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W OE: EAmEERN A EA LM E (R 7T T 9 5 )5 M A 3 (Parkland) 22 58 1 5 R BER (F, F,
#1 BC,) 7 B 5 3 4, DL P& IR BT 5 B9 38 3 SOD.POD. CAT., 7 ¥ 1 % & ft MDA 4 5 AN 4 28 4 (AR My & 53 15 L 0 K
W, EoBATHERN LR ERBETRER DN ARKWRIGE, FTa B0 T E AR o, IR
SOD.,POD ., CAT, 7 ¥ 14 & &1 #2 MDA 18 4~ /- T 131.16 ~ 489.50 U-g™'.8.59 ~68.44 U-g~'.2.63~20.85 U-g™ ',
2.53~7.80 mg g™ 'F13.69~13.67 mg g™, FEIRJE, %A K 290.87 ~796.88 U-g™'.22.63~101.5 Urg™'.8.89 ~
48.30 Urg ! 4.46~10.68 mg-g™ ' f15.77~21.25 mg-g™ ' £ HENERIMAEHLEL» B FREEZLMET R
FHBN,TURAMFRAFARNERAAE(70.27%) 8 TAEF RN F RN ER(64.48%), F, KT BC, RE R
BOAL,H & BC R DA R A ) 46 B SR AR B B A (T1.43% ~76.19% ) ¥ B8 T L& M 3R AR Ok 5 B 3R KR
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Analyses of cold tolerance variations in filial generations of
winter and spring turnip rape ( Brassica rapa L.)

YANG Gang, WANG Li-ping, SUN Wan-cang, ZENG Xiu-cun, LIU Zi-gang, LI Xue-cai, FANG Yan,
WU Jun-yan, ZHAO Yan-ning, DONG Hong-ye, Wang Yue
( Campestrisseed Engineering Research Center of Gansu Province , Gansu Provincial Key Laboratory of Arid Land Crop Sciences ,
Improvement and Key Laboratory of Crop Genetics and Germplasm Enhancement , Gansu Agricultural University , Lanzhou, Gansu 730070, China)

Abstract: The winter and spring turnip rape parents (Longyou 7, Longyou 9 and Parkland) and their filial genera-
tions, significantly differing in cold tolerance and quality, were comprehensively analyzed. Cold tolerance variations were
examined on the basis of five physiological indexes and overwintering rates before and after cooling. The results showed
that the physiological indexes of all individuals were increased after cooling. The SOD, POD, CAT, soluble protein and
MDA values were 131.16 ~489.50 U-g™', 8.59 ~68.44 U-g™', 2.63~20.85 U-g™', 2.53~7.80 mg-g~ ' and
3.69 ~ 13.67 mg*g~" before cooling, but reached to 290.87 ~796.88 U-g~!, 22.63 ~101.5 U-g~', 8.89 ~48.30
U:g™!, 4.46~10.68 mg g~ " and 5.77 ~ 21.25 mg* g~ " respectively after the treatment. In addition, physiological in-
dexes and overwintering rates were segregated. The variation of physiological coefficient in F; generation was small, and
the overwintering rates of filial generations of winter turnip rape for female parents (70.27% ) were higher than those of
the spring parent for the female parent (64.48% ). The variations in F, and BC; generations were large, and overwinter-

ing rates of a group of winter parents for the recurrent parent (71.43% ~ 76.19% ) were significantly higher than the
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groups of spring parents as the recurrent parent (38.46% ~ 43.75% ) in BC,. It was further found that significant corre-

lations between the five physiological characteristics and overwintering rates could be identified. Correlation coefficients

were 0.597, 0.757, 0.665, 0.567 and — 0.663 respectively. In conclusion, it was feasible to analyze cold tolerance

characteristics using these physiological indexes, which could reveal the differences of cold tolerance indexes and over-

wintering rates in different filial generations, and could provide good base materials for quality improvement of winter

turnip rape.

Keywords: Brassica rapa L. ; Filial generations; Cold tolerance; Physiological indexes; Overwintering rates
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A BeiE | ES ) S A0 Ky 2 3 UK 7757 i N Sy i | ST
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PUIREMEA TN, ) TCHE SR IE . VF2 7 & ok
WA 4 B 22 1 5 SOD. POD 45 A= L A {4 1 A7
PSRN VR S EE SRS S B SR MU
A ACRREAT B T 1 U TE R AR A, X T BT
P R B IS B A s B B Lo BB A
SEALZMSE (Bl 7 S FIBeh 9 5 ) Al S AL R =R
(Parkland ) 4% 3 14 W BEU A BIFSE 0T 42, 76 A4 [ IR
T AR 20 ] BRI 5 5 HU SR AH DG Y JLAS A B
AARTRAR, B ARIR T 5 GEE A SR 1 A DL
DAY 5 1) AR BRAE AL TR ARG, & & BRR R 15 42 Al
ARSI BT ISR BY A AR 2R 2% A8 Je AR TR M A S 15
B, DABIA 2 ISR 2 it R 0 18 7 AN R AR AR B
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1.1 #F#

Parkland S WK S BB, 51 B &K B
Tl 7 SR IN 9 5 53] D SR B A i 1 BT FE
FGTFEME LA, th HOR A R H il g Ak
T 2012 4F 8 A 25 HiE M T2 MU S mio 41T
BB TE U5 T4 1,

F 1 KwEs
Table 1  Experimental materials
AR REA 1 734 AR Bk 2 734
Generations Population 1 Total Generations Population 2 Total
P, Parkland 28 P, Parkland 28
153 Bl 75 33 P B3l 9 & 35
F B 7 x Parkland 37 F Bz 9 x Parkland 32
F, Parkland x [f 7 28 F, — —
F, B2 7 x Parkland H 38 51 F, B 9 x Parkland [ 38 62
F, Bz 7 x Parkland Yt 38 66 F, B 9 x Parkland Jt.#k 38 64
BC, (B 7 x Parkland) x B 7 2 BG, [ 9 x Parkland) x [ 9 4
BC, (B 7 x Parkland) x Parkland 32 BC, (B 9 x Parkland) x Parkland 26
1.2 Ak heent b, g HAE B A A de bR, Dbk E AR 3
1.2.1 AmALSFERZE 50l FREER(2012 4 K,

10 H 01 H,10 - 23°C) FIFE R f5 (2012 4 11 /] 18
H, -3 - 10°C) # Bk BORE , BR]— 17 s A= K et )

AL (SOD ) 175 14 00 5 >R T 48 Y g
(NBT) ik Jitik , — A FHE S0 E SO NBT (1 ik
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A470 7246 0. 01 Ry — A>3 S AL W il LA 5 0 Ak
2B (CAT) 2R 2L AP LA 1 min PV A240 320
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1.2.2 MALGIT AL AR AAEESH AR
AR ARIC , 55 AR IR T T ST A5 B 1 AN

o ZARMAICHRZ(Y), AEEBAIE N (N) . £
AHICAE S AT v 22 42 A PR A Ol 1, AN RE B A
PRI Ry 00 LA RS TR FTFR R UL 5 45 26 B AR AL R R iy
ZEMH SRR A LA T AR DG 23 AT

1.2.3 RIBHELAE KL R Excel 2010
FEIH, SPSS 19.0 #4748 543 i FAR SCE 7347

2 AR50
2.1 ARBLEMERLZZURBL RN

455 T2 2, Horp Parkland 2 XU 3% 50 25 i
3, T 20124F 8 H 25 H KHHEFE,9 H 28 HH
L AR B L EZE I L, 7 AL TS R
S, R R TP e g R s P Th 7 5 R 9 5T
FEVERIUL 7, 72 22 MU IR A58 03 51| 487 . 46 %
F180.00% . MEH AT LIE H: FELEWH 755
Parkland “ASEAS (1) 4% 38 J5 AR H, 5 AR 1 Bk 48 R A7
fE—E 225, IR — AR Z 0] By R AR sl 4 [l 0%
AT, BB ERAT, 1k AP 7 x
Parkland) # % 3 4 70. 27% , Parkland x [ 7 A
64.28% ;F, f B 2B A& F R 59.45% , WK AC K
72.55% ; BC; ACH AR 7 5 Ry 5[] S5 A BEAA 1) ik
AR (AR N 76.19% ) A .75 T LA Parkland A58
[ EA A B A 32 (AR 43.75% ) o AHIFTIY
GHRWIETE T B 9 55 Parkland 2% 52 119 4% TH %
b R AT E B AR T 22 S5 P AR, 241k
SEA (FEREA) P FEPE IR, J5 AR AP FE Pt 1k
5 = B i b B O S e N 1 e O = Bl = AW

AP IEPEIR IS R E LRI, xbiksy  DURTEULI AREAT, R LRI AT LA g 5 Jo AU 6
AN BER A AR (F), F, R BC) MRHI A g FERETT.
%2 Parkland FAREH 7 SHEZERBERRFERE L FiT
Table 2 Overwintering rates of Parkland, longyou 7 and their filial generations
AL HER 1 A2/ % AR FER 2 A/ %
Generations Population 1 Overwintering rates Generations Population 2 Overwintering rates
P, Parkland 0.00 P, Parkland 0.00
P Bl 75 87.46 P, Bt 9 5 80.00
F B 7 x Parkland 70.27 F Bz 9 x Parkland 62.50
Fy Parkland x B 7 64.28 I, — —
F, [ 7 x Parkland 38 59.45 F, B 9 x Parkland H 32 50.00
F, Bl 7 x Parkland Stk 38 72.55 K, Bz 9 x Parkland Jt.ik3c 66.13
BC, (B 7 x Parkland) x B 7 76.19 BC, (B 9 x Parkland) x Bf 9 71.43
BC, (B 7 x Parkland) x Parkland 43.75 BG, (B 9 x Parkland) x Parkland 38.46
2.2 BAXBEZEM BEREEBENRSHEST 660.36 U-g~ ", Parkland x [EiH 7 %52k 577.7 U-g™",
T Beit 9 5 x Parkland 2N 563.35 U-g~!, F, 18 SOD [iff
2.2.1 REMHHACH(SOD) EHEF M A EHERAET MR, N R (R E 8, 51

PIASBEIAR Y SOD BT M £ 4 17 8t 1% 28 S e 147
Br G5 R L3R 30 INRE B, AR B A
PIRG4S 52 RBUITE 5% 2247, AR IR/, B R
J& SOD [iff 16 PF W 25 /& TR AT, Hoh Bk R A
Parkland [0 5 4 439.22 U- g~ ', & MESEAR N 7 5
PR G ik 634.82 U g™ !, &M ARBE I 9 5N
619.29 U-g™'c F, A, Pl 7 %5 x Parkland Wy

FRAR S 1 B A, T T M B IK 19 290.87 U ¢!
(B 7 5 x Parkland) x B3 7 5 ) 5 6% & 796. 88
U-g "(BEih 7 5 x Parkland JLUk730) , 28 5% 2R Bl A%
M BE I 9 5 x Parkland H 22 (13.0%), (Bt 7 %5
x Parkland) x Parkland 753k 38.0% , MiREG 4t RE
FNTE Fy ACHIEISE—AR b SOD Bl i 1 it 1% Fa e 1 1
B,
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Table 3 Variations of SOD activities in Parkland, Longyou 7, Longyou 9, and their filial generations
it FAJETT Before cooling F&IRJS After cooling
Generations BoME Bk T ov BOME Bk THfH oy
Min. Max. M. Min. Max. M.

Parkland 365.97 391.60 382.07 4.0 426.47 449 .58 439.22 3.0
Bl 7 5 472.69 478.15 476.22 1.0 616.35 658.15 634.82 3.0
B 7xP F 365.13 397.06 384.31 1.0 592.55 608.17 600.36 4.0
PxBE7 F 351.26 394.96 376.19 4.0 556.73 598.80 577.76 1.0
B 7xP HZE 216.39 489.50 359.82 32.0 460.34 682.69 583.54 15.0
Bg 7 x P Stk 314.08 477.94 380.32 16.0 425.42 796.88 595.05 22.0
B 7xP) x B 7 259.94 423.32 361.69 20.0 290.87 635.22 501.55 32.0
(B 7xP)xP 131.16 284.66 217.75 31.0 318.28 760.82 529.40 38.0
Parkland 365.97 391.60 382.07 4.0 426.47 449 .58 439.22 3.0
Bl 9 = 472.69 478.15 451.43 1.0 604.69 633.89 619.29 2.0
MeoxP F 285.01 300.125 292.73 1.0 533.35 596.85 563.35 3.0
B oxP HZE 194.33 386.56 305.18 29.0 509.50 671.21 581.80 13.0
B 9 x P Stikzse 159.66 470.45 347.50 23.0 375.52 792.23 580.22 22.0
(BzoxP)xBeo 261.24 468.49 358.30 26.0 397.06 736.60 574.37 29.0
(BE9xP)xP 226.89 430.67 352.35 22.0 439.08 725.84 596.93 16.0

T oV R R B, KL% dom, TR

Note: CV represents variable coefficient, which was expressed as a % , and the following table is the same

2.2.2 EHRAYE(POD) FHEF 44 FHEk
Yyt (POD) JEAH P ) X — T B R R, A3 4
W BRI S AR R POD RS M AT &, 5%
A ¥ AR S RECEEAHAE 5.0% /45 o Parkland
IR AT 32.43 U-g™ ! RIS R 35.50 U-g~ ', Bl ith
7 S HBEH 9 54 63.98 U-g~ A1 60.71 U-g~!
BRF 97,12 Usg  'A192.78 U-g~ ', F, fUBEH 7 5
x Parkland 27 78.68 U - g~ U Parkland x BB 7 5 R

% 4 Parkland Bl 7 SHOREHH O SR

64.50 Us g~ ', BfEdl 9 5 x Parkland }y 53.66 U-g~!,
BANMERAT H LR IRAR. Fy AR g — A, B
Beit 7 5 x Parkland F 2878 5 RECH 9.0% Fh, HiAth
BIFE 24.0% ~59.0% , I TR ZEMRE ., 1
TEPEM 22.63 Ur g~ 151 98.40 U+ g~ ' Z ]84k, (H4
A BE I T WAL ME A, POD BRG PELE IS
R RE

ZEZER POD EFETZT RS H/(U-g7")

Table 4  Variations of POD activities in Parkland, Longyou 7, Longyou 9, and their filial generations

IR HT Before cooling

FIR)5 After cooling

Cejfrltons e/ IME ONIER EHIE cv e/ IMiE L ON( FHE cv
Min. Max. M. Min. Max. M.

Parkland 26.68 36.60 32.43 16.0 35.00 36.00 35.50 1.0
Bl 7 4 60.89 68.44 63.98 6.0 90.70 101.15 97.12 6.0
B 7xP F 44.00 44.50 44.25 9.0 76.80 80.55 78.68 7.0
PxBE7 F 40.90 46.35 43.43 1.0 63.70 65.95 64.50 3.0
b 7 x P EHZE 24.41 30.83 26.58 9.0 28.43 63.65 39.28 38.0
B 7 x P SLikse 8.59 38.73 21.99 47.0 26.40 56.78 41.43 28.0
(B 7 x P) x B 7 14.48 49.35 36.19 4.0 42.23 77.25 55.63 28.0
(B 7xP)x P 17.55 33.50 26.98 24.0 27.78 63.70 44.33 33.0
Parkland 26.68 36.60 32.43 16.0 35.00 36.00 35.50 1.0
Bl v 9 = 60.89 68.44 63.98 6.0 88.15 99.50 92.78 6.0
fzoxP F 16.25 19.00 17.63 22.0 50.33 59.95 53.66 11.0
B 9 x P 752 23.46 45.13 35.83 26.0 30.25 98.40 59.96 51.0
B 9 x P YL kse 14.30 46.85 26.67 33.0 27.45 96.48 51.85 37.0
(B 9x P) x B 9 20.08 46.23 30.28 33.0 22.63 66.93 46.52 37.0
(B 9x P) x P 13.05 43.60 30.06 34.0 28.18 56.65 39.68 30.0
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2.2.3 LHRALEH(CAT) ERLH  MNFE S5 FH,
PIAN B 2o S A S T P 1 28 Al 15 0 A 5 3 4 Ak
Wil (POD) 1 A5 fb B — B B IR AT, 7 A A1k
CAT BHETEA T 2.63 ~20.85 U-g~ ', FEiR )G Fré #4
BB PE T, 7E 8.89 ~ 48.30 U-g~ 'ju), i it 1%
E%’ﬁ\*ﬁkfwfﬁﬁﬂmﬁB%éﬂztb@d:,%zmn
Fy ACAHRHE — 25, 7E 1% ~ 16% Z 1], i F, A8 F[H]
L—RALFRZBAE 16.0% ~ 70.0% Z 1], F I HAR
KAE St Ae e P 22 .

2.2.4 THEHREAASZEFON XAHEAR
RO RSN, 25 R 03K 6. BT,
BB TR A AT 2.53~7.80 mgr g™,
M5 5% 4.46 ~ 10.68 mg- g~ ' FRILFTER Fy AL
B3 9 5 x Parkland aw‘raﬁm 5.0% 4, HiAth
A RIITE 10.0% L) b FRIRG SEA A F, A28
S RBEAC, B, M1 BC, R AR B, b 52
—fQ (BEih 9 5 x Parkland) x B 9 5 2 #5 i
(29.0%)

5 Pakland Bil 7 STPLHE 0 SREZER CATERERSH/(U-g7')
Table 5 Variations of CAT activities in Parkland, Longyou 7, Longyou 9, and their filial generations

IR AT Before cooling

(&S After cooling

e BOME Bk T o BN ROk P o
Min. Max. M. Min. Max. M.
Parkland 6.60 7.75 7.18 8.0 10.90 13.00 12.27 10.0
Bl 7 5 15.90 19.55 17.58 10.0 26.50 27.09 26.83 1.0
B 7xP F, 10.10 10.40 10.23 18.0 22.33 25.33 24.00 1.0
Px[E7 F 10.15 13.35 12.12 1.0 19.25 25.90 21.92 7.0
B 7xP HA 2.63 17.70 9.49 70.0 8.89 22.17 14.33 37.0
B 7 x P ik ag 7.60 18.30 11.24 33.0 9.80 28.83 21.39 38.0
B 7xP) x B 7 9.89 14.01 11.30 16.0 11.65 30.03 20.88 38.0
(B 7xP)xP 6.38 10.05 8.59 20.0 12.40 21.04 15.42 25.0
Parkland 6.60 7.75 7.18 8.0 10.90 13.00 12.27 10.0
Big 7 9 = 16.02 17.00 16.56 3.0 21.67 27.68 24.35 13.0
BEoxP F 9.80 11.70 10.75 5.0 19.70 19.87 19.78 15.0
B oxP HZE 10.98 19.75 14.03 29.0 11.70 34.53 20.05 53.0
Bg 9 x P St ikze 4.55 20.85 11.82 4.0 10.42 31.08 20.88 33.0
(BeoxP)x B9 3.48 14.05 9.38 38.0 9.93 26.88 18.12 41.0
(BE9xP)xP 4.80 14.18 9.91 33.0 11.80 48.30 19.70 66.0
% 6 Pakland BEifl 7 ST 9 SREXERAREEARETRS/(mg-g™')
Table 6  Variations of soluble protein contents in Parkland, Longyou 7, Longyou 9 and their filial generations
R [ ISHT Before cooling FIR)S After cooling
Generations e/ ME e RAH FHE cv e/ ME e RAE FHE v
Min. Max. M. Min. Max. M.

Parkland 3.60 4.40 4.07 10.0 5.38 5.55 5.46 2.0
gl 7 5 4.40 6.00 5.27 15.0 7.91 8.09 7.98 1.0
B 7xP F 4.80 6.00 5.40 11.0 5.75 6.22 5.98 4.0
Px7 F 3.80 6.00 5.00 12.0 7.01 7.56 7.34 5.0
B 7x P H3E 3.53 7.60 5.13 33.0 4.46 8.03 5.96 25.0
Bg 7 x P Stk 3.07 6.33 4.41 27.0 4.83 8.03 6.76 19.0
(B 7xP) x B 7 3.20 5.27 4.27 24.0 6.06 8.01 7.41 12.0
(B 7xP) xP 2.53 5.93 4.44 28.0 5.19 8.59 6.54 21.0
Parkland 3.60 4.40 4.07 10.0 5.38 5.55 5.46 2.0
B3 9 5 4.40 6.00 5.27 15.0 6.23 7.00 6.67 .0
BEoxP F 4.80 6.00 5.40 15.0 7.22 7.98 7.65 1.0
e 9x P EZE 3.53 5.07 4.55 16.0 5.87 8.58 7.18 17.0
B 9 x P il lkag 3.13 7.80 5.06 32.0 5.13 8.14 6.88 15.0
(BEoxP)x B9 3.60 7.07 4.96 23.0 5.90 10.68 7.90 29.0
(BE9xP)xP 4.73 7.60 5.98 16.0 4.90 7.52 6.43 16.0
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2.2.5 AZEBE(MDA)SZXF44#H MNRITHE
), BRI A BRI R A R TE 3.69 ~ 13.67 mg-
g~ ), RS N R R AR N (5.77 ~ 21.25
mg ¢~ ), UL AT B B 42 B TR [RVRE B IR0

&7 Pakland BEiH 7 SFBEH 9 S K

AR S AT R AR AL B 5 SOD, POD, CAT Al m] 5 M
BB AR —F AR BRI AL . SRAH Fy AR
BN AR S R F, AR BC 3 B KA S R -

ZZER MDA SET RS/ (mg g™ ")

Table 7  Variations of MDA contents in Parkland, Longyou 7, Longyou 9, and their filial generations

[ AT Before cooling

FEJS After cooling

chlgrltons LGN VN FH{E oy W/ ME I ONIE P {E oy
Min. Max. M. Min. Max. M.

Parkland 9.32 13.67 11.45 19.0 18.89 19.15 19.02 1.0
Bt 7 5 5.86 6.05 5.9 2.0 8.88 9.07 8.97 1.0
B 7xP F 6.11 6.55 6.29 1.0 10.60 10.95 10.81 1.0
PxBE7 F 6.24 7.55 6.95 3.0 11.37 14.09 12.83 1.0
B 7xP E%E 3.93 6.83 5.57 21.0 7.68 16.60 12.42 27.0
B 7 x P LIk se 4.46 9.36 6.19 28.0 7.24 18.92 10.54 40.0
(M8 7% P) x B 7 6.08 9.79 8.03 19.0 9.49 12.93 11.78 13.0
(& 7% P) x P 5.21 9.17 7.64 20.0 8.72 15.61 11.45 23.0
Parkland 9.32 13.67 11.45 19.0 18.89 19.15 19.02 1.0
B3 9 5 8.11 8.77 8.44 4.0 9.80 9.9 9.90 1.0
B 9xP F 7.79 10.68 9.23 4.0 10.84 10.85 10.85 1.0
B 9 x P {752 4.9 6.91 6.07 15.0 7.48 18.25 12.86 40.0
B 9 x P likse 3.69 9.46 5.86 23.0 5.77 21.25 11.85 35.0
(B 9x P) x B 9 4.75 8.88 6.55 25.0 7.85 17.76 11.10 31.0
(M 9x P) x P 4.44 12.12 8.80 33.0 8.62 17.96 14.76 24.0

2.3 BERGERANEEEXES N

T RETS 4 42 AR AR W T FE MR ) UL S e
A5 LR A A R R IR AT IS 1 25 (-5 A SR AR S
OIAT AR (3R 8) , il ALY ALl (SOD) i ALY

fiti (POD) 3t AL 2L (CAT) Al s HE 1 Sl A R
e S IEAH G, Bk A% 6 55 9 [ (MDA ) S 4 8 25 17
G, R R0 A B AR AR Sl S g
PEBEYIAE , AT VE RSP SR FE 7

®8 HZESREMEEEENIEREENEXE

Table 8 The correlation analyses of overwintering rates and physiological indexes before and after cooling

B H ltem Overwintering rates SOD POD CAT soluble protein MDA
Overwintering rates 1
SOD 0.597" " 1
POD 0.757" " 0.404" " 1
CAT 0.665" " 0.560" * 0.417" "7 1
soluble protein 0.567" " 0.224 0.505" "~ 0.315"° 1
MDA -0.663" " -0.382"°" -0.529" " -0.428" " -0.512"" 1

TE: x % FURTE 0.01 7K (R _F AR, » FORAE 0.05 KF OO | 2 #40K
Note: * * indicated that it had significant difference at the 0.01 level (double side), * indicated that it had significant difference at the 0.05 level (dou-

ble side) .
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