).

The time course of the fungicidal activity of traversianal 
against P. oryzae was followed by assessing cell viability 

using double staining with fluorescein diacetate (FDA) and 
propidium iodide (PI); green fluorescence from FDA indi-
cates viability, and red fluorescence from PI indicates com-
promised cell membrane integrity (Firstencel et al. 1990; Ji 
et al. 2018). Conidia of P. oryzae (1.0 × 105 conidia/ml) were 
suspended in traversianal (30 and 40 ppm) in 0.4% DMSO, 
and 24 µl was placed on glass slides in a moist chamber at 
25 ± 2 °C. DMSO (0.4%) was used as the control. After 0, 
12, 24, 36 and 48 h, FDA (200 µg/ml; 3 µl) and PI (100 µg/
ml; 3 µl) were added to each slide. After 10 min, the conidia 
were examined using a fluorescence microscope (BZ-X700 
all-in-one; 17 KEYENCE Corp., Osaka, Japan) with a GFP 
filter and Texas RED filter to count conidia fluorescing 
green and those fluorescing red. The percentage viability 
was calculated as (Number of conidia fluorescing green /
Total number of conidia fluorescing green or red) × 100. 
After 48 h, most conidia in the control (0.4% DMSO) fluo-
resced green (viable), whereas a large fraction of conidia 
treated with traversianal (30 or 40 ppm) fluoresced red (non-
viable) (Fig. 3a). Over time, the viability of control conidia 
remained constant, but decreased in the two traversianal 
treatments (Fig. 3b) as shown by a decrease in the number 
of cells with green fluorescence and increase in those with 
red fluorescence. Thus, traversianal had fungicidal activity 
against P. oryzae and progressively induced damage to the 
cell membrane of conidia.

Fig. 1  Effect of 24-h incubation 
in various concentrations of tra-
versianal on conidial germination 
of Pyricularia oryzae. Conidial 
suspensions (1.0 × 105 conidia/
ml) in traversianal (1, 2, 5, 
10, 20, and 30 ppm with 0.3% 
DMSO) or 0.3% DMSO (control) 
on glass slides were incubated 
in a moist chamber at 25 ± 2 °C 
for 24 h. (a) Light micrographs 
of conidia. Scale bar: 20 μm. (b) 
Mean (± SD) percentage germi-
nation (N = 900 conidia [300/
experiment, 3 experiments]). 
Different letters above the bars 
indicate a significant difference 
between means (Tukey’s HSD 
test, P < 0.05)
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To test the preventive effect of traversianal (30 and 40 
ppm) against rice blast, rice seeds (Oryza sativa L. cv. 
Koshihikari) were germinated in tap water, then five were 
sown in Sun soil (Nagata Co., Ltd., Shimane, Japan) in Petri 
dishes (5 seeds in each of six dishes). The dishes were then 
placed in a plastic case (20 × 10 × 5  cm) and immersed in 
uniconazole (0.25 ppm Sumiseven; Sumitomo Chemical, 
Osaka, Japan), a plant growth regulator, as described previ-
ously (Ashizawa and Zenbayashi 2005); distilled water was 
added as needed to maintain the solution level. Plants were 

grown to the four-leaf stage in an incubator as described 
above for the pathogen. The plants were then sprayed with 
traversianal (30 or 40 ppm) or 0.4% DMSO (as a control) 
(2 ml per five plants) and kept at 25 ± 2 °C for 24 h, then 
sprayed with a conidial suspension of P. oryzae (1.0 × 105 
conidia/ml; 2 ml per five plants). Plants were placed in a 
moist chamber for 24 h at room temperature in the dark, then 
transferred to an incubator at 25 ± 2 °C with 12 h light/12 h 
dark. After 7 days, all blast lesions were counted. Traver-
sianal at 40 ppm gave the best protection, with 48.7 ± 29.1 
lesions/plant (mean ± SD), 55% fewer than on the control 
(mean 109.0 ± 52.6 lesions/plant) (Fig. 4). Traversianal at 30 
ppm also reduced lesions to 36% fewer (69.3 ± 32.8 lesions/
plant) than on the control.

Means in Figs. 1 and 3, and 4 were analyzed for signifi-
cant differences among treatments using Tukey’s HSD test 
(P < 0.05) in SPSS Statistics ver. 22.0 for Windows (IBM, 
Armonk, NY, USA).

Traversianal was active against brine shrimp (Artemia 
salina) with LC100 at 2.5 × 10–6 M, lethal against snails 
(Biomphalaria sp.) at > 2.0 × 10–7 M, and had modest hemo-
lytic activity against human red blood cells at 5 × 10–7 M 
(Stoessl et al. 1989). However, it caused no harm to chicks 
after oral crop intubation with 100 mg/kg and was not toxic 
in standard growth and germination inhibition tests on bac-
teria and fungi according to Stoessl et al. (1989). However, 
knowledge on the bioactivity of traversianal remains limited 
and unclear.

In our previous study, traversianal inhibited conidial ger-
mination of Colletotrichum orbiculare at concentrations 
above 2 ppm and was fungicidal at 5 and 10 ppm (Ino et 
al. 2024). In the present study, traversianal also had anti-
fungal activity against P. oryzae, although the concentration 
required for complete inhibition of conidial germination 
was 30 ppm, approximately 6-fold higher than required for 
C. orbiculare. Their different sensitivities to traversianal 
in terms of the concentration and exposure time required 
for fungicidal activity might be due to differences in their 
conidial characteristics, such as size and septation.

In the preventive efficacy tests, traversianal reduced the 
number of lesions by approximately 55% at 40 ppm com-
pared to the control and was not phytotoxic. Thus, pretreat-
ment with traversianal could partially protect rice plants 
from pathogen infection for at least 24 h, suggesting it has 
potential as a new control agent against P. oryzae. Further 
studies are essential to optimize treatment protocols and 
elucidate its antifungal mechanisms as are comprehensive 
toxicological evaluations using diverse organisms (includ-
ing mammals, birds, and aquatic species) to scientifically 
validate its safety profile.

Fig. 2  Thin-layer-chromatography (TLC) bioassay to detect antifungal 
activity of traversianal against Pyricularia oryzae. Silica gel TLC plate 
was spotted with traversianal at 30 ppm (100  µl) and developed in 
chloroform–ethanol–water (40:10:1, v/v/v), then sprayed with molten 
potato sucrose agar containing > 1.0 × 107 conidia/ml and incubated at 
25 ± 2 °C for 7 days
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Fig. 3  Time course of fungicidal activity of traversianal against Pyricu-
laria oryzae monitored for viability using fluorescein diacetate (FDA) 
and propidium iodide (PI). Conidia of P. oryzae (1.0 × 105 conidia/ml) 
in 30 or 40 ppm traversianal in 0.4% DMSO or 0.4% DMSO (control) 
were incubated on glass slides in a moist chamber at 25 ± 2 °C. After 
0, 12, 24, 36 and 48 h, FDA and PI were added at final concentrations 
of 20 and 10 µg/ml, respectively. After 10 min, conidia were examined 

with a fluorescence microscope to count green-fluorescing conidia 
(viable) in. (a) Conidia after 48 h. Scale bar: 50 μm. (b) Mean (± SD) 
percentage of viable conidia in three experiments in five randomly 
selected fields of view using a 10× objective lens per experiment. Dif-
ferent letters above the bars indicate a significant difference between 
means (Tukey’s HSD test, P < 0.05)
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that are relevant to the content of this article.
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Fig. 4  Effect of traversianal on 
number of blast lesions at 7 days 
after inoculation of rice seedlings 
(4-leaf stage) that were pretreated 
with traversianal (30 or 40 ppm 
in 0.4% DMSO) 24 h before 
they were sprayed with 1.0 × 105 
conidia/ml of Pyricularia oryzae. 
The control was pretreated with 
0.4% DMSO. (a) Leaves with 
blast lesions and (b) mean (± SD) 
number of blast lesions on five 
rice plants per treatment in three 
experiments. Different letters 
above bars indicate a signifi-
cant difference between means 
(Tukey’s HSD test, P < 0.05)
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