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IK % (Saprolegnia) 3 J& T F #E 4E4) 7 (Strame-
nopila). Bl % [](Oomycota). Y % 29 (Oomycetes)-
7K % H (Saprolegniales). 7K % £} (Saprolegniaceae)-
IK 5 J& (Saprolegnia) & 1% 7K 7758 HH & WL 5P & M5
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U A YILE AP i6 0 S A A, dnsK A R o 3
H &P E IR (Serratia marcescens)[g]XﬂL KB B
22 K5 A A FE A R T R SR K
K B 95 R b Ak IR AT R MR A, PO R R R A
(Pseudomonas fluorescens) " %of 7K 5 3¢ F t i 3% 01
il P, AT aE I T Bk N A 5 v U JE FE L g
W3R A5 I R UE K 2F FAT TR (Bacillus amyloliquefa-
ciens)[“]ﬁﬁﬁzﬁ7j<§QEKH}%%}J\W%%@%‘%@E
71, FEBTRCR 9 HON K= sh ) 22 45 TR T (Strepto-
myces polychromogenes)Uz]ﬂﬂL PEHE 1 TG RE, fE AR
JE, 10—70°C NHRFEAEPL. X LERUA PR o vk B
FEPUEH R . RN REREZ BIF DR, N B
FHMEZ . W AP ARLIHEFEG S
T g BRI IR, 1E B R 7K = 5% B A (1) B 22
RIE#S . SR B BCRA A AR, ik 75 3 —
oy B e th B AL R A BRI Bk

AW T IS 7 B SRAT B K B S HAE LR A
AT AL %08, S5ARISEES . WERYI R b, W
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R DU AE MBI 16 7K 55 R FE SR A At B s,
AR B E T B KB PR AT AR H B 5E
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S 06 FH AR [P 28 4 B (50+5.2) ] Ak
FM T X . e 2SI = fa, £ ARG &
T, BT Q51 CHKAEFYIFR14d, AR R
6.9—7.1 mg/L.
1.2 FERSERENSSHETCREE

AL TR T VD 1T X FRBE I R AR PR AL B
TESEG = T 251 R IR EL 102 fa, IR R 4 LB
Ba, TR ER . SR FH TG B B TR A IR A, R A
BTN T PDARS 72 5L (772 20% 58 12 R,
2% D-F & ¥, 2% g ), 25°C 15 9748h. £ B 22 1
KJa, FARTIVIBSETE w45 2 5 B PD AR,
SESANSG R —E k. ERIFFZIAE TR L
K — A DUEE, R FIAE I 7 Va0 Hdb AT 4k .

145 FH B 1 22 R 4H DNA SR BUR 7 & (4E T4,
R F U R AR EUDNA . 3% 38 511 TS 1
(5'-TCCGTAGGTGAACCTGCGG-3")MITS4 (5'-TC
CTCCGCTTATTGATATGC-3")iE{TPCRY 14, [ M
T2 1 95°C ¥l 4% ¥4 3min, 95°C A8 1:30s. 55°CiE K
30s. 72°C ZEfH Imin, 3£ 354 9§ 3, 72°C & 4L fif
10min. HU5 pL PCR™ 43k 47 1% 35 JIg 4 5 A PR vik

Rl o 3 PE A B R — W AE R R A ]
GRPOBEAT I o B PCR= 03 7 3R 45 I ITS /7 51
a7 i B 22 NCBIELHE J22 13 47 BLAST 43 #r, 3% H
MEGA 5.0 {118 F 4 3% 1 (Neighbour-joining) ¥ £
1.3 #EMEERNIEEEREREEE ST

K AT I 9 il 2.0 1 B A 6 7K 85 SR 46 0
PREINHI RN . B E 226 mmf) B flEEk B T PDA
SRR H (T 22 TH 8% R ), TEFE K B B 15 mm
A 2 A 5 PR PR, 25 CE IR B FF, DL AN S P A

RHWEINET . RIS P A& AR E 1,
¥ 4> B HE PR T25°C PDA- AR b 3% 97 7203k 15 55 —
X, VIELZ16 mms 22 HL i 1z 2 37 i PD A B 15 77
5, RIKESALREE TR R 104X, @i I #11
A e LA VP L AE A A R iR e

14 FEMERABRNTERATEHER

VTAR BT B A K B (AT ), AN TR
ali Ak 1% 97 1 15 P E B ERE B R & 5200 mL
PDBW AR 35 75 35 (7.7 20% 52 22 W, 2% D-
R B HE T P, 25 CHE IR RE 97 5d. R
FREE W R, K KA e A i E o B 2k 5 R R
o B UETR T 10000 r/min 5 Cr 10min s B 5% B9 {14
5, FH0.22 pm i FLIE B (Millipore)it 318 _F i W, 3£
PREE B -

B MRV R A s0fH N 0.268 1) 31 B8 R P,
F1:9, 2:8. 317, 4:6M15:5 (W)L Bl 54 H =
40—50°C [FIPDAR: 77 35 78 70 1R 5 ) fB1°F i, DA A
HPDAARCAST I, M W3INEE . KK 5 B E
HeH F AR IV E 6 mmx6 mmf) 7 P i 4R
) 94 P B B R TRV PR L, 25°C 15 97 Z13d M 82K
BRHZEREN.

MEREN TSI RB S ST ¥ AL AN s i
PDAHR, 20°CE; FR4d B W 22 58 & &5 TR . KT
B 43 1 A6 mmx6 mm/NERL B T24 508, 4 I
2. 1. 0.5, 0.25810.1 mLE 1% & ik, FIPDBE; 7%
AL E2 mL. PLRAFEPDB NG, AEH3 N E
8,25 CHEE R FR48h 5, T BB T MW 2
A KRB
15 ZERAEENREMETEN

S I T 6 B A AT 14408 B R . BEALIE
HY 120 2 {8 B 550 03 e 2 6 /K A (R R 20 2), H
H3FAE A A A AT B, T A03FE e Atk
YA Ao 38T 7di%E 2297 R 50V il R TR w1 A
P, Sz 56 28 VR 0 R T U 2R 28R BB R 2.0x10°Ff T/
mL, 75 [0 BB ZH 7 NG TR PDB R 77 S 7 2 WL 42 7d,
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FHICEA R RN EICTFO, G AR . B
JEE . AR SR AU . SRAR gk
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MIEZS .
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RN 1808 A% — U B fa AL 35 70 B2 124~ 7K
WA (B3N ER) . S AET N L E] B A4 2 A [7] 35
AL B, I TR T8 2235 IR A DL i 25 1
ARG, (R BB AR R R TRk B . Bl 5 W)
FITAT 746 Hh I N 283K B 9 1107 T-/L I 7K 25
F AT, . S2I0 W B A A (AR INPDBRS 77 26)
R . S HMBER A, JF3H S E R
STV AL B V3 2 VR N 2k B 9 1%10° FF/mL
PR A BT ; A S 4 422200 L/ B2 PR 771 e v S 25 TR R
W, HE ALK S BRIV 4. FRE/KIR4ERE
TE18°C, UL RIHE ] DL A% H B0 B 22 4 9 i g 1 e ik
W, Gt KB R . RE KR I G 4 75 155 Yl
(Solarbio, H [E]) YL 0 f W42 1L 40 A T2 A A8 1k .
1.7 REERXIKBREAEGNVILRITIER

EBOR LRI WE LA B2, &
R IR G /K B (P B A, BEHLES 20 9 B2 AR YT 4,
AN EE ., @R ATHH., BITHR %
R P 92.0x10° 7 T-/mLIK) 475 470 20 B R TR, 19K /d,
HELIRM3d. Bl JE AR ERTd, SLEG 45 R s R 2H Bl
WLIREUS R R EMIE . Bk WL B A A2 230
A%, 2 Bouin [X [ 52 ¥[8 5E J& #1547 5 50 - LAY Al
2H U5 BR2E AL
1.8 Mi&IEtR7HT

bR B E ) & R EE B . ARSI IR
Fr, BRI T JE I JG /K B B T8 5 3min, B 5 8 &
B B ) T W ¥ G Wi (Solarbio, H [E )= i G 1
15min. Zeth )5 PR A FH 2808 /K NI F — i 42 e v
Ve, BT a8k . KL 2h P 58 B 40 i -5 (n=>5),
AR A9 E/mL=4/4x20x10x10" (444
KITH 9 4030 «
1.9 HARE-FLMHE)RE

BRER AR FIE. BAE. 5. B
16 ML ZH 2, 37 B B T Bouin K [E 5 W HH [ 52 12h,
LGS FE LK . A E Y F S, S THES (&
I R R R, B S TR % 2 2 4UBE (Olympus
BX51) F W& I Id R,
110 Seitoh

S HHE L HEPR T 2 (meantSD) K 78, K H
R 2K 7 2 BT (ANOVA) 45 4 Duncant® 56 HE 47T 41
0] 25 57 38 2 VE 43 BT (P<0.05), 2% 20 B00E b v AN ) _E

R RS E R
2 %R

21 B, dikFnkE

W VAR, B IR R R B 6 25 35 H B 72
MREAR, AR A o S 6% v vk o ML g kb R A7
K AR R BR 2H 2347 0 5 1 4 5 (B 1A-a) 5 44
(B 1A-b). 7ESLHG % B 75 /K B AR bR I 3 6 1
7% (Kl 1B-a), &7 B 2 AL 3R 135 BB PR (K] 1B-b)s
JK 5 W PRAEPDA B - S A (9 Bk, BT B4
BN AR H 22 . FETITS (DNAFHI (1) R Gk
WA o3 MT e W], X B S 2 17K (Saprolegnia ferax)
(GenBank& 3t 5 : GQ119935. 1) N — AN JAr 73 32,
BLAST LR 7R 99% 1) 7 FI AL, 456 AR TE A&
FHIESTTS rDNAJF HI 43 b4t F, H 52 1% B koK 5
(K 1A-c).

FEPU I Z01 B 75 W) 1 2 s R 8ok 2UIRAE K,
JE W RIR A B EUKE (LUK 1B-b). RGN
7N B R 5 2 I R B (Epicoccum nigrum, GenBank
S 0Q555113. )% N — 32, 5 A L B ik
100%, &5 6 A 5 00 T AW S REE, e N B I
BREZ01 (&l 1B-c). AHIF 55 4 & 1K) K %5 (S. ferax)
H B B ER 1 Z01 (E. nigrum)fI1TS rDNAJF %1 O 77
A GenBank#( #5 £, & 5% 5 73 7 JWOR923337HI0OR
923338,
22 EMERLERKENTERIER

LB BR B ZO 1A 7K B X6t U% 5% 7% I 400 5 P B
(B 2A). W0 T BB Z01 R R VR A PR D
BEMH T L2 TKECYOI ALK, LB ERE
Z01 K P 5 PDAR: = LR A Ll R T-3:7 )5, M
KR K E 2 R EKE 2B). AT ISP BT
IK B B L2 KU, 7RSS BR RS &, M R BS 97
T KA IIN0.1 mLsPT B R B TR
J&, 6 WA T R R B D BUK BT R,
H ARSI P AR B R KGR T, HR2
HhneF4a(E 20).
23 EMIREZOERIEEM

I 10 ARIE TR G, 0 5 1 58 RS TR A,
EORE TS UG PERS Sk 55 . 7T B A2 SE U6 & A p b
TR T RAEHE = BRTES ). HPIEHZ014k
REE IR MRS R AR A0 B RUR 2 AN 3
(P<0.05). ‘&2, fEPuidtt Bk b g e, A 2 bE
FAEATMH (L 1),
24 701 %5EGEEENREMITM

WEFRE, 28 A4 5 22 VPN 4 A7 15 % 3
B () R 2 R A 3A). 124, BALAF
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HRLEZEZRWE>0.05); EHETLR, 24 EmH
TG A E10%. WE 3BATR, i
H A9 R E ST 2 A4 P<0.05). KIEHIR
W5, BRI F/KPIR R 5(P<0.05; B 3C).
FHEE gt BoR MR AT, KANEF, KK
AL HE AR (B 3D). Xk TR T S AT
PR . HR B R T A 2 B 2 R R R (] 3E):
TERFAEH 2, AR LA A g ik g s SR
A, FEA0 IR AT () 2 30 7, M & &0, 2250
ROR BT K)o IR AT 5 2 %5 5 1) 20 40 B A
AL % & I ER S B ORE AR ) (R K B 5 3k ); B 4.
SUE /N S5 KT T, 1T L /D BEAR A 0 R RE P (2R

BTk, K WL IH B K 2 AR B9k E R Y
AR K B Sk), AR BRHESIAS KL, A5 L b Rz SRR
BY, AR DL B S () 28 11 2 MR (R K i k) o X
RS B0 R BRI 7d Js B 2 4 T A
2.5 RERGTESERBRKENTREER

W 4f7R, 2 AAR G B S T3 ek Ak
L (P<0.05). 7d5 T GY 2 5 i) D 2 1 2H.80%
TESH30%. R IAL20%. WE E 4H40% (K& 4A).
IR VEST A E AL I T S S R
A EE AR AR AR (B 4B). 7K 25 LT a1 40
T sh BN E 40), H S HABRZ A 2 5 B
F(P<0.05). T AP A R /K B o I 408 A {E

OR755893.1 Saprolegnia ferax
ON217551.2 Saprolegnia ferax
MG550961.1 Saprolegnia sp.
KT964708.1 Saprolegnia ferax
MN401059.1 Saprolegnia sp.
MN401070.1 Saprolegnia sp.
@ Saprolegnia
GQ119935.1 Saprolegnia ferax
851| KT964708.1 Saprolegnia ferax
MF962873.1 Saprolegnia ferax
IN400035.1 Saprolegnia ferax
—JX212832.1 Saprolegnia delica
AM228787.1 Saprolegnia parasitica
99 | AM228838.1 Saprolegnia parasitica

|-—EU849168.1 Achlya primoachlya
99LEU441154.1 Achlya bisexualis

—

0.02

99|

C

KY742113.1 Epicoccum poae

MN654966.1 Epicoccum endophytica

MW227323.1 Epicoccum nigrum

& Epicoccum nigrum Z01

44 0Q555113.1 Epicoccum nigrum

KX067859.1 Epicoccum sp.

0Q555112.1 Epicoccum nigrum

KX067870.1 Epicoccum nigrum

65] MN089646.1 Epicoccum nigrum

MW228373.1 Epicoccum mackenziei

98} KY742118.1 Epicoccum viticis

74 | MH824373.1 Epicoccum latusicollum

KY742099.1 Epicoccum italicum
KY742341.1 Epicoccum italicum

499\KY742355.1 Epicoccum poae
48MW186824.1 Epicoccum mackenziei

KY742186.1 Epicoccum viticis

5

\O

100 l"_{]\/[1\1912585.1 Epicoccum endophytica
79LKY742172.1 Epicoccum italicum
— C
0.5

Bl 1 KBS, ferax) KIGTLR B M7 5 55
Fig. 1 Isolation and identification of S. ferax and antagonistic fungi
A TREIG BRI () AEACIRBR(b) X RS (c); B. FETTH I BRI () 2465 AR IE 45 (b) X R GEE (c)

A. Source of S. ferax (a), strain purification (b) and phylogenetic tree of S. ferax (c); B. Isolation sources of antagonistic fungi (a), morpho-

logy of purified strains (b), and phylogenetic tree (c)
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P 583 PR (P<0.05; & 4D).

2.6 AEERMBREKEREENVLRTIER
M SET UL R E H, 575 A4 L, Bk S

Je (B R b LR R R i 1 3t A [ 7

FERIRAL . (EIRGeLh, B0 3R R R (R A

i k), R E A R I8 (h K B Sk ); LA AH

SR WK EIR U UYL P, o e 2R L 4 B HE 51 35

2mL Blank 1 mL

0.5mL 025 mL 0.1 mL

2 HIHEREZO XK E 41
Fig. 2 Inhibition of S. ferax by the E. nigrum Z01

A. KB 7 AR (a) 5 Z01-7K X I 15 77 P 4R (b); B. AN IR LL A5
R T T AR 7 8 A A R 400 1) 47 158 P AR b v 9 48 B0 B R
PDARR & LU, C. 7R INA 5]  E A B MR AL i 15 7 J 7K 5 B
22 BT RIS
A. A blank S. ferax plate (a) and confrontation growth between E.
nigrum Z01 and S. ferax plate (b); B. The inhibition of growth of
Saprolegnia by plates made with different proportions of fermen-
tation broth (The markings on the plate represent the mixing ratio
of antagonist solution and PDA); C. The changes in hyphal and
spores after addition of different concentrations of fermentation
broth for constant temperature cultivation of S. ferax

F1 EMIKEZ01REBRIEFEHRITCYO IR BHHIHIER
Tab. 1 The inhibitory effect of E. nigrum Z01 and its subcultured
strains on S. ferax CY01

B0 Strain geneation  #15 FE| Bactericidal zone (mm)

& #Fk Original strain 28.3£0.3"
24X Generation 2 28.0+0.1"
44X Generation 4 27.9+0.2"
61X Generation 6 27.5+0.3"
8fX Generation 8 27.1x0.3"
101X Generation 10 26.9£0.4"

T RPN EE T E; BTG EAEE
AR EAR TR EARRIR TR E R (P=0.05)

Note: Data are means of triplicates; means in each bar shar-
ing the same superscript letter or absence of superscripts are not
significantly different determined by Tukey’s test (P=0.05)

BLOK TSk ); F2H 23 5 5% 3 e 24 7 R A 12k
RINMRPIARGL . G RIR ORI (07 2Kk), X240
N4 f I R 2 —; i SR T 218 WA
RISk ), L b R BB R+ 52 8, LI T J= 4
T A5 W R D, ORI b 5 AR 5 B (R
IKEHT K)o

TBIT AL B R S A A A B G B 2
ORZE OB ERG Hr fmA B (b KO H k), W
LB = A0 M AR A R (R AR i k). A
2] WL 57R 8 M JH 4 B S BRAE AR, R AT 7K R i 5
WAL, T EE A O K Sk )4 R K SR

Kl s&E R EoR, 523 A, /KB YL
KRR ERE ORI, A KRS (R
JFAEBREEM. N A58 R VLR 2H 23
FREEE K BRI YL O 1 B ™ 8, JULA0 i i 2B ™
B, K A BRZE N S BAR St 3, I R EE A
JEAMECEA . FFHR S A R0
KR EBA
3 Wit
3.1 EMIKEEAKEREIMIEFIES

KB IR BRI AU, B O AE K 254
FLEALRIL, MR 2. R RI TS U/ E oA
AP 4Ed AL T T K, AWk 25 “Protecto” (75
754 AR B ) 0 B R B A AR e g™ T
FW], # ]S IR A ATO9 B AR W 3 3 00 o A X B
22 K R T BT R, A ROIE 57 RN R
(Bidyanus bidyanus)/#& 4% 7K 5 (1] 13 2 40,1 3 )
il (Anguilla australis)iZ 18 T 1% 1 & 1T & 35 PR
TR B I A PR 6035 AR o R e 3 for 1 22
it Y 22 KA e, AT D G T G o ASHIE 5T D 70
BT — MR A BB KBS DU TR AR L ——
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I EREE(E. nigrum), 1% AN HE A0 61 7K 85 15 22 1
R, AT A A AR T e A
RAFAMBBAE . FA P BR TR - A0 B 1) B 2K B &
Epicoccum ) H & o ZEAMAAREFANESS
AL 2 R, R i R Y AR B R S B
pH IR SR A0 B BRI A T30
B A R rh, 38 SR, % TN ER, L
(Pinellia ternate)”" J LR 3 A 145 22 Fh 26 55 v
SRS . AR R E AR AT R T
FLRR T ARG, FLptE w3 SO T 4T
B AR P2, 1B il & (Flavipin) j(ﬂ?ﬂ@é%’é%ﬁi
Epicoccolides. ¥f Jik 2% 4 Jii Epicorazines’™ '8} it
oA KR K G 2 5 R 4 R TR B A S B
FEUER. BARIR R R 51 & T B BReR"T
EL I T K ST 3 A 8 8505 T #8. (Amphilophus) i v ﬁ
125 I HDN17-881 & A () H AT FLHS V-2 73 3 1,
T A B 2 T T T 4 T L ) 2 AR A
UCIE Sk RE BT BR B8 ZO 10 /K B O FE /e F, v AR N
KPP BB K R R L T B AR
32 BHHFAX AR

K= g B2 A O SR R AR AR 1)

JE TR . TR FRAE ST, VR SR R
T, (E AR 5T 2% PR R A BR A T LR s i
VE N BACREE, EXHRERARE R S S
Sy 2 BLBUR B, A L 2 VR YR T & T4
et £ A ELof i AR USR5 e/ o TR, IR EE
%W%?ﬁ*ﬁfﬁ%i@ﬁ%ﬁﬁz—moﬁ
0 A Sy 2L SEIR R 1 K AR A A, S A 2 T
(R 330 R TS v 3 e R 3 420 S R 7 R, M T 8
RBUE A B R . 78R SE0e o, SR T B0 2L I R
VIRV AL T () B K IR R A, E921% R
H BRI R 77
33 KBRS EBRR LM

TR B T R 4y B3RS, (AT AT
RN, SRS 0 R A A7 AE S LG B B G5,
E T AECIR BB B R R Kk . X — RIS B
FEAE LR Kb 4 B K B R — B, A S8 S 7R Al
T AR R I, 767K T 5% 5 5 b i N 55 9 110975 i A
2R T ARG R R ). 76N A U5
T AR e R B, B T e v N R py Y,
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ANTAGONISTIC ACTIVITY OF EPICOCCUM NIGRUM AGAINST SAPROLEG-
NIA FERAX AND ITS ANTI-SAPROLEGNIA INFECTION MECHANISM

ZHU Xia', YANG Zi-Yang"’, LIU Yong-Tao', DONG Jing', ZHOU Shun', YANG Qiu-Hong',
Al Xiao-Hui' and YANG Yi-Bin'

(1. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China; 2. College of Fisheries
and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: To evaluate the inhibitory effect and application potential of Epicoccum nigrum Z01 fermentation broth
against Saprolegnia, this study isolated a filamentous fungus from the eyes of grass carp (Ctenopharyngodon idella)
and obtained an antagonistic fungus against Saprolegnia from culture plates. After morphological and molecular
biological identification, the strains were confirmed as Saprolegnia ferax and Epicoccum nigrum Z01, respectively. The
inhibitory effect of the fermentation broth on S. ferax was assessed using plate confrontation, agar dilution, and broth
dilution assays. Safety was evaluated through histopathological observation, hematological parameter analysis, and
survival rate statistics after fish immersion. Furthermore, the preventive efficacy of the fermentation broth was assessed
in grass carp infected with Saprolegnia via injection, immersion, and oral administration, while its therapeutic effect
was investigated through post-infection immersion. Results demonstrated that E. nigrum Z01 exerted a significant and
stable inhibitory effect on Saprolegnia growth. In the agar dilution assay, no Saprolegnia growth occurred when the
fermentation broth-to-PDA ratio exceeded 3:7, and no spore germination was observed in PDB supplemented with
more than 0.1 mL of fermentation broth. Immersed fish exhibited normal blood cell morphology and higher survival
rates than the control group. The prevalence of S. ferax infections in grass carp treated by immersion, injection, and oral
administration was significantly reduced by 60%, 50%, and 40%, respectively. Importantly, E. nigrum Z01 markedly
suppressed Saprolegnia growth without causing damage to the liver, spleen, trunk kidney, and gut of grass carp. The
fermentation broth also reduced infection rates while promoting choroid thickening and increasing lamina propria cell
counts in intestinal villi. These findings provide crucial insights for the biological control of Saprolegnia.

Key words: Saprolegnia ferax; Epicoccum nigrum; Antagonism; Biological control
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