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ZH ). 46 (full-spectrum, FS: X 300~780 nm) £T {7,
Jt (red light, RL: A 622~760 nm) £ (i)' (green light,
GL: X 492~577 nm) F1 # €45 (blue light, BL: M35~
450 nm),LED T 5% 4 40 W, 5358 600 Ix , Y6 I8 #E /K i
20 cmo

TR R 1 BB A7 fa ok 1M KK AT BR 2
AL, PER AR K (0.511 44-0.013 0) em ) B4 14 i
£ (0.002 040.000 3)g i 6 000 & , I FEHLICH T
124 (4 AB B X3 AN TS X 500 AMA) HE7E B2 A5 1R
FEFHELH CEAR 0.7 my &1 £ 0.75 m) I HEAR B H 5
TR R4 (K X 98 X 5 :1 mX1mx0.6m, MHR
5F:0.15 mm) . FEFA TN 31 d, BERFME 8 IR, 43
JE R (1~12d) P& (13~20 d) ikt (21~31d)
SAEEMERN B, i U B, A R R M A H B

15% s DI BB B, B H A0 7 Y S 1k dab kL, B s
B AN 1 R B MR IR (150~200 pm, ML =
527 AR =80 MUK 53 =16 00 , HLEF 4E<<306) 1Y
B TRDR B B A5 MR GO Tk, 28 1 i ) A R
/N (200~500 pm ) , I f5e 2 el B i R CHL AR 1 =
50% , HLAR 7 =824 , KL JK 43 =14 % , HLEF 4 <<3%%) ,
TR IR Ay VA BT B Y 200 ; B IR AR AT 5 min FF
KT, 20605 LL e SR d G T AT B
()Y [T 10 min, @GR 2 i R F LTS 1] Sk 25 5 &
5,3 h A S TR BE A4 135 min Y BRIHK | 42 K% IE
R 18 h(FK 1), iﬁ%ﬁﬁl‘ﬂ A5 & TUK AR $8 b fE
5E (K 24.5~26.6 °C, %5 %6 5~6 mg/L, & & <<0.05
mg/L, WASIREE<C0.1 mg/L,pH 7.0~8.2) , % 75 Bl
BRI

*1 AERESETETERS
Table I Working status of lights in each group at different times

I H Ttem 464 Full-spectrum

21064 Red light

240641 Green light W 064H Blue light

00:00—02:15  02:15—03:00
03:00—05:15  05:15—06:00
06:00—08:15  08:15—09:00
09:00—11:15  11:15—12:00
12:00—14:15  14:15—15:00
15:00—17:15  17:15—18:00
18:00—20:15  20:15—21:00
21:00—23:15  23:15—00:00

00:10—02:25
03:10—05:25
06:10—08:25
09:10—11:25
12:10—14:25
15:10—17:25
18:10—20:25
21:10—23:25

I5F %] Time

TAEIRA Status On Off On

02:25—03:10
05:25—06:10
08:25—
11:25—12:10
14:25—15:10
17:25—18:10
20:25—21:10
23:25—00:10
Off

00:20—02:35  02:35—03:20
03:20—05:35  05:35—06:20
06:20—08:35  08:35—09:20
09:20—11:35  11:35—12:20
12:20—14:35 14:35—15:20
15:20—17:35 17:35—18:20
18:20—20:35  20:35—21:20
21:20—23:35  23:35—00:20

00:30—02:45  02:45—03:30
03:30—05:45  05:45—06:30
06:30—08:45  08:45—09:30
09:30—11:45 11:45—12:30
12:30—14:45 14:45—15:30
15:30—17:45 17:45—18:30
18:30—20:45  20:45—21:30
21:30—23:45  23:45—03:30

09:10

On Off On Off

1.2 HREAESRELE

TR %5 3.7.11.15.19.23.27. 31 KA BaEHL
KNS R (5B X3 ER ), AR B i A 7
TP AR R A T 5 26 6.16.,26 K, LA 1T 2R A
BE B CIRIE T R AR , N TSI K 1 e 6
St s 1B 25 5 G T R AL AT £ S8, I FEHLR 4R 30
AT, AR X S U AR H - RSP I i 2R R K IR
JoT i R A S R O R AE 15 BAF M (5 X3 &
52, CHNO, BRI 28 18 /K 35 eI BUIF e, Horb 9
AN FEIE —20 “CORAF , L TR IE YL 2007, 53 6 A
FHBCE G R BT —80 CURFH AT, T 5L 98
E R PCRAMT .
1.3 FHREEREMEISRINE

HU—20 “CLRAE R A &b, R Je Bk iR $h 22
PR (PBS) 4% 18 129 19 L A911%% ¢ , 72 4l ZUFEE AL
Fo 4 B EE B A )5 T 4 °C L3 000 r/minFi% C> 10 min, #
B 5 min 5B W, UL BCA BT EH S S/
Ja . HE LY Bk H@(%uperomde dismutase,
SOD) . i & 1k & (catalase, CAT) | % 14 i (lyso-

zyme, LZM) | B ¥ % B2 B (alkaline phosphatase,
AKP) 3if % K 45 Bt H BK (glutathione, GSH) (7N %
(malonaldehyde, MDA ) 7 5 I v [ g 50 22 WA )
AR ARG 1250 G T A AR A A T E
1.4 AR GREHEXERRIEKFERN

W —80 “CLRATF B9 AT HEAE it , FH Trizol ¥4 #2 U
RNA, 2888 il it 431606 B2 THA I 4% A 5 OD 6 4%
Ji i I R S 15 #I cDNA. MR 4 NCBI 84
(http://www.ncbi.nlh. gov/) 3k Bt A= K 3 & (growth
hormone, gh) 28 i & & — 5 4= K [ F (insulin-like
growth factors-1,igf~1) A& HUR BRI & (thyroid stim-
ulating hormone, zsh) #5225 4 70 (heat shock pro-
tein 70, hsp70) A2'E 1 Kz B 2= B R ¥ (cortico-
tropin releasing factor, crf) . Bt K 4 i 3 (caspase-
3) \L-actin ZH ) mRNA 31, {#i F Primer Premier
6.08H 54 (F2), ERPCRRMIKZR N 10 pl, H
F1eDNA 1.0 pL, IE [0 519 S 1 51945 0.2 pl, B
K 3.6 ul.,qPCR SYBR Master Mix 5.0 pl. S} e
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Y& B PCR W i B/ :95 °C 5min; 95 °C 10 s,
60 °C 105,72 °C 15 s, fEFF 40 ¥ 595 °C 55565 C

1 min;4 °C 30 s, R 272200 H LR 5 4
S I (B-actin) 1)) mRNA FiE7KF-,

®2 KROBHEKMGEREXEEREREEPCRSY

Table 2 Primers for timed quantitative PCR of growth and immune-related genes in largemouth bass

HARKER Target genes E51#9) Forward primer (5" - 37)

JI8151#9) Forward primer (3" = 5")

gh TGGAGGAGCAGCGTCAACTCAA
igf-1 GCACAGCAGCCAGACAAGACAA
tsh GCTGTCTGCGAGTGCTCTGA

hsp70 CGGCATTGACCTTGGCACTACC
crf ACCTCATCACCGCCTTCATCCT
caspase-3 TGGCTGGTCTTCAAGGTGACGA

[B-actin TGCCATCCTGCGTCTTGACTTG

TGCGTTGTGTCTCGTGCTTGTC
CCGTGTTGCCTCGACTGGAATT
CCATAGTGTCTCCGTGCTTGCT
ACTGGGTGTGGTCCTGTTTCCT
TGACGAGACGGCACCAAACCA
GCCTGCTGCTCTACTGCTTCTG
CGGCTGTGGTGGTGAAGGAGTA

1.5 HIETESH

I 2 A K (specific growth rate, SGR) 4 8 %
(weight gain rate, WGR) 71 *% (survival rate, SR)
S KAERESE b 2% £ 2% k. AR 8
K H SPSS18.0 Gt it H 4 v ¢ 4538 Al one-way ANO-
VA J5 258, Duncan’ s ¥1{8 £ 5 b 888 36
g %5 W E AT, P<<0.05, "omEH
i P<0.01, &R EFWRE.

2 FR5HMH

21 ARXETRKORGEENRITH
R SR AR AN [F) A B Be BB DA T A7 AR

EIPS
The 6th day

16K
The 16th day

ok |
The 26th day i

ZE 5t 4552 Wi e Ak PR O 1 R A f I T I
FIZ5 R B O e ARPIR S, B 0 A e R AR
LU SOOI A ) BURIRBTBL (SR 6 K ) |
BB (5 16 ) RRHER B Be (5 26 K) R B
KRR — AT, IF — B4R B 45 0 20
TR AL R B PR R AR Ik T N (B D) o
B B Bk T R R AT O A 7 B TR
B B0 T R B R B e YR B B
T A 45 R o B U S A A R AR 19 B0 A R B
PR ETT A, S AR B R T B o A fE AR T

P €616 5 R K 1 24141 The white spots are largemouth bass larvae.
Bl AEXELETXOBSFEMNELTA
Fig.1 Phototaxis behavior of largemouth bass larval subject to different spectral treatments

2.2 ARRETAOBRLMEKMERE

P P 2 ] L, S TR) G T 6 R 1 B £y A 4 L
AR ERW . EI IR 3 K, A Al mR K R
ERABFEELZR(P>0.05), 5 3~31 K, 4261
A gl ShEotdl E AR K K 451
1.04.0.82,1.00, 1.05 cm, {4 it 5 34 K 43 51 4 0.08 .
0.05.0.07.,0.07 g, 2 EIE LA AR 5T 48 AR X 45
W AR 11~31 K, 4o dl iR K R R T

H Ay 34 (P<<0.05) 5 BR 28 15 R &b 4l ik K
(1.20 em) RS (0.03 g) M5 19 K4 6% 4L iy
R (0.04 g) i % (P<<0.05) i T & (6 4 oh
SGTE AL L HE O 4R Sk 0 6 4L 22 1) TG B Rk
S (P>0.05)

S 5 0 1 A R K BB X I A 1Y) 43 AT A
XF A3 H, 2 B0 R A A R K 22 57, X b 25 1)
2, 7 W 7 A S R AT, £0 6506 24 5 5 (G R
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2.0r
=
éo ]
o 1.5f g
S . g
2 g
m 1.0 a ?
ﬁ 0.5 ?
0.0 : g ] 1]
3 7 11 15 19 23 27 31
FEAE Y B)/d Breeding time
0.10p
2 = FS B b b
S 0.08f =RL bM b
=2 @ GL b b b
< 0.06f =mBL . ] [fol a
'::0 ab? = 1 7
220 0.04}¢ ¢ .be a g ?
& e I 7 M
= aaaa % 7 II ' I 7
0.00 [IT] Ilé Ié é é ? é
3 7 1

15 23 27
F#H Y E)/d Breeding time

FS: 4% 3% Full-spectrum; RL: L {7 5% Red light; GL: 4% {4 )
Green light; BL: # {4 5% Blue light, F[F]. The same as below. [f]ZH
HPOR S AR IR NG 5 RESR R 28 5 W3 (P<<0.05) , 816 [a] . Not con-

taining the same lowercase letters in same group indicates significant

w

differences(P<20.05) , the same as Fig.6.
B2 AEFERETEAFKA) EREB EKBER
Fig.2 Growth trends of body length(A) and body mass

(B) in each group under different breeding time

f#&4/em Body length

BL

FS RL GL

5 Group

PSR T i 25 S AR T 2otk L S sk e ok A (]
3), 5 B LA A AR A B OB B, R RN AR X
¥4,

ANTR] G b B 18] ) SGR . WGR #a #— 5 . 21
e L7 1 SGRLWGR 4391l 4 11.0%/d . 2094 % ,
EF T HAY 34 (P<<0.05) , 2061 4k ()G ik
Ot 4 AF fa B SGR 4 B A 12.9%/d. 12.9%/d .
13.0%/d, WGR 43 51}y 3707 % . 3616 % . 3832% , =
8] JC & 3 M 22 5 (P=>0.05) (K 4A \B) ; &6k 447
i1 SR 2 38.0%6, b 3 5 T H A il 4% 41 (P<<0.05)
(40).

23 ARXETAOZHHPREN .. REHEKXE
T

ANFEGIE T R T B i B SR AL L G A S TG
PEASARAE B ILIE 50 2T DGR 1 B e (744 % SOD |
CAT M5 GSH MDA & ¥ F @ T H A3 H
(P<<0.05) (I 5A . B.C.F); Hih 4 tifka 4t
Jed W AOEHL Y SOD 5 CAT B iGi 1 2 5 A B
F(P>0.05); 26i%4H GSH & &k, H B E KT
a5 i 0064 (P<<0.05) ; 84 {656 4H i MDA
R T Ak 4 (P<<0.05) .

210G R T BTG LZM 6 i T H A

0.201

0.151

0.10F

0.05F

ki i/g Body mass

0.00

GL
ZH 51 Group

FS RL BL

#: P<C0.05,%%: P <_0.01,%%; P<C0.001.
3 AERELEMAOBHFFELERERKAMEREB £ER
Fig.3 Differences in final body length(A) and body mass(B) of largemouth bass larval
subject to different spectral treatments

_ A = _ B o C

15r o D 50000 b 50
s T i S o b
kS a o 4000f 40F b a a a
\g M
< lof & Z
0 = 3000 < 30F
v O v a V)
H A B
RTRCE 43?; 2000f e 20
woo° = e
i 1000 10

0 1 L L L (J 1 1 1 1 ( 1 1 L 1

FS RL GL BL FS RL GL BL FS RL GL BL
2H 1 Group #H 3] Group #H %) Group

[R]—F8 b5 ARG F Bk R 22 53 8 3 (P<<0.05) , B 5[] . Not containing the same lowercase letters in same item indicates significant

differences(P<20.05), the same as Fig.5.
E 4

AREEIELETAORSFFEMNFEEREA JBEXRBMEFFEC

Fig.4 SGR(A),WGR(B) and SR(C) of largemouth bass larval subject to different spectral treatments
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3 (P<<0.05) , M A& 4 LZM 2 5 A & (P>
0.05) (K 5D) 5 21 8 620 K 11 2R i A1 1) AKP g%

P B KT OGS 4L st (6641 (P<<0.05) , 1 5
EIEHE R AR E(P>0.05) (FI5E).,

= A B C
Esl - 8 :
= R 30 3 ~ 80 b mﬂ _ C
ol - 2 . ~ &
S fw SaEv e[y EsiC ,
~EGS = €95 40 H3S 4
H®E 40 RS g °
= 2 R > :h: ERe= a
>0 20 ®OS 20 £ 2
ﬁ 2 0 bo) oLy \ \ \ & oL 1 . .
5 FS RL GL BL FS RL GL BL FS RL GL BL
24 Group 2H 5] Group 2151 Group
2 s b - 8 E 4 F
35 60) a b H.E[ E 6 a a ]]]m w8 3
W3 40 £33 SE5. .
= & 5 g 4 @S ab
s Bl 11ES
N 20 b M9 iz £ 1 a
- = © 8 [
Ka 0 L 3 L L g 0 ! L L L 0 1 1 1 !
B FS RL GL BL FS RL GL BL FS RL GL BL
ZH %) Group ZH 9] Group ZH 9] Group

B 5

AREAELETRKARSHFanBaLMELEA) IRLSEB) FEED).

WiEBERE (EFEEMARER®RC AR aE
Fig.5 SODC(A),CAT(B),LZM(D)>,AKP(E) activities and GSH(C),MDA(F) content of largemouth
bass larval subject to different spectral treatments

24 FAEAXETAOBHERK NHEXERY
X FRIEIK T

AN RE AN BE R R F SR AT AR IO DG A
H A9 mRNA A KFE R 6 iR . BRLL L4 5%
OGL Y igf-1 3 N 3R 35 22 55 R W 3% (P=>0.05) b,
LG gh igf-1.tsh B mRNA 3k &K T H
4% 241 (P<<0.05) . AGIEALN gh igf-1 . tsh =ik
B, Hoigr-1 M sh i ik 5 ob gl 22 5 B3
(P<<0.05).

FHRS KA

Relative expression level

hsp70 crf
F X Gene

E6 ARELELGETRORSEKR,
Rz %18 X B E X RIEKF

Fig.6 Relative expression levels of growth and

stress related genes of largemouth
bass to different spectral treatments
AN TR] G 15 b 38 R 1 R 5 A0 hsp70 . erf ' cas-
pase3 B mRNA Fik 55—, B2 6065 @oeht
BREH K OB 74 hsp70 orf\caspase3 B mRNA &
IRAKOP I 2 T Ao 5 Sk 06 A B ZH A AH N B A

ik (P<<0.05) . Horp, 6B hsp70 5 caspases
1) mRNA ik 7KV, H 2 T A& 4 (P<<
0.05) ,fHLT ALY orf ) mRNA 2355 ¥ LAY
FTirEFARE(P>0.05); 2 5% a0
A G PR PR e 38 B AIGL AHL 2 ZHIR] 1 Asp 70 erf cas-
pase3 FRIEZEFAEE(P>0.05),

3 3 it

3.1 ARENER KO EeE KRR
AWFFE N 11 K B8 45 08, A [R]DG 1S b 3

KB A R R SGR L WGR K& SR

LT WAL R AL O A 1Y A& TR B
FAL T H A4 (P<K0.05) , 13X 5 A AE 5T B fifs
(Dicentrarchus labrax)"® | K P9 ¥ % (Gadus
morhua) " EERE—5; AL LRI R K
PERE , X 5 Zhang %5 VIS 45 AR — 8. RAEAE
(14 PR €, 2 440 S i 1 A T TP AR D6, 2 X R [ Y
JE i 7= e A [ 4 P fe T AnfLAE £ (Poecilia retic-
ulata) W EL AR B W5 DG T AT 206 B I dr e e s o) %
FEE R 1 R A T AR T R K )Z O IR
(R NS PR N NAT DA & E IS N EAR G
R F RS R B A K MERE . 2tk
(A7 i e B e AR B AR T O AT O BB R K4 e 1%
B RIEHALT ERK X 574 A fE TSR D
FE T HALS MRS
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WFSE B, BN 05 ) A KA S L R ik 5 HAE S e, 5 Shin 273 RIE 45 R —%.
KM A AR Baetd 586 3.3 FAEREN ARSI N EEXERRIEN

LB dgf-1 FE ik 2 57 R B340, 532 41 (ol b
BEAY A TR gh dgf-1.tsh 1) mRNA ik K34 i
FAR T H AR AL, T4 6% 21 1 AH R 56 R R 3k K P
Whwr . X SAMEGT i AR KRR R AHAT U S5 A
MR GG TR —5 . ghagf-1 K sh % T a2k
AR B BB, Hoh gh 2tk A KRR £
BEPR T R, AT AR B 7 o0 AR e i, flk fnfR A
AT LA AN A Ak, B hn 20 B g S e AT L
o e AR B B S 098 SR AR 0R R LR SR
TR 2 igf- 11 R gh/igf A KAl il — 37, B
A 20 B AR 0T A0 B g Ak B Th R 2k AT
PR BRI R B G 5 R, T A AT A R
RS ik, i, gh igf-1.tsh Fik K 8%
(LT (0 Y2 A f i A K RE R 2% .

32 AEEENAXOBHFMENL . REEID
=20

TE A 5T, 21 €6 6 b BE A K 11 2R AT A
MDA .GSH %4 5 SOD . CAT i M2 & T Hdx
AU, 3 B A AR b TR 1 R O . Bl
MDA 2 AR N i ik SR Ak i 28 7=, He 5 i i ke
BLAR 4 5 5 4 A0 A B 0 1 38K T T GSH 2 75 A %
B =K &Y, B Bm i R 7R 4 RIS
A5 B 1k E AR B o AR b R R A AR
W Az i ROS S35 034 800 B 18 22 0 240 s D) g
f e R pE 220 i CAT ] 23 i i SOD ¥ ROS # 4k,
J5 7 A B HLO, T AR L2 A g b, 41
4l GSH.SOD \CAT iy FH i AR vl 2 LA R T
R4 P4 19 MDA T ROS Tl 998 45 . Choi 26120
RIE PR R P & T Bt iy A 1Ry, gt i o4 fa
R A B RE = A R, IR IR R T EAT
F 2 O v A B 4 P T 2 1m0k 5 A A
L (4 SOD L CAT 3 M 48 55 1 45 S A7 —
. [, b R AL LZM  AKP 36 $£
0 3E B T 27 56 % K BB A 0 G0 28 B BE B AR A
A

ARG EU] 5 2 6IE A —F ML 2 B 3
filKiy SOD \CAT ¥&PE 555 1 LZM  AKP i 14 , 5
a2l MDA & i i 0T 206354, M GSH &
RS T, X R RRX 2 i abLik
R SR I SR K ST X R ARG T S B RE 1 24 v (EL R D
JCLAT LR YRR BT S AL R FE B AR, Ho B S8k 7 Y

#2

0 AT 37 e W A5 AT R Asp 70 BB 23
Tt T LR BB BLARE 1 o WS R e
- A - b Bt A e B ) 7 A DT 428
PRz IO P B S B IS T caspased B B0 U 5
SEALBLARSE S hsp70 crf caspased S5 IEME F
T3 Y IERONE A AV S g L 2 R S ) B 2 S EUEA]
TR B AR BT AR R 410 5 5 (0 R b B
B R T B 1171 hsp 70 orf caspase3 B 215 K I8 3%
o TG 5 (AR 3 AR D B R 2658 T4l
Tk 2H 5 2 680G 20 B A I PR SRR B IR, L 25 A B
F o XU OGS W OB A ALY R EOK
PR Ttk A S el (B atikdl S
SESCA AT HURNE A 22 5 1 HiX ez 1 s
a8 065 AT DL 22 il b AR A B R 48 IS BR K
S0 i S RRAR R IR S R 8T (Paralichthys oli-
vaceus) caspase 3 Fe 1K K0 G AT BE R K T R
-t R DR T2 A AR A — B

ST N A R FE R Asp70 (crf caspase3 3%
SV G R T (A AW I e £ 1 N S0 ok R E R oy - 246
FER IR R ETLAR R B B IR SOD .CAT
I M 5 5 1 LZM L AKP T M, 280 B BT R
b B g% D RE NN IKRE ] -

Zi BTk, 2GS A AT LT AR TE IR K
FHHBA T R R AR BTG E SOt AT
PEFH K 1 B A1t A R KT
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Effects of different light spectrums on growth performance,
antioxidant and immune function of largemouth bass larvae

LU Mingrui, WANG Ping,ZHAO Yuhua, GAO Jian

College of Fisheries ,Huazhong Agricultural University/ Key Laboratory of Freshwater
Biological Breeding of Ministry of Agriculture and Rural Affairs/Engineering Research
Center of Ministry of Education for Green Development of Bulk Aquatic Biological Industry in
Yangtze River Economic Belt, Wuhan 430070, China

Abstract In order to explore the optimum spectrum for largemouth bass (Micropterus salmoides) lar-
vae, four treatments including full spectrum (FS) , red light (RL) , green light (GL) and blue light (BL)
were set up under the industrial recirculating aquaculture system. Hoping to find suitable spectral range for
largemouth bass breeding, the growth performance, activities of superoxide dismutase (SOD) , catalase
(CAT),lysozyme (1.LZM) , alkaline phosphatase ( AKP) , contents of glutathione (GSH) and malondialde-
hyde (MDA) , the relative expression levels of growth hormone (gh) , insulin-like growth factors-1 (igf-
1), thyroid stimulating hormone (zsh) , heat shock protein 70 (hsp70) , corticotropin releasing factor (crf) ,
caspase-3 of largemouth bass larvae in different treatments were compared and analyzed. The results
showed that the final body length and weight, specific growth rate (SGR) , weight gain rate (WGR) and
LZM activity of larvae in the full spectrum, green light and blue light groups were significantly higher than
those in the red light group (P<C0.05) , while the contents of MDA , GSH and activities of SOD and CAT
were significantly lower than those of the red light group (P<<0.05). The activity of AKP and mRNA ex-
pressions of gh,igf-1 and zsh in the full spectrum and green light groups were significantly higher than those
in the red light group (P<<0.05) , and the mRNA expressions of isp70, crf and caspase-3 were significantly
lower than those of the red and blue light groups (P<C0.05). The survival rate (SR) of larvae in the full
spectrum group was significantly higher than that in other groups (P<C0.05) , and showed good cluster pho-
totaxis behavior. In conclusion, full spectrum light source is the most beneficial for largemouth bass larvae
cultivation under the industrial recirculating aquaculture.

Keywords light spectrum; recirculating aquaculture system; largemouth bass; seedling cultivation ;

growth performance ; phototactic behavior
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