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Abstract

To solve the problems of exotic fine breed dependence, frequent diseases and chemical fishery drug
reliance in the factory culture of Takifugu rubripes in Tianjin, this research took vibriosis, white
skin disease and parasitic diseases as the core prevention and control targets, and developed a
green disease prevention and control scheme centered on Chinese herbal preparations, probiotics
and microecological regulators. Through single-factor experiments and compound compatibility
tests, the optimal combination of prevention and control materials, application concentration and
method were screened, and field verification was carried out in a factory culture base in Tianjin.
The results showed that the developed compatibility scheme of three types of compound Chinese
herbal preparations, compound probiotics and microecological regulators could control the disease
incidence of Takifugu rubripes at 8.2% and increase the survival rate of factory culture to 86.5%.
Compared with the traditional chemical prevention and control mode, the comprehensive breeding
cost was reduced by 21.3%, and no drug residue was detected in the fish. The green prevention and
control technology system constructed in this study is adapted to the characteristics of the aquacul-
ture water environment of coastal factory culture in Tianjin, and provides a technical model for the
large-scale green culture of Takifugu rubripes in the northern coastal areas of China.
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o ELZGHIF]: KK, EIE. WA WS, T WIS T RETR M 1T, STk
FAEPUINE . IRERBUA . Gy 3 R OKBTRANERR + RO P IRRR);

o AR AR ECZEAAT B+ HORSFAM R S A EOE A > 10° CFU/g). 1B 9H (& w40 > 108 CFU/g).
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2.1.3. K 5
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2.2.1. KIg54E

KRG ABENL N 4 241, B4 3 AESM, B 1000 B, S4AET:

<X EXTRRA(CK): AMERMTATEIEARL, R E L AP ER B Z(CC): R R X £ 4t
2B 77 RCRYERRIANE + R ENIR);

o FUIRIREM B (SG): FME A TR BTN + SRR e Tr);

« BHEGOYEMHCG): RAARM AR IEGPE T ZOPEAHIF + 84w + MESHEE
).

IR /K B S HISPEHIE R TR A AR AE: 4 > 6 mg/L. Z A <0.2mg/L. WHHFEEE <0.02 mg/L.
pH 7.8~8.6, FEIAZE 60 FB/m®, MBI, BI0 ) B 60 d (78 55 416 7R 7 il s 35 v 1) o
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o HIRGEM B (SG): HAMHIMNEPUINE /KBS me/L)RE 7d I&IE 1 IR, HEibsm s 7 /KR
(4mg/LYEE 10d 7 1 I ARG 4 5 5 77 B O (2%) e B4 M 5 d 4 3 d, I HUIE & 05 RO (5%)
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Table 1. Material combinations and application parameters of the composite green control group (CG)

#* 1. EAFGAHIRECOMREERIERSH

iR B Rt it FH 75 5K & it I I
JEHAREN + IRERAKE + JERERREA 5 mg/Ly REEARE 5 1 RAMNEBLAZ W5,
HEWRT ZFRmEEaE + SRk + W 2mg/L. FFAFTEE AR 1 x 1004 2 RANRE AR, 553 K
GBS AR TS CFU/L. %f&hisg T Wik 2% ARG EI7ES: 5 d

SEANIE 3 mg/L. B 5 1 RINEAES I,
MK + AWk 1 x10°CFU/L. MIESUNER T NoMEa AR 58 2~3 R
A 8 mg/L + MR 5% ARk + PR R 27
JEFERREN 8 mg/L. e &ME B 1 RINEBES R,
ANk + WAk 2 x 100 CFU/L. IKHRPTFE I FHIMNREAERE; F2~3 K
% 10 mg/L + WK 3% MR+ W L2 7]

MER  REAIKR + EI0E +
FITI A SR th R R 7

WA R + e e R +
RHITFH WX pAr h R 2 Ty
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P, AR % T .
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2.4. BUEG T

RIS B K A SPSS 26.0 FAF#HT IR R 5 Z 9 HT(ANOVA), F Duncan [RiEBH T2 B LR, SH DL
CSPBIME £ bEE” R, P<0.05 NEREZE, P<0.0l AERREZE.

3. RS 5H
3.1. AR RIMLLEER A ERE X TR

RIGHARIEE 7 d RSP EOE I e AR A B F2 5 . S s & PCR I 5 9 EE i [R5 D%, B Asese
Krgiitar A BT 28 YL B (Fa R R FUR e ag A U I 3R, 6/, S5 RILE 2. 2 AXHIRAL(CK) E
KA FGK 38.5%, KARINE &8 N(4.32+0.35) x 10° CFU/mL, IR €& PCR # NIEN(5.26 + 0.41) x 10°
copies/uL, ZFA: HCFIERYSSREN 12.6 = 1.8 25/, TOWJRIERRAE ST, MRIAEERN 05 fh2Epiast A
(COVREREZRN 12.3%, KAEINE S EFEE(4.51£0.52) x 10° CFU/mL, 5K & & PCR #% NI ¥ [% % (5.53
+0.62) x 105 copies/pL, 2345 HU P YL R T M 3.2+ 0.5 24/, T EIG IR %08 89.5%, 476 A1 N 85.7%,
{EAFAERR JEPTA EATIA RII A

BB RHASGYRERAERN 15.6%, KIEINE S EH(6.83 £ 0.74) x 10° CFU/mL, JNE & &
PCR #% DI#(79(8.17 £0.79) x 10° copies/uL, &4 B GLRR 4 3.3 + 0.4 2%/, TR IRIE R 82.3%,
AR IR A 78.9%, WEMT 2 X AP < 0.05);

AP A(CGYR H R AERMUN 8.2%, KIRINE & EAKE(1.65 + 0.21) x 10° CFU/mL, KK &
i PCR #% VUK A(1.98 = 0.24) x 10° copies/uL, #A: HUPIYBYLHREAN 2.1 + 0.3 45/2, i RiE R RE
94.6%, HARIGRIE N 92.3%, WEFMN T HMELP<0.01), HATNER R RBE80R T %54
H, R EIERR L 96.2%. 95.8%.
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Table 2. Impact of different prevention and control schemes on the occurrence of diseases in Takifugu rubripes (%, X £ s)

2. NEIRGIEF RITLABER TR E & £ HIFNE(%, x £ 5)

TRAA KB I qPCR A AE T
EFEEXI0 (<105 RYLIRE
CFU/mL) copies/pL) (%)

CK 38.5+21* 0=+0¢ 0+0¢ 182+1.5* 10.3+0.8% 10.0+0.9* 43.2+3.5° 52.6+4.1* 12.6+1.8

E I it KON B AN AU

W pnw mmE omek RER Rk RAE

CC 123£1.2°89.5+£32Y857+2.8> 45+0.5 32+04° 4.6+0.6° 451+£0.52° 553+0.62° 3.240.5¢
SG 15.6+1.5°823+29° 789+£25° 68+0.7° 41+£05> 47+£0.5 683+0.74> 8.17+£0.79* 3.3+0.4°
CG 82+08%946+25 923+21* 28+04¢ 2.1+£03¢ 33+£04¢ 1.65+0.21¢ 1.98+0.24¢ 2.1+0.3

¥ ARG PR R Z 7 B E P <0.05).

3.2. AREIFGHET RIMLAEERFEE K S RIERIRN

B¢ 3 A%, 2 ER IR (CK) R F MR, FRIARGE RN 58.2%, PG E 2N 65.3%, BEMKT
HABFLH(P <0.05); B2 % FAL(CO)FRIE G 3 A 82.5%, PG E 2K 98.6%, (HAL =LA W% fafk
A KA AN HIAE .

RGN RIH(SG)FRIE T 2N 80.3%, “FIJIEZN 102.5%, KBTI EDiEHE: 56
B (CG) TR RS 215 86.5%, I E AN 115.8%, WEE & T HAMKH P <0.01), KHFE
2y, mAW. WMAESENE AR, rhEd R AR ) GRS, (R AR A

Table 3. Effects of different prevention and control schemes on the growth and survival of the Takifugu rubripes (x + s)

3. PRI RILLEE R 75 8 K S RUTERIRIE(x £ 5)

A5 R E) WA T 1 E (%) TRIE T (%)
CK 51+07 8.4+1.24 65.3£4.29 58.2+3.54
cc 52+0.8 103+ 1.5¢ 98.6 + 5.8° 82.5+2.8
SG 5207 10.5+ 1.6 102.5+6.1° 80.3 £3.1°
CG 53+0.8 114418 1158 6.5 86.5 +2.5°

e FFIAENEG FRERRZE R B3P <0.05).

3.3. A EIFFHE T R LLEE R 75 R IR ARR R

B 1 AT, RIS &k LZM. SOD 3 MG B35 22 (P > 0.05); kIG IS R, Sy
H1(SG, CO)fi ik G FE bR 3 v T 25 (I X HR AL (CK) AL 2Bl 5 KB ZH(CC) (P < 0.05). RIGAH, H A4k
i # 4H(CG) itk LZM §5PEi%(32.5 £ 2.1) U/mL, SOD 5% (156.8 + 8.5) U/mg prot, 525 i T ¥
SRR (SG) I BT (CC) (P <0.01), 3 l# CC 42Tt 28.6%. 31.2%. RPE SR EOLIIET %
AR E RS AL R T R e e 7, G sR AR U R e
3.4. NEIFFIES B3 FFERARS 5% B R

H7E 4 7751, 25 A RAL(CK) B M B AY 0, (HRDRF S BRI A AT =, 15(128.5 +5.2)
JU/ s AR IR AL(CO) B AR A N(8.6 +0.5) 70/, 4R A FRFARAN(95.3 +4.8)78/B, H AL
DA R N D B TR B (0.012 £ 0.003) mg/kg,  HE HL 7K 7 3558 25 45k B R A v

FREOARH(SG) MM R A A(7.8 £ 0.4) T8/ B, LEA FRIAA N (89.6 £4.2) 7T/ B HALMP;
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EHCG)BTEMERAN.2£0.6)70/E, B E TR, HEEEFRMRANCN(742£3.5)00/8, &
CC ZHB#MK 21.3%, HAERNLA RS HAL AL E 25055 80, FFA S /K= S R bt .

FEIBGE TS I 7 75 SELZME AR FEIBGE SR I LR 7 ESODEM KR M

- K
- cC

LZM3EtE (U/mL)
SOD3&EHE (U/mg prot)

T e} T el

T n
HIEME HIME

T BEARVRIRIG M BE(TT: W1, T2: I, T3: KI): HAr/e N LZM & 1H(U/mL), 472k SOD i1 (U/mg prot);
ANFING - REFR R R BEAS R 409 2 5 12 2 (P < 0.05).

(B LHIUERE: CK 41 T3 BBt LZM ~20.5 U/mL. SOD = 98.5 U/mg prot; CC #H T3 HrB{ LZM ~25.3 U/mL. SOD =
119.5 U/mg prot; SG 41 T3 BB LZM = 28.6 U/mL. SOD = 135.2 U/mg prot; CG 41 T3 B LZM = 32.5 U/mL. SOD
~156.8 U/mg prot, ) 2i&EH LA, CGH FARERK. )

Figure 1. Impact of different prevention and control schemes on immune indicators of Takifugu rubripes

1. NEIRGFIET RITLAEER T 81 R IR IRAIR N

Table 4. Impact of different prevention and control schemes on breeding costs and drug residues (x + s)

® 4. NEIFHEF BRI FEMA S HYRBHIRM(x £ 5)

) BB AR (TT/ ) LZEFEMACTR) WHERIEKRH (mgkg)  RAEHHULE (mg/ke)
CK 0+ 04 128.5+£5.20 0+0P 0+0P
CC 8.6 £0.5° 953 +4.8° 0.012 £0.003? 0.008 £ 0.002?2
SG 7.8£0.4¢ 89.6 £4.2¢ 0+0° 0+0°
CG 9.2+0.6* 742 +3.54 0+0b 0+0P
I FRAAR/NEG FERRZ 7 R E P <0.05).
4. Wig

4.1. EARERIEMI A EIERHH

AT, R AR MESETEHE S 2R EEAER, RO
BAE AT — 2R B RNE S M PR B R A Gy S SOl “ER ARG T, W =BEEUE R
B IHNH]RIE 96.2%, 16 ACEAR AT 5 T4k LZM. SOD 351E[5]; & 25 A4 il i e fe /K Ak 5 £
lmiE, AT, w0 R, WO n R e RN, 2O B ] PR KR A A
FREh, $RAKARE 6] =AM A e AR AE B, WM R, 566
PUER VR 5 7KAK pH, ARERAKE(R I AR TE A 2 B0 5H, =B B « AR B B o - AR S - i
JERE RN PISTARB R R
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FIRIR ORI (SG) BBEFRIIN T A R, (HRSZ AR AR R, R 5 fkigd:, &P
PEA(CG)E I PO AT S T APRHEI RS HTAE T, SEBL T B R R iR, X S 5KEAR[ 7 17E K L4kt
DIEGERITIFIECE St

4.2. RERHIER RN RBEFEFEABEY

B FEHE R I ZR OB TT T8 R R R T AR K AR AE . — R D pkh AR R
K 15°C~28°C #hE 20~32%0HEAT M, (RIR I IE AR T+ E LKA &, (RIEA RO, =il
I B o 2 B P B, SR TR R s RO T SE AR MK TR B, i AT PR RO A KR, ORAIE
MORME KA TS 7098 I ERR B s = B2 R L BE R £ 2R 77 g 35 s AU, 7d —k
HH BT, iR 3 d — U HET T A R 1 IR R

RIS SRR, 1207 SRAE KBTI X . 700 X S5 5R B DI T D P 5 138 90% L |, FR7E
JRE R RGEAE 85% /e An, VM HAA RAFIA R AERCE

4.3. REFHET RNOEFSESME

HE OB A(CG) S B EARL A i T AP il (Hl SR TR S 5 B AR T RHIAE
DK TS R A, AEZR A TR AR 21.3%, wHZTI T 55.2%, BERN TG, FI,
BT R ER A A, MAATTEYIRE, eSO RTIER, /I TN seAh, fE
KRG A MES IR, (KB RFHZRET 80%LA b, Wb T 758 P /K HE O R Ui K IR BE 75
Ge, WG “mpail” KRS8,

44. KRNI EERE

AHITFE A T ORI X 2158 AR 7 i e 0 S WA BOR IR &R, (EDN 2 AR O A B P2 ORI AR T 4R T
VeI, JR SR B U IR IR AT R 2GR Ty, IR R R N SR A G R, S B A T ) R
SR, POt A AP RCR s RN, AT R BIAEAORHK AL & 0T, PR R, HESh
AREERTEHE o Behh, FTESEWIIRINEOAR, WL a8 07 Bl 5 RIS R e, Seal “ Yl - 7
- P KR RE R

5. it

AW FERE R I X L0 AT 8 T A IR R, WA IR R 2R + SRR + AR
FIE GO 77 5, PR FRFEN F R AL R HITE 8.2%, F5FH BUR FHE T+ 2 86.5%, i JR 1B B %14 94.6%.,
B FE PRI AARAER R A JI(LZM. SOD i AL 22 B2 IR TT 28.6%. 31.2%). 1Z77 RERE TRIAINA
BALGA B ARG 21.3%, SR, HIERC KRBT L) L IR/KIA L 5 i1k, SeBl
T OmENE - ALK - ESRPT WBFERRE. AT RERIGORETIEEORMER, RELTRE
T8 2R 7 B TRBE N TR, Db 5 e X AL AR 5 AL Sk (e IR BE AR L TR R RTHES T EOR
VA, HESDRFAG AL TR e ik Sk il vy o B A Ji BT B2 L

SE K
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