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HE  AFRAANEEEN 14~40 £ 4T, AE50h 1 T wMiEK., &, PRARHEE
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AR R Bl 7= b BB ) 2R, SRAEY B R
G, RIB AR | REML . AR5
) 1, 3 B AR 10 /LRI 5 O (BN BEAE, 2014).
Hh K 7= R 2R I 5T B B I K I 5 TR X6 O S
A, RFBERE S rk, e R KN
PUw 1o . TR m RS S 1 SRR
(GS-01-016-2017) (4 E /K P F ARMES™ ki, 2018), Ky
2 72 E B AP T AR TSR o ) S 2 P M
S, FEERNEEWAEHRTZ—, XHSHEK
AENG T HEE |l R SR S S A AR 2SR )
FERIFIEA, 2009; = FHHE4E, 2006; Yuan et al, 2010;
g AR, 2013), BEE RIS RGN kR, o
RSV SRR A R, 1S5
XM 5 ) 9 0 2 1 9R 43 A DX 3% 26 e 31 T — £ D
M DRI | WU . 2RI ARER B B RRK L 2k
fhvk . Z8RGERERIFEIR, 25 F75H Xt 3 £ B AR A2
S, AR AREEE TS S0 1 54K
FE0G . WP ARG L B G s M A T TN, B AEE

WRIZSAL 1 SRR RIENTE, AT AT,

S ST R | ARRR . HEER . ER
SEACIPRRE , S T A B R BE 25 SO R ML
DR R EAN [ U L R SR AR B A AR
%%‘o

1 #FREFE
1.1 SRy

AHFZE B PR Z <S40 1 S R 10 25 55 9 B 0%
EHFRARIREE, B M (5.00£0.75) g, HEHL
TR EREIGFAME, KPR 7d
Ji T Ja 22525

1.2 G H*E

MRl 0 2 % £8 B Bt A2 e A, ARBFSRIE 16 1
EREREE, 49k 14,0 15, 16, 17. 18, 20, 23,
26, 29, 32, 35, 36, 37. 38, 39 f1 40, LK
DIRD U8 T g K R JE A, SR PR 3R B0R A8 75 22 AH
R IO BB A AE R AR 1 m® BBk Y PP KA
ER B SIS T SRR FE SR 30 L (kL KAl
iz B R AR T 155 1 4> 58 B X 2 64 0 B R R sl
Ty o B SLRBEE 4 AT, Hd, 34 F T
SC A F AR AAEE IS, 7o, 1Ak
THEEPRIE , BAFATHCE 30 kil 2, ST
A, AFREMRAESFAR 1k, WRE SR ER
2%, BERIEETFEMEIENRIE TS, I A R R B

WK, WoKEN 50% Wt RS . IRIE ., 4
K IET SR O, THE A LA ¥ (Survival Rate, SR, %)
Fl 72 4 K #(Specific Growth Rate, SGR, %/d), Il &
L 2 I W W AR S R R R S P S e BTG 4 1 25 57
121 ARBESAETRASML | TG
¥ E Ao B E R AL SEEGTE R, BRI A )
URPRTE ; SCIGLE RS, T2 % R 77 1 Bt FI 2R
Yk, HRhAY SR A1 SGR R LI F AR .
SR=Ny/Nox100%
SGR=(InW—InWp)*x100/t

A, No Al N, 4351 il 200 b B0 A R A
o, Wo Bl W 4351 il S 00 4 S 240 IR RN AR 73
K (g), t HFIHREL.

122 FRFZEFMHETRAASL 1 5B A FR
R T BAHFA IR 7d 5, JHHAIE A
o7 FE R S R W AR SEEAE 2 L RFMO AT,
BEA NI PO AR R B BV K R S RS ER
B3 APATAL, B 10 k2, Fef, #7334
FXT IR CRCE RIS 40) . B PF OB R — 7K
FE, DUGREEAH A AR B 251 (16.0°C) o B IF IR
T A N £ B K AR 2 05, SEED AR R ZE B O, &
FJ5 4 h, SR A& SCd BOKAE, 405l
2:(GB 17378.4-2007)Flfelin ik st RR(GB 17378.4-2007)
W72 P i i S (DO) RN A (NH - H) & 1, T
ZIIFE AT (Ro) A R (RO L E A (0 1 N), If
BAKXWT .

Ro= [(Og-On)V]/(Wxt)

Ry=[(N—No) V]/(Wxt)

0 : N=(Ro/16)/(Ry/14)

Krfr, O A1 Oy 437l Ay 52 55 235 s I Xof R 2 1 5 5
HIKIKE) DO JEHE R (mg/L), No Al N, 435 45256
5 SRUAST X HE 2 0 ST 6 2 K R A 2 (TN Joit et A
(mg/L), t AFLIGHRFLERTE(h); W RIS R E (),
V RS IKARAAFR(L) o
123 FRHZEFMHTREASMK 1| 5B EH
Pk S 9% Bl E O T AL 30 d HYSES A, 43 ITE
0. 10, 20, 30 d MAEREEAIREALEL 3 kA=, 6k
fEFBUA W, 4°CAFT, 5000 r/min 20> 10 min,
BB T o 1 Y e ot A 2 w6 0 2
T G150 B A5 0 5 o) 2 P AR B VP R T i PR T (A CP)
Bl 12 Wl 2 Bl (AKCP) . V5 T B (LZM) . B A AL W 1k
fiti (SOD) Ay T 7k .

1.3 #HiE4bE

f§i Fl GraphPad Prism 8.0 3X{4F4: 1%, K SPSS
18.0 Xf & 45 7547 HL K 3 J7 22 (One-way ANOVA)-#r
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KA Tukey #3axf 5ttt ZEH0Hr, P<0.05 HA
(i) b 8 2 1% A N 48 A 25 57 W 3

2 HRESH

21 BEXRSSM 1S EHEFETENZI

S E I PSS 15 i RS R B R A
) SR HIZE LI 1. M 1 ATLAE Y, SR H #h
TR AR, SRAE R 14 A 15 LA A FIE 14
124 d B2IAET-HRILF] 100%; 7E 30 d IR,
ERRER 16~20 B S0 1 5 Rl SR FfER B 19 T
W, MR SR (13.3324.71)% & ¥ 54 Jin £
(86.67+4.71)%; EhFEE N 23~40 MUKSLEA] SR K
100%.
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Fig.1 Effect of salinity on survival rate of
sea cucumber “Shenyou No.1”
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TCIETHE 30 d SER AN B SGR; ERE N 17~40 B,
HHEHSI 1 S WA SGR WLE 2, MK 2 1]
VIEH, $REETE 17~40 Z ], HiFPHY SGR BfiER B 3
IS T e AR R R 17~20 B, BiFhE
SGR Ml ; EhAEH 23~40 F, SGR MiF{H; K
F 26 F, SGR & EH W E(P<0.05); EhEE K 29~37 B,
SGR REFE E KT, FHAZEMER AR F
(P>0.05), JF7EERFE Ay 32 BHIA & i, 0.9932%/d;
ERREEAE 37~40 JEREIN, SGR Ffi£h B Ay b TH i FAAIK .
WAEARAT 1) A K SO IS B R 8O S, SR
17~40 JEFEIP, EHREEAHIZ SGR WXRTTLUAHLT
/A\I‘ :

SGR=-0.00625+0.40465-5.7849  (R*=0.9602)

WRIEAXIER, WSS 1 SERER 326
iy, SGR fixfHr.
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Fig.2 Specific growth rate of sea cucumber
“Shenyou No.1” under different salinity

AFEFRE R A (1] 25 57 18 35 (P<0.05), T[H
Different letters indicate significant difference (P<0.05).
The same as bellow

23 BEXRS SN 1S ETHERAERIE

AFERBERMT, FIZ<S0 1 5 M R it
BRI 3. WK 3 WA H, HEEREN 14~40
BF, bR R BE Y T Ry S MR B, Eh BEAE
14~17 JEFEIN Ry BXAIK, 45 21 1A] JC I 3 22 5 (P>0.05);
RS T 18 B, SEE AN Y Ro Wk 3 5 (P<0.05);
R R 23~29 B, Ro b TR, A2
SAREE(P>0.05); $HEN 26 B, RoIFFIHE 1 45
W, 4 0.0173 mg/(g-h). RN 32 B, SZREANAY
Ro & FHIK(P<0.05); iR = T 35 Bf, Ry B #iTHe,
FFFEEREEN 37 HAEIEE 2 NmilfE, 4 0.0196 mg/(g-h);
RPN 38~40 i}, “Z4k 1 SR AY R BE LR FE B Tt
[ERN T <R
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Fig.3 Oxygen consumption rate of sea cucumber
“Shenyou No.1” under different salinity
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Ry BT & s SREE R 23~29 I, RyBFEGR IR,
Horpr, EREEA 26 B Ry, S 0.00185 mg/(g-h); b
J9 32 B, Ry B EHFEAK(P<0.05); 7EEREE N 32~37 U
FIA, ReZEWiTHeE, JFAEEREER 37 B iR BIE(E,
0.00196 mg/(g-h); FHEEET 37 0“2 1 578 Ry
BEER BE I T e 2 R R A
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Fig.4 Ammonia excretion rate of sea cucumber “Shenyou
No.1” under different salinity

AFFRELZMT, RISHM O NEMITEL
WFE 1, NFEI1TUEE, ARIMEEEH O N (EHH
1E 8 Aoy, REERE AR ML TC i 3% 25 5+ (P>0.05)

F1 HEWNRSSM1S"0:NHEME
Tab.1 Effect of salinity on O : N of
sea cucumber “Shenyou No.1”

ERE Salinity S Z&LL O 1 N | #hEF Salinity H&AL O: N
14 8.47+2.27 29 8.56+0.68
15 8.67+2.29 32 8.29+1.53
16 9.30+1.26 35 8.04+0.86
17 7.59+1.24 36 9.03+1.52
18 9.38+0.91 37 8.80+0.81
20 9.13+2.20 38 8.90+1.05
23 7.89+1.38 39 8.39+1.21
26 8.23+0.85 40 8.51+1.62
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Fig.5 Effect of salinity on ACP activity of coelomic
fluid in sea cucumber “Shenyou No.1”
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Fig.6  Effect of salinity on AKP activity of coelomic
fluid in sea cucumber “Shenyou No.1”
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YER VO, RS R, SCIR R OR R
A 7E [R]— s ] A5 LZM 36 P 22 S T v I B AR P T s
MRS, Hdr FEEREEH 29 39 B, LZM i
PEIR BB E s $hEE R 32, 35 i, LZM BYIEPERAK
[A]—hBELH v, EhEEH 18 BF, LZM 51k Bl 25 52 56 i
[ P RE A S B R 3, RS20 LZM G 2%
T IR BEAR A R E, FHAESE 10 REF IR R0 S (H .

_ ==0d
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~ 6} SN 3 Iiif a a2 ol
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Fig.7 Effect of salinity on LZM activity of coelomic
fluid in sea cucumber “Shenyou No.1”

BARESMETT, ISR ALY B L EF(SOD)E
PEARAL LI 8 NI 8 T LI Y, #EERE H 18~29 K,
0 d 4541 SOD {4 F e K-, BEER BE 3 i 2
STt E BARR AR, JRFEER R 18~23 B, 4505
4 SOD KT LR 8] 25 fb S 2 Wi AR AR Ay ik
FEN 26 1 29 HISCERL, SOD I 1 & e KI5 T+
R R 32 YSEERAL, SOD T PR RERT ] AR
B TC 3 2 5 (P>0.05); Rk 36~38 If, SOD [#ih
PEBE R [R5 b 2 SRS TR a2, 47658 20 KT
SRR, FF7ESE 30 REF X B3 FTH(P<0.05),

50 =0d

45 =10d f -,
~40F 2 a8 =204 8 ‘[ |
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Fig.8 Effect of salinity on SOD activity of coelomic
fluid in sea cucumber “Shenyou No.1”

3 Tt
31 BBt 1 2 BREREEE G TSR Y

£ A Ry 5 i A ) A PR AR S e T BB
BHTZ—, SHEEIYHBELERT ., 2K kF
*Z %] (Dong et al, 2008; Zhang et al, 2018)., 1l 5
Wik Z LI THEM S B HUAARREE T4 M SNE 15
PEAT, MUKARER BE AR, A0SR B8 5 AL A R
PRARAY , WL 0 0 3 A 9 T 2 SE R RN 43 B R
K A7 5 R I W 15 1% R V-1 (Talbot et al, 2002). H1=
J& T B B R PR A, R AR TR X 2 1 A
KHAETEAT B 0 52 i (MR 55 46, 2007, KPEX4F, 2014; Li
etal, 2010; Hu et al, 2010). XF T & A8 Sh R 5,
HEH HAn MR P T A SR G R g R R T, i
I et A 25 IO DU e T A T PR R X 2=
“ZAl 1 57 ATkl IR (Mbrio splendidus) e 71
AR T HEREEE ORS8RIk i
KA R TTERR, 5 B2 R 1 AR 258 N 3 R A T
AL

FIS AU LA — L2 FE, B
N RE S WAL . AR R ER, RN 18 U
T, HIZ<B0 1 570 SR KRB AT, Xl feat
R THERL T HASATERSS. BFES
(2009) 5k AMESE(2004)iE 1 SR8 A A BERR A5 00
BT, HE T A ERALIT, MSMER
ERREAY Il 20~35 F1 18~39, Friii A4k K ER B Ky 25~30,
MK AR ER BE 7R 255 S I, HUA T T8038 R R 5 1Y
e /D, AT RS0 KR YKT) & B (Asha
et al, 2005), AW LEM, KBS 1 5 EREH
32 BF SGR e, X RER AR 32 S
B S KHT, ATBEERY R, MUERK
BRI, AP E S R RS 30 d IFRIESE R
W, B2 1 SR ERE N 23~40, Foddt
K AR 29~37, EHHFEEQ2009)HF5E T 60 d SL56 51
P, SR BB R S A S A TS A K g, $E R
FHATIE £8 B2 A0 AR KR B 2 SR i 2 1 T
vk, HHEREE R 26 SR AP A K BB,
BB HIIETH R R 26~33, A K& HERE N 30~33,
A e 45 (2012) 38 28 0 22 350 A [ i (R 8 2% W ) R R 3 28
A EREERR)2 PR, EREEXTRI S A R
BN A R 52 s e B, 5 ) ) 2 £ R A K ) S
SEARER W30 ) e 28R B A 2 i A R B O 5o ARAF AR
FITIAS A3 2 <S40 15 Bk B I A2 R 3 ‘R B Rl
5 EHHE 009 55 25 R A —2, IR S <214
1 S7E e H SRR P B T 3238 I ME R & A AR
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b, WA ZE I A5 21 1Y 245 S 0 LB /) T 280 i 45
(2009) F15k A2 SE (2004) U 45 5 . — 7 & i T
AHFFE I E FE I (30 d), i T T 2 WHFSE (4050 A
168 A1 48 h)ByWEIES[E], J5—J7 2 H TAH5E
BR T B BRI A, [T, B AR R R H R iE 3
BERFE bR, BN S S0 2 N o

32 REZ Sk 1 S ELRREFZETHIFFIRAH
FHIE

ERBE A Ak 250 ) 2 s BB S, S T 5 e 3
ZRe A, R RIHEM AR . KA S
IbFEEB I Ry AL, WTRERE S TEB ST
BiE R BREfE R . TEVEQOI3) X R RIS e,
JEN 20~35 Z5F T RO NT AR E 45 SRR, BiE
R TE R, B R 1 Ry 24 52 S FAAR 7 T v 1
B HAEER RN 30 BF iR B EAR . EAN(2008)HF5E
TAEEREE N 23~38 S, AN[RIRUAS T i S R il =
MR AR I A AR Ak K B, FE AT A SR BE VS L, il =
) Ro Al Ry 28 AL S “M BRI 84, Ik 41X — #a #415 H
RN 29~32 ST IS M4 2 (1) Bl £R B VE L 32
75 A A5 (2006) X AS [R] KA 3] S 1) 2 B 0 W A 00 i 5%
B, ER RN 31.5 B, ANFEAS RIS 1 Ry Fl Ry #1541k
A RFW, HZ<SE 1 571 Ro Ml Ry thLIER
FER 32 RIS MBS, EART AR TR N
WA R TR, X AT RS TR A A ok 5
75 R T B L U B A R oy B, TR, i
BHER N 32 Ml IS Sk 1| 5 RIS
o X SRTLI AT 25 B A—2, BRSES S EUE
[ 25 5 I 12 2 TR kg 45 A0 9 A L AR SI2 56 5 vk HRke B Y
HELZRAFGIERN ., B Ro MAHEMES &R R A
R Ot N, W] LATEAL TG HE 3l H i i i 7 K R
Xif 5 %) 5 ) FE AR 0 A H X A 5 3 3 b
(Bayne et al, 1978), ARWFFE 4 FRM, ST 2SS
1571 O NAEM NN B, 5575 4%(2006)
FIE R A (2009) 0 78 45 SR AH— 2, 11 5 75(2008)
POR=w IS IFAW I BT UR T e 1 I NG P R
O : N {HFER AL RORTE, X 0] fE 2 BRI 2 i
RESHAKX,

33 s S 1 S HMEAREELEGTHIES
SRR EE T
Tl 2 R s R0 4 2 AR R S P 88 R 6 1 7R R
B AR A AT 7 A 22 A b R S e E Tl (Coteur
et al, 2002; Kudriavtsev et al, 2004; P55, 2018),
PRI, T DL e AR 0 s 8 4 L e S e S e 928 il T

P 18 A8 £k Fe i I H: 7 X 25 o Jolh 2 PR S T 1) B g
(HESE, 2014; NS, 2017, #HI04E, 2018), AF
FREER R, AL T RS S 1 5W
JEHE ST VE e RS bR o X AH IR BE 30 d SE6 0 P9 S
FREGIELS AT LU 1, FEEREE e T, SOD Jh i
W —AE 0 d B, T ACP. AKP W& PEMIIE(E 7R 55
10 KRB, LZM G PERIE(ETE 10~20 d 3L, K
A Hs 240 A 17 6ok R B AR AR R s R R, A [ iR A AR AL
M 7 Fsf (0] 7 — 58 2 5 o A RS o o 3 5 A2 AL A Fsf
T) I By o S B 5 4 (20 14) I BFFE 46 SR —3% ., 1B 5
75 55 Q014 R LR i . A 5 45 (201 7) Rl 2
R FIshVRAE 201 8)KIN pH WE 25 F T B i o A%
FERUEAAE B3 25 57, X U B R 7 R X A [R] Jilrae 2%
FF, AER Mk f e WG e AR A R AR K 22 5 Xt
AN TR B BE R BT A I it 4 s 0 1 X & SR T LU
o, TESRIE N 18 R MF T, A WHEARAYIE TR B 1T
HAbERREA, FIAFEVEFh 2 B BOCER EE e i, HLARE
TR IE H AR A e M MR e, X S5 PE
25 (2016) F F 5% 45 S A0 — B, i 7E il 2 e AF IS 1
23~40 EREEVE I, A S AR 0 AR T 2 Rk A iE
LR TG PR R, 10 L ARG AR 1 v R 2 A I v
FTFE, R Z 2 EE B W36 J5 R S 27 A — o i
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M etabolic Characteristics and Adaptability of a New Variety of
Sea Cucumber “ Shenyou No.1” under Different Salinities
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RONG Xiaojun™, ZHANG Zheng>’, FAN Ruiyong’, ZHENG Jiong’
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Abstract Salinity is a key ecological factor for the survival of the sea cucumber (Apostichopus
japonicus), and analysis of the adaptation and tolerance mechanisms of new sea cucumber varieties can
provide a scientific basis for their promotion. To study the adaptation of a new variety of sea cucumber,
“Shenyou No. 1,” the growth, survival, respiratory metabolism, and immune enzyme activities in different
salinities (ranging from 14 to 40) were measured. The results revealed that the survival rate was 100%
within the salinity range of 23~40, whereas all seedlings died when the salinity was below 16. The
specific growth rate (SGR) was positive within the salinity range of 23~40 and reached a peak within the
salinity range of 29~37, with the highest SGR being 0.9932%/d at a salinity of 32. With a change in
salinity, the oxygen consumption rate and ammonia excretion rate showed a “M” type change, with the
trough values obtained at a salinity of 32 with values of 0.0130 mg/(g-h) and 0.00138 mg/(g-h),
respectively. The O/N ratio showed no significant difference with the change in salinity. The ACP, AKP,
LZM, and SOD activities changed significantly under the high and low salinity stresses. During the
adaptation period, the peak of SOD enzyme appeared at 0 d, whereas the peak of ACP and AKP appeared
at 10 d, and the peak of LZM appeared at 10~20 d. All the results indicated that the suitable salinity range
for the new variety “Shenyou No. 1”” was 23~40 and the optimum salinity range was 29~37. Changes in the
salinity led to changes in the respiratory metabolism and immune enzyme activity of the seedlings. These
results provide a scientific basis for the promotion of the new variety of sea cucumber “Shenyou No. 1.”

Key words Sea cucumber “Shenyou No.1”; Salinity adaptation, Growth; Respiratory metabolism;
Immune enzyme activities
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