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47 (GCA) BHEHEAD (SCA) . £ERET: FARN SCA M FRERNZINAL E R, 44 KPx
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GXJ (3.651.79) \LYxLJ (2.19£2.33) F1 WRxGXJE ( 1.30+£2.03 ) 1t 4 & 18 th SCA # 4 1 . #
MEE 2T EN, X AAMEK (KRE KK IHWFKEEY 2K ) 4RI xR
B — A A, 64 42 K 4 A GXPXWE L GXPXKE . GXPxMJ, WRXGXJ K@xGXF 5 KQxMJ 4
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1 515

JUE 75 XU ( Litopenaeus vannamei) X 4 76 3% A ¥t
LN B S N LN L NS ENE I i
Ay B = RO IR IR B Al B 2 — 4 HESE T, 2020
A3 [ FL A T 0] R 98 7K 37 58 ™ IR 119.774%10% ¢, o
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SRAS, Ak E BT AR . AR LGN I X R R 4,
FE B O EF 2B, (R k2 o
BRI (R RERE . BHREEE S RIER), RHIAZE
JIZ I it AL L T 98 1500, S O A AL i ]
FH I AN

VAR R, Xof R F TR % 285 BE A BRI 184 o, (L v %85 g 7%
B 4 BRI K R 88 7P (10 pHL 388 0 A 0R 2 Rk i )
(O 0 e %5 32 5% 9 2 AR BB 1 1K 46 mg/L1™, pH IR &
4.1040) 5 T B 2 (14 1oy 5 D) 2 1 o 7% B K A v R g 0
A R AR B L AURVEAIR pH KA, X IR 2
AR GRS | B ) T L X D B Y B SRR e A
ARG, S5 5 S SRR AR LG X i
e B T v 2 ARG pHL A4 23 58 B R g 4% 20 R 2
fiff B LA L ) ) R B AR AR

Bt & 1 53 A1 2 7K 7 Bl W) 4% 38 B R E 5 v i R 2
TAEZ —, Rl o B0 2T B, e 22 R p 34 R
FHBIRTHROD . A 2 PLYA T X 0F A= 4 5 20 R 1 3 1Y)
Bt FIWF5E B A M SEHRIE, 3% 4500 BF 58 1 LNt
R 7 4S5 S FE AR A T 0 BE 6 0 5 A A A2 g 5l
T LA R M T B g 2 R A Y 2 o A AR
B A 77, 53 Bk i s (K 5y — M Bid A& 77 (General Com-
bining Ability, GCA) %% 15 19 %8 B 1E K (TZ) B 44 2 ifit
o 2 L SR P A A (5 [ 3 B %5 SIS BE AR (UMD 5
2% 15 5 g% SIS BER (UH) 442841 &, B (UMXUH)
A ) BRI o SR AR LA 0T UR 52 BR 55 4 2B ™ v,
JIT 32 0 a0 Rl 2 AR I T 25 ik, R
FE LR X R T 255 6 a6 (o 86 L IR pH 5 e s AU A
7] Jp361 ) e A 77 434 5 T 58 R WL ARGE , B AT
BT 7 ST, LLSEELE A E AR E— 25 R
1o AHFGE LA LGN IR X R < 2408 15 e A0 B A
55 A0 51 A AN (]38 % 8 55 19 LA X MR A AR S
P 12 N BEUR, DLA: K R 2 Motk o 235 E H AR,
PRIT LA Xt 0 1) A A AT 25 45 Tk 36 1) i 4 70 B 2%
PO 3, DA A FLAN U Xof i A K TR 32 P IR 8 3 43t
(ST =8

2 MREINE

2.1 KIeda
2.1 SEEG T SR AR R R

JU YR X R 2436 15 Bl R O B R (GXO:
DAFR I AR BE VRN VG 2R 24 049 7 A PLAN V% R 77 5l
FEAAR (3 880 2 ) Ry JEAIAEMR, LASCIE 28 A T 4 H
FrReER, R BLUP SEF HOR, M 2011 4EFF bR 28142k 7
fRIEF MR, I 2018 4 1 1 4 /K = AR RN KL

WOERASH T, KA B AR A K P
FRFEAT I R (FRHH 100 H #5179 FL AN I X 0 < 24 g
1 S PSRN 77.80%, YA E K 15.42 g, 5 SIS
—ACH A L, P2 R AR T 15.0%) . Pt R
(EZRINIU S AR ). LA FPAZ O BEIR LA
HETF 24T IR 10 4,

2 E B (W FITL): 2019 28 H 51 B4~ 2 AR
B RER, o3 ) AR B R W B B 3R E A R
PR, G 7E o LT L S AR L R A 2 R SR
B FRIEM L &R o

3 FE R (K AT M): 2019 F 25 [ 5 | 3k w4~ 22 4L
HEBER, 20 5 kA LA | 3R 55 MR Y KR
R B W PESR ) M &

PL b5 AN [ a8 4% 15 5t A P9 U 0 B 8 1 2 8
Z AR T I A, ELA A s L Sl
212 FERM AR AR FR5H

SCIS T 2020 4F 3 A AR VT E DK RHE A R
N ENCE AR SEAT, He 2 5 IS 4500 1 J7 125 5 Ak R
R, DAREASBE A v A3 S B fE | SR AR 45 20 BB HEAT
ZEWC LG . AR L F B % 15O REIR
(GX) BA K P | i 520 20 B 77 4 3 o7 M i 5 A 058
LA A REAR (220 ) 20 31 WL L, K. M A REA
AR ARZAE, I T GXOxWJI ., GXPxKJ . GXQx
MJ K WOxGXJF, K@xGXJ; Bk GX, W, L, K. M #
A3 500 SRy A BEA R AT A (PR BA 4l 3R AR 4l), A T
GXPxGXJ. WexWJ, LYXLI . K@xKJ. MPxMdJ;
DA PR W R K AR 4331 5 97 B 38 17 M5 4 L
M BER I 38, I T WOXMJ | K@xMJ, A4
KA R ME RN T 1 2 R P A oAl R R 5 B T
HRARE 2 AFRAAE R D LG, R
HRGE AL H A C T 2K 2 3 500 2, AR PEAR AL B B T

R1 YRR S M AENEE S REENT T 2WTIRR
Table 1 Incomplete diallel crossing of five populations of

Litopenaeus vannamei with different genetic backgrounds

FA GXJ& w3 L3 K3 MdJ
GX9 10 3 - 4 1
wQ 5 2 - - 1
LQ - - 2 - -
KQ 5 - - 2 1
Mg - - - - 2
&t 20 5 2 6 5

T FPRF RN I IR R, R E R AR
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K F 500 L WAl & EAFEF, 1M f5 #2457 K e
WHATIHIEE . HERKZE 3 em 240, B2
TC R AR B LI 900 B2 % R i#E 47 2 s ic, K BT A i
B X B T K 58 >R A 13 mx 10 mx0.6 m (143t P 7]
Wi 3758 60 d.
22 BEVEpHMERRAEEHERXR

2019 4 F B 2428 &) 5% PL4N I X 0 5% 5 1 I8 I i
KB AR AR SEAT WM, 45 0 R Eh B 1 BR{E R 35, pH
TRRAEA 6, 2 B B I = 1) I v TF i ey 2l AU a8 1
SEH i E R BR A FR A 60 d, 48 h i & AU 2 Bt
W FE (LCyp) M 120 mg/LOEEAR B ¥ )0 255 Whad vk i
BB R 5 2O AR 3R R 35, pH R 60,1, PR S A
W (ATAZJE R 1~ 120 mg/L), 42EEIEIS [H] (LT,,)
A 48 h XN ) R BE L pH B S MR B B A SR 2 25
A T e B

ZEAA A TSE g XU R A B SR AE 60 d 5, IE
1 ER A 35, K pH ok 6+0.1, ¥ = 2 A Wrif 48 h 1 LC,,
(120 mg/L) #7 H (60 mg/L), £ 1 mg/L 5% 120 mg/L
i) LA R PR 1 mg/L oAy Aof B2 A0 U ask 384 B3 3ck Ui, mT 388 3 A
120 /N6 B2, 1k S50k L 5E A, BRI, 43 40 AN BRI h
AN KA (FR 34 4H), 45 1200 (1) i1 60 mg/L 3% 98 1Y
20 Sk B2 (R B2 . pH FVAL AR ) BB BE 300 O s 35,
6+0.1 F1 60 mg/L; 35. 6£0.1 Fl 59 mg/L; 35, 6+0.1 7l
58 mg/L; 35, 6£0.1 Al 57 mg/L; 35, 6+0.1 Fll 56 mg/L;
35, 620.1 1 55 mg/L; 35, 6x0.1 #1 54 mg/L; 35, 6+0.1
#1153 mg/L; 35, 60.1 F1 52 mg/L; 35, 6+0.1 FI 51 mg/L;
35, 6+0.1 150 mg/L; 35, 6+0.1 149 mg/L; 35, 6+0.1 il
48 mg/L; 35, 6=0.1 #1147 mg/L; 35, 6+0.1 146 mg/L; 35,
6+0.1 Fl 45 mg/L; 35, 6£0.1 Fl 44 mg/L; 35, 6£0.1 il
43 mg/L; 35, 6+0.1 Fil 42 mg/L; 35, 6+0.1 Fll 41 mg/L;
35, 6+0.1 i 40 mg/L; (2) H1 60 mg/L 1% 3 (1) 20 4~ 1k &
FREE SR M: 35, 6+0.1 F161 mg/L; 35, 6+0.1 162 mg/L;
35, 6+0.1 163 mg/L; 35, 6:0.1 I 64 mg/L; 35, 6£0.1 il
65 mg/L; 35, 6+0.1 166 mg/L; 35, 6+0.1 F1 67 mg/L; 35,
620.1 fil 68 mg/L; 35, 6x0.1 £l 69 mg/L; 35, 6+0.1 Al
70 mg/L; 35, 6+0.1 171 mg/L; 35, 6+0.1 172 mg/L; 35,
6+0.1 F1 73 mg/L; 35. 6£0.1 Fl 74 mg/L; 35, 6+0.1 7l
75 mg/L; 35, 6£0.1 Al 76 mg/L; 35, 6+0.1 Fl 77 mg/L;
35, 6£0.1 Fll 78 mg/L; 35, 6+0.1 Fll 79 mg/L; 35, 6+0.1
A1 80 mg/Lo HoAth W4~ 41 LA I S HE 43 1) 4k 5 A iy A
S 38 DR 4 3 2H TS 4 T AT, S8 4 X A
1 21 40 86 B IF SR 25 5 e S2 0 o IR L IR pH
Ko RN 2 i B I A A3 i A s KL ER (R T
S HT211ATC) . 1 mg/L HCI #1 1 mg/L NaOH®I( /&
K5 pH IR 2% ATC) F1 NH,C1 43 # 4l i 1A (7K 5 43

AL W-D)o Fsege 8 3 B (B4 30 )&
R ) 98 G 04 S 5008 K AT, B K AR A AR pH £
ZABRE IR, WU 2 h JHEE 1RSI K pH JF 4L
TFAE T AL, I 2R R FR I O IR T 6.0 me/L, B [H] 5
SEENFURAET 5 1k . M E Rl 35, 1K pH oM 6+0.1
e & A M 70 mg/LBF, i SPSS 19.0 5 M LTy, M
47.31 h, 208 48 h, HOKIZ 3 I Wk BEAR M 256 W
AR (RAESE 1 Al (B 0 T 28 A Wl 1 ik,
WOF R ARSETT REER 2 AL ANEE 3 LTSI ).

L5 a0 IE 2S5 XTIRET R 3 d 5 R 5L 5,
LA I 30 TS 50 o 1k B R I S G, HAh Jlra
FMF 5 2R T30 TS B0 AR [, R A A B AL S 55
IR 90 (3 AEE, A4 30 B) & T/MEPILTK
% 30 cm B9 (K xFE: 5 mx5 m) i T&E A e . $5
ZEBCLH A BERHER, Az K IR ST 25 36 bk — —
XFR, B2 h B — R SEE K pH., ST AET- 8. id %
AE I B[] 300 e AR MR RIS BE R 0.01 437 19 43 B K
SV 2 G 1 Bl S AR JBT 1 RO BRORD AR AL AT RS
F Imaged BRI R | Sk i HE K K15 4K, S2 56
Pk = AR IRFE T I 45 5
23 ZEMRABRESNEE
2.3.1  JUANTE X UR A 4 KT 256 i aE 2 b 0 3

TP B 28 22020 Sy

_Fi=1/2(P, + Py) 0
H = 12, 5Py x 100%, (1

A, Fro PP, 23 B 3678 36 AS 1 MISEAR 2 IE A8 F
— U EAR T AT AURRE, FA2 AT —
FRRBIEIE; H N IE S8 T — AR L3

232 FLANEE X IR AR K R 25 A e PR B A H
3 M AR A
(TN S|
Yix = m+ Dam; + Sire; + Parents;;+ e 2)

EVL SIS VS I S R S NS e R N £ 2 N R
5 kAR A R 25 30 PR A I s 1 Ry
SARIIE; Dam, 55 i D REIREEA I GCA; Sire, 15
JOBEIR LAY GCA; Parents, W5 i NREARRER S 5
J A TR A S R BR L & 71 (Specific Combining
Ability, SCA); e, A BEPLASN 5% 2%

FIFH ASReml4C 3K {4 F1 5% AR 45 70 1 A7 07 25 4 4%
o BB A Akt o Al T 02 PR I 43 508 2 A AR T
H1) GCA B SCA HlIBi4st, 43 544 1 W5 A7, F AS-
Reml4 A4 H A9 Irt.asreml] pREHEFT 30 36 1 4G 06, AR
— BB A SRR LA 1 0 R 3, P BT
— 1 LSD £ & W e 2 BSCHk [32-36] J7 ik 15
GCA J5 2% . SCA J5 2243 55 R )5y 2 19 LAl
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3 RS0

3.1 ALAEITERFEABEER GCA

FLAN XS UE 5 AN 38t A5 15 S BEAR B GCA &%
L 2, 253 R SCARTE IR BT & | 4K RSk iy
H K B GCAE [ 4 1l 2 (-8.90x107+0.000 5) ~
(3.62x107£0.000 5)., (—9.34x107°+0.003 3) ~ (5.22x 10+
0.003 3). (—1.92x10°£0.000 8) ~ (2.03x10°+0.000 8),

F 2 FLGEEXER &K IO

BEAHE R AR BT 5 AR Sk Mg B 9 GCA Y [l 43
Sk (=1.23x10°40.000 5) ~ ( 5.31x107+0.000 5) .
(—=5.70x10°+0.002 6) ~ ( 2.81x10°+0.002 6) , ( —2.71x
10°40.000 8) ~ ( 1.24x10°°+0.000 8), 4 ¢ # ¥ T 0;
ACBE A BE R T 25 6 W38 19 GCA VS [ hy: (-0.93+
1.687 87) ~ (1.46+1.614 2), H i ACABEIR B GCA 1
Fil A (—8.55x107°40.005 4) ~ (7.74x107°+0.005 4), HJ %5
HEET 0,

SEEMEIKE GCA R E

Table 2 GCA effect value of growth and comprehensive stress tolerance traits of Litopenaeus vannamei

— A
PN
R (L3S BN LIS [-REE N Mif25 A Whie
BA  GX 5.31x107+0.000 5 2.81x107°£0.002 6 —2.71x10°+0.000 8 ~0.49+0.401 0 1.46+1.614 2
W —1.23x107°+£0.000 5 —5.70x107°£0.002 6 7.79%107"+0.000 8 0.29+0.422 1 ~0.86+1.681 1
L 2.40%107"+£0.000 5 1.15x107°+£0.002 6 4.80x107"£0.000 8 0.01£0.478 6 1.11+1.856 6
K 4.67%1077£0.000 5 2.08x107°£0.002 6 1.24x107°+0.000 8 0.08+0.421 9 ~0.93+1.687 87
M ~1.08x107°£0.000 5 —3.37x107+0.002 6 2.15%107"+0.000 8 0.11+0.475 0 ~0.79+1.861 7
KA GX 1.19x1077+0.000 5 1.19x107°+0.003 3 ~1.05%10°+0.000 8 —0.04+0.424 8 7.63x107°£0.005 4
W ~8.90x1077+0.000 5 ~9.34x107°+£0.003 3 2.03x107°£0.000 8 0.29+0.473 5 ~1.80%107°+£0.005 4
L 2.40%1077+0.000 5 1.91x107°£0.003 3 4.80x1077+0.000 8 0.01+0.521 9 7.74x107°£0.005 4
3.62x107+0.000 5 1.02x107°£0.003 3 ~1.92x10°+0.000 8 —0.57+0.469 1 —5.02x107°4£0.005 4
M 1.69x1077£0.000 5 5.22x107°+0.003 3 4.63x107£0.000 8 0.31£0.470 8 —8.55x107°+£0.005 4

32 AAEXER 12 MEEH SCA

FLARIEE XU 12 A4 A A KRN 28 6 30 PR 19
FRR LA RN L3 3. 45 R BoR: 12 AR %R
i R SR P RORTIE Y 4 Ky SCA Y [ 43 i Ry
(—0.92+0.25) ~ (0.35+£0.25) , ( —5.82+1.35) ~ ( 2.02+
1.60), (—0.61£0.29) ~ (0.31£0.27) Fil (—0.39+0.39) ~
(0.17£0.4), Hrr, 414 K@xKJ3(0.35£0.25), GXQxWJ
(0.31£0.22) Fil GXQ*xM3(0.29+0.29) 14 Jii 5 ) SCA HE
ZREHT; 12 DA T 256 WA I SCA 5 B2 (—2.79+
2.02) ~(3.65£1.79), HH 41 A GX9xGXF(3.65£1.79),
LOxLA(2.19+2.33) Fl WRxGXJ (1.30£2.03) iiif £ &
i) SCA HE £ SEAT o UL A, BEASHE K A K (4.98%
10°%~0.43% ) FlTif 25 G ik 38 (0.73%) S A0 A B A A=
K (5.00%10 %~ 0.54% ) FI it 25 2 W36 (5.08%10°% ) (1)
GCA 7 25 15 # B Jy 22 1 B ) 6 M4 ok i/ 4 K
(0.25%~ 4.06%) FTif 25 45 38 (1.43%) 1) SCA J5 2%
Hi RA T 221 LU (55 4), RUIZEA M SCA X1k
R FIE = FIEH .

33 ZZAAEKNMESIEEROZEMAB L

e 28 A HE K ZE A W 38 Tt 32 1 2% O # 0
B, 53R ER: 6 MEZHA GXOXWI | GXPxKJI
GXPxMJE, WOXGXJ . K@xGX3Fl KQxMJ A i .
TR SRR | T A R 2 A e PR T 24 2 il
R (H) Y5 B 53 31 (—5.95%~25.525% )., (—1.00%~
80.79%) . (—3.43%~ 24.90%) . ( —4.14%~ 55.87%) Fil
(—8.03%~ 42.86%), H: 1 4 & GXOxKIWY & it &
(=5.95%). 1K1 (=1.00%) . 3k Jig B 4 (-3.43%) . 815
2K (—4.14%) Je i 2346 138 (=8.03%) Mtk i H 242
TfA, HABNIEME . HP A GXOXWIR T & 1Y
H 555 (25.52%), 2404 KOQxMATH 254 Wi 19 H 55
(42.86%), HE WRXGXIRZ (41.72%),

4 THE
41 FAVEIHERAE KA S E MR B S H

BE & T 0 A% 528 B b Al 2% 22 28R S O i G
R S0 45 9 AL S HG Be 5 1 3oy — UL &
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=3 FLAENERE KT LR S e KB SCA R {E

Table 3 SCA effect value of growth and comprehensive stress tolerance traits of Litopenaeus vannamei

FRERBLA

ZRCHA
{UNpE (SN S [ RE S [iEzEayIs ]
GX9xGXJ ~0.13+0.17* ~0.56+0.96" ~0.53+0.24° ~0.19+0.37° 3.65+1.79°
GXOxWJ 0.3120.22° 1.22+1.22° 0.23+0.30° 0.07+0.39* 1.16+2.09°
GXQxKJ —0.1140.21° —0.38+1.14° —0.61+0.29" —0.39+0.39" —1.4442.02°
GXQxMJ 0.29+0.29° 2.02+1.60° 0.2120.36° 0.17+0.4" —0.49+2.43°
WOXGXJ 0.07+0.20° 0.2621.09° ~0.05+0.27° 0.09+0.38" 1.3042.03°
WOxWJ ~0.92+0.25° —5.82+1.35° 0.30+0.33" 0.09+0.40° —1.67+2.28"
WOxMJE 0 0.91+1.60° ~0.05+0.36" 0.02+0.4" —1.3242.44°
LOXLAE 0.160.25° 0.94+1.35° 0.13+0.33" 0.0120.40° 2.19+2.33"
K9xGXJ 0.130.20° 0.89+1.09° 0.31£0.27° 0.07+0.38" ~2.7942.02°
KQxKJ 0.35+0.25° 0.89+1.35° 0.1120.33" 0.08+0.40° 0.02+2.25°
K9xMJ —0.17+0.29" ~0.09+1.60° ~0.10+0.36" ~0.09+0.4" 0.95+2.44°
MQxMJ -0.01+0.25" —0.28+1.35° 0.06+0.33" 0.08+0.40" ~1.5542.35°

1 FPAR 7R 225 B35 (p<0.05), MR 71N 22548 1.3 (p>0.05).
T4 NPMEMBRERNMEEHEERES INAEAS

Table 4 The variance components of combining ability for growth and comprehensive stress tolerance of Litopenaeus vannamei
PRI 7 2 80
Ty M5y
IR (23S Sl fEAT A [(Ezsyis el
A — LA T (02e,) 0.236x10°° 6.58x10°° 0.701x107° 0.27 415
MR ST 2 R B (0, o2 ) 5.00x107%% 4.98x10°°% 4.98x107% 0.43% 0.73%
KA — A I (0, 2.36x1077 10.91x10°° 7.01x1077 0.34 29.00x10°°
R ST 2 R (0, o2) 5.00x107%% 8.25x10 %% 5.06x10%% 0.54% 5.08x10 %%
FRRIE 2 1725 (02, 0.16 5.37 0.18 0.16 8.16
PR 107 22 5 R 22 U (08, /03) 3.39% 4.06% 1.30% 0.25% 1.43%
FIr(02) 472 132.22 13.86 63.01 570.50

(GCA) FIUEFBEBC A 71 (SCA), 1 & Fh 58 Y ik 2k iy
TR E A R 18 A% 57 5 38 p 5 BT v iy (e
M K B AR ) P AN R AR ALY, S 7 AR AR
T O B 1 N BE S oo, o FLGRIEE X R BE & 1 B AT
5% A R DGR TE 22, SR A 56 FLAN T X MR T 25 45 Jily
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Fig. 1 Heterosis of growth and comprehensive stress tolerance

in hybrid combinations of Litopenaeus vannamei
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Analysis of combining ability and heterosis of growth and comprehensive
stress tolerance traits of Litopenaeus vannamei
multi-generation breeding population

Wang Lun', Wang Chongyi', Liu Jianyong', Fu Xueli'

(1. College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: This research aimed to screen the best mating combinations of Litopenaeus vannamei. Five populations
of L. vannamei with different genetic backgrounds were used as parents, and 12 combinations of the F, generation
were constructed by mating. The ASReml4 software was used to estimate the general fitness (GCA) and specific fit-
ness (SCA) for growth and tolerance to combined stress (high salt (35), low pH (6+0.1), and high ammonia nitro-
gen (70 mg/L) co-stress) traits of the 12 combinations of P105 in L. vannamei. The results showed that the SCA of
the parents played a dominant role in the performance of offspring traits, with combinations K9 xKJ(0.35+0.25),
GXQ@*xWJ(0.31£0.22) and GXPxMJ'(0.29+0.29) ranking high in SCA for body mass; combinations GX9xGXJ
(3.65£1.79), LxL3(2.19+2.33) and WP *xGX3(1.30+2.03) ranking high in SCA for tolerance to combined stress.
The analysis of heterozygous dominance H showed that the crosses showed some heterozygous dominance for
growth (body mass, body length, cephalothorax length, and full length of ventral segments) and stress tolerance
traits, and the H for growth and stress tolerance traits of the six crosses GX@xWJ, GX?xKJ, GXPxMJ, WQx
GXJd, K@xGXd and K@xMJ were negative except for the combination GX9PxKJ (0.10%—80.79% and
6.87%—42.86%), with the highest H for the combination GX?*xWJ body mass (25.52%) and the higher H for the
combination WQxGXJ tolerance to combined stress (41.72%). The study showed that the hybrid combination
GX@xWJ had the highest SCA and H for body mass; the hybrid combination W@xGXd had the highest SCA and
higher H for tolerance to combined stress, which can be considered to enhance the application of the two combina-

tions in matching crosses for growth and combined stress tolerance traits respectively.

Key words: Litopenaeus vannamei; growth traits; comprehensive stress tolerance; combining ability; heterosis
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