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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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orbiculare= A E Aol 1Y LG NA A=A FEH F27]
£ FAsH RV YR detd S o= A3 S 1+
Toff A=A WRE A st B EAAI T g A 3l
th(Agrios, 2005). 2| C orbiculare7} A EA) XA Al 7] 9=
7NFAZ} SEFE TAE o] F L 2 T AAFAL LAY &
A= A= FY TAE ol Erh &2 A ltHGan 5, 2013).

Ut A= olgtA o tigt WA= =2 9
9] Z35} 13 Benomyl”, ChlorothalonilZ} Kasugamycin®“o] 2FA]
2 FEEHUT 28 2 HAT sAES Fe 4]
A=9] 8ol ek X8 -FAbE o gt Tl o] F7hskal
Ut s EAA AT LA dEE A mo] 2 H X8
75 AHE-2 2000 o8] 20104 of| = 528 F7}151% 2. o
W 51.6%9] FAIAAIE Hol 1 ol B E ¢l theong 5,
2012). A& FAHES A4S S8 n| =S o] -85ty
A= Z WA fgt AtEo] wol M= L gl

SRR Tl SHY 2GR %S
ZFEN AA O] g FFa G, TaedtE, M,
HIEHRl, vl Y| & A 4tst= ¥ &7 & 7 (Mata 5, 2010), HEO|
L AR, Y gL, TE=Y Hol, HeA3 wHA &8
TLE2 YA AL EH L Y YoM = S RLHEF
HA O 2 &gt ot Frtof| WhE 50| FoE L gl
=H, 228 FE53 Y G A ZS AT Y o]
140% S7HE QL H| 2 2 A & F-835HA AHE-E &= itk
5} th(Safi =, 2014; Shaaban, 2001). Z Yo A= =24 =}
Ol T4 &8 7Hs/dol T Yk dE =9 7S¢
2o FFHLE FHEE= HAANEA Yo 2L HE A
YA E Y 2 o o] SUHEE AL 2 U
(Choi 5, 2015). E3F ol A &= 71 A 37} 31 = Q=T 7
A G At Ao A S22 S At AT AFFA ¥
°] 30% 5 7}ot= A 2 = e thHHa, 2015).

ZE2HZHE s B AF4 o= &&517] f5te] 2
2o Y EH EAZ St S2H Y wigxd
< Y3 o H(Kim 5, 2014a), 222t A 2o o3t FU=9
e anel it 58 S0 it A A E 2
8 THKim 5, 2015). E3H S 2 2tof| o3t 2H&E 2] A 4H4
Wl A aatol] A= A== Bl S =2
£ AYstA Y FA 2ol vl A Wl 7t oF 74% &
a8t A2 et on QAfFY F¢-e 22429 A
o A A Hali7F AASHA Fashe Ao 2 YEE
THKim 5, 2014b). o] = 22 Azt X271 &4 s4=2
AEEAR 7| sAAEEAY SHET o2 A& TS
A 8t= dl = apA o] gt & 4= QU

v S22 dete] o7t A= TA A 712 disiAl

oL 7t A AF-7F vl FStt WEHA 2 A= 2=

12HS 2o Eof AA s RE wf #2718 FA sk 4
Lt Corbiculare?t 20|43 F32go I
o<

A0 3 Foto] BT EF F2Ae}E o] g3 A8
y}

14| 7H5 A4S dotR 1A o ehA W A of] AT E] =
A Benomyl®2 A 2 2|3t © 0] A 23} v] Wt T},

W of o Mo n® e
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AE. ABEHI Q= Lo|FAF 2olRA Y A
S 2 FATE @ o|FF A XA (Cucumis sativus L; cv. Jeong-
seonsamcheok; Dongbu Farm Hannong Co,, Ltd., Seoul, Korea)
= FAste] Aol AHESHATH 2 0] FAE EolA7]7]
2] 3} Petri-dish©]| filter paper (diameter 90 mm)E ¥ 1 H+t
T 3mIZ F& A7 F 20| FAE Y a1 25°Cof| A 2447
e Aottt F ot Lo|FAE A HE = A& A
E (Tuksimi®; NongwoogreenTec., Suwon, Korea)7} A ¢ A &
2}2 ¥ Z E(diameter 8 cm)o]] 1}E3} 1 F7F 25°C+1°C, oF 7t
18°C1°C, F57] 12127} 7 5= 42 ] oAl o] 4 A3t
Hom A4 T 10Y T Al1go] &3] MAHE 252 4
=0 A FARRE BA 9 Al S A F st A RE AHE
skt

XF.  Chlorella fusca CHK0059 o5 = H5d st o
2R 2 dol Ao ALE-sLGAT o] 2F/E g5t
2] 3l A Bold's basal B} X] (Thompson -, 1988)£} BG11H}| 2] (An-
derson, 2005; Stanier 5, 1971)2] A A3} etA Y, n|FH A
£ A A3 234 A ¥ ¥ g BGMM (BG11 Modified Medium)
2 Kim £(2014a) 9] 9 of wat 281 k. C fuscaS 5%
BGMM LA vz of] 30t E2H o= 3 F5hof 28°Cof| A 5
ZhajeFste] & st i gE g #3572
A 7] (SH-A2; Chosion Electric Appliance Factory, Beijing, China)
7} A 2] = vl F4-7] of] B 71 BGMM 5% 4 713t o A ulj 2] of]
AHZFT T 28°C, 5000 luxoll Al 747 v st 228
2} A 2] & 93 4] hemocytometer (Hausser Scientific Inc,, Hor-
sham, PA, USA)Z o]-23}o] A E 5 1.0x10" cells/mlZ 23
st 8] H d e of Tween 202 001%2] 522 H 7}
3l & B.EL7](Aervoe Industries Inc, Gardnerville, NV, USA)S- 9]
&3to] o] A= A 2|53t

HelHd, Qo] SAY L U2 7)= C orbiculare 3
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£ potato dextrose agar (PDA; Becton, Dickson and Company,
Claix, France) Bl ] of] =3} 11, 8| %F 7] (DA-MIL-2500; DONG-A,
Siheung, Korea) 2 A 25°Co| A1 10 7t vl st o EA &;
Z(acervuli)o] P H etA Y9 plated] BF5 10mIE ¥
1 loop o §3he] =} Betol 24 ek olet EA el
2 miracloth (Calbiochem corporation, La Jolla, CA, USA) 2 ] =i}
s} FAS A A g 3 hemocytometerS ©]-8-3}o] A} 35
T 1.0x10° conidia/ml2 23 5}o] A5 Th 2] 2ol A
£2 37 AL BeFo] 20] Yol A AHES =
AL A EH of| Tween 202 001%2] =2 HA7I & 77|

o] g3t HFst A

C. fusca Mx2|Q} C. orbiculare HE. AYAF
= 53l C orbiculare®] Tt 2 A Q1 FF&H/d o] ElH C
fusca7} Q0|2 &0 A= Lo|gAH WS JA|5t=A] 4
FHE Zst7] 98l invivo 2= AAISHA T C fusca @&
N o] FI=E 2.0x10%, 20%10°%, 2.0x10" cells/mlZ 23 & &=
HE Qo2& gHof &5 A2t o] 2/E AT
QO A BEA| S A2 o A 5A17F 5o A XA 7] & C orbiculare
=N (1.0¢10° conidia/ml) & #5351 o] 13 STt C orbicu-
lare7} & oA E& AHEE 99%7F 7R == 32
% 71(DA-DC DONG-A)ol| 4] 28°C, 24A| 7t & qF H ket & 37t
25°C+1°C, OFZH 18°C1°C7F F- A H &= A B v FA R &7] 1
109 ¢ I o 75 &5t 3, C fuscad] 29|
SR A A A= E Bt F8stA S5 flste] C
fusca A EFY T Al AFESs 18] 3 A 39 benzimidazole 7|
AFA| 21 Benomyl® (a.i. 50%, WP; Agrotech, Seoul, Korea)< 0.7
N s=2 ZtZF A5t ¥ YA == H e HF 10
A o k& At SASH AT AP 259 14
O 7 F3WE AN 2 APttt A 2t 571 9] A
=& WSt 1570 &) A &4 & AHE-5H i T

C. orbiculare2| Z+HTX &, Cfusca®l &3t C orbi-
culare®] 7 E A o -5 Lot 7] Y3l Corbiculare?] 7 A
T2E FFARN B ol &5l s ATE At 4, Cfusc,
Benomyl®& A ] 2|3} 1 C orbiculareS E3H 3 1,3,59 7+
Ao 7 90| 95 A F 5}t Jeun 5(2000)0] H 7 HH o
et A &5 A s

Qo|EtA R o ZFgH Q0] ¢ o] ¥l B 2](diameter 9 mm)
£ A FH 3t 2% glutaraldehydeE 333 0.05 M phosphate
buffer (pH 7.2)0]| 2A1 7k -2t 117 8t 3 5 AU gt phosphate buf-
fer= 10 ¢t 242} 33 Al A5ttt o] &A ¥+ Al

ZHS HA3L7] 93] 0.2% diethanol (UVtex-2B; Polysciences
Europe GmbH, Muellheim, Germany)< 3£ 313} phosphate buf-
fero]l 202 53t FA3}3L phosphate buffer2 108 591 33]
A ek edeh, AL oh A2 L slide glassE &2 5
70% glycerol= g 2 G o =7 5 cover glassZ mounting
3T} ZF A| R 52 § 37 ¥ (exciter filter, BP 400-440; inter-
ference beam splitter, FT 460; barrier filter, LP 470)7} 2t o] A
g 34-& u] Z (Olympus, Tokyo, Japan)< ©]-2-31 C. orbiculare
o B PEE BAAAL YR TR, ol 192
H27)15 Aot lal g Z24of o g dopa(="to}
T S/E A 2003 wokaol gt 227) 9§ BER2)
/ot %) AP SH T A3
O FHE HF AT S HAISHI L
2 2o|XE 57NE Erlehglar 7
%

& A2Iato] w5 A,

EARM, Ad<, Cfusca, Benomyl*S AA g & 9
oletA S HFT 2o dollA £AHE C orbiculare] A A
EA <, ot E Ak W FAH BA7| 0 7 A2 B
T+ 7+9] kol ofl 27t §- 04 -2 SAS 9.3 (SAS Institute Inc,
Cary, NG, USA)Z o] &3t Duncan®] oS AAH O 2 B A
Bld=g
20 o 2%

RO|AEHMol C. fusca Fx{2|of 2|t LO|EXH
MM AN, Cfusca® 2 H 29 Fa&Alo] 2o]etA|
U JAsH=A] o FE gotE 7] Y o4& C
fuscas A 2|3t L3} & 2] 51A] Z-2 A of CorbiculareE BE
e UEhd e o] ehA o it -5 £ AFSHRI T

FA R 20| QoA Hrt FAL HUA HE F3¢Y
A HE 22 RbH S0l 254 Hol7] A|&s sUARE W
Hho] =3 6HA et om Rk B2 A A 7} HshA]|
P HUFY 452 FHE e HF510¢ + ol A
AEHA 22 YREE9 277 S7HE L FAH A HA 99
F3% 498t 2 3 Sl = 3l thFig. 1A-a).

C fuscaE AA 27t 20| Ao A= A= T C fusca®l F=
7t ot R QoA O Wl 7 st A B
k. C fusca 5 =71 10° cells/mld] AN A 25k Aol A
= A E A &2 FA Y do vl HHHF HF 108 &
of oF 56% §uF =7 kAT 1Y C fusca Y 5
E7H10 cells/ml FEFH-& A A 2]t Aol A= Rt =71 o
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Fig. 1. (A) Disease severity on cucumber leaves pre-treated
with H,0 (a), suspension of Chlorella fusca at concentration with
2.0x10° cells/ml (b), 2.0x10° cells/ml (c), and 2.0x10 cells/ml (d)
and a commercial fungicide Benomyl” (e) at 6 days after inocula-
tion with anthracnose pathogen Colletotrichum orbiculare. The
suspension of C. fusca were treated at 5 hours before the fungal
inoculation. The concentration of C. orbiculare and the Benomyl®
(a.i. 50%, WP) were 1.8x10° conidia/ml and 0.7 g/l, respectively. (B)
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 range test.

5 fraE o] oF 78%71A] A8 thHFig. 1Ad). £3, B4 €
O] 27|17} ZFoba] AIZE Tl what WRke] YA 2| =
F/d2 Ut A] okt whebA Cfusca @R A 2] o) &) 3
LoghA g o dhg o] A FS & 4= AU
4, C fusca®] 2.0] &A Y AA| a5 AlT5 o} v

171 $13}+od benzimidazoleZ] Benomyl® =314 & 2.0 o]
Ag o= AN YT F FAY WU 22 2415
oh Al FoFE AA 23 20] QoA T4 2o vl 1
Wk =71 77.0% A UEbst o0 o]= C fuscag 107 cells/ml2
A2 S W o FAR AA a7} Q= Ao 2 2AE ST
(Fig. 1B).

Z250l o8f A& o] A H = At oln| BilE o] §)

[l

O

o

O F2 22 S g 2R IS AL &
Aol TAHG L o] 59 FEE A3 A=l JA
ok 2 3 5 9l oh(Kulik, 1995). 2 R1o] t2d Axd
SRS 25 ATy FR7]ol A5l =
1= o Z 5 of GFLVE " 7] 3F+= Xiphinema <] 7] A
7} 4= 3 ThBileva, 2013). B3 AR ALt H71E At
7] Ao C fusca®} 22 491 C vulgaris CHKO08-S & ™1 ] 2] 5}
W A4 o] BATHA FAEE Ao B 1 E YcHKim 5,

2014b). 0| ¢ 2R Wete] 427 B N YH FLEA
BEE oty 2l A Z o] Wojuh-g-Ql AR o EE o wet
A= 23 = Tt Lee @} Ryu (2016) 01| ™2 H Arabidopsis©]
C fuscas # 2] 8}l Pseudomonas syringae pv. tomatos &
3l 5 RNA-seqs 2133t A1} C fuscas A 2]t Arabidopsis©ll
A ROS9F A= ol 2 Ao W& 2 C fuscaoll <3 A4
o] 4 =H Aztetn 1 sk

I3HY C fuscadll o3l A= A o] A== 7|2k o
A= TR LA A R wEhA o H Aol M =
CfuscaE AA 2ot A2 JFT 20199 FHjHA
HokE FFand o= Bk

C. orbiculare®| ZHTZE #E. Cfuscaol 3+ 29]
A T A dele Brh AESHA FotR 7] 98] &
o] 1ol A C orbiculare®] ZHH F-HNE HE F AEE Cor
biculare®| A}, Fotg it 27| FHES FFARNB =
o]-§-3}of =ALS}A T
LA 2|3 2.0] Yo C orbiculareS FHF3 thS 1Y o
AET Ao EHS FFSHAEY oF 6071/A1 2 2] C orbi-
culare EA}7F BEE] 931 1 F 80% ©]AFo] HrotE| ¢ thFig.
2A,3A,B). B2 - ol A5 RA7| S FAJ T A7} O]
Tzl a, wEE AA 22 F35% AT REAVE
/33t thFig. 2A, 30). FF F 38 A ol = EA o Ao
ob& 121 §A7] FAEN= 144 vl sl F3g Zfo]
7F L ThFig. 2D, 3A, B). F F 5@ Aol &= W2 EA,
ZA] Hrobg Al §A7] A E = EHE Aoty
ERLER] 9FSETHFig. 3A, B). o= W to] A= HET &
A 7FEborstar Al E A o] M dshr] 7t #2H7] Aol A
F 52477t oY of| o] Foj X T}Al & = Sl Tt
C fuscas AA 23t 20| 4o FHANA 2AHE C orbicu-
lare®] EA = HE T 144 FA 2T Qo BEd =4
Fof vlsto] ol AA AaH Ak o A7 AL A
= %ﬂi T 3979 5L A o A = [AFSHA] 2 AHE A THFig.
RS AA S AE ol HdolyddES HET

)
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A3} FA] 2 of] v 3 LA Wholgo] A E = A
2]

ot

Av| 3L Sof st o v o] MY E A7t A =e
Z B0 AE Yo U E ZraAFItts Autaty Bk
HKim 5, 2011). WA C fuscal) A A 2 of 9t A& =
2919 B UF U a7} Lol Aol T Aoz
88 4= Tk B 4 9k ol C fuscad] WA 2 of o)
ROIH 325 2ol 93] B US| Ao} da
23 4 QAT A AU FHH A
4 3 A7) S5 olof el

C fuscas A 2| Ao A ix}—l Pole 2 HE T 194
tha otk 10 4% 3“ﬂﬂ6“ﬂﬂﬁ =
ol u]3) A woh&-£ 7hAw X 9F9tTHFig. 38). oeh
A Cfuscaoll 2]t L o|gh A o] ¥ AA| = EA oS Ha
AL 2 YEtu= @4 olehal 7] = o ok 28y dut
Ao gz ZATolE A5t WIS A4 0= WA
S 4= okl & H A QT ol E 59, Bacillus subtilis, B. amy-
loliquefaciens, Paenibacillus polymyxa, Pseudomonas putida 5
o n| A Z A Aol &J3f) STk AW o] A EolrE A H %
2 o (Kwak 5, 2012), &= Y3 H =1 WA S 918 Bacillus
methylotrophicus, B. amyloliquefaciensE *| 2| gt 2 1} 32} ¥

ool ZALAAHo] oA E|o] oF 70%9) WAI7HE e A

%

D SR
-T'-IOMIUO
NHU

Fig. 2. Fluorescence microscopical ob-
servations of infection structure on the
leaves of cucumber plants untreated (A, D,
G), pre-treated with Chlorella fusca (B, E, H)
and a commercial fungicide Benomyl” (C,
F, 1) after inoculation with Colletotrichum
orbiculare for 1 days (A-C), 3 days (D-F),
and 5 days (G-I). 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/I, respectively. All
bars=50 um. a, appressorium; ¢, conidium;
cf, C. fusca; gt, germ tube; h, hyphae.

© 2 B335} tHHan 5, 2015).

C fusca©l &3t Lot WA A A=
B Aol ot A= AAZ C fuscas AA 23 &
o] QoA HYHF HE T 194 C orbiculare®] F-2}7] & A
o] LA 23t Yol vlsl| FA8HA st en 1 o] Fo =
C fuscas A A 3t Yo A= C orbiculare] 2718 #&
3}7] o} 2 ¥ thFig. 2B,E H,30). H-2 7| = A 4 & £
2 A S ddto] AEAE A Yst] HallA FAsH=
ALO] ot FE| 2 A S A A =G o2 FA| 5L
gl RO 2 Eof glof & Aete] o3 A=AE I
gttt & A QL tHAgrios, 2005; Howard 2} Ferrari, 1989; Than
5,2008). o| 2| gk o] A EA J ol BHE 718 F
A dae AFdFoz § A A E ou| gttt B. methylo-
trophicus, B. amyloliquefaciens 53} Z+-2 28 u| Y& ) 2 °ﬂ
o8l &4 WS NS WA Y F2H7| FA o] dA ==
© 2 JEG O H(Han 5, 2015), 1] A& 9o = —(P—HHX}'L]"I‘
of| A —7—%@ AEFEEa Adstd =g o 727 3§
2N EN HEgH DS A5Gt B
A~ CHE}' Ahn 5, 2005).

3t Benomyl"S A A 2] 3t 2 0] Yo FaE Ex}

S A7kl #A Yol FA ol vs 724 A

et F217]

ol

[e
O

mEr:lJrSL‘

<4
s
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Fig. 3. Number of conidia (A), germination rate (B), and rate of ap-
pressorium formation (C) of Colletotrichum orbiculare untreated,
pre-treated with Chlorella fusca and a commercial fungicide Beno-
myl”. 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/I,
respectively. The different letters represent significant differences
(P<0.001) according to Duncan’s multiple range test from three
independent experiments.

St 3L(Fig. 3A) EAL Totg = FA 2 of vl A UA

et AtkFig 38). £ F AR R27)E WF F5UA
7} A 9] ZrobE 4271 ¢l 9 thFig. 2, F, |, 3C). Benomyl* 2 Al

EZ Y] ol Al methyl 2-benzimidazole carbamate 2 2 2+%] o] Al
2R A Ao 2 At &3S YERY & (McCarroll
002), C. fuscas AR 23t A Eol| A = fFAFSHA F2H7]
E9 a7t dH5HA Aastgon = o]t £217]
B/ A7t Lolek A LAY A o F 2% TS st= A
=2 Az H

C fusca®) 23t C orbiculare2] F-2+7] &4 A 71Z}Ho] of
A= LHA 87} glok ot C fusca) BH| 22 of 93|
C orbiculareQJ Hz27) g A 5Ho] AFHE 7o) it o
S, 593 &of £3+= C wigaris= A 1+ F AW

N

!

[0 ot ot o Hd
2L C-_>1:

Ara} eb43HE 9] T34 ¢l chlorellino] 2= &2-& Hu|3}
Lg o] EZL thE 2 Z2 9 N F7HA EAL YERdTt T

1 31 %] 9 th(McCracken 5, 1980). W-2}A] C fusca®l] 2|3t 29|
bz W o] A7 A= C fusca A A 2ol &3 C orbiculare?)]

B27) P4 A7 2R A YUY Ao E AHEA| T
ot gt 712 ve) 7] Yl A= A A S B
Az tzed A7 g e strhal A E o

OF

o
40 =

BEUAE B B RUAOZATE S ol
24 4B ARZA AT o Bo] A1 BH 2L o
ARE} T 9o ek el 22 ek A A%

Al 712k A= A7 vl g Aol oh & At A
Z29 e} £ C fuscal] BENE 20] 9o AA 25t
< o LolgAH XHo| A | =A] A FE ZASHH o,
Cfuscas AA 23k 20] QoA LolgtAg oA 72 &
obH gfrh. 11 Ay}, FA gk Yol v3f C fuscas HAA g
Aol A C orbiculare®] F-2t7] B4 Eo| F3SHA HATHA
o B3 JF oA EHE 2, FA g Qo B
3 24 AA FAsH . 3HA, A A Benomyl*S H A
2|3t 2 0] Ao A= C orbiculare2] £2}7] A Eo| I A 7
23t om ZALE C fuscaS AR 2 At SASHA 7
2=tk mEtA o] & AIE F3 C fusca A A 2o &)
S o|gtA W WA o] AA = o] = C fuscaol &3 A= o &
Hol| A Ae}eHA E= F2 2] 2§02 QI3 C orbiculare®
247 g4 ek 141 F s Aol 2ta A ZEr
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