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Efficacy of buckwheat straw extracts against the rice blast fungus Magnaporthe oryzae
Tomoko TAMURA, Kazuyoshi UCHIDA, Junichi KIHARA, Makoto UENO＊

  Abstract   Rice is one of the most important crops in the world. Rice blast disease
caused by Magnaporthe oryzae is one of three major destructive diseases of rice. Chemical
fungicides are required for the control of rice blast. However, overcoming fungicide resistance of M. oryzae is critical for successful chemical control. In this study, the inhibitory
activity of hot water extracts of buckwheat straw against M. oryzae was evaluated for new
fungicide development. Germination of M. oryzae conidia was significantly inhibited after
incubation for 24 h in an extract of buckwheat straw. Significantly fewer blast lesions were
formed in M. oryzae inoculated seedlings treated with the extract compared to seedlings
treated with distilled water. These results indicate that inhibitory substances effective
against M. oryzae may be present in hot water extracts of buckwheat straw.
Keywords : Buckwheat straw extract, Antifungal activity, Magnaporthe oryzae, Rice blast,
Oryza sativa, Fagopyrum esculentum Moench
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Introduction

₂₀₁₀）.
Buckwheat（Fagopyrum esculentum Moench）is a

Rice blast caused by Magnaporthe oryzae, bacterial

commonly grown food crop in Japan. The classic Japanese

blight caused by Xanthomonas oryzae pv. oryzae, and

work on agriculture, Nihon Nousho Zenshu, mentions

sheath blight caused by Thanatephorus cucumeris are

that extracts of buckwheat straw were used to control

three major diseases of rice（Zou et al. ₂₀₀₀; Hu et al.

rice blast in the Edo Period. However, inhibitory activity

₂₀₀₈; Li et al. ₁999）. It is well known that ₅₀–9₀％ of the

of buckwheat straw extracts against M. oryzae has not

expected crop is lost to rice blast（Agrios ₂₀₀₅）. Resistant

been clearly elucidated experimentally to date. This

cultivars play an important role in the control of M. oryzae.

study assessed the effects of buckwheat straw extract on

However, the durability of genetic resistance in improved

M. oryzae conidia germination in vitro and blast lesion

rice cultivars is often short lived in the field（Ahn ₁99₄）.

formation in rice seedlings.

Consequently, chemical fungicides are required in
strategies for controlling rice blast. M. oryzae resistance to

Materials and Methods

these chemicals has been reported in cases of extensive

Rice plant and pathogen

use（So et al. ₂₀₀₂; Yamaguchi et al. ₂₀₀₂）. Therefore, a

Seedlings of rice cultivar Oryza sativa L. ʻKoshihikariʼ

search for inhibitory compounds is required to develop

were grown to five– to six–leaf stage in a glasshouse

new fungicides. Antifungal compounds of microbial and

as described previously（Fujita et al. ₁99₄）
. M. oryzae

plant origin play an important role in the biological and

（strain Naga ₆9–₁₅₀, race ₀₀₇）was grown on rice bran

chemical control of plant diseases（Fravel ₁9₈₈; Shimizu

agar medium（₅₀ g rice bran, ₂₀ g sucrose, and ₂₀ g agar
dissolved to a final volume of ₁ L with distilled water）at
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₂₆–₂₈ ℃ for ₁₀–₁₄ days. The growth plates were kept at
₂₅–₂₆ ℃ for approximately ₄₈ h under near–UV light.
The synchronously formed conidia were then used in the
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germinating was 99.9 ± ₀.₄（Fig. ₁B）. This inhibitory
activity was confirmed not only for the buckwheat

Preparation of buckwheat straw extract
Hot water extract was prepared from the straw of

cultivar Shinshuoosoba but also for two other cultivars,
Kitawasesoba and Dattansoba（data not shown）.

buckwheat cultivar Fagopyrum esculentum Moench ʻcv.
Shinshuoosobaʼ. Buckwheat plants were grown for ₂–3
months in an experimental field. After harvest, the plants
were air dried to make straw. The extract was prepared by
boiling ₅ g of shredded straw in distilled water in a flask
at ₁₀₀ ℃ for 3₀ min. After cooling, the extract was filtered
through gauze and concentrated in a rotary evaporator.
For the following experiments, the volume of extracted
samples（₅g）was adjusted to ₁ mL.
Infection inhibiting activity of buckwheat straw extract
M. oryzae conidia（₁ × ₁₀₅ conidia/mL）, suspended
in hot water extract of buckwheat straw or distilled
water, were placed on glass slides and maintained in a
moist chamber at ₂₆–₂₈ ℃. After incubation for ₂₄ h, the
percentage of conidia germinating was determined by
light microscopy.
Inoculation test using rice plants
To investigate the suppression of blast lesion formation,
rice seedlings at five– to six–leaf stage were inoculated
with M. oryzae conidia（₁ × ₁₀ ₅ conidia/mL）in the
presence of buckwheat straw extract. Distilled water
was used as a control. The inoculated seedlings were
incubated in a moist chamber at ₂₆–₂₈ ℃ and then
maintained under natural light conditions. The number
of blast lesions on rice leaves were counted ₇ days after

Fig. 1

Inhibitory activity of buckwheat（BW）straw hot water
extracts on conida germination of Magnaporthe oryzae.
The conidia of M. oryzae were suspended in straw hot
water extracts and dropped onto glass slides. After 24
h of incubation in a moist chamber at 26–28℃, conidia
germination was observed by light microscopy.（A）
Conidia germination of M. oryzae observed under
a light microscope.（B）The percentage of conidia
germination. The experiments were conducted in
triplicates. A total of 300 conidia per experiment were
examined. Asterisk indicates significant difference
compared with the control（t-test, P < 0.05）
.

inoculation.
The development of blast lesion formation was
Statistical analysis

significantly inhibited in leaves sprayed with hot water

Data are reported as mean ± standard deviation

extracts of buckwheat straw（Fig. ₂A）. The number of

（SD）. Significant differences between treatments were

blast lesions in the control was ₂₁.₂ ± ₂₁.9 compared with

determined using t–tests.

only ₆.₆ ± ₅.₆ lesions in leaves treated with buckwheat
straw extract（Fig. ₂B）.

Results and Discussion
Conidia germination of M. oryzae was significantly

Buckwheat has more rutin（an antioxidant flavonoid）

inhibited by extracts of buckwheat straw（Fig. ₁A）. The

than a number of other plant species（Dietrych–Szostak

percentage of M. oryzae conidia germinating in buckwheat

and Oleszek ₁999）
. We considered whether rutin was

straw extract was ₀.3 ± ₀.9（Fig. ₁B）. In contrast, in

the compound responsible for the inhibition of M. oryzae.

the distilled water control, the percentage of conidia

Infection behavior of M. oryzae was not inhibited by rutin
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publishing this report.
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