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1.1 SEEE i 5ok AR

SR AE R E K BRI B e K ISR T
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ANEFRN TR R (L8 SR A R\ 3
BCAKARER B 2, HE43 0 I AAS [R] 2 1 1) KC1 ]
oKk KRS, BCHIR R Na /K H g &k B R 2
FISEEG K, SEEIRE 5 > Na /KK F: 27(A 41,
XFHRZL) . 47(B 41). 67(C 41). 87(D 4H). 107(E 41).
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I 3 77 B i 3 (ERE 4) Pk IR —HEk . &
O Ak 5 118 PL A Y2 Xt 0 0y B A Sy SE 50 FH AR, 43 i) 7
5/ 350 L #RHE AR 4 75 E 100 B4R 5% 6 d,
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SrRIREAR 1 IERRE, R 2 KOF B FRE IR 3 do
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0.22) g MXTHF 180 A Ry 5L FHUF . AWHoE 85
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BEDLAZHHES , 3T 30 /KGR . A B 1k R Bk
ki, Pr A KRS Y N 554 o SC5 R H
KSR AW I, FREE KA T DO>6.0 mg/L,
pH N 7.7~8.2, SCJEAWIN 141 : 10D, JKif (26.0+
1.0) °C, %2 Rk 172, 4d gk, L8
() H 5 MR RS S oer R DR R L, AR BRI 2 IR
(6:00, 18:00), 754 mRIFEB MR ET R FRIE, R
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J& o K A5 K AR B IR SRR 24 h R AR R
FHUEFFE 105 °C HtH 2= 1EH, fRAFFE—20 °C I15E
ARSI

ARIEARITHE LRI, LN XTI
BTG ARG R | R AR R AR R

TG R (survival rate, SR, %)=N,/Nyx100%

AH X} 44 B 3R (weight gain rate, WGR, %)=(W—
W)/ Wyx100%

i E A2 K (specific growth rate, SGR, %/d)=
(InW~InWy)/Tx100%

TRl 2 8 (feed coefficient, FC)=1al K} 5% A &/
(NG Iy
Kb, Wy N LA EX SRR AR IR, W, o LR
XTURARE T, Ny A FLANEXT IR 4G B, N, R
FUYRIERTUR S5 ¢ RESAEIE AR, T N JCiess
IFIE] (d)s

ARG A XFER K oA DAL
T 15 o AR o iE, R 105 °C ML EE
I E (GB 5006.3—2016), HLHE M & 7K YLK
FEREIE (FIELL 6.25) (GB 5009.5—2016), JK
I3 il A 7E S AR B (550+25) °C, 8 h
M5 (GB 5009.4—2016), ZHFAHANAGIIE . 5E
THRET 550 °C KAk, F 1% R R it 72 25 5 %
H 37.-Z5000 K B IO B0 K F i
1.4 BFBRBR. BRLBZ0454

A RS S R, RO WA BT L R
HAUHA Bouin [RIE T E & 24 h )5, HOFEZEH
Wik, AEaMEY R, HE 6, e B il
pUE-S RN
1.5 HiESh

S0 248 S35 R OV Y (H 45 1 2% (meanSD)
%75, H GraphPad Prism.8 il SPSS 25 4k 4 ¥t 17
ARG br, FHEREE J5 2257 (One-Way
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ANOVA) Fl Duncan [& & # AT WK R . AT
W/INTT 22550, XTURAENG 8 Ak ol R IE 5% PR A
Asin, TEEUHE AN 2 J7 22 55 PE R S50 R
Dunnett [G T3 F LT UK B . P<0.05 £ 5
W&, P<0.01 HESWEE.

2 4

2.1 REKMAEH Na' /K3t LGSR ERNE R F &
KHIF

TESCISFFOR G 55 10~50 K, 4% 5204 715 2%
Jo i 2 5% (P>0.05), H Xt IRA] A ZH7ESS 30 K
HITGHET:, BZHE5 10, 30, 40, 50 KITETE FAK
THABA A (B 1), TELITEE A 60 X, EA
I RRAL, M 44.64%+20.95%, BEXTE C
ZHAMRHAD 3 2H (P<0.05), A #HEeR, N 70.83%+
8.33%, {H5R E 4H5MHAh 3 Aol %255 (P>0.05)

100 | g

50

{ETEZ %
suvival rate

30 40
i 1) /d

time
A%l groupA Em D4 group D
== B4 groupB mmE 4 groupE
ez C 41 group C

B 1 AREKA Na /K 3 FLAE TR 04T 77 7 B9 7200
[l — i 18] BE_E ARG 7 BN R R AE1E B35 22 5% (P<0.05), Tl
Fig. 1 Effects of Na'/K" ratio in low salinity water on
the survival of juvenile L. vannamei

Different lowercase letters on the same time period indicate a significant
difference (P<0.05), the same below.

FESCZEREE 10 X, E AR T HAh 4 415122
S (P<0.05), 520K, CHKRERE KIS A,
E Pi2H 2% 5 1 ¥ (P<0.05), E K ERILIF 544
% 5 3 (P<0.05), 4530 KEF, CAlATE &AM
5 EH%ERBE (P<0.05), HAt4 4 H A E IR
EXESF, H AR, CHERERK, 5k B A5
() HA A 4 25 5 .38 (P<0.05), E HAATLT44H
35 B, CHEREF (P<0.05), % 50K, C4l
TR f o T S5 B DAL A Y Hfh A% 4 22 5
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(P<0.05), E4i{f&E B #(KT HAth 4 41 (P<0.05),
FBoOK, EHEEMTFHMIAT R BFH
(P<0.05), HAth 4 tHZ[EITCHEZER (P>0.05) (K] 2),

8 -

N

IR H /g
wet weight
N

fhfa)/d
time
A4 groupA E=D 4L group D
= B4l groupB mmE 4]l group E
eza C 4l group C

B2 {RERKMAF Na'/K'3F FLAE R IR ER A E RS20
Fig.2 Effects of Na'/K" ratio in low salinity water on

the body weight of juvenile L. vannamei

IR KA A AS ] Na /K %k FLAR 1 % MR 35 it
HOME R R A KRR AR R G e B
(P<0.05), CAFRERSHEERTEA R 1),
E 2038 i R AL T HAh 44 H 25 7 B 2% (P<0.05), C
e (518.2%) C d14% 2 AE KRB (3.04%),
H E 5 HAb & H 778 3% 2% 5% (P<0.05), A
HA D HIHR AR S E HAEAE & 225 (P<0.05),
Hr A /) (1.49), E 4K (1.85),

2.2 {RERKAR Na /K FL4 R 3 BRA BY 43 B 4k
$RE S

BEZ Na' /K A3, MLt iR K 4 i 5
ST TR A, B 4K & &k,
JFEEMT D, B4, EAKSSRES, IR
FEET A B4 (P<0.05) (#%2), HIEHSEBA
T, E 4%, HB45EHEFEE (P<0.05),
WA a Wy B4l s, DAL, H o &ER
W AR AR A BT E 225 (P>0.05),

2.3 REIKE Na /K3 FLEANE X AR 83 20 R 5544
A

Xof HE ZH PLGH I o IR BB A S 2 M S 4, A B
GIEEST, AHMEES T L) R A B2 R A S5 IE 5 (8 3-
a). M#E Na' /KT, B, CF1 D 4LAY FLghiE s oF
ERLH AU R )R, W22 B BRAR v (K] 3-b~d). E
ST R P EEZH U B N S G 22 L Il A0 s
iR 22 HEZEAL . AR s S (& 3-¢).
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R 1 REKES Na /K3 FLYSEITAT 60 d 4K IEARAIFZIT

Tab.1 Effects of Na”/K" ratio in low salinity water on the growth of L. vannamei in 60 days

Eizan A4 B4 C4H D4 E4L

index group A group B group C group D group E
FEREH /g final wet weight 5.75+0.46° 5.74+0.17° 6.32+0.20° 6.01:£0.40° 4.86+0.66°
WEE#/% WGR 462.90+0.45° 465.60+0.16" 518.20+0.27° 490.20+0.41° 373.60+0.66"
FEEAKER/%  SGR 2.88+0.13 2.89+0.05" 3.04+0.07° 2.96+0.12° 2.58+0.23"
kLR FC 1.49+0.17° 1.59+0.07" 1.60+0.14® 1.53+0.20" 1.85+0.40°

T R PR —AT LA RN T RER E 7 B (P<0.05), N

Notes: In the same row, values with different superscripts mean significant differences (P<0.05). The same below.

2 REKER D Na /K 3 FLG0SE SR A Ak 53 B9 20

Tab. 2 Effect of Na'/K" ratio in low salinity water on the conventional nutrient composition of L. vannamei %

EizE A% B4 CH D4 E4

index group A group B group C group D group E
/K4 moisture 75.97+0.79® 75.68+0.67" 77.13+0.86™ 77.39+0.3™ 77.7+£0.91°
MEA  crude protein 16.95+0.6™ 17.22+0.54° 16.17+0.46™ 16.17+0.33® 15.88+0.74°
K4y ash 2.82+0.14" 2.92+0.25° 2.64+0.08" 2.57+0.15° 2.58+0.16™
%8 body K' 0.310.01 0.28+0.02 0.28+0.02 0.3+0.03 0.28+0.01

2.4 REKE Na /K3 FLAEXARATERBRAELR /Mg & B ANnE % (K 4-d). E 4R IF B AR

el oAl HB A ECE R, AT NEE IV AR, Dk
(EEh KR Na'/K 3k 27 I, JLANESTERF/vG B AR (& 4-e). 2 ALFRLL F 40 HOECR TE W]

AT, LR, FaRSW TR . s 22k, RN (523 Y TR i T 40 i) £kt

W5y (& 4-a), BEE Na'/K'TheEs, FE/NE B difuss &2k,

BRI Z . B MR B K (5] 4-b~c). D 41
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100pm | % ?’ W s ooum FEE LS
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3 REIKS Na' /K3 LR XA 68 22 B S5 a0 200
(a) R ER KM b Na' /Ky 27 P RRAR) 822, 1AFUZ, 204088, 3. L4, 40400, SAGRIME, 6. HEEME; (b)~d). Na/K'H 47,
67. 871422, RMNUZIEE, BRI, (o) Na /K™ 107 22, RENZEIEL . AR, B2y L. IS .
Fig. 3 Effect of Na'/K" on gill filament microstructure of L. vannamei in low salinity water

(a) the gill of L. vannamei exposed to Na’/K'=27 (control)in low-salt water, 1. cuticle, 2. haematocytes, 3. epithelial cells, 4. tissue spaces, 5. in-gill ves-
sels, 6. and out-gill vessels; (b)-(d). the gill exposed to Na'/K'=47, 67, 87, indicating thickening of the cuticle and widening of the gill filament gap. (¢)

the gill exposed to Na'/K'=107, showing increased vacuolation in the lumen, reduced haemocytes and disorganised, distorted or broken gill filaments.
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100 um

B4 (REIKME Na/K 3t LR 3R R AR B 5 1 8§20

() Na' /K9 27 (M IR IFBRIR/NE R FLANIERHIR T N E S5 58 8, LB I 22, 2~4 P ARA M IR, W anie. 25 4k 40 A fican

Hasr A3 50 (b) Na'/K'Ay 47 FFBEIR /NG, SEIGIEMEI 2 (o) Na /K™ 67 IR /NE, /R B AN K (d) Na VK™ 87 AR/
B, R R B AR (o) NaVKTA 107 FHBEIR/NE, ZRAT/NEEIEAY, BARMENZ, L& B MR,

Fig. 4 Effect of Na"/K" on the microstructure of the hepatopancreas of L. vannamei in low salinity water

(a) hepatopancreatics of L. vannamei exposed to Na'/K" 27 (control) in low salinity water, 1. intact hepatic tubule and star-shaped lumen, 2-4. normal
hepatocyte structure and uniform distribution of secretory, fibrous and absorptive cells. (b) hepatopancreatics of L. vannamei exposed to Na'/K* 47, 5. an
increase of transit vesicles. (c) hepatopancreatics of L. vannamei exposed to Na'/K" 67, showing the increase in the volume of some B cells. (d) hepato-

pancreatics of L. vannamei exposed to Na'/K" 87, showing a small number of B cells ruptured. (¢) hepatopancreatics of L. vannamei exposed to Na'/K"

107, showing a deformed lumen, a small number of B cells ruptured and an increased number of B cells.

3 e

3.1 Na /K3 FLYESTENMEERAE K20

PR SR NI ROGR, 25
TP TH AL AERFDLA L AR P A S AR R AR R

FEFPERR Sy I R 15 E EEAE M, i T 52bR
FEFE b K R R R s IX AR AR AN TR, A E B
SRR B PR EWREE, DL LR 845
W B T X SR A E R S Aih, Ik, 2%
FA1Z LA Na'/K R i 5t 097 572 58 PR 45 DL K ]
R A IE B R fE R
15, Na'/K'h 27.7~68.4 FREEIF R H30) 30 d (1
FEL LN, 45 RFIALE Na' /Kl 27.7~44.8 1Y FREE
T FLANE XS ER A R BRI AR K
RN ERET 519684 5L T X IR, Na/K™h
57.8 F1 68.4 ZH XU 1) 1 W 2 AL 50 AR T W] 36
B K4 . Lin ZU DIEREE 4. Na'/K™h 60 i
FIHK R ELAY, 7E Na' /K™ 14~60 J5H N PR T
o 08 J Y FL gl v X MR SR A S A, 45 R R
Na'/K' g 60 4 (9 FLAN XTI iR R 5 & s T
Na'/K™h 23, 33, 42 WAL, AR FiE

YN
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HIROR I T Na' /K" 23 MSiied . Abtse,
TEERE 2. Na'/K' ol 107 4T, LA iERTIR
FOAFIG R . W E | Y KT Na' /Kl 27~87
B, THRLRBON W E T A, oAt 4 Y
PR RAE R BT R EES . LRGSR
T, KBS, AR AR A b FLgh
FEXTHRXT Na'/K S 1038 W P28 v T i sh AT
X5 Zho W IR Rl AU E 4%
IR R KRR, RHEMBE RS 10 HiE/N T HAb
HIF SR B E . RVIFENE G 55
AT RE S T R X AR S W AR R, il
AR . HEAh, &S A AF TG R AE 10~50 d
Jolp 25, FUIEL K Whia 7e IR B T X xR A7
TG 7 A R M T A AT SR X LA Y X
W32 . A7 IS ML A Rt — 25T
3.2 {RER/KAR Na' /K33 FLAERTEMA R 53 B9 520
FEABE AT, BRI N A AR o
S SR ) ot o PR TURE v 5 A B AR A2 B
n b S pLAE s [ 55 A SUE AR T AR,
A1 R AR N 9 SR S e AL
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HE S8R, RAEEalERNTEKRLS,
o e T A 1) B 43 B R R 2 A A e IR I AR,
RIS, LGN X R AT UF L2 1
LRI & 8 TR, K 5K BT, A
W5 E AATIR R & Bl . Ko & i
AR HERENE, Kr&a S50 AT 825,
FE R BB KA /K AR W] e 5 | RS FLAA Vi X R 21 4
Pl 7 B SR SN, RTINS B 2 i B BUOR AT
B, [FEexEREE T EAREN . Roy 52
PR A R BN, fEEREE N 4, Na /K™ 29~119
AN T ERBEK A, PLGN IR I I3 40 % 1 5 Rl 6
JEIRACTG KA T 25 5. ARSI P 45 2R A Y
TR G EESR, RUIXTIREMRS S
WEE N sRE I [ BHR T DAAERF AR SR A X R

3.3 RERZKAR Na' /K3t FLEATE X R 88 2 40 25 44)
Al

GRS AR H80 S R ) G EERA , iE
s R R I N T 0 A E I O U o 8 8 7 N B
REELA, LR . R b R RO AR,
TEIK A ) 52 3 PR 85 W 38 I AT B e A2 B0 52 i O
S K VIR ol - N Ve S (AN 1 SE RS
=M T4 (Portunus trituberculatus) L3S,
MMt 2, LR EIR, 5 Q)R (Procam-
barus clarkii) 3 2K pHP? sSSP R EE e )5
Sy IR o, EEARCRN R | K AR, I
We b Rz M IRSEAE S . BT, KRR FE=
Xof e W 8 2 2 285 ) () 52 ) (v TG . AR ST S R
R, FEIEERMT, FLANEXTERGE 255 1 b
i HES B S5 B Na' /K FHiy, FLANIEXT R4
R R EBUE, WREMA)ZE, L40H
B as b, U/ EBER R, ARSCE T, Na/K'
107 B, SRZH B S IR B e o BRI AA
B2 B L, (I A D 2 BN . AN BRI
RGBS AT R ARl SR YR L R 2
M A SR BE AT T BN I X R 5 A B R AT ) o AE e
() RE 1 BT U555 e PLAA T X W Y A KA E T o
3.4 fREIKE Na/K'3F FLYAER T ENAT BR AR R
el oA

JH R T 7 s kAT i 5 . HEIE AR Y
HEWNE, ZavE AL B e T HLARA
PR RAAE o JFF A /NI L4 A6 R ) R 1 2
AN, H/NE I Z 454 H S AR S 5P
JH/INE N E S WA A (B 4 ) . FAAR A (R
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M) 2T 4k M (F 240 i) FVE 20 i (E 40 ) 1
i, Hh BAIA R AR Z . AU
KU, PR R RE S 5 R 5T sh W AT R AR
(14 2 2L I L ) A A=A, S B 2R AT R £
faten S IR R AR AEAR pH WA T, HFBRIR B
240 0 5 0 A EL AR i N R s T R B R =
PER T AR 265 T R 408w, B 4N 5%
B R 2, R B R FEAR R,
Na'/K'# T 87 2 R EUIFBRIR N B 40 4 %z ==
HLRBUE R, JF XS T /N8 45 4 1 i — E 1 452473
BeAh, AW R TR, & Na /K 7L
XT IR A PEORE 2R K, TRT B P B A0 S N R A% i
M2 | RBUE WA R T ORI AL,
HARMLE ZR9REE, KU Na /Kl g fie il fL
AN R 2 22 B RE R RO T 4R Fr B
Al . SEg )25 A LA X IR e, T
JR AR AL SR R A M Bk o R e A= W R AR, R 4
BT U RS SR O A — 5 A A, &
IR0 PO R (iRl ST B = B B UK & )
FUE SR R R BT e A B R T, B
A SR AF RS R B BEE Na /KT TH,
E HIF/NE S5 BT, T AL REWLSS , X AR
JHEa M B S A7 1 SRR A e, S EUE
KR

WHoEaRMT, TSRS 20, BB T Lo 107
PREE T B9 PLENTE G R AR A R I B I T4 A0 B 1
Feoh 27~87 JE RN A4 . TERE BB ERE T, L
AREER AT AT IR /INE B A MR A, /AR R
BASE, AU A, . KA
SR Y R0V RT 0 of B A A R AR B B R R, T
XA B85 B 25 517 R TR P S8 i 39 K

(3 7 WA AU S Fr B A B Al 22 &)
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Effects of Na'/K" ratio on growth, body composition, hepatopancreas and gill
microsturucture of Litopenaeus vannamei reared in low-salinity environment

ZHU Huaping ', SU Jiagi', ZHANG Zijun’, ZHU Changbo ",
ZHANG Bo'!, LITing', CHEN Suwen'

(1. Key Laboratory of South China Sea Fishery Resources Development & Utilization, Ministry of Agriculture and Rural Affairs,
Guangdong Provincial Key Laboratory of Fishery Ecological Environment,
South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China,
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
3. Erdos Fisheries Management Station, Erdos 017010, China)

Abstract: Potassium deficiency often occurs in inland low-salinity saline waters, which is a major challenge to
fishery utilization of such resources. In order to explore the effects of potassium deficiency in low-salinity water on
the growth, survival, body composition, gill and hepatopancreas tissue structure of Litopenaeus vannamei, a 60-
day growth experiment was set up using diluted artificial seawater at salinity of 2. Juvenile shrimps with body
weight of (1.04+0.23) g were cultured under the conditions of Na'/K" (mg/mg) ratio of 27, 47, 67, 87 and 107
(group A, B, C, D and E, respectively). The results showed that the survival rate of group E was 44.64%+20.95%,
which was significantly lower than that of groups A, B and D; body weight of group E was (4.86+0.66) g, which
was significantly lower than that of the other four groups. There were no significant differences in wet weight,
weight gain and specific growth rate between groups A and D, but they were all higher than those in group E. The
feed coefficient in group E was the highest and significantly different from that in groups A and D. In terms of
body composition, there were no significant differences in potassium and ash content of whole body between all
groups, and water content in group E was higher than that in other groups, and significantly different from that in
groups A and B. The crude protein content in group E was the lowest, and was significantly different from that in
group B. In group E, the shrimp gill cuticle was significantly damaged, the number of red blood cells decreased,
vacuoles increased, the volume of hepatopancreas B cells and their internal transport vesicles increased, and the
structure of hepatic tubules was damaged. The results indicated that severe potassium deficiency under low salin-
ity conditions causes damage to the gills and hepatopancreas of the shrimp, which also reduces its survival and
growth. Potassium deficiency in water body has a significant effect on the growth of L. vannamei even in the early
stage, while its influence on the survival increasesh along the culture period, which means supplementation of
potassium is necessarily at the beginning of farming. These findings would help to provide theoretical and prac-
tical support for the aquaculture exploitation of inland low salinity waters.

Key words: Litopenaeus vannamei; Na'/K"; growth; body composition; tissue structure

Corresponding author: ZHU Changbo. E-mail: zhu@imau.edu.cn

Funding projects: National Key R & D Program of China (2020YFD0900403); National Natural Science Founda-
tion of China (31902423); Jungar Banner 2021 Science and Technology Program "Demonstration and Promotion

of Shrimp Farming Technonlogy in Saline-alkali land of Jungar Banner"

R E K7 2: 2 E /) sponsored by China Society of Fisheries https://www.china-fishery.cn



	1 材料与方法
	1.1 实验设计与水体调配
	1.2 幼虾暂养
	1.3 生长实验
	实验管理
	生长指标计算
	全虾体成分的测定

	1.4 肝胰腺、鳃组织结构
	1.5 数据分析

	2 结果
	2.1 低盐水体中Na+/K+对凡纳滨对虾存活和生长的影响
	2.2 低盐水体Na+/K+对凡纳滨对虾体成分及体钾的影响
	2.3 低盐水体Na+/K+对凡纳滨对虾鳃组织结构的影响
	2.4 低盐水体Na+/K+对凡纳滨对虾肝胰腺组织结构的影响

	3 讨论
	3.1 Na+/K+对凡纳滨对虾存活和生长的影响
	3.2 低盐水体Na+/K+对凡纳滨对虾体成分的影响
	3.3 低盐水体Na+/K+对凡纳滨对虾鳃组织结构的影响
	3.4 低盐水体Na+/K+对凡纳滨对虾肝胰腺组织结构的影响

	参考文献

