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Pt AT )RS 3, K R S5 R AR AE 40% Fo 4 .
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BE 3 ALK, 23 0 TR AR
FTE TR, DLk B = TR e A ' FC B B AR 1
RFEAS HEATWIN  2E A5 5 9 N A HEAR (R 1),
G390 R 6 A2 2 AL [ IR ex il 6(GJ) I x i
W S(JG) ImIIexIE S(GW) |\ FE I @x T 1 &
(WG) HEBIXTEMW S(IW) \TEi @x i (W) 1,
3 H R TmIEIxIBIE 6(GG) (LI Ox & il &
(JJ) FEMIOXTEW S(WW) |, B A BEE 3
T4, BAE 34 VBT KA s & |, B4 Rk
T2 A% oA (30.00+2.53) g 1) 35 1F 500 2 ,
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Tab.1 Complete diallet cross of three populations in Procambarus clarkia

FEAREA TR (Q) HBIHEA(Q) FEWIREA(Q)
Parental population Gehu population Jianhu population Wuhu population
AR (S) Gehu population GG JG WG
FWIFEIAR(B) Jianhu population GJ 1) wJ
FEEEAR () Wuhu population GW W WW

1.2 ERKMERNE

JCHE B, A~ 4G AR 43 S EBORE e LG B
R4 30 B2, SR U0 30 R HRFE 1 4k, B3 5]
F3H31H .4H30HAHSH30 HtFEK MR
W, RS - RO g R I ) 4K (X))
R (X)) EEIHE (X)) Sk B (X)) Sk B B 5
(X5) AR (X)) JEER T (X,) R K (X)) 3 8
AR D) K6 2] 0.01 mm, B+ K
FREARTTE(Y) K650 0.01g.
1.3 WFE|EEATFEN

HR R AR AL A UK (5.89+0.23) em
PR (5.02+0.60) g (Y HR BT 57 TR KR EL
HESEHLFE A, AR IR I KR R (20£1)°CL BR R
PR ARRE, B 9R3 d i, AT TRk fE %
I (20+1) CHYSRAFT L 20 i3 114 & B[] b 2
ZH(6.12.18.24.30.36.42 .48 .54 .60 f1 72 h) 1 1
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Fig.1 Schematic diagram of growth parameter
measurement of Procambarus clarkia
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Tab.2 Weight gain rate and specific growth rate of weight of male and female individuals in different combinations

of Procambarus clarkii

24 Combination P53 Gender 5 E K Specific growth rate TR Weight gain rate
i3 1.91%+0.27%" 473.06%+159.70%""
¢l i3 2.07%=0.19%*" 549.99%+112.06%""
W 1.89%+0.27%" 463.01%+145.01%"
16 i3 1.99%+0.30%#" 522.66%+203.519%"""
3 1.80%+0.33%’ 427.22%+139.18%"
ov i3 2.08%=0.27%"" 569.35%+156.729%""*
W 2.07%=0.31%*" 570.17%=+176.13%""
ve i3 2.25%=0.25%"*" 678.28%+169.219%"
W 2.12%=0.29% 596.56%+196.28%""
W i 2.35%=0.23%" 743.70%+176.18%"
Wi I3 2.14%+0.25%" 601.41%+156.85%"
i3 2.30%+0.32%"" 722.93%+245.25%"
e o 2.03%+0.28%" 540.57%+152.819%"
i3 2.31%+0.29%"" 727.27%+227.56%"
I 2.17%+0.51%" 679.06%+363.16%""
o i3 2.52%+0.32%" 908.38%+297.06%"
HE 2.27%+0.38%"" T11.47%+254.15%"
W i3 2.46%+0.36%" 863.73%+296.62%"

TE - [R5V W BRAR ) 7 BER R 22 58 B35 (P> 0.05) , A al/NG P RER IR 2253 B35 (P<0.05)

Notes: In the same row, the same letter superscripts mean no significant difference (P>0.05), while different small letter superscripts mean

significant difference (P<0.05).
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2.2 RREENARRXZHEHESSHILE A FAEHEAT T Geit=A ot (3R 3) o BESRBE I A AY

N TG O R BB AL RRIE A 225, 9, O D REIR A A KA 8/ A A2 L TE
SrAE3 H 4 H IS A X9 v (RIEECRHEIR ) B8 5, Sk 1 PP /A R T 1 o, MR A A
ESHGHAT TEBI G JFW 2K (X)) S B/ 5 9 A v [ 2 I Sk i H /A1
KOXG) R MR (X)) R B SE (X)) I AR SE/MR R R KRR AE 4 A A W, 5
(Xe) JEFRTE (X)) B R (X)FEESH SR AZEAYE.

x3 INESHHERE REERSHANGKEEMESERSEKNLLG S
Tab.3 Body length and the ratio of other morphological parameters to body length of nine populations of female and

male P. clarkii at different periods

). i . ). i ez 2 S 12
A WE ek AR *ﬂi"ﬁ" *’}liﬂ’ mkkk ik 0
Combination Gender 2 X/X, XX, XX, X,/X,
X,/X, XX, X/X,
3 H March
M 50.34+7.26"  1.12+0.03"'  0.12+0.03"  0.44+0.02*' 0.22+0.01"! 0.41+0.02*'  0.19+0.01"™¢ 0.15+0.03"
GJ
M 53.74+5.30"  1.11x0.02"' 0.11+0.02"" 0.44+0.02" 0.23+0.01""  0.41+0.02*'  0.19+0.01°"  0.15+0.02"
M 54.55£6.69"  1.11x0.02'  0.1120.02'  0.44+0.01"" 0.23+0.01"! 0.41+0.05*'  0.20+0.01*"  0.16+0.05""
JG
M 54.06£6.47"  1.11x0.02*)  0.11+0.02°  0.44+0.01" 0.2320.01"  0.42+0.02"' 0.20+0.01""¢ 0.14+0.02*
ow M 51.57+6.37"  1.12+0.02"'  0.12+0.02""  0.43+0.02"¢  0.23+0.01™!  0.42+0.02"  0.21+0.04  0.14+0.02""
M 53.82+5.22"  1.12+0.02°  0.12+0.02"™  0.44+0.01"*' 0.23+0.01*! 0.41+0.02"" 0.20+0.01"™¢ 0.15+0.03*
W M 53.05+£6.83"  1.12+0.02" 0.12+0.02""¢ 0.43+0.02"¢ 0.23+0.01™! 0.43+0.02*  0.20+0.01*  0.14+0.02**
’ M 54.62+5.38"  1.12+0.01"" 0.12+0.01"! 0.44+0.01* 0.24+0.01" 0.42+0.02"  0.19+0.01"™  0.14+0.02°
W ME - 53.92+7.19®  1.1120.02°"  0.11£0.02"¢  0.44+0.01¢ 0.23+0.01*" 0.42+0.02*"¢  0.19+0.01**¢  0.15+0.022¢
M 56.17+6.36™  1.1220.01°!  0.12+£0.01%¢  0.44+0.01¢ 0.23+0.01***" 0.40+£0.05¢  0.19+0.01¢  0.1620.05"
Wi e 56.04+7.18"  1.1220.01%!  0.12+£0.01%¢  0.44+0.01"  0.24+0.01*  0.42+0.01*"*¢  0.20£0.01°*¢  0.14+0.02"
M 54.12+7.36™  1.1320.04*  0.13:0.04"  0.44+0.02°  0.24+0.01°  0.41x0.02°'  0.1920.01'  0.15+0.04*¢
. ME - 52.16+8.04%  1.1220.02°!  0.12+0.02"¢  0.43+0.02¢  0.24+0.01¢  0.42+0.02*"¢ 0.20+0.01"!  0.1620.02
™ M 54.09+8.41°"  1.12+0.01%°  0.12+0.01*  0.43+£0.01°  0.24+0.01°/  0.41x0.01°  0.20£0.01*"  0.1620.02*
I M 53.50+10.87*  1.11x0.03°  0.11+0.03°  0.43+0.02'  0.23+0.01  0.41+0.02*!  0.19+0.01""¢ 0.16+0.03*"
M 58.11£10.16*  1.12+0.02  0.12+0.02"™  0.44+0.02* 0.24+0.01" 0.41+0.01*"  0.19+0.01"™¢ 0.15+0.02**
_-— ME 55.48+£10.90% 1.1320.02°  0.13+0.02°  0.43+0.02°' 0.23+0.01°!  0.42+0.02*°  0.19£0.01*  0.15+0.02%¢
e 56.46£9.79"  1.13+0.01*  0.13+0.02*  0.43+0.02*! 0.23+0.01"! 0.42+0.02*  0.19+0.01"™  0.14+0.02"
4 A April
. M 59.3429.31 1.13£0.02*  0.1120.01*°* 0.44+0.01b¢ 0.25+0.01™  0.39+0.02°  0.21+0.01*  0.17+0.02®
B 60.98+9.187  1.1220.01"  0.12+£0.01®  0.45:0.01 0.26+0.01** 0.38+0.01*°  0.20£0.01*  0.17+0.01®
I M 66.67+10.07¢"  1.11+0.01"  0.1120.01°"  0.44+0.02° 0.25+0.01"° 0.39+0.02*"  0.21+0.01®>  0.17+0.02*
7 M 66.67+8.755"  1.11+0.01"*" 0.1120.01™"% 0.45+£0.01" 0.26+0.01" 0.39+0.01 0.21x0.01™*  0.17+0.02*
M 65.33£9.18%  1.11+0.01""" 0.11+0.01"™% 0.46+0.12*  0.25+0.01*  0.39+0.02"' 0.21+0.01"™¢ 0.15+0.12"
GCW
M 63.32+8.89"¢  1.12+0.01>  0.12+0.01°  0.45:0.01™ 0.26+0.01*° 0.38+0.01  0.20£0.01*>  0.17+0.02*
M 68.53+8.55%"  1.11x0.01""" 0.11+0.01"™" 0.44+0.01" 0.25+0.01"* 0.39+0.01°  0.21+0.01*  0.16+0.02*"
WG
I 68.78+9.34%% 1.12+0.01"  0.1120.02"  0.45+0.01"*° 0.2620.01" 0.38+0.01*' 0.21x0.01"! 0.17+0.01"
ME - 74.32+8.14"¢ 1.1120.02°% 0.11£0.03>% 0.45£0.01™ 0.25+0.01* 0.38+0.02°  0.2120.01*  0.17+0.03%
W
M 72.69+8.2"%  1.12+0.01"  0.11+0.04™  0.46+0.01°  0.26+0.01*  0.38+0.02'  0.21+0.01Y  0.16+0.02*"
- e 73.46£10.14%% 1.10£0.03  0.1120.05™  0.45£0.01™ 0.26+0.01* 0.38+0.02"¢  0.22+0.01*  0.17+0.02®
M 70.45+11.35° 1.11£0.01"  0.1120.06™°  0.46+0.01"*  0.27+0.02*  0.38+0.01*! 0.21x0.01"! 0.16+0.02"
e M 75.53+8.88"  1.11x0.01"*" 0.1120.07* 0.44+0.01* 0.25+0.01" 0.39+0.01°*! 0.21+0.01"! 0.17x0.01"
B 74.35£9.39"¢  1.1120.01°% 0.11+0.08! 0.45+£0.01™ 0.26+0.01* 0.38+0.01¢ 0.2120.01*>¢ 0.17+0.01®
I M 63.47+£12.9"  1.11+0.01"" 0.11+0.09" 0.44+0.01™ 0.25+0.01™ 0.39+0.01""° 0.21+0.01"  0.17+0.02*"

M 67.32+£12.67%"  1.11x0.01"*" 0.11+0.10" 0.45+0.01™ 0.26+0.01"* 0.37+0.01*" 0.21+0.01*"¢ 0.17+0.02*"
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k3
PN o SRBI SkiR SE/ Lo e BTRY
g HE e akkk weimsk RN SRER i wpsnek 2RE
Combination Gender 2 X,/X, X, /X, XX, X,/X,
3 X,/X, XX, Xy/X,
i3 80.3+8.49" 1.10£0.03"  0.11x0.11" 0.44+0.02°  0.25£0.01°  0.39+0.02** 0.21+0.01"™¢ 0.17+0.03"
WW
HE - 76.79£9.24™  1.11x0.01"!  0.11+0.12"  0.45+0.01™ 0.26+0.01* 0.38+0.01"" 0.21+0.01*™¢ 0.17+0.01*"
5 May
. ME - 81.29+5.43%  1.1120.01%% 0.11£0.01* 0.44+0.01"  0.25+0.01™  0.39+0.02°  0.2120.01** 0.17+0.02*
’ B 79.96+£3.89"  1.12+0.01%°  0.12+0.01*  0.45+0.01™ 0.26+0.01**° 0.38+0.01"°  0.20+0.01"  0.17+0.01®
i ME - 80.11£5.13#  1.1120.01°*  0.1120.01°*  0.44+0.02" 0.25+0.01*° 0.39+0.02"  0.2120.01** 0.17+0.02®
M 78.47+5.74° 1.11£0.01™% 0.11+0.01*™% 0.45+0.01™ 0.26+0.01" 0.39+0.01"  0.21+0.01°  0.17+0.02*"
M 78.70+5.69' 1.11£0.01™% 0.11+0.01""% 0.46+0.12*  0.25+0.01*  0.39+0.02"  0.21+0.01°"" 0.15+0.12"
W
M 80.21+3.88"  1.12+0.01*  0.12+0.01°  0.45+0.01* 0.2620.01" 0.38+0.01°  0.20+0.01*  0.17x0.02"
ME 83.64+6.92%%  1.1120.01 0.11£0.01°*% 0.44+0.01™ 0.25+0.01**° 0.39+0.01*°  0.2120.01*  0.1620.02®
WG
! M 83.18+4.26"  1.12+0.01*  0.12+0.01*  0.45+0.01™ 0.26+0.01™ 0.38+0.01°  0.21+0.01°*" 0.17+0.01*"
M 85.38+£6.40°"  1.11x0.02"" 0.11+0.02"! 0.45+0.01™ 0.25+0.01™ 0.38+0.02"  0.21+0.01  0.17+0.03"
W
ME 84.53+4.29%  1.12+0.01*  0.12+0.01*  0.46x0.01*  0.26+0.01*  0.38+0.02'  0.21+0.01"" 0.16+0.02*"
e 84.66+5.84%"  1.10£0.03°  0.10+0.03°  0.45+0.01" 0.26+0.01"° 0.38+0.02°  0.22+0.01*  0.17+0.02®
wJ
M 83.68+5.09"%  1.11x0.01™" 0.11+0.01™! 0.46+0.01"" 0.27+0.02"" 0.38+0.01°/  0.21+0.01"" 0.16+0.02*"
e ME 83.53+5.42°%"  1.11x0.01% 0.1120.01°* 0.44+0.01* 0.25+0.01" 0.39+0.01®*  0.21+0.01"  0.17+0.01"
B 84.97+6.69%"  1.1120.01" 0.11+0.01* 0.45£0.01 0.26+0.01*** 0.38+0.01"  0.2120.01** 0.17+0.01®
I ME - 87.3+£9.9%  1.1120.01°% 0.11+0.01"% 0.44+0.01™ 0.25+0.01*° 0.39+0.01*>  0.2120.01*  0.17+0.02®
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M 88.94+7.99"  1.1120.01"°  0.11x0.01™ 0.45+£0.01™ 0.26+0.01"*° 0.38+0.01°°  0.2120.01*"  0.17+0.01

T« [R5 B0 [T 4 [ “7 BE0R 22 508 B35 (P> 0.05) , RIAl/ING FRE R 22 5 835 (P<0.05) .

Notes: In the same row, the same letter superscripts mean no significant difference (P> 0.05), while different small letter superscripts mean

significant difference (P< 0.05).
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Fig.2 Survival rate of 9 combinations of P. clarkii seedlings at different dry exposure times
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Comparative analysis of growth performance and desiccation resistance of
three—population diallel hybrid combination of Procambarus clarkii

Z0U Yufan', WU Weijie', BAI Zhiyi"*, LI Dianzhong*, JIANG Jun®, CHENG Xi°, LI Jiale'

(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs, Shanghai Ocean
University, Shanghai 201306, China; 2. Shanghai Collaborative Innovation Center for Cultivating Elite Breeds and Green-
culture of Aquaculture Animals, Shanghai Ocean University, Shanghai 201306, China; 3. Anhui Fisheries Technology Extension
Center, Hefer 230000, Anhui, China; 4. Wuhu Shengdian Leisure Ecological Park Co., Lid., Wuhu 241212, Anhui, China; 5.
Shanghai Jiading District Fisheries Technology Extension Center, Shanghai 201800, China)

Abstract: This study conducted diallel hybridization experiments on three excellent populations of
Procambarus clarkii, namely Gehu, Jiangsu; Jianhu, Jiangsu; and Wuhu, Anhui, with high genetic
diversity and fast growth. Six hybrid groups were obtained [ Gehu @ x Jianhu & (GJ) , Jianhu @ x Gehu &
(JG), Gehu @ X Wuhu & (GW), Wuhu @ X Gehu & (WG), Jianhu @ X Wuhu & (JW), Wuhu 2 X Jianhu &
(WJ) ], and three self crossing groups [ Gehu @ X Gehu & (GG), Jianhu @ X Jianhu & (JJ), Wuhu X Wuhu
& (WW) ]. A comparative analysis was conducted on the growth performance and ecological adaptability of 9
combinations. The results showed that: (1) During the breeding cycle, the weight gain and weight gain rate
of both male and female individuals in the WW and JJ combinations were significantly higher than those in the
other combinations (P<0. 05) ; Except for GJ and JG, the weight gain and growth rate of male individuals in
all combinations were significantly higher than those in females. From March to May, no heterosis was
observed in the growth traits of each hybrid group; (2) With the increase of breeding time, there were
significant changes in the length/body length of the head and chest armor, as well as the length/body length of
the abdomen in the 9 populations of crayfish. The length/body length of the head and chest armor gradually
increased, while the length/body length of the abdomen gradually decreased. In May, there was
differentiation between male and female individuals, and the proportion of female abdomen length was
significantly higher than that of male. The ratio of head to chest armor width/body length, abdominal width/
body length, and tail segment length/body length only showed a significant increase in April; (3) After 24
hours of dry dew, each group of shrimp began to die, and at 48 hours, the survival rate of each group showed
significant differentiation. At 48 hours, the survival rate of the WW combination was significantly higher than
that of the other combinations. The GJ and JG cross groups showed heterosis in terms of dry dew tolerance.
This study found that the mixed germplasm of crayfish limited the heterosis of growth traits to a certain extent,
but showed heterosis in stress resistance. Proper hybridization and re-selection are important breeding
strategies. The growth and abdominal length ratio of crayfish showed obvious male and female dimorphism,
and single sex breeding is also an important direction for future research.

Key words: Procambarus clarkia; interpopulation crossing; growth performance; desiccation resistance;

hybridization dominance
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