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Table 1 Differences in response of three Brassica species to low nitrogen stress

3] Jib 31 BEARFF R B Seed yield AR ZE NEC
Type Treatment F¥I{E /g Mean 7Ll /g Range R RE/ Y% CV I Mean A Range
EXNIES RGN 4.27 0.79~8.42 53.9

SRS RS I*fa ’ 0.85 0.52~0.94

B. rapa BAE (—ND 3.41 0.75~5.89 34.4

T3 3 RGN 4.13 1.71~7.37 35.7
IrRA R IEH & ’ 0.76 0.34~0.93

B. juncea BAR(—N) 2.83 0.70~4.30 33.3

W T i = RGN 7.54 3.94~13.04 30.9
UES IEH & ’ 0.66 0.40~0.96
B. napus AR (—N) 4.69 2.10~8.03 31.0

7 :Note: NEC means N efficient coefficient.
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N-efficient and N-inefficient germplasms at seedling stage grown hydroponically under normal N and N deficiency treatments; B: K H /)
DXAS T it 280 5 25 17 T 30T 280 i 28 <8 om0 5 15 ZBUARR 2850 i o 0 30 R B0 1Y 25 5L NOL N1120 N240 43 1) A8 2 3t 0 & 2 0,120 Fl 240
kg/hm? iy 3 4> Ab B, 2% Ak B o 230 B R S SRR 80D 5L A 3 B R S R R B Phenotypic difference of N-efficient and N-inefficient
germplasms at maturity stage grown in a field with application rate of N.0 (N0),120 (N120).and 240 (N240) kg/hm?.respectively.

The plant to the left is N-inefficient accession,and the plant to the right is N-efficient accession in each treatment in Fig.1B.
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Fig.2 Schematic representations of the possible mechanisms of nitrogen efficiency in Brassica napus

Frzmpm b AR ATWE. EAEMAER
B B ASEE SR A B A A 2R P R R R S R
BEM T SR T AE TR A A RCESER
T AE R R PG AL D7 A e R 225, —TF
T AR AR T S S0 FER R g o ) SO v
MEE PR SR 1 LS IR A R £h 2 i B i K ez g T
i o PRI AT LRSI B 22 1 2 3R BT A K A 4R
BORIHSY . 53— 5, EU 0 23 5 i 3 i R 4
RV RSy R A TR E RN E DR B & S THE A
ARSI R BOR 22 5707 L A AU A%
P75 S B I R S i e A2 I R DAL A g A 8 4 P
e AH IR A

3 HEZHXESHHS FEMEEM

) 1) P A N 1 B 32 B 1 N 88 P IR IS AS TR T
BMRRG WA 6] 0 il 25 347 — R 5009 [6) 4k o
P I B 58 R N I AR . ARk G A TR
PR R R RN b TR 2 S A&
RIOAH 56 1 3k B, k2 B DY A 45 A R AR 7 iz B
(NRT) BB Fieia 3 (AMT) 7 25 i 4 4 A

AR AH S (Y JE 777 L R HoAh R R 2T, g
[F] B, AR 8 N D3R P 0o 358 A2 2% 18 O 32 X H 3 78 3l
SRR A KT N 1Y 77 i SO OGP IR AT T a8 A R
BT« I8 60 T HH D& 38t A 60 Ao 308 10T S TR A AT s 784
TSR R = AL 4 F s AL ML B T Sk Ak
31 RmERKEEZEER

RS % i 3% 280 R R0 4 1 Sl A BT A A G
R . 3 5% v S T g i TR AR e i 2R 1 RN B S
MmN R AT R IB . R LR AE T T
SER R AR #5357 R [N (BnNRT 1.1 .BuNRT2.5 . Bn-
NRT2.6 fl BaNRT2.7)#)#ik, 1 H BaNRT1.1,
BaNRT2.5.BnNRT2.6 fl BaNRT 2.7 7& % = %
S AR Hh A A X 2Rk A I O e AU
SRR, Bk R AT B 9Tt & BEJG S R AR AR
AT ISR AR A KA T L A A A AR R
BnNRT1.1 3 /A X 22 3K 7 2 8 2 &+ AR AL
FLAL, Han %09 W98 & B, 25 A 5B AS 2 AR 2%
B EL N BnNRT 1.5 16 A i &4 A v i 32 3K &
B T AR AL T 2 5 K 5 A R AR
MBI BnNRT1.8 W B AH 2 i) e 3, ifE i A



wel

TR GF . H R B S R R AR B T A% S A S S

135

FIFRAEAR T 0 A 38 . XS g5 R R, &
R W WS i R G 0l SR R R R R 5 A AR
(K 2),
32 RERBHEXER

B 1A I8 R G0 25 5 g ol 3 /AR AR O
il 245 1 e DR B 3 30k 8 42 7 it 358 R v A8 i R e ]
FERYE THZAEM . IR IE )5 H (NR) FI A 2t i
B (GS) MY A R A PRy B2 RS . Wang
AU o AR 5R SR A TSR A S GS Al NR
IR IR B DR A i 3 R0 AE RIS R SR A B A ) R A
Jou Y 22 S, 25 3 WY i R S 2 0 A RS 4 R A
(8 22 TR 7K - R T 3 Aol 41 o] AR B2 AE AN [R) 1 /80 R
i RIAE . BN, 76 I H RSN A SR
WET BuGinl;1.BnGinl; 2 .BnGinl ;4 B3k &
B 2 T AR B, i AE B R AR N R
R B S . X F NR ZKR M JC g 2 1 1E
WAALE S TR R TE BB ST B0 A (RO
H AR BaNR1 By R B 5 LT ARRCR BT, 4R
TEG A 2 0 T - BaNR 2 78 = %0CFp B i | AR &
Y IR B TARAOR B (& 2) . Bl FRATT R -
RESL B0 43 AT T3 S R PN AR B AR 2K b AR
REALBE TN RIBEN, 2R LRI LA
WRIER R &M T BaNR2 15 3l 3% & 5 20 Fh 5 it
JrFIAE R R GRS T AU BT, T S
AR BnGinl ;4 F1 BnGin2 1933k 2= KA
ST HAEM b iy 3R 56 i S 0 3 i T AR AR
B (B 2)7, gedh, Orsel 2550 R B E A 16 4
BnaGLN1 J: A, T 9 % 240 I8 57 4+ 50 Ik e 5 il i
(cytosolic glutamine synthase), > #1 £ B X 16 4~
FE AT LLAR Sl 5 AN G AN [a) 52 0 ik TR ) 3% 3A 82 5
ZREZIKFEMFEW, Faes 259 ({8 52 & B %
o B i 2 R L B Y 2 SRR K (ProDH 1
ProDH 2)1E A 3R M\ & W 1) 8 3z e 1) 5 2 vh & 4%
TEEEMH . HP ProDH1 FEF £ BALEL N AR A
KR RN M ProDH 2 %6 [F 3 2278 58 % 0 B (1 4
BHL P RIL, WA, T B &AM a5 T R
W B A 1Y 3R 3k 22 5, Koeslin-Findeklee
SRR R R R GRS AR ARG T i R O R AR K SR
PR B S 2 1 25 S L 4G R R I SR T S
il Rt 2 506 V8 T OG0 LA R 20 it BE 25 44 JE
CAH DG FE R 11 55 2R A HL % 33 LA R R 2R A
YA W6 UM DG 1Y 3 PR K 75 S, 3R W Gk S R A
AR B A SR T M R Y R 2 R R A R

AK,
33 ASWMIEEMSMBT

H i B 58 N 53R % 853 B B304 56 PR 4H DG Bk
A3 BT A J7 o6k HEE AL 3 A 7 a7 AR S HEIR L
JET PR AR 3 O A R Y 3 AR R AL AT TR
RS, BN, Zhou Y EEE T 15 AR TA]
PRAA NI 1 960 A 5533 7™ 1 SOk 56 MR AH O
A8 %58 M IR A7 5 (quantitative trait loci, QTLs) , 4%
REIA 142 A~ QTLs 1 LIEARTR B i 1575 5= T K
ME], SR, 32 QTLs R &R 5k A
B NS5 43 W30 A OGS A L oG T SR A
(e 838 A% 50 R i AT O T B T T 4 TE D B b AR
Bouchet S Rl ] — A~ 8 112 A Bk 5 1 BUER £ 14
(doubled haploid, DH) BEAA7E 1E # E G2 K SE T
FEIE T 3 Atk ny KBRS, 7 T 104 A OF
A 7 S AR OGP ) QT Ls, Bl 5 » fhfi] 38
i 4 D 2H R 43 BT 5 3% B4 A AR 45 A i T XL X
ARV E IR KA 6] PR EE S5 1 T 43 i 7 ek B AR S
ARG O AT HEAT TR A SFAT

4 R

T SRR 7 Il R B e AR E Y 2 — R K
A R IR [ I R K R R ROk
PR AR AR EE L R L S R R
R U R 5l A TRk R e R ik e
F189 ZRURI) JH A880 SR 0T 7 9 32 7 oMb 1) T R 5 e JR L R ARl
REWERP BA EEE L, BRI E . =S EY
AR RCR R — DR TR, W 2R A B S
WS 5 SE B, A W50 3 W H R 23 22 v SRR
FEAET 12 1 6 DR B0 S, JFCse A% 3 P2 BIL A 5 S 2%
W LR R WM Fe iz oy e A8 K A A 2 A il
o DRI 08 T 28 9 3 R0 A0 A B 0y g
e Sl 7 T AW SE B 7 BT ORI SE . H o
AEFif 5 B PR S 05 T ST AN AL . AT BESE B
We S 114 o J5 B U508 ) ML T AN A8 5 gk — Pk
B T Z2 9 S Al A R AT R ) R RCRPEAY . LIS
ARAT AL S 1 R BT IR . FA T HICER T3 500 £)
R S A% OB BT, H R IE AR X 2% M AT R
FREGPEAY L Ay B AP 42 40 L B AT 5 A R A
{EL AR BT B2 (L 1), R B FRATTE W) DL & 18] 58
S5 5 3O A il 14 S0 UG DR 9 AL B R
SAEP AL, R A S R 5 15 S ] A e
S H R LA R A 25 2 @ A g, X

)
=2



136

LR A A NI e

o536 4

TR SR S b T e R A BN 23 38 AL BIL R 4 F
FURA Rt — L TR . WF T W e % W A A o Y
[l AL RE J1 5 e & BE I LA K 5 i 75 BB 0 2 il
G IR R T B SR L SR T I 26 A B A YOG B 4
il 5 A s A . X HA ) Al B T 5 R L R
9 e R TR 1 RN S T A R % iz A S
FEOP A5 AR R R A #36  BEAE D, S
L A Ji B it A 4 1) PR3 8 O i 28 9t =2 e 2K
¥ 73138t AR L ATF 5 B A B B £ M 0 . e Ab
TP B TR AR OR 22 32 B A 1 20 1) R MR 42 7
(LRI ECH AR 22 A B e R AL S e . R
FURIT S BR 165 A 8] K T B 7™ 8 K A 5 A s A 2
17 E A AR D T 22 SRS i Rl SR A RCR AR
KAEAR A JEAL i A i T IE . Rk, A B AR R
g A 358 1 38 B K 7 42 4 AN TR) 200 R T i 8 il
SRt ol A BE Al L O R SRR A B A i AT L B T
LR AN QINP S -8 IS ) N U S
FAT T S0 M0 P 2 0 28 3ol e A 5 R O e T
RRCRATAEN R 35 22 57 09 b B8 U5, JF X il = L i
o A B Ay T AL AT T R RS . H TR
AT AETE A 2700 5 9 50 A At 38t 15 A0 AT A A 2 2 il
G o RO SR ) 38 A% i S B A AN A o g
TR it A 18k 536 R i 280 o 1 3 A% B L O H 7
T2 SRR (1 18 A% i R AR I R M Bl

2 % x M

[1] MCALLISTER C H,BEATTY P H.GOOD A G.Engineering
nitrogen use efficient crop plants: the current status[ J].Plant
biotechnology journal,2012,10:1011-1025.

[2] LIU X,ZHANG Y,HAN W,et al. Enhanced nitrogen deposi-
tion over China[ J].Nature,2013,494 (7438) :459-462.

[3] GUO JH,LIUX J,ZHANG Y,et al.Significant acidification in
major Chinese croplands[ J].Science,2010,327:1008-1010.

[4] B mess, 4 e 30 E e i &S i F Bk | ) 8 Rk 4[] 40 9
HIR SR, 2014,20(4) - 783-795.

[5] XU G,FAN X,MILLER A J.Plant nitrogen assimilation and
use efficiency [ J ]. Annual review of plant biology, 2012, 63
153-182.

[6] CAI H,ZHOU Y, XIAO J, et al. Overexpressed glutamine

synthetase gene modifies nitrogen metabolism and abiotic

stress responses in rice[ J ]. Plant cell reports, 2009, 28:527-

537.

[71 JAN H.,ABBADI A.LUCKE S, et al. Genomic prediction of
testcross performance in canola ( Brassica napus)[]]. PLoS
ONE,2016,11(1) :e0147769.

[8] WEID,CUIK,YE G,et al.QTL

mapping for nitrogen-use ef-

ficiency and nitrogen-deficiency tolerance traits in rice[ J ].Plant
and soil,2012,359:281-295.

[9] HAN M,OKAMOTO M,BEATTY P H.,et al. The genetics of
nitrogen use efficiency in crop plants[ ] ]. Annual review of ge-
netics,2015,49:269-289.

[10] HIREL B,LE-GOUIS J,NEY B.et al. The challenge of impro-
ving nitrogen use efficiency in crop plants:towards a more cen-
tral role for genetic variability and quantitative genetics within
integrated approaches [ J]. Journal of experimental botany,
2007,58(9) :2369-2387.

[11] YAN X L,WU P,LING H,et al.Plant nutriomics in China:an
overview[ ] ]. Annals of botany,2006,98:473-482.

(121 E. A Bl = % 205 (D] R ARl K2, 2014,

(137 Pk e, (AR5 F B =R A4 7 o R S & Mt e &[]
R flb BH 4R, 2011,13(1) 2 1-8.

[14] AUFHAMMER W, KUBLER E, BURY M. Nitrogen uptake
and nitrogen residuals of winter oilseed rape and fallout rape
[J].Journal of agronomy and crop science,1994,172:255-264.

[15] RATHKE G W,CHRISTEN O,DIEPENBROCK W.Effects of
nitrogen source and rate on productivity and quality of winter
oilseed rape (Brassica napus 1..) grown in different crop rota-
tions[J].Field crop research,2005,94(2/3):103-113.

[16] & 05 2 A Bk, 45, PSR RL T 30 28 0 W 28 31l 3 AR
AR W 00 BB Y 22 S [T ] A8 AR lk R 242241, 2012,31(6) : 725~
730.

[17] KESSEL B,SCHIERHOLT A,BECKER H C.Nitrogen use ef-
ficiency in a genetically diverse set of winter oilseed rape
(Brassica napus 1.)[]J].Crop science,2012,52:2546-2554.

[18] BOUCHET A, LAPERCHE A.BISSUEL-BELAYGUE C, et
al.Nitrogen use efficiency in rapesced:a review[ ]]. Agronomy
for sustainable development,2016,36:38.

[19] MOLL R H,KAMPRATH E J,JACKSON W A.Analysis and
interpretation of factors which contribute to efficiency of nitro-
gen utilization[ ] ]. Agronomy journal,1982,74:562-564.

[207 7 A 0, 55 36 8 L 3 AT A5 580 w0 280K A i TR R 2 5 5 O ok O
LML) EKREREE . 2010,24(2) £ 175-182.

[21] iy 5L A AR X058 L 45 R ) A 2% A AR IS4 B R WA
REEATRER I ] E AL R, 2008, 41(6) 1 1858-1864.

[22] CHARDON F,BARTHELEMY J,DANIEL-VEDELE F,et al.
Natural variation of nitrate uptake and nitrogen use efficiency
in Arabidopsis thaliana cultivated with limiting and ample ni-
trogen supply [ J]. Journal of experimental botany, 2010, 61
2293-2302.

[23] SINEBO W,GRETZMACHER R,EDELBAUER A.Genotypic
variation for nitrogen use efficiency in Ethiopian bailey[ ] |.Field
crops research,2004,85:43-60.

[247] #He £ SR AURL, W T AE , 45 2 FOR A ROR B 81 22 R i o ).
HIY)E 37 5 ML, 2006,12(4) :495-499.

[25] GUEYE T,BECKER H.Genetic variation in nitrogen efficiency
among cultivars of irrigated rice in Senegal[ J].Journal of agri-

cultural biotechnology and sustainable development, 2011, 3:



wel

TR GF . H R B S R R AR B T A% S A S S

137

35-43.

[26] SIMONS M,SAHA R,GUILLARD L,et al.Nitrogen-use effi-
ciency in maize (Zea mays L..) :from ‘omics studies to metabol-
ic modelling[ J].Journal of experimental botany,2014,65:5657-
5671.

(27 VA8 .7 35 2= ROF 5T 04 5 18 B B2 BRALH 1990 2L 58 [ D] ik
B ARl K %, 2007.

[28] FH &3l 33 28w %0 S5 174 0 8 K v 8oLkl LD B A v gl
K#,2011.

(297 = e B L H 38 2 i 56 2 v 280 o
WHFELD] BRI Al R, 2014,

(307 KB4 A7 B T 5 20 9 3% 0 = 2 DH & (9 9 18 2 L F1 AR AU k0%
R BT 43 B LD R A ol R, 2014,

[31] NYIKAKO J,SCHIERHOLT A,KESSEL B,et al.Genetic var-

PR B 6 B G AR v 2L A

iation in nitrogen uptake and utilization efficiency in a segrega-
ting DH population of winter oilseed rape[ J |. Euphytica, 2014,
199:3-11.

[32] SVECNJAK Z,RENGEL Z.Canola cultivars differ in nitrogen
utilization efficiency at vegetative stage[ J].Field crop research,
2005,97(2/3) :221-226.

[33] SVECNJAK Z, RENGEL Z. Nitrogen utilization efficiency in
canola cultivars at grain harvest[ ]J].Plant and soil, 2006, 283
(1/2):299-307.

[34] BALINT T, RENGEL Z. Nitrogen efficiency of canola geno-
types varies between vegetative stage and grain maturity[ J .
Euphytica,2008,164(2) :421-432.

[35] SCHULTE A E G.WIJAYA K A,ULAS A,et al.Leaf senes-
cence and N uptake parameters as selection traits for nitrogen
efficiency of oilseed rape cultivars[ ]J]. Physiologia plantarum,
2007,130(4) :519-531.

[36] SCHULTE A E G,BEHRENS T,ULAS A, et al. Agronomic
traits contributing to nitrogen efficiency of winter oilseed rape
cultivars[ ] ].Field crop research,2011,124(1):114-123.

[37] BERRY P M,SPINK J,FOULKES M ]J,et al. The physiological
basis of genotypic differences in nitrogen use efficiency in oil-
seed rape (Brassica napus 1.) [J].Field crop research,2010.
119(2/3) :365-373.

[38] ULAS A,BEHRENS T, WIESLER F,et al.Does genotypic var-
iation in nitrogen remobilisation efficiency contribute to nitro-
gen efficiency of winter oilseed-rape cultivars ( Brassica napus
L.)? [J].Plant and soil,2013,371:463-471.

[39] LEE BR.JIN Y L,PARK S H,et al.Genotypic variation in N
uptake and assimilation estimated by "N tracing in water defi-
cit-stressed Brassica napus[]].Environmental and experimen-
tal botany.2015.109:73-79.

[40] ZHANG Z H,SONG H X,GUAN C.Nitrogen efficiency in oil-
seed rape and its physiological mechanism[ M]//AKPAN U G.
Oilseeds.[S.I.]: INTECH, 2012 63-80.

L4717 XUsi A AL, 28 B, A% A [) o o ol 3 R ™ ik B2 UK 22
SEWTELT ] A E IR 5 MR . 2009, 15(4) : 898-903.

[42] ZHANG Z H,SONG H X,QING L.et al.Study on differences

of nitrogen efficiency and nitrogen response in different oilseed
rape (Brassica napus 1.) varieties[ ] ]. Asian journal of crop
science,2009,1:105-112.

[437] STAHL A,FRIEDT W, WITTKOP B, et al. Complementary
diversity for nitrogen uptake and utilization efficiency reveals
broad potential for increased sustainability of oilseed rape pro-
duclion[]].Planl and soil,2016,400:245-262.

[44] & 2057 ALBEW] 1 & 45 AN TA) 20 W MO8 236 it i 31l 38 80
4#‘&MJ§#[J].1’E%#%&,2012&8;887—895.

(457 Tk T2, 22 B 22 07 . A5 AN TR] 280 22 R 200 % 6 TR R0 9 o R %
BIR PR A 22 52 (1] 04 U AR MR £ 22 22 4. 2014, 42 102-
110.

[46] d 227 AL IT L 242 30 22, 45 3 3 20 38 WO 005 1 B TR 7 2 S
KGR Z AR 5 R L) 1. B eHE ) % 4%, 2010, 32: 270~
278.

[47] B 7 ALWEDT L 22258, 55 R [ i [ B aih 32 20 22 R R0OR 1 22 57
RHGR R RE TR SCR LT Y E 57 50K
#2.2013,19:586-596.

[48]1 NAGAHARU U.Genome analysis in Brassica with special ref-

RHET

erence to the experimental formation of B.napus and peculiar
mode of fertilization[]].Japanese journal of botany,1935,7
389-452.

[49] CHEN X,LI M,SHI J.et al.Gene expression profiles associated
with intersubgenomic heterosis in Brassica napus[J]. Theoreti-
cal and applied genetics,2008,117:1031-1040.

[50] FU D, QIAN W, ZOU ], et al. Genetic dissection of intersub-
genomic heterosis in Brassica napus carrying genomic compo-
nents of B.rapa[]].Euphytica,2012,184(2):151-164.

[517 BB w4 32 % IM .2 L b 50 B ARk K 2 Wt
2003:25-34.

[52] WANG G,DING G, LI L,et al.Identification and characteriza-
tion of improved nitrogen efficiency in interspecific hybridized
new-type Brassica napus [ J]. Annals of botany (London),
2014,114.:549-559.

[53] KAMH M, WIESLER F,ULAS A, et al. Root growth and N-
uptake activity of oilseed rape (Brassica napus 1.) cultivars
differing in nitrogen efficiency[ ] ].Journal of plant nutrition and
soil science,2005,168:130-137.

[54] ULAS A,SCHULTE A G S.KAMH M, et al. Root-growth
characteristics contributing to genotypic variation in nitrogen
efficiency of oilseed rape[ ]J].Journal of plant nutrition and soil
science,2012,175:489-498.

[55] YE X, HONG J,SHI L,et al. Adaptability mechanism of nitro-
gen-efficient germplasm of natural variation to low nitrogen
stress in Brassica napus[]].Journal of plant nutrition, 2010,
33:2028-2040.

[56] HAN Y L,LIAO Q. YU Y.et al.Nitrate reutilization mecha-
nisms in the tonoplast of two Brassica napus genotypes with
different nitrogen use efficiency[J . Acta physiologiae planta-
rum,2015,37:42.

[57] HAN Y L,LIU Q,GU ] D,et al. V-ATPase and V-PPase at the



138

LR A A NI e

o536 4

tonoplast affect NO3 content in Brassica napus by controlling
distribution of NO3 between the cytoplasm and vacuole[ J].
Journal of plant growth regulation,2015,34:22-34.

[58] HAN Y L,SONG H X,LIAO Q.et al.Nitrogen use efficiency is
mediated by vacuolar nitrate sequestration capacity in roots of
Brassica napus[]J].Plant physiology.2016,170:1684-1698.

[59] ALI A,SIVAKAMI S, RAGHURAM N. Effect of nitrate, ni-
trite, ammonium, glutamate, glutamine, and 2-oxoglutarate on
the RNA levels and enzyme activities of nitrate reductase and
nitrite reductase in rice[ ] ].Physiology and molecular biology of
plants,2007,13:17-25.

[60] RN, B 47 2= it 26060 1 3 JU i i 35 174 5% ) B O 55 77 o L
S B 56 A L. A R 4 2 41, 2001, 23 (4) - 32-37.

(611 AH:  WRIIH . ok 4k 48, 45 A [ 44 0K S T il S i R g 25
ZFIRE S ARcr 22 7 0] E S5 IER, 2014(3) : 18-
22.

(627 5 , ARG AL L SR B L 45 AS ) ol 32 AU 28 57 L AR S
SERBTFE L)) A8 IR 5 A4, 2008, 14(1) 1 113-119.

[63] AR IRk, sk AR 4R, A5 A [l (20 4% 18 1 48 =005t M 5 o il
5REAMRA REGXTmR A ZBEAHEm ] EDRE,
2014,6.:81-85.

[64] GIRONDE A, ETIENNE P, TROUVERIE ], et al. The con-
trasting N management of two oilseed rape genotypes reveals
the mechanisms of proteolysis associated with leaf N remobili-
zation and the respective contributions of leaves and stems to N
storage and remobilization during seed filling[ J ].BMC plant bi-
ology.2015,15(1) :59.

[65] MOONEY H A,FIELD C,GULMON S L,et al.Photosynthetic
capacity in relation to leaf position in desert versus old-field an-
nuals[J].Oecologia, 1981,50:109-112.

[667 7K 7. 0. /K i 2 A00% B D 20 22 S 37 1 15 60 AL B 52 [ D] 19
5 AR K2 2006,

[67] WANG G L,DING G D,XU F S,et al.Genotype differences in
photosynthetic characteristics and nitrogen efficiency of new-
type oilseed rape responding to low nitrogen stress[J]. The
journal of agricultural science,2015,153:1030-1043.

[68] MALAGOLI P,LAINE P,ROSSATO L,et al.Dynamics of ni-
trogen uptake and mobilization in field-grown winter oilseed
rape (Brassica napus) from stem extension to harvest:1.Global
N flows between vegetative and reproductive tissues in relation
to leaf fall and their residual N[ J].Annals of botany (London) ,
2005,95(5) :853-861.

[69] MALAGOLI P,LAINE P,ROSSATO L,et al.Dynamics of ni-
trogen uptake and mobilization in field-grown winter oilseed
rape ( Brassica napus) from stem extension to harvest. IL
An " N-labelling-based simulation model of N partitioning be-
tween vegetative and reproductive tissues[ J]. Annals of botany
(London) ,2005,95(7) :1187-1198.

[70] SORIN C,LEPORT L,CAMBERT M, et al.Nitrogen deficiency
impacts on leaf cell and tissue structure with consequences for

senescence associated processes in Brassica napus[]].Botanical

studies,2016,57 .11,

[717] SORIN C,MUSSE M,MARIETTE F,et al. Assessment of nu-
trient remobilization through structural changes of palisade and
spongy parenchyma in oilseed rape leaves during senescencel J].
Planta,2015,241(2) :333-346.

[727 KOESLIN-FINDEKLEE F, BECKER M, GRAAFF E V D, et
al.Differences between winter oilseed rape (Brassica napus 1..)
cultivars in nitrogen starvation-induced leaf senescence are gov-
erned by leaf-inherent rather than root-derived signals[J].Jour-
nal of experimental botany,2015,66(13):3669-3681.

[73] ROSSATO L,LAINE P,OURRY A.Nitrogen storage and re-
mobilization in Brassica napus L.during the growth cycle: ni-
trogen fluxes within the plant and changes in soluble protein
patterns[ J]. Journal of experimental botany. 2002, 52 (361):
1655-1663.

[747] LUDEWIG U, NEUHAUSER B, DYNOWSKI M. Molecular

mechanisms of ammonium transport and accumulation in

plants[ J].FEBS letters,2007,581:2301-2308.

[75] HU B,WANG W,OU S,et al. Variation in NRT1.1B contrib-
utes to nitrate-use divergence between rice subspecies[ J]. Na-
ture genetics,2015,47(7) :834-838.

[76] YUAN L,LOQUE' D,KOJIMA S, et al. The organization of
high-affinity ammonium uptake in Arabidopsis roots depends
on the spatial arrangement and biochemical properties of
AMT]I1-type transporters [ J ]. The plant cell, 2007, 19 2636-
2652.

[771 BAO A,ZHAO Z,DING G,et al. Accumulated expression level of
cytosolic glutamine synthetasel gene (OsGS1;1 or OsGS1;2) alter
plant development and the carbon-nitrogen metabolic status in rice
[J1.PL0oS ONE,2014,9(4) :€95581.

[78] BERNARD S M,MOLLER A L,DIONISIO G,et al.Gene ex-
pression, cellular localisation and function of glutamine syn-
thetase isozymes in wheat ( Triticum aestivum 1..) []]. Plant
molecular biology,2008,67:89-105.

[797 GUL M K.QTL mapping and analysis of QTL x nitrogen inter-
actions for some yield components in Brassica napus L[]].
Turkish journal of agriculture and forestry,2002.,27.71-76.

[80] BOUCHET A S,NESI N,BISSUEL C,et al.Genetic control of
yield and yield components in winter oilseed rape (Brassica na-
pus L.) grown under nitrogen limitation[ ] ]. Euphytica, 2014,
199.183-205.

[81] BOUCHET A.,LAPERCHE A, BISSUEL-BELAYGUE C, et
al.Genetic basis of nitrogen use efficiency and yield stability
across environments in winter rapeseed [ ] ]. BMC genetics,
2016,17:131.

[82] Sk EH AR ABRMNKE NRT HH 1%k 2 505 (D)4 %
PHALARARA £ K5, 2013,

[83] ORSEL M, MOISON M, CLOUET V, et al.Sixteen cytosolic
glutamine synthetase genes identified in the Brassica napus L.
genome are differentially regulated depending on nitrogen re-

gimes and leaf senescence[ ] ].Journal of experimental botany.



%2 TR GF . H R B S R R AR B T A% S A S S 139

2014,65(14) :3927-3947. phate availabilities[ J ]. Annals of botany (London),2012,112
[84] FAES P.DELEU C, AINOUCHE A,et al. Molecular evolution (2):381-389.

and transcriptional regulation of the oilseed rape proline dehy- [89] DING G,ZHAO Z.LIAO Y.et al. Quantitative trait loci for

drogenase genes suggest distinct roles of proline catabolism seed yield and yield-related traits, and their responses to re-

during development[J].Planta,2015,241(2) :403-419. duced phosphorus supply in Brassica napus[ ] ].Annals of bota-
[85] KOESLIN-FINDEKLEE F.RIZI V S,BECKER M A, et al. ny (London),2012,112.747-759.

Transcriptomic analysis of nitrogen starvation- and cultivar- [90] BERROCOSO J,ROJAS O,LIU Y,et al.Energy concentration

specific leal senescence in winter oilseed rape (Brassica napus and amino acid digestibility in high-protein canola meal, con-

L.)[J].Plant science,2015,233:174-185. ventional canola meal, and soybean meal fed to growing pigs
[86] ZHOU Q H.FU D H.MASON A S,et al.In silico integration [J].Journal of animal science,2015,93(5):2208-2217.

of quantitative trait loci for seed yield and yield-related traits in  [91] SEYIS F,SNOWDON R J, LUHS W, et al. Molecular charac-

Brassica napus[]].Molecular breeding,2014,33(4) :881-894. terization of novel resynthesized rapeseed ( Brassica napus)
[87] HATZIG S V.FRISCH M,BREUER F,et al. Genome-wide as- lines and analysis of their genetic diversity in comparison with

sociation mapping unravels the genetic control of seed germina- spring rapeseed cultivars [ J]. Plant breeding, 2003, 122 473-

tion and vigor in Brassica napus[]].Frontiers in plant science, 478.

2015,6.:221. [92] SCHOFIELD R A.BI Y M,KANT S,et al.Over-expression of
[88] SHI L,SHI T,BROADLEY M R, et al. High-throughput root STP13,a hexose transporter,improves plant growth and nitro-

phenotyping screens identify genetic loci associated with root gen use in Arabidopsis thaliana seedlings[]].Plant cell and en-

architectural traits in Brassica napus under contrasting phos- vironment,2009,32(3) :271-285.

Physiological and genetic basis in nitrogen efficiency

of Brassica napus : a review

DING Guangda WANG Gaili YE Xiangsheng LI Quan SHI Lei XU Fangsen

College of Resource and Environment sMicroelement Research Center ,

Huazhong Agricultural University ,Wuhan 430070,China

Abstract Nitrogen (N) is one of the essential macronutrients for plant growth and development.
Large amount of N fertilizers are required for rapeseed (Brassica napus) production,while the N use ef-
ficiency (NUE) of B. napus is very low.Results of previous researches showed that there was large gen-
otypic variation for NUE among B. napus cultivars.Compared with low-N-efficiency genotypes,high-N-
efficiency genotypes had advantages in N uptake, transportation, metabolism,photosynthesis and remobi-
lization etc. The expression level of genes involved in processes including nitrate transporters,ammonium
transporters, genes encoding enzymes involved in N metabolism was significantly affected by N availabil-
ity.Significant differences were found in the expression level of genes involved in N efficiency between
low-N-efficiency cultivars and high-N-efficiency cultivars. This paper reviewed the progresses in physio-
logical basis and molecular mechanism in N efficiency of B. napus from two aspects including genotypic
variation of NUE among different B.napus cultivars,and physiological and molecular basis of B.napus
with N efficiency.

Keywords Brasscia napus; nitrogen use efficiency; genotypic variation; physiological basis; mo-

lecular and genetic mechanism; transporter gene
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