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o, WA B (Fucus vesiculosus) WA r=yy — 5
TN IR AR . TN Z W2 e A UV BR [C TR (Rheinhei-
mera baltica)WM %, FREIFEL 4L & (Cytophaga sp.)
(BRI — BERC T, BRI 1Y SR B A TR A
fif A0 M BE I RE ), (HATRE R A LT 4R KRS
Y B BE K5 f 7 D RO, — PR AN M BE IR, kb
B AT RE R O B Bl e T R B R R,
AR A9 e B ER 5 B 1 AR Ak AT L5 | g B Ak
HEWIX R RS, ARSI fE 0 A R — S
2E4 R PR R P aE 23 5 R 213 (Delisea pulchra)
W Rl ) Al /L, 3 A ) S ) k2 2 3 S Ao R
FEAME D. pulchra 3, HZ 32 1L (bleaching
disease) ) & A=), Zozaya S5 A & B A= 1 H 14k
I B4 A Y 21 58 % 1T (9 Z1 FF 78 B (Rhodobacteraceae) il
T FT 14 #} (Flavobacteriaceae) %) 4 78 3= & B 2 7+ &5,
XL — 2L 5 AT DL S PN, W Rugeria
altantica. Aquimarina salinaria B A R al LS
WAL, BIRAFBGT), i Rosebacter 5| 22T
¥ (Prionitis lanceolata) Mg RE AR BT 38 3 w55 18
S 43 AT B B e AR 0 DX A A R B AR A R A T A
R EESE YA ) TIUE | 2 W B IR S R 1 SR, Xl
HE S a B — DA
2 ERWEXKR
21 WERF

H 20 P 5 | S 2 3 R B i LY, IR R B
SRR EOY B, O 8 I R 40 T 5 24 G
PR, 032 W B (Alteromonas) . HE AT 1 (Flavo-
bacterium) . 1B 51 (Pseudomonas) . R385 HA M A
(Pseudoalteromonas) . Ji& WB i€ [ (Saprospira) MoK &
(Vibrio) U190 330 e Ji A 55005 1 308 5 8 2 4 i
BE M IRAT G, 5 PEAT db A I, Bt LA & 1)
AR ME 43 B B B IE 195 B 0
211 WHTRE

Ry BE TR % A TR RB A% 5 | S T i i A, R T AR
o AR RSV A R R PN IS T LA A
WBETR, I ELRE S A PR BaE I | s 220 S5 T 1Y)
FEANMMEREFRY R LR B YA
R H, RGBS ERN ELZE, F
JH 240 L RE v i 4 B e A R T K R O, S Al
U P R R PR TR R B L, AR R
[k = O S L0 B 7 N V- L 1 )

W (Saccharophagus) 45 . AR S206 28 g P 5 37 4 AE
Yrrb oy B 5 E 1Y 4 BRI RE AR TR, o m] 51T | 58
SRV R kB B v e 2 9 A IR S AN
AL 1 # A AT RE S BURMFBUR R AR, &%
HAE:

212 HEMESRER

2R BE9H (Green spot disease) e 25 55 Fh 105 WL
WRE, — M AR R, WA M R B i S8 A
INC TSI AR EE, BEE TR AR, B i
FLIRA IF 52 o 2 F I FR Z o 28 ALK, 1968 AFEFE H AR
T U 44 R G B - 2E ] 28 A 003 I s g ]
53 B IR TR (Micrococcis sp.) . MBHLMITR . TR A1
FEER S 4 b B0, 7R E, AP s B o i e (P
citrea) | WHRAZ s BT (P. marina)P K B
RN 2 T BUERPERG 1 & 2E L 2013~2014 4R [ &F )1 [HR
SRR G R R B, YEA 110 J7 RIuh Bk,
YT BB 10.7%07, 51X 7 58 B0 19 9%
RN B R, (L2 7 R R B0 1Y) 5% 50 3R T RN A6 IS v o
FEEN R AR WA TR, 3 46 20 TR AT RE 38 2k 40 ik 25 S AR K
BRI SCAETER e . 5 DA SR B A 5] 1Y 2,
R & AR KRR T 10°C, FAEb, AIE—PI RN
foi AN S Bt A
22 ARE

Bl B4 (oomycetes) /& — R HAZ AW, M E B K
4 3| # A (Kingdom Chromista) 5§ & #f 4= 4
(Kingdom Stramenopilia)™®, JH:Jili 5% JAE ) F1 A 35 1Y
3SR, IR ZFVEY) . AEF | 20 e e S O HE 1
P e E R E A RO, e
(Pythium sp.) FUIMAE 1 (Olpidiopsis sp.)F Eurychasma
dicksonii, W& &5 B N0 2% %, 0051
AL AR JE s LI AR B, SR A TR RK K =
(Ectocarpus siliculosus)*",

2.2.1 FRJEFH(Red rot disease)

IR AT R R 2 IR AR 53050,
JEE SRR AR B O B E R E . 1947 Fl HA
2 Arasaki B UARGEMY, 1970 45 HR WA 44 4838
JEEE(P. porphyrae)™ ., % & T U (Oomycetes) |
J& % H (Pythiales) . Ji§ % F} (Pythiacae) . Ji§ % J&
(Pythium) o VA J5 7655 [ A1 A AR 2 38 T 28 18 9
(R A, | A i )5 S 0 s 11 i e A 5 S I
H1 P. chondricola™, 1996 4 T 5 1 A [ PN 1 YR ARkE T
55 SR 25 5 | L 25 BE 48 38 (Pyropia yezoensis) B 7% Ji
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gt AN, ARSI S 0 K IR RS B (Alternaria sp.)
AT L5 SRS AR ) AR 4 R SR A
Frgal T ERRR, FATHE RN, TEiERE . 5%
foir . H REAFE SR B SE SEAR R X, R 43 W 715 1) e 3
BRI, 85I AL 8 A P, chondricola 7F.
K (15~18°C) . #hEE AR (20~26) . T H IS TE] A
AR, YRR O R, B RS . S A
W o 2% S B A AR AN R R B Y e, ™ EE S T B S 1Y
PR A, VRN AT . ER T ] RV Y
D7 e — o TR 1 i & e, (AR RUR AT,
PRI 1T 5 48T 1 B AR T BBl 1 58 3 208 J s J2 A SR A 5%
) —A~ L5 ] .

I B A A AR IR, TEIE HAAE T, LT
— JE Z N RE R A S SR W A5 A8 IS S o 55 SR I R AE
B ZBVUE A (I8 XAAAE T R RS 8 B 808 T DK
FF ) 7355 A PRI A6 570 ol 9 o s 7 S 0 T A
T AR BE X R, A B 5 SR I R ) R A
Tl b, 38 O b 2R AR U A S SEAR R X, i A A
P& SR IB e £, P EE e Z=1 7 A e sh
il Yy 23219 Kawamura 28147 % IR AR E1 40 IR
J& s e Sk, (LRI B ) AR ST DB R
(] I AT R OC I o 58 508 85 W A= e AR S T 3l 48 1
K 5E MUY o Ui Bl 96 REAE IR N SRS R T 1 2 0, TS
5 2 - RN = gl R L S5 8 5 1 5 B B 4 1R B
T 5 3 11 T B 1, R BRF 1 i 4 T A B 2
VB, 284 5 0 240 M BE 1) Beto) 22 B4 e 1y it
PRARTE GBS T mT UL B LT O BE, DA 22 28 o 4 i B
PEREA B R A, M ARLL AR A S 52t
Bl W TE B — 20 R, RBEE S Y R BB
A R BT TE R AT S A B, TEi
H ARG R = N ARG, AR 1 )™ E 35 4 X 34T
A A A A B S S A M, X e AR T R B A —
FE PR EE IR YA T, v T3 — 2 P
BT
2.2.2 LA B % (Olpidiopsis disease)

UL AT R A2 H AU A TR R G 3 AR g — O
BRBEIR T, 5 20 5 [ Ay 58 S AR B 1 K 2
WZRRR SRR | B, RA RSN, &
® J& T 9P I 49 (Oomycetes) . 4 i a7 B H (Olpidio-
psidales) . L7 4% B £ (Olpidiopsidaceae) . i 4% 7
J& (Olpidiopsis) o T A% B Fc - T 1960 4F- 4 H A2
# Arasaki 385", B TR Y400 S BRI
AR — Br B [ 78 H A A0 B 9 FK o0 o R 5 e

(Chytrid blight disease). % )i T 2008 4E4 H A< 2%
HIE A 44 N SR i (Olpdiopsis porphyrae)®.,
b G IF J IRTR VT TR AR 3 1) 2k BE S S A7 A B )
E A i s 003 A TR 2R S A T LA 3R [l gL IR
LB FRATTAE VLIRS A AR B SRS b & B T L
S 1 1)

UL T A A A I A % L M 4 P P A O TR
HA B 73 1 55 R ConA TR 3 K m 2
IiE sh At Fit 5 J5 i AR IE 12 3 B W 1a M, T2 L
L 48 I A R TR T AN MR L R 22 9 A
JaRER, AW ARE R Y B, T ERIE ) 2 R
22, WIS 8 U 3h f 7 49, JF 3h i 7 o HE A
0174 B i Ak B2 42 Y HAB A R A AT AE BB )
HH 2L S AR AR b R /N B 20 B BE A, il e T Y
Ak, 0 BT 4R A B S B RITIR B AT, S B
N EREED S B R 5 R TR
IS 1~2 J8, JF s A AR X0, 5 3
Y LB A 15 P RE 2 $OLIH A TR I AR I AR, 1S 28 5¢%
WS JS B T B ] R0 A L B A0 3 A A R
gy o S0 aE s E AR AR B i, IRSER
Y43 32 ) ABCRR A ST foft 7 T s 4 AR, A 3 A0 AR AR AT
Al PR R 224 SR R BT JLih A7 Bt m] LUAR e
HREE AL LT Y, AE 3 Z WA SRR AR R AR
F, P A s A A T HA R, JF B KA
1 iy NERNE 1) 111 B A o 0 ol e 1 M R
AAEERINEFR T, HRtaER A 8, 3
B8 IE 2 B A3 R A T B SR D Sy T Bk
R ER LA, T AR O 0 IR AT,
X AR R I I Y ) — KRR
23 RERE

TEEAZ 2R R PR s 75 O AR ORCAT 1217]
50 ZFPUO K ARG RES R YL 2RI, WA E
¥ (Chaetoceros debilis)'®" . /NERFE(Chlorella sp.)!*H
T8 (Micromonas  pusilla)® . W] AR 4 ¥ (Rhizo-
solenia setigera) "%, Kim 25199 B — Fh @ YL g 1
21 35 T 2% 4K 19 387 76 B (Chloroplast virus), %5k 7 A
ASCRT L% e il 5] A b 7 5 552 i ffr, 5 GBS i e 40 R
i, BIGRBEAER, 0] LURYL 16 FhHABLIHE. 12
LRk, 3X I ME 101 o B A B Y S G v VR LT
TR BE o
24 WARRRE

T T DX R 5 (9 R R 28 5 3 28 3 A7 7 LA 358 SIS
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HRBG, BARX R WE N, HiE ik
T TCOGEE AN B AR €2, 7™ 52 e L R RS A AN
B, fldn, wEECT ] TH M (derochaete opercu-
lata)'*VF13H5 95 3 (Laminariocolax sp.)1*V4: 2> 5] i
eyt . BEAIEES LA, AT il
KB, ISR . AR R EESE AN & (Ulva prolifera) |
R 8 (Gymnodinium mukimotoi) 55 RS M & 7EWI T
MR . SRR b, e RS ], S i A IX
e R R 2 —

2.5 AMYEE

2151 5 A5 R B — i H A 28K BU(Cymodoce
Jjoponica Richardson) 75| & i By SR Bk, %77 1F Sh ¥
FARIPE AL, g S PEE X, K i 40 i DA SR A e
W AT FR AL 5 3 40T DXOR 5 635 N i) 3]
AR EN R E, FEHNIKE(Bosmina) . EFFH
(Caprella) M EF(Gammarid) . —2E )54 B4 078 T H
/NS 35 400 7 ol At ] BE R I e 2y AR R O8O0 i
8 (Siganus) 2 H 152 w38 [F 5 7 s Ak 5 o ™
AR, AR SRS e S AE T ) 3 PR
TR LA, BEraflgmAg
BT E, AR EE T A IS B R i, %
I AR T i ifg - 05 -t TR G 3R AL, AT ARSI
BRI A KT
2.6 AFEMKER

IR RGN . EHA B S 5 RERM
Wi E, BERUITILE: OJCIRIE 55 R A8 1k
JE T RS AR PR R 1Y A L Ol RO JE R )
SEIECE BTG O T 2y & BT K I . G 4RI
SRR GRS 5 RS A | 534 i
JiE o QTR DX E SR ER AN TR WA DX 25 | A 1) 55 SR AR
I o @ Tz /K HE RS B 855 X A7 25 9 o4 n 55 51
EEE T . @B Y 1A E R 4 A%
TH 7 SlOPP IR Y R N B B 1 R Y B AR T
ZRAAE, f& R A 4l A
T UERIAS 7843 B 5 LR VA 46 R A | 2 250
SRR E O SR HLER A T U — 2B AR .

WAL, A FR T BRI W AEWT ISP, W 4R
R [ 58 5 7 P R R 0 DL 7 22 R AR B
(yellow spot disease), A 18 FRYN P B A 58 4% R 7
A eSS D17 22 R R B B i R U, MR AR I
Tt KA R R B I R R T Y, A
5035 I FEG 1Y DL Fe 22 R M rh 23 B A5 31 70 2 0@ 1 v B

TP 500 Axbk, JRY I & M h Z R A i T 5
2R AR T v, (R A W5 3] LR (1 B BEAE IR .
T Fe 2R 0 1 SR B SR AR FLIR A, H
o R BT 4 R LB R T R DR L A R R
FB

T B2 SR B R B RS M A, LA LA
TILA: O EenE £ PG, i S AR MR 7 I
Y AR R, Rl R AL, 1 S L,
JE§ A R, A I AR ME S L TE . Qe
TR AN B — R SRS R, 22 JFURI B85 g T
REAEIR R T R AR A VE F o B —SLfd AE s D 2 fik
IR EY X R —EB 0, E—ERUGT, &ff
Tl A= 0 Py e A R A g 0 T
30 RERBROHEZTG %

T 24 Y T B AT L o A0 T (4 T S (M
T WL, QAR WEE AN T ARG L
B0 HT (UG s 1a] B X 400 60 2R SR A 250 ) 1 2
(A A 0 7 2 AT L e 2R AR AT UC L 168
rRNAUE (R L K 2 36 DR A7 8 90 40 i D45 O
J 75 1] LUFI ] DNA 5 il 55 85 T 913017 R Gtk
G [ S RS At
32 RERBRGER TG E

1 R WIEFT o, Hideomi 5 il £ i B v B f A4 mT
D KG: 0225 52 )65 5 1) B 22 R A, (ELAS O A R 7
F U, ELISA il fi] 4% %€ O HT /& # R (Indirect-
fluorescent antibody technique)fs il 2532 Ji& &, 1HIF
SR T A b X (0 R AR LA R AR Y Park
AESUER SR SR B R TS g sy T —Fh s 4+ PCR 1Y
FB, R K AR 45 T L2 DT 10 K
T % B 9 R & 82830 ) A S ST T — G
IR SIS B S T T PO E i PCR F5 R . 78
Pl e i AR, SR — R 18S rDNA
F S e B HE ST T K i Bh A B9 PCR ARSI 9%,
REE $12 i T 55 SE A B o (H2, H RO B )
R Ty 9 29 7 B b ) 4T A A AR T S B A AY
8, A A IR A o 2 1A 435 4% R P I 1R 4
AR B0 A4 5 0 B G, 3 e PR IR O 5% 23 AR Ak
7E 10 min PIHIBIZER, BA KGR, Wk
I E) X UF A BERAEEE 0.01 pg/mLB | HRE L -5 5
0.1 ng/mL®" | & I T B M AL W, BS540
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P 1 (Loop-mediated isothermal amplification, LAMP)
W H BRI Jr v, TRt 4510 T (60~657C)
B 60 min PN ) P HR WEE K KA T =191, ©
FHZ N T AAE Y I Sh W 0 A0 T . O B A = PR
JE ARG 20 R, 5 2 SR = 3 e A
e, ANHE B 2 g D O SR BSURH Ny 4 i, 2 7 AN [
BTSN A AR 410 4% S Lamp BRI Ry
FoUE P A — D7
4 BERENT R
4.1 BiEF*

EAG, X3 5 S B A LA R LR Ok
Ve M FRIE IR pH R 2.0 1A HLIRR G KW
5~10 43h, (HIXFh )y k] i S 2ok 3 XK R AL .
Jhh, BRI E B EA —E Rz, iR
A Z TR YA KT AR pH BOFREE, WSl PR L%
BRI 23 B2 T s T i T R R Y . B T I E A
2B, (HISCRI Y BER AT RE (I BRR JOPE . MR
DA B R MT AN, S R A (R R, @
o B A T, THER K 2 28 TR T E —20°C
T 4 R I T X RR O 1 O A TR R K
IR, HORBEAR IO IR,  H R i AR = i A
Ko X TSR R, THRAIR S R, A
BHFHIROR
42 FREHENTE

HERA . B TIUE AL Ay %o 5 2y R AR T
F BT ] o KA A AR AR R B A
L3 E K AL T Sk W K At A
REMEHETT 20 10 K T SR J68 9o F14PLIH A% B 19 &
AU 21 H I KR T B 2 KRR AT, X
PR T B U, T PR AR YRR, BRVE . T
L S i T DA VR R O Y A IR S R o TE KR
Fhim  FRBEREAR . KIS AN KA, 78 H W
HMPEYNE R KRR ARG i KR AR B
A, B SR JBURE R4 it 50 7 9 3 1) 2k
4.3 A

KEAEREY FE & H hRENIUE MW R,
WIKFE82-427 . KE Wy 2291-Y”, AT 1
5%, BT RAEYPUN M R ER, E NSk
o F T T AT RIUR B MEOR ST . 15
LEPUR T R R E M, Park SER| S BE b

YRR A AT R, G T B — 2 PR
PEMEER AR AP-1, R —E B FHCPUR s 1 &
A, HPUmHETRE S A & 20KV ARk 2 0 25
A R R A S R A 35 PR B R BT LUK — L R
fiff B BT 200 I RE (4 2 ARG SE IR, WL T R R B-1, 3-
HRWERGD, 5 ALY P9 SRR BT 2R SR
AL A7 B A RE T, {8 H FE A 15 BP0 T R
MR . REGFFHIAT T L0sin s MWk
AR 7 71, (L 7 1A 35 P RS A 3 ) B 3R TR R ot oA
T TR DUR T RIS E O, E R B R
5 i i A0 I 5 P A5 L 2R SR B T R T K A B TR
128 A A8, ek b R b 2 FPRE, R 3 e 4 R 1F
i RA G, WINIEE T <2027 F1<205” 1
W R R, Hrphe202 R BAEEKTE . K. bR
S AL RS T
5 RZ
510 EEXREHTELWG

s R SRR IR FRBE AN A AR AR
HRIRERAEMERZ 24, A9 R 0% Y
PR E, WS BRI MR E . IR EE
RIFHMER) | WX IABE LA | FR0H R 2, 2k
W EHAAWIR L . RRIGRRHE . JT R BTN
SE A ST S — K I SRR TR, AT
WFFE, TR T i BEISPENE K A i K B 2 L SR B 1A
T RS, UG R R 9 B AE, PR IR
B OWRESEREREERR, FHREENIERHT
BESR E BT, BN, —Se2E BT TR
DUSE 22 IR AR BB 26 11T IS FR T K AR A 1 TR 7
1k, KB M 2 BAT H (Polaribacter) 1E % Ji B 1]
Fo ) T v, sk S AR B A B S K AR HCO, Mk B
A, 5 pH IEAHSET, BTk, IE BRI
FER IR . HCO5 F1 pH WY shZASAEb N F8 45, AT LASEEL
SXoF B BRE P 174) A0 R U T A, KA R e R
KB BE R, IR E R L AR T A, H i
3 A T O X R AL T AR AR Ak, ST L ST AR
Joa () TR, A v . TR | R TR A it 79 ol
Ji g, WG R R
52 REXREFRFLK

9 RAE B AR 9 B,
SR T AR 8 2K 5 B 45 10 24 0 R A 2 95 9 VR I T
KRR DANGE o Ak, —SefffgE K A AR IR P A
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TEE Z R Y 0 B ne IR A RS Pu/EH, n, 3
28 B A TR RE 7 A= e v 0 T3 0 ) E Al 2 B A, ks
W) 5 BE A LA TR S 1 2 4L Y Ding S P°1% BUA
T (Cladosporium sp.)RENE " AR TR WFR IR Z,
fit . L-B-AEFLRAFPUR I L, 1M XS BE S50
HMIFENE, AR T H AR A Y SR HE RS R (Pythium
oligandrum) ] ULl it # 27 A /E FHRPT 2 Fh & 2 [F] 8
o JEL 8 B R 1 42 OO, i HLELA — 5 A A A
YA R A PE RO, ks ik B R R I A By B R T
R ESTE L Nyt
53 RERASR/SF

35 B U0 R DU R 0 B2 i R /SRR B TR
e S K 1= R | = S s 157 SR S 1 75K
RO R BB S & /i, b i) 32 2 i DR e 2
F ST SEERIEE S . UL IR IS . B X
PR F Y E A DL SO SR A R IR, R IR BOR
HUH A B 5 02 ROk 1 — R R SUFIME s, R F 4L
Joa i FR ) FE A o SR R RN DL A B R e ol W Y
R, BT, S5 AWRAN TG B E ., 52
A REEDT R, O e B AT R PR Y 2R S IR B
A, FT LA P s 1 1 XORIG Ho i &R/ Bl . 55
Hh, FEINRA T IS Al MR D R S R S L4
AR S LA |, SR FREANEOR, RTAER R
WA A Z R R 2 Br R B0 b = /5 R

S Xk
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Abstract: Economic marine macroalgae are extensively farmed in China, Japan, South Korea, and Southeast Asia.
These algal species exhibit considerable economic and ecological value. Algal diseases are major obstacle to
mariculture and have resulted in serious economic losses. The study of algal diseases remains in its infancy and has
mainly focused on pathogen identification. Further, the diversity of pathogens and the complexity of the marine
microbiome environment have increased the difficulty associated with pathogen isolation and identification. This
study provides a summary of the information on economic algae and their diseases. Furthermore, it discusses the
causes of the diseases, the pathogen diversity and pathogenicity, and the methods for pathogen identification, detec-
tion, and prevention. Additionally, the future prospects with respect to the prevention and control of algal diseases

in China are also discussed to provide a reference for conducting further research on algal diseases.
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