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Abstract

Chlorella is known as chlorophyceae which can live autotrophically by
photosynthesis, promote the growth of plants and suppress some plant diseases.
However, a few researches in inhibition mechanism of plant diseases by chlorella
have been carried out. In this study cucumber leaves pre-treated with Chlorella fusca
suspension were investigated whether anthracnose by Colletotrichum orbiculare is
suppressed or not. Furthermore, in order to illustrate how the algae can restrain the
antracnose, the infection structures of C. orbiculare were observed on the cucumber
leaves pre-treated with the algae. Consequently, appressorium formation rate was
apparently reduced in the cucumber leaves pre-treated with C. fusca compared to
untreated control one. Also, the numbers of conidia found at the inoculation sites
were significantly reduced compared to untreated one. On the other hand, on the
leaves pre-treated with Benomyl® appressorium formation were decreased
remarkably and numbers of conidia were also reduced similar with those pre-treated
with C. fusca. Based on these results, it was revealed that occurrence of anthracnose
can be suppressed by C. fusca pre-treatment and suggested that biochmical or
structural hinderance by C. fusca resulting in the decline of appressorium formation

on the leave surfaces may play an important role in the disease suppression.
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Fig. 1. Inhibition of mycelia growth of anthracnose pathogen Colletotrichum orbiculare on
potato dextrose agar medium inoculated with Chlorella fusca at concentration
1.0x10’ (A) and 1.0x10° (B) cells/m¢ and untreated (C). The presented photos were
taken at 7 days after inoculation with C. fusca. The suspension of C. orbiculare
(1.0x10° conidia/m¢) was dropped at center of the medium when the inoculation with
the green algae. The vertical bars indicate the standard deviation of 3 replications.

Different letters on the columns indicate significant differences (P <0.05) according

to Duncan's multiple test.
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Fig. 2. Disease severity on cucumber leaves pre-treated with H,O (A), suspension of
Chlorella fusca at concentration with 2.0x10°(B), 2.0x10° (C) and 2.0x10’ cells/ml
(D) and a commercial fungicide Benomyl (E) at 6 days after inoculation with
anthracnose pathogen Colletotrichum orbiculare. The suspension of C. fusca were
treated at 5 h before the fungal inoculation. The concentration of C. orbiculare and
the Benomyl® (a.i. 50%, WP) were 1.8x10° conidia/ml and 0.7g/L, respectively. The
lesion number was counted at 10 days after inoculation with C. orbiculae. The
vertical bars indicate the standard deviation of 3 replications. Different letters on the

columns indicate significant differences (P <0.001) according to Duncan's multiple

test.
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27449 esta A7t e ofof dhrt,

C. fusca® A 2]gh SloflA Ao o2 HF F 194 v a4t
aEd HE F 3AASH sAAAE FAY vle) =R Dol TaHA
et THFig. 4B). webA C. fuscaol &3t QolebA e W A= Ex} WolE
Aoz UehtsE 4ozt ®Br|E oy gy gdwrdor:=
ZApuol olAlstel WAL EaHOR WAT 5 Uvkn AelA Yk oS
=, B. subtilis, B. amyloliquefaciens, Panibacillus polymyxa, Pseudomonas putida ‘s 2]

v E A A o aFERAE e ExpEolrh oA E gl oM (Kwak S, 2012),

do
4>

PN
T d

ol

X5 WA S 98] B. methylotrophicus, B. amyloliquefacies2 ] ] 3t

in)
o
Fl

Apgtolel FARA O] A F o] oF 70%°] WA VIE YEME Ao Kl
3l tH(Han %, 2015).

C. fuscaol 2Jgt QoJ&tAy WA A= WA HF27] FA oA
o) ZAox oAAXY C. fuscas A Ak 2o oA WA HF F 194
C. orbiculare®] Fz7] 3gdo] FA st ol Hl&l FHsA FAsed 1
oo %= C. fusca® A AHgst YeA= C. orbiculare®] F27|E5 #zs}7]
o] & AtHFig. 3B, 3E, 3H, 4C). 27|z ©@AW S EFe 9 A EW Yol
AEAlE st A8l sk Ak 3 FH
F271 YWR7E o degd AR FHol Qlo] uiF #ste] 9a AEAE
Hlstohar <A Qlth(Agrios, 2005, Howard?} Ferrari, 1989; Than 5, 2008).
olelst Wyl A=A Hdol HHR VH I Fas AFHer Wy LA

4% ou|stt}. B. methylotrophicus, B. amyloliquefacies &3 #2 A3dw A&


http://www.online-rpd.org/journal/view.html?uid=1467&page=&sort=&scale=10&all_k=%ED%8F%AC%EC%9E%90%EB%B0%9C%EC%95%84&s_t=&s_a=&s_k=&s_v=&s_n=&spage=&pn=search&year=&vmd=Full#B16

e
<
1>
(G
all
re
(G
tlo

el o w(Han %, 2015) W& 2e% eujrpubtolA F
Agstd wEgyel A7) gAES AaAFoEA HELW wds
AA AT B ¥ ATHAhn 5, 2005).

=]

8 Benomyl® 2 A3t eolde] #AE FAFE HE T A7t

Fr

dARlel FA el wla o A sk al(Fig. 4A) EA ok

A v Qud QA FAIATFi. 4B). Td FAF FANE AT

of

T 5974 A9 FolE 47b U THFig. 3C, 3F 3l, Fig. 4C). Benomyl®&
A ZEW oA methyl 2-benzimidazole carbamate® A gt o] A ERFS Ao 2ZH
At g 3E veERg=d(McCarroll 5, 2002) C. fuscas A g A EoA=

olelst R
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Fig. 3. Fluorescence microscopical observations of infection structure on the leaves of
cucumber plants untreated (A, D, G), pre-treated with C. fusca (B, E, H) and a
commercial fungicide Benomyl® (C, F, 1) after inoculation with C. orbiculare for 1
(A-C), 3 (D-F) and 5 (G-I) days. The concentration of C. fusca, C. orbiculare and
Benomyl® (a.i. 50%, WP) were 1.0x10" cells/ml, 1.0x10° conidia/ml and 0.7 g/L,

respectively. All bars =50 ym. Abbreviation: a, appressorium; c, fungal conidia; cf, C.

fusca; gt, germ tube; h, fungal hyphae
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Fig. 4. Number of conidia (A), germination rate (B) and rate of appressorium formation (C)
of C. orbiculare untreated, pre-treated with C. fusca and a commercial fungicide
Benomyl®. The concentration of C. fusca, C. orbiculare and Benomyl® (a.i. 50%,
WP) were 1.0x10" cells/ml, 1.0x10° conidia/ml and 0.7 g¢/L, respectively. The
different letters represent significant differences ( P < 0.001) according to Duncan’s

multiple range test from three independent experiments.
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Fig. 5. Photographs of scanning electron micrographs on the untreated cucumber leaves at

12 h (A), 1 (B), 3 (C) and 5 (D) days after inoculation with Colletotrichum orbiculare
(1.0x10° conidia/ml). All Bar = 10 pl. Abbreviation: a, appressorium; c, fungal

conidia; ca, collapsed appressorium; gt, germ tube
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Fig. 6. Photographs of scanning electron micrographs on the cucumber leaves pre-treated
with Chlorella fusca (1.0x10" cells/ml) at 12 h (A), 1 (B), 3 (C) and 5 (D) days after
inoculation with Colletotrichum orbiculare (1.0x10° conidia/ml). All Bar = 10 pl.

Abbreviation: ¢, fungal conidia; ch, C. fusca; gt, germ tube; h, fungal hyphae
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