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Abstract: During ‘The Twelfth Five—year Plan’ period, significant progress has been achieved on genetic

breeding of Chinese cabbage ( Brassica rapa L. ssp. pekinensis ) in China. A number of novel breeding materials

have been obtained. DH and MAS breeding technology has been further perfected. High throughput molecular

marker assistant technology has been primarily applied in breeding practice. Mechanized F, seed production has

been realized in full cultivation process. Many new Chinese cabbage varieties have been extended and applied

in production. This paper systematically summarized the important progress on applied, basic and breeding

technology research, germplasm innovation and new variety selective breeding in Chinese cabbage during the past

5 years. It also analyzed and discussed the existing problems and prospected the future development orientation.

Key words: Chinese cabbage ( Brassica rapa L. ssp. pekinensis ); Genetic breeding; DH breeding; MAS

breeding; New variety; Review



I B SR

CHINA VEGETABLES

T NOy S SC A, JFR I T AR B iRt
it S ARARMI TR, LU it - S T BR A AR LR
PR AL S

1 iZiELiESR NO, FREINR . EEAR
BIEXUE

1.1 gD NO,” AR RIDIR
EHRESRG, R NOy WRE—
A 1 mmol + L7 8/ (Russell, 1973 ). MZELR
HAEBRG T, HTFEERA, B3R NOy
W JF Al 3% 20 mmol - L' (Russell, 1973; Reed &
Hageman, 1980 ). #&E#E44 4 (2011) A5 KPR,
SR 2 RS 3 AR B i, dbr 3
B DR = AR R HER S A S (4000 1435
mg kg Fl 134.1 mg-ke™" )X % 5 T-E5H 12 46.3
mg kg ), By BRI RS A S & (141.6
mg * kg ) W FETEM+IE (60.5 mg * kg™ ).
TR ER A4 A A5 A, AN 0~ 100 em L AAAY
BRSKE, AT LM AR5 5 = (A il
SR (BIAF 5, 2007 ), i 3 1 59 NOy™ ¥
B, R4S 9 R A S [ T A7 A — R [ 22
S INRBFEH M+ (0~20 cm) HERT
O 2009 mg - kg, T #E LN 39.9 mg -« kg
( XIJKHE 25, 2008); 76 Bk VG A 52, &R 5 Fh Al
8 a I KM O~10cem - 345 R BB H ik %
103.33 mg + kg™ (BMA 45, 2008 ),
1.2 igELENO, EMEERH
121 ek Wtk T, AR
JERE CInpRE . ZIRNERL, KEIERIAE ) AR Bk
[E] 3 A KA NO, =N F NH,'-N, 11 i it et
IR ISR AR SRR, fif H e R 52
FUNOy . T A HLEW bt B R LA S
VIR T WY EHEER L, RS EARE T S
AEYI AL NOS ™.
122 AALRE TR R RS S
B S, EERE . SHERRRMER I —2, i
e R —, BRI, e,
o5 e NO,” K B (I ERRI %, 2007), EfE
B [ F ™ B
1.2.3 ARHERR E I TR RS R AR
FREZEDIAG (SR 45, 1998; XIJK#E 45, 2008;

BN 45, 2008 ). SBAp VT /R T RBEE 52 K
TR MR T @M 2.1 ~ 134 1%, BESEFHIAE
UYAIRELR: , 33 Eh o3 BRR, o p - VA ROk RGN
fifi R EERBESANNR, VEYIWOK W RE T wkss, &
YA T R (R S, 1998 ),

124 EEIRBG SR RE SIS, &N
T HEEZ WK, AR B AR, LT
A ol (2= 45, 2001; AU 4%,
2006 ). &= AN AR, MR R S A R T
NOy R, —HA/EW A K XIK 375 K AR K,
WKL, HEERmALWmEL, FRKMEB I
(K53 BAT ) SRR E R IR R R I SMESD
H1 (& 4, 2001 ); 55— )7 HASARAEAE FR
JE2h 30 ~35 °C, B S i R 4228 3 Ak
YEFIAIE 254 1 NH, 524020 NOy i B stk 7 .
TR A L SR AL P B A Ak R 2 e T — ek
A5 (A%, 2011),

1.3 &t iED NO, HISNn R B AR

131 xrE3E e EHOP R E & & NO,y
Al A R Ak Sk AE #2514k (Han et al., 2014,
2015), HHEFR A M R AL (R A,
2013 ), HHERUEYIX R LITREZAEEEBIBIR (1%
UG %, 2005 ), X4 23R X AT SR,
5z A, TS A O 5 pH (] R
ik (B30 45, 2011), BHEFEAFERMELR, K
B IS A A S RN, pH (S AR 2 A
TR (BLIEF 45, 2008), HIELRRILEAE
(ARMFIE 25, 2006 ). HIEER /2l b B s 7 = 2
A NO;y . SO, CIY, —BLINO, IE, mEam
NO,™ i 7 g Bl (B4 5, 2011 ),
KfE NO,™ BRI B it 2 8 - (1 A 6 B B2 7F —
FERE LBl TAEM IR0 LTS oy (i de 45,
2006 ). HIEPAHERERFL SR, FRAR T AR USR] ZE A
EYIRREZREE, DARTAHIRER X 3 P i A Wi
TE ) PR — R AR 2 T 25 A S T2 M ( Huang
etal., 2012 ),

1.32 xHEpeg e ISR X IR = AR
EHEBER A, — B3 ~5 a B BERE,
T AR SRR B e (B O AIRIR K, 1991 ),
NO;™ Jilpif 32 BRI R b & A2 BP0 (s F
45, 2013), i3 NO,” (140 mmol - L") w]fi #5

it 55k



£ip 55 -

CHINA VEGETABLES

Ay 2 B T RO M R L AR (A RV
4, 2005), BEIHTYEEG M (FELE SE, 2009 ).

FOLEHRTRE . RICSCRREIL ., MR 3
MR (FFHoR &, 2007), MK ZEIH. X4
i B TN AY IR % - 8 & Eh 50 0.27% ~ 0.62% B,

Tl R SRR, SR K= AN R
Wi ( FARLL, 1998 ). [RIEF NO,™ Wi FA T 1A
WHE O, EBOE2; PIMAZLRE 2, S
Ry FIEEYTER . A,

1.3.3 FTERIEE %5 Britto Fll Kronzucker (2013 )
WFoE M, FUIEE R, NO,™ ANRE KA
ol U E ORI T AR bR iR, NOy BB E
HRER AT A8 B 5 AR ARG . RIS
(2006 ) if5ERH], AT F, NOy By R
TR, HAeH i BB R
EARWEEAL, IR TH R AOK B Ss, Ifi&s]
EWIA . EEEERTE Y. [FE, i &R, Sn]
AR IR = AR, D RSB =R
FlsEmm, XA A R AN S A AR ] A
X HL BRI 3 RN A R B R AR SE R A N,O Fl
NO % X & ( Firestone & Davidson, 1989 ), Guo %%
(2010 WFFEF A, T = = 24 4% pH [ TF# 0.5
AN, Hi 60% ~ 90% TR H TR, 2010
RN A S R A RS s, A EDRIRTS gL
P B A 57% K B FAO (e RS E R
BR3P 45, 2010), Liu 25 (2013) WFgE M,

SERTRVIE K RS ZA K. FAEXAEE
R 23R = EUIR T . & S R T IR Y
PRk (iR T 45, 2013 ),

134 STAMRMEREG 0  HIHEPRRE RS S
g R R S b (2R 4F, 2001 ), 1%
G S A A o s A R A0 A 2375 T hE A i R ML 21
BAE, OTReSs DRI A . S, /ML
Z JRAEZEPI% ( McKnight et al., 1999 ), {Hs 45 #F
FERM, NOy U NO e AR A —E 1A 4
PE (R 5, 2007 ),

2 NO;y 5E¥RIX%

2.1 NO; XHEHIBYEFRIAE
RN R IR . 35 A RS i 32 22 R
gy, AP KREE FEAEFRICR (Lam et al.,

1996 ). MM EELL NOT-N, NH,-N Pifl %
AR E. ML NHS-N, ZECRIEYES NO,-N
(Z=4&4, 2012; Britto & Kronzucker, 2013 ).

XF T NOy VR SR S IR RO DL BT 5 Ty 1
HETHS 7 —@ i, MEYR R NO, —
PP TEAR R P AL AL NH,', SEAETERGE
— BB =AM AR NOy AR T
PRAEAE T e iz 2 e f2E b, 2l B 8
ARG, JE—A TR 2H/INO,™ [Al [ F5is i /2
it B o 5T L A B SR R RE R . NOy™ i Jit
9 NH," # % NR & NiR 92 5. NO,” il i iR % %
AR AT, FEARANM AR BRI 2 4 Fib
Z0m) . 7EMRAR NR FITNIR (FERTF, A58 NH,',
T[] e il B AR 1 55 858 i A SO i Ao
AMA GiffE TR ER R IER,
VNN o i B N S 1 A R S D D R
R T B i S AT i A7 7R B ( Crawford, 1995
Mecharg & Blatt, 1995; Miller & Smith, 1996;
Mistrik & Ullrich, 1996 ), NH," ) [i] b J& 75 7% 24 2
B UG S Ay Z A g VR R, NH, R
BRMRSA AN, BIERRMEIE R K, 3]
LEEIME IR, A R BT, RSB SR
2.2 NOy XHEMHIES 5 FIhRE

B TR REFRTTEIS, NOT AN —F 554
TR E YRR B B e, AL LR A ok
FEPE (Wang et al., 2004 ),  H Bt R B ( Prinsi
et al., 2009). RN IL (Liu & Tsay, 2003; Ho
et al., 2009). F 7 8§ & ( Alboresi et al., 2005 ).
SKALiESN (Guo et al., 2005), WRUKTHAT

( Forde, 2002; Walch—Liu et al., 2006; Vidal &
Gutierrez, 2008 ) 4%, fF5E &M, NRTI.1. NRT2.1
HARTE NOy [F 58 . MIRRAER (Litle et al.,
2005; Remans et al., 2006; 5K #K, 2007; Orsel
etal., 2007 ) LARARIR B4 2 05 A A .

H T 5CT NOy™ R R AR A AR 2B 4 Y I 58 88 h
TR, & B 52 ) ) AR 5L 52 o O AR 1) 2 2 67 63

(Malamy & Ryan, 2001 ), NO;~ X fill #2 i1 38 % il
AR I AR 5w NOy™ IR AY % 5 HF )i,
Zhang 1 Forde (1998 ) AR JEAR R LMFE S50 FIE
LRI NOy sk, BT NO,™ 78 L3 T # 3h
A, WAPFE A AR (JLHJE NO, )
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AT REVE AR A= KT W B R AEAVEH] (Trewavas,
1983 ) sl F R 155 RGM— M5 R AFEAE (Scheible
etal., 1997 ),

WFERBT, NO,~ N R Ak 7= Wy i S A AR
ST KIEE (Drew & Saker, 1975), NO 1R
NO,™ [k Yz —, HETE NS 590 T 4L
Z . NOVEN A A, 05/ AT
FEAAL . TRV B b B A e i T AR A
Ko RH ISR I G T2 HREMA 4 (Siddiqui
etal., 2011 ),

23 NO, HMEMRIPIE T RE

NO,™ N HC R Wy Ae 4 e VR W i Bt 1% O T
WA T HEEMEM . BIREEY], AR NO, ik
HHIETE NO; AR (e ) SA/MIFRE A1
R H ETXS NO,™ SRR A BRAE HIT5AN 7] %1 ( Daniel—
Vedele & Chaillou, 2005 ), {H Macduff Fil Jackson( 1992 )
W, NOy FMFESN AR T AR A B H A a K
REFEE A, SRR R B R | —E
M ER

WhoE R, LA M T NO, U8 0, 1 b i
TR A R A, S TAEYIRY T
PE, 8 Y R A A BT Y NO,™ ¥R AT A Bk
RARIEE S A (a7 55, 2010), PR AR
IR (RS 2D %5, 2009 ), SRR a0 X1
MEAR R 053 . 7E Na,CO, A T, 310 NOy™ Al i
LSRR ROCRERI AR, SN Rm A7 it
(EEGFE 55, 2014), MTEERPMB AT, 5- &k
LMENTR (ALA ) XFRAZ S22 5] NR 1E5: 5K
V- R BIPE KT RTRE B T ORE A K AT E
FEHIVER (Beyzaei et al., 2015), S— EASFEABEH
JIK (GSNO ) AbFRAEAS W25 1 5 T 5 Ba T £ oK %)
TRV, BRARIEAR A S A 5, B
WHGE ORISR (Th—2 4, 2014). NO 42
R EPIHIE AT5E © A 30 45 JBIR A8 A AT 5 B
(Arimte 25, 2016 ).

3 EAOTEREE NO, FRER R
FE e
31 AIEMEAE

RAAR - vp ot B NO,™ R 28 3 0T 3 o e
BEIEARL SR A R ) (%

DA A, 2015), JA AR & it ARG ]
o VI/& 1= N L ki [ = B L I O A RV e
PRI NOS™, (B E2 /> -4 NOy” B,
EEY AT LIS ik A B4, 5 NO,” iR E AT
HEE Tk = 2 R X SRR, it
BRI, TEREMSST, THLA N 8
AL AR A PSR, s e it LI A5k 1
]y 13 NO,” FLZE (Huang et al., 2012 ),
32 EAmERAR

T L O W ERAG A SR IS AR B i
F b R, B ATEAR BT BESR Y
Mo TEmEWREEMIREMNA T, AR SR L
PRIGHGA I 28 2R 8038 F8 B0 I 5 m A b i
P, A ReRTERE CRE 45, 2007 ). ki
% (2008) WFFEEM, 7 Ca (NO,y) , BT, LU
fif kb2 ik i A s B ARG, EK 903 ik, &
MGHEN L AR AE KK, JEEEYIE RS
Wt BB MR A T AR, Ak
fiX, PrEhiEigag, PR, BEMM T AR
7E Ca (NOy) , B TR TERIPTERE (Wei
etal., 2009 ),
33 REAENKREHIE

WFFE R, T KA 2SO 3R] A AT R 5% 20 4t
A IR R T R - 3 T A PR AR AR BR i (LIRS
S, 2003 ), /NZE KR IVER AR nT A 2 A1
BN RRER o 7 (X 45, 2008 ), FHAi—5S
SEAERRAR T R B0 3 R R B NOy AR
ZHM A (Lecompte, 2012), i i &7 5835 1Y
TREFE R A B AR AT s/ bt i NOy R 2R
( Ibrikei et al., 2015 ),
34 ERSNEYIRERE NO, BE

K FH AN R 28 it 3t B NOy™ B X E (113
R L, HEiCA RHIMNE A (FEH
4E, 2009 ), FEME (Z/DhRIAE, 2011), &R (T
B4, 2012 ) TGRSR MR (R4 55,2013 ) 216 (&
AR, ik, WK ) (852 4%, 2015), 5- &
CBENTE (Huet al., 2015). Mgk (K52 4,
2015) Sl . LY, RS TEYITES
NO, T B9 R b AR A, R s 1 4% Fh
YEYIAE NO,™ W3 R iy sz vk, R3] T —E M2
YEM .
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4 RE

I FEAE P T A R B W SOR R FAIL R,
THISESEV AR AR WD %A
AW HEZNE L (K, 20065 XK 5,
2008; ik TIE %, 2013 ). HATEFMHAEX 15
i, YEY AT AT LS T —E R (55
5845 2007; A 4, 2007; Guo et al., 2010;
Han et al., 2015; Hu et al., 2015), {HX} TSR
PHEEY AR FHLE] . S R 2R EY &
FAIE &I TG T IR AIAISE o AR R T 1
FHaY A FrEY2E . wiEes . JEHEE . EYE R
SEEERHESRIEAR , WA SAG 5T
AR U T B S R RS S AR R A T
ige IR, IR s A /A0 7
M2 (Liu & Tsay, 2003; Alboresi et al., 2005; Ho
etal., 2009 ), M HFRARAED) Ty SCE RS A A
I S AEAEY b ) BAR DR A AL, il
PSS S Z WM FH 8953 F 4% ( Daniel-Vedele &
Chaillou, 2005 ), ik % HhBEAE = 2R FH AR 1Y
BRI BRI, Kz ROk 2 1 G

SE K
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NP, AFIES, M. 2010, fIREEUMME T AMEAS S ZUH AR
FRUIRE SE ARG PR 2. N FHZEAS 254, 21 (12):
3282-3286.
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Research Progress on Soil Nitrate Accumulation under Facility Condition and Its

Effects on Crops
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Abstract: Excess fertilization in facility cultivation brought high nitrate content in soil, led to secondary

salinization, and caused continuous cropping obstacle. Thus, the sustainable development of facility agriculture

was restricted. This paper summarized the research progress on status of nitrate accumulation in facility soil,

reasons, potential risks and hazards. It also expounded the relation between nitrate and crops, and analyzed the

related control measures.
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