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Table 1 The tested material
ML B P
Material code Note Origin
TR (S BLED
4 i AN F R de el K
0912A Leaf mustard(salted  Huazhong Agricultural
vegetable) cytoplasmic University
male sterile line
g el K2
. L 0912A XX Huazhong Agricultural
Combination 1 . .
University
ih s el ko
. o 0912A X X; Huazhong Agricultural
Combination 2 ; .
University
1 S
G s fe el K2
. . 0912A X X3 Huazhong Agricultural
Combination 3 ; .
University
4 2
a4 S ‘-PZQJUF £
. L 0912A X X, Huazhong Agricultural
Combination 4 . .
University
Tkt 1 8 o T
Xt CK Jiutouniao salted Jiangxi
vegetable Province, China
1.3 MATFEBEH

TEE FRIUH (11 A Hha]) 72842 16 B
A /INCREALIE B 10 A BBk L 25 58 42 I R g - I
B2 dIEVE BRSSO B 30 AR BEER
HEE SRR A YA AT B 38 s, > ok B
Y B IRECE 31 d AT
14 BHEEFESHNE

A BT TV P AT 4R ER LU R IR Y e
ZWASCHR18 ] P 1 D 9 0 D o 5 R s vy
B 77 3 5 TR & L il iR b AN B h 1 5 2 U6 &
BT
15 MHAFXEHMNITIZHMRWK

Ze T H A (0912A XX, R 5 NE 4 /KFE Ly
UDHBIEA R GR ) #AT S A 3 W, LU R Eh
FOW A R £k & 5 W FE 5
1.6 HIEAIE

K H SAS 8.0 XF £l 17 73 Hr

2 #RE5HMH

21 ZEZEESHHEMRRSH

FEZ R (10.7 “CHXF 5 A F ST 3 5 47 G il
I TG S AN [R5 RO R ) 5 £ 30 It o 4k 4 4
RO MEE ARG ERA E 7 GE 3, Lk
I —E M 225 0.5 7K AR & A A 1 & i
e dA 3 SRR, HEACRH, FEHAE,
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Mt S CHE BRO B E b BR A (20 mg/kg) ™,
A A YEFIE W R4 & 3 FI vt I (CKO B /N , Hifth 1y
KT 1NY%;pHEUAEES 1 fHE 4 MRER EBET

4.00, FREEW S, 44 4 0y nl RS 8 & A IR
SEEESTHAM, WEERERUAE 1 K& 8
i 0.46 mg/g, X BEEAR , HAlEH (3R 3),

K2 HEBEBNIHEBRSETUMAEEZERAKFE(0~15dF 15~31 d)

Table 2 Test factors and levels on nitrate and nitrite content (0-31 days and 15-31 days)

X A B C D E
/J(AF‘ - M) N -
Levels B i/ d BRI % W/ TR/ (me/ke) etk
£ c
Time Salt mass fraction Temperature Sodium sulfite contents g/xe
1 3.19 1 10.7 0 0.00
2 7.23 3 15.0 25 0.01
3 11,27 5 25.0 50 0.02
4 15.31 7 30.0 75 0.03
3 ANMEZTAASHE(CK) WES NI &R
Table 3 Average value of traits in F; and CK
T i BT e
. BALBINEY T : M, WEEER
Bk Gt BB/ % J\O oy HhaE/ wearn o, G/ (mg/e) R/ % BOKE/ Y%
) MY FHE/ (g/ke) pHE  HW&E&E/% 3 (1g/100 @) )
Material Soluble 5 . (mg/kg) . Soluble Cellulose . ” Moisture
) Salt mass Nitrate . pH value Soluble K Animo acid
code solids . Nitrite protein content content
fraction content sugar content content
content content content
HE 1 . e x -
. L 11.5a 3.45a 15.59d 0.82a 4.05a 0.24b 0.54ab 0.14a 45 755.38a  81.58b
Combination 1
Hi 2
. o 11.3b 3.52a 18.05b 0.36d 3.80b 0.12¢ 0.38b 0.10a 37 918.66a  78.40c
Combination 2
HE 3 -
. L 10.3e 3.34a 20.08a 0.23e 3.71d 0.12¢ 0.59ab 0.10a 31 758a 78.03c¢
Combination 3
H 4 -
. L. 11.0c 3.61la 16.14c¢ 0.48¢c 4.03a 0.37a 0.85a 0.14a 31 904.09a  78.18c
Combination 4
X} CK 10.4d 3.38a 14.48e 0.52b 3.77¢ 0.33ab 0.80a 0.12a 28 842.88a  84.66a

VE A BB 2 I /N AR 1 2 5 8 K (a=0
cance (¢=0.05 ).
ZZHAB(0912AX X, fE S TE MK
AR 32 56 308 3 A T A e T L R B A A A IR
B R AR AT Ve S N o, 45 20 S R R Y
AR, MRAEZE R EA KN AT 5 A R XA
12 5 B o (9 28 A0 AT 52 0 5 0 /N B4 G A - B i) >
WA R > B R E > Ve, WK E5
Mr B iR 56 b B4 A 2 AL DL B, E, C, 18 WA 78 S i
A IE] A 15 i 9 BE R 30 °C | 0 A R 4 S in =
75 mg/kg B AR E SR 306 Ve IR 0.02
g/kg I, AR R & B A AR

RG22 R E A KN AT AT 5 A B 2% 0 il g
A O S AR A RS MR 5 e /N IR R < £ R
OYBC> IR E > R R A > B A > Ve, MK {4
Br BB AL B & 2 B, Co Dy AL E, L B8 W A5 B 7
BRI 15 d IR EE y 10,7 °C L0 B R B4

22

=

ISIA
2 Z

R

.05), Note:Duncan’s test. The small letter indicated different signifi-

TR 50 me/keg, LR ECHN 1% Ve N
H90.01 g/kg BBl B2 £5 W55 AR X B AR (R 1),
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i B A F AJ2 CLALE, B Dy BABAZEREH] A 50 me/kg. & w250 1%, Ve I
KB 27 A, EHIEE A 10.7 °C, WARBR 4N 8 0.01 g/kg W, A ER L 0 & AT 48R (3R 5) .

R4 BEETH(O~15Jd)HEBEINTHBESETUURAEGER

Table 4 The combined modes and changes on nitrate and nitrite contents in pickled early days

A B C D E
I/ AR % WLEE/C W/ Ve/(g/kg)  MRERE R/ AR E A/
=]
(92 Time Salt mass Temperature (mg/kg) (g/ke) (mg/kg)
Code fraction Sodium sulfite Nitrate Nitrite
contents content content
1 1(3) 1(D 1(10.7) 1(0) 1€0.00) 18.67 1.44
2 1(3) 2(3) 2(15.0) 2(25) 2(0.01D) 14.92 3.20
3 1(3) 3(5) 3 (25.0) 3(50) 3(0.02) 17.27 0.81
4 1(3) 4(7) 4(30.0) 4(75) 4(0.03) 11.81 6.56
5 2(7) 1(D 2(15.0) 3(50) 4(0.03) 16.09 1.42
6 2(7) 2(3) 1¢10.7) 4(75) 3(0.02) 8.78 1.57
7 2C7) 3(5) 4(30.0) 1C0) 2(0.01) 14.68 1.29
8 2C(7) 4(7) 3 (25.0) 2(25) 1(0.00) 12.80 9.78
9 3(11D) 1(1D) 3 (25.0) 4(75) 2(0.01D) 15.64 2.02
10 3(1D) 2(3) 4(30.0) 3(50) 1(€0.00) 13.50 1.88
11 3(1D) 3(5) 1(10.7) 2(25) 4(0.03) 13.18 3.02
12 3(1D) 40C7) 2(15.0) 1C0) 3(0.02) 13.98 12.78
13 4(15) 1(1) 4(30.0) 2(25) 3(0.02) 10.92 1.53
14 4(15) 2(3) 3 (25.0) 1(0) 4(0.03) 10.58 2.17
15 4(15) 3(5) 2(15.0) 4(75) 1€0.00) 8.58 3.42
16 4(15) 4C7) 1(10.7) 3(50) 2(0.01) 14.55 1.98
K1 62.67 61.32 55.18 57.92 53.55
K2 52.35 47.78 53.57 51.81 59.79
K3 56.30 53.70 56.28 61.41 50.94
1 _ 2 =215.94
K4 44.62 53.13 50.91 44.90 51.66
R 4.51 3.38 1.34 4.15 2.21
L 4 A
BAEAE Ad B2 4 D4 E3
Optimization
K1 12.01 6.41 8.01 17.68 16.52
K2 14.06 8.82 20.82 17.53 8.49
K3 19.70 8.54 14.78 6.09 16.69
Il 2 =54.87
K4 9.10 31.10 11.26 13.57 13.17
R 2.65 6.17 3.20 2.90 2.05
B 4 A
BiLAA Ad Bl c1 D3 E2
Optimization

RS I EE R FE R K | ERE: & it [ & &t N[, Note:The value in the parentheses indicated different

factor level; [ .Nitrate content; [l .Nitrite content; The same as bellow.
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x5 BEEEFH(16~31JdHBEMTHBRESETUNEURAEGER
Table 5 The combined modes and changes on nitrate and nitrite contents in late picked
A B C D E
e, WFR)/d RN % W%/ C WHRH/  Ve/(g/ke)  MHEEREE/ AR F A/
Code Time Salt mass Temperature (mg/kg) (g/kg) (mg/ke)
fraction Sodium sulfite Nitrate content  Nitrite content
contents
1 1(19) 1D 1(10.7) 1¢0) 1C0) 15.39 1.61
2 1(19) 2(3) 2(15.0) 2(25) 2(0.0D) 15.33 4.34
3 1(19) 3(5) 3 (25.0) 3(50) 3(0.02) 13.56 2.47
4 1(19) 4(7) 4(30.0) 4(75) 4(0.03) 15.90 1.79
5 2(23) 1D 2(15.0) 3(50) 4(0.03) 13.99 3.55
6 2(23) 2(3) 1¢10.7) 4(75) 3(0.02) 17.34 0.84
7 2(23) 3(5) 4(30.0) 1) 2(0.0D) 10.30 1.70
8 2(23) 4(7) 3 (25.0) 2(25) 1(0) 14.95 2.05
9 3(27) 1D 3 (25.0) 4(75) 2(0.0D) 15.36 0.98
10 3(27) 2(3) 4(30.0) 3(50) 1C0) 16.80 1.03
11 3(27) 3(5) 1¢10.7) 2(25) 4(0.03) 14.77 0.78
12 3(27) 4C7) 2(15.0) 1) 3(0.02) 15.62 4.19
13 403D 1D 4(30.0) 2(25) 3(0.02) 9.04 2.76
14 4(31D) 2(3) 3 (25.0) 1C0) 4(0.03) 7.74 2.89
15 403D 3(5) 2(15.0) 4(75) 1C0) 15.55 6.66
16 4(31D) 4(7) 1(10.7) 3(50) 2(0.01D) 15.61 1.39
K1 60.18 53.78 63.10 49.05 62.68
K2 56.59 57.21 60.49 54.09 56.60
K3 62.54 54.17 51.61 59.96 55.56
1 K4 47.94 62.08 52.04 64.15 52.40
R 3.65 2.07 2.87 3.78 2.57 2=227.24
o A
(ﬁfﬁi’i :On Ad Bl C3 D1 E4
K1 10.21 8.90 4.62 10.39 11.35
K2 8.14 9.10 18.74 9.93 8.41
K3 6.98 11.61 8.39 8.44 10.26
I K4 13.70 9.42 7.28 10.27 9.01 S 39,03
R 1.68 0.68 3.53 0.49 0.74
()§i1ffifon A3 Bl C1 D3 E2
3 it i T 7 =5~ 1) 2 A G 2 L it JBT 1 % b I 32 i, o B 1R AR
v S35 06 A 1 S 5L % VR0 T L
31 MHAFXERGEEZMABEREERRRSE K" D Y B AL, A 2R 2 358 4,

MEFEH KR
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P iy e e o S IS Y AV S AV ¥ (s B 2
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Ko B IR 2% Bl O 40 L B 1 2% B A
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22 e orhok ok K2 %W

35 45

PO S 75 i st 3k By AUBR T EEE M AT
FIRR AU F S | i 2% R A BT R B Y
L. FEABETT L X 454~ 21 R A o 1) B e
B L BR TR R A O B2 A 3R i
MR A W 22 S LA S R A — I 2 S
H1 T AR [ — A BEAS, DG 0 3 B el 22 S 1 2
SR AT HE S ACAS (9 AN [R] o 150 ) Fof 7 A5 AT SR
Pl HAE R A OCE R . L& R HABE Y I &
KU LSRR A R
32 MEATERHBREMTHEBRENTUREL
VS84 vn  A: 0k

il PR 58 0 IV il 7R 58 55 0 A i i R o oo 7 2 BN
[Fi) 149 75 A s ) S0 IV R R 5 o v R S S0
WP ASR #h A BERRAR T AR L A R i sl A AL
32 E PR o> BRI AR BT S AR A AR
AL TR A BB AR R T AR R Sk SR Y S A o
R B SRR AR C ORI BE L AT LU A R
i A 7R T LB I 5T ol e B 2R
7 G ) T 9 e A T B T ) A AR B T Ut
T AR BN A R R A SRR A
QA IF A R L AR B HT T K U UM SR
NSRS B A S5 3 i AR T L AR R A A
e gt AR S R B, BRI R
e 0 R LA ) 4 i S b 7 U L i R B
1713 L 0K 5 A 114 0 R 5B 50 Y e T B
BRI R R AN IR R
1) R AEH 5 o, Hh BT R B 3 R 4 R X
22 S QL VRS2 T ) 25 o TR 1 6 5K it o L JHE 781 77 3% L MR
PR AN R 5 R 1Y BAR N 7 2 — .

A FE A5 R W A G ) AT 3) 0 A R R
A GRS AR A PR3 R R 5 0 KO
JEE o T 7 g A i 0 = R e DR M o L R 7R
I, by ab P AL 42 o 3l BE AT LA A 5 R I A R

A L
[Z=0

& % x Mt

[1] BRI @EFERRE =B IMI R E Al R A, 2001,
197.

[2] CHEN S,WAN Z J,NELSON M N, et al.Evidence from ge-
nome-wide simple sequence repeat markers for a polyphyletic
origin and secondary centers of genetic diversity of Brassica
juncea in China and India[ J]. Journal of heredity,2013: 104
(3):416-427.

(3] XML, b [ 97238 [ ML AR . v Al A . 1996.

D40 BGGERLL, BRI, WRSFHE 55 7 S M0 M VE AR B R AL 3L S 45
P 5 H R ILT P g Ak 24, 1998,11(2) : 40-44.

[5] 4 ifges v EaM = M PEAR & R A BIH 5 R LD 2L B - 2k BA
Al K2, 2006.

[6] Hpscfle. sk By, My SUAL, 55 I T 3 40 0 5 Mk 1 R 3 A o6 5
K or £220 14tk [T ] 8% % 4 . 2005, 32(6) :594-599.

[7] WAN Z],JING B, TU J X,et al.Genetic characterization of a
new cytoplasmic male sterility system (haw) in Brassica jun-
cea and its transfer to B. napus[]].Theoretical and applied ge-
netics,2008,116:355-362.

[8] 4R E . 0T FHIIF L 40 M ek A & & 0912A 9 BF M Je 44 b 4k
FRIH D] R Al K%, 2012.

(97 X354 . b 1 B MG 307 5 3% W0 04 19 o5 o M [ IR i P 5 [0 ).
£ F,2001,22(9) 1 44-46.

(107 #35, S mevk . 285 il 45 Bt S0 1k 700 6 IR I 3% v S0 i 1 4k 1 ok
SRR )] & S RHE L 2009, 34(5) : 77-80.

C117 Jss, X0 4% L 3 7 ok 38 TR ) sk 7R vl I Y 7R 6 5 ik 2% pHL fH
AL AT P A 2 4 . 2012, 24(6) : 156-158.

(127 ¥ F 75, 35 52 8 W 3 ook o B0 4k A 40 B 3 9t S A 1 28 1 F 5T
[DIBCM - #i7T K 2, 2007,

(137 BT, 25020 900 S0 e 4 2ol v 0 Y 1R 5 B AR AR T 5 () ] R 7
ST, 2011(2) :106-108.

(147 w2290, PRimg e, 3K . 25 BLBIESR M ) o S0 s 5 6k A9 A4 K 0 A
IYWFFELT]. eI 2% B 27 41 , 2007, 27(6) : 56-59.

[157 #7124k 7 5 L B R 11 5 R v 2B B A B A 5 [0 . 1
JIR 223K . 2000, 32(3) : 85-87.

[16] 2= 24, fKL R BREF T AN R &b 1 4% 1 X8 565 8 0l R 4k 7% & 119
)] A6 2, 2008(7) :20-23.

(177 g i o 5 HL 06 055 19 5 B 0 5 19 6 DR o A 000 2 AR 114 B 52
[D]. 77 7 W K2, 2000.

(181 x4 Al A 3 A AL S 50 R A AR LML AL . R S 8E W
#.2006.

(197 ks 8. FHIA A (1 575 e B A [R] J6 4 1 %ok 41 3 7 4 19 40
B [D] R AL el K27, 201 2.

[20] e N B R 3 5 S 4k Wi A 6 462 82 ) o b b o Ak 45
% 45.GB2714— 2003 M3 TLAE R [ ST AL 5T . o [ A ofi Hh
Ji#t . 2003.

[217 Z=4EME A7 S AT 6 » 45, T 2K A7 R Bk A5 Bt 2% il 006 35 0 AR 26 4%
)] Aedb 4 2297 ,2007.,22(6) ; 135-138.

[22] & LR LIS B MEMEARE Z 00 22 R A 38 50 BT I A B 44 1 2
LD R Al K2, 2012,

[23] RBR, MESMRLMH T2 W0 IR H o702 5 0
K5I % ,2012,34(2) :50-53.

(247 ZR 45 2500 JF 30 3% 0 Al 1R 56 A0 A 198 3k i e 13 2 e PR VE
[0 E R . 2010(2) :162-164.

(257 #0550 . 9028 W ) 2ok 2 b U Y 19 3k 5 o (0 5% R PN 36 R0
[J]. AP E B 2009(5) :139-140.

[26] JRRA, T35 22 4k M ] B fh 9ot B v 0 SRR AL 9 A 5 [0 ). &
SRR ,2004,25(12) :180-183.

[277 s, T5 . 22 T, 45 20 SRR ) od 2 v LA b 9 Bh S A 5 ).



%3 FHE A5 B ST SR haw S0 ISR AN F A B AL I AR 50 23

FE AR, 2010(1) £ 29-32. AR AL ] T A B 2% . 2009(2) £ 359-361.
[28] R4 25, 4 KB e AICBE o) 88 50 W0 i Rk & | 7 ik O WS R R (301 ] W S0, AL AR L U P, S8 R S S o) ot AR v I g R R i

[0 gk 7= K2 24,2004, 13(1) . 67-71. BhAS AR BT B R i v W o2 ) . TLAE W5, 2001, 30(6) : 352-
(297 R A I XU ) K Sk 350 0 i 2 £k 7% o0 M BRI it A 92 [ . 354,

PH R AN 4 2011,24(4) £ 1519-1521. [32] 5 1 7K, 5 A& BT, X077 B o 258, 151 356 o) o 1 5 4 i
(307 ZEHh 5 W I 5 L 0 0 e . 258 o1 BT o 26 72 b 7l R R 7 L] R 580K ,2011,34(s1) :55-57.

Processing pattern of a novel leaf mustard hybrid
with hau cytoplasmic male sterility

WANG Canjie! LI Dechao® YUAN Zhenzhen' LI Jinping'
XU Yuejin'  FU Tingdong® WAN Zhengjie'

1.College of Horticulture and Forestry/Key Laboratory Plant Biology ,Ministry of Education ,
Huazhong Agricultural University sWuhan 430070,China ;
2.Wuhan Academy of Agricultural Science and Technology ,Wuhan 430065 ,China ;
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Huazhong Agricultural University sWuhan 430070 ,China

Abstract A novel leaf mustard hybrid with hau cytoplasmic male sterility was used to breed a leaf
mustard cross with strong heterosis (0912A X X,).The basis of heterosis was studied. The safety stand-
ards of nitrate and nitrite in the pickled process of 0912A X X, were investigated. Results of orthogonal
experimental design showed that nitrate content and nitrite content of 0912A XX, was in the lowest level
of optimization marinated process mode.Results of early marinated ( 0-15 d ) showed that the optimal
combination of low level of nitrate was under the condition at 30 ‘C of pickled temperature,75 mg/kg of
sodium sulfite dosage,3% salt mass fraction,0.02 g/kg of Vc dosage.Optimized low level of nitrite was
at 10.7 °C of pickled temperature,50 mg/kg of sodium sulfite dosage,1% salt mass fraction,0.01 g/kg of
Ve dosage.Optimal low level of nitrates of late pickled ( 16-31 d ) was at 25 C of pickled temperature,
0.0 mg/kg of sodium sulfite dosage,1% salt mass fraction,0.03 g/kg of Vc dosage.Optimized combina-
tion of low level of nitrite was at 10.7 C of pickled temperature,50.0 mg/kg of sodium sulfite dosage,
1% salt mass fraction,0.01 g/kg of Vc dosage.It is indicated that the use of new mustard leaf mustard
hybrid bred with cytoplasmic male sterility has obvious heterosis and pickled processing quality.It will
provide a theoretical basis for developing sources of material and processing leaf mustard hybrids in the
future.

Keywords leaf mustard; hau cytoplasmic male sterility; 0912A X X, ; processing quality; nitrate;

nitrite
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