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The morphological responses of the root system to the nitrogen stress
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Abstract; Nitrogen (N), one of the most important nutrients for plants, is an important signal regulating plant growth and
development. Four main morphological adaptations of the root system in response to the N supply have been reviewed: (1)
A localized stimulatory effect of external nitrate on lateral root elongation. The AtNRTI1.1 (CHLI) dual-affinity nitrate
transporter acts upstream of the ANR1 MADS box gene to mediate this stimulatory effect. (2) A systemic inhibitory effect of
high tissue nitrate concentrations on the activation of lateral root meristems. The RNA-binding protein, FCA, could be a
component of a signaling transduction pathway involved in the high nitrate/ABA induced inhibition. (3) A suppression of
lateral root initiation by high C:N ratios. The AtNRT2. 1 high-affinity nitrate transporter seems to be involved in this
repression. (4) An inhibition of primary root growth and a stimulation of root branching by external L-glutamate. This
morphological response of the root system probably involves sensing by plant homologues of mammalian ionotropic glutamate
receptors ( iGluRs). The root morphological responses to the N supply have important physiological and ecological

significance.
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AN) RHEYBREENEREZZ — MY NREKMRGESEE NO; f NH KEBA N, HEE .
RAEHFPAEREH N 278, H i T 320 108 B BRI, H 3 N A Atk ok M 28 K 3 22 BR 1 A
5 N TIREHB N B FROMER Y AR MY . AR, XY PR, AR R YR
RN N BEA AL SR o X SeTE 2524 Wi B B BTFSE B X BRI N (5571 N (5 5 /B R i
I & B AR IRBE T A MMER TR . X BEHR TR RN N B4 78 fh B i 87 03 260 57 1915 S Ll
B R

KENFREAHEDBRERKRMERN N AN SFmN FERIAE 4 DN E: (1) Y MR (LR) ik
JSE RSN BRER )RR R T 5 (2) M LR 43 B 915 35 3% B R b R IO RS R R A O
(3) AR 59 5 A B kAN C:N ECImA ™ 5 (4) R AR WA B PR Ah L-25 SBR k0 8 T 4006 , T 90 A AR
HRZ BRI LSRRI H
1 LR &RKIHR SN ER LR 5 50 0l 38 i1 i oz

YIS FEE 57 B X LR, LR e 7 (A S NS ER £ Fy J) 355 301 3k T Ao <, (L3 i) 12 945 5 4% i 1L 1) 1
F524ERE . Zhang Fl Forde HIBFST F BIRIRIIAR 20 R BN RS BR ER I M 7 2 A S B LA AR AR B M IX 19 LR
X5 R E M E A RAR Y o SR, AR IT AOREAR RAEXT R RS BRER AW I P, FEE BTN R
24k, 55—, KFEXTRSERER B RIS LR B8 R B f 3 b, TS g v w7 282 LR KBt s 48
T ERFEH LR BT R A S B AR B ST B R B R R o T ST AL
I RAETCHE KM T TR, MRE LI IARETCRE KM N HT, B, FERFE LIS, Al BB A F A 25
A KRB B R A, i — S B T 40 % AL A BR R 5 RS A0 o R DR (e ok S AR TR 15 5 A 7Y
Xt NO; L4445 HERINA R, T A2 B BERER 8 NH, 25 N JEBAH Rl agma s, 3B NO; XBIRIJF LR A=K Ayl
WO AR E R T iR R, iR NO;, HBRES RS IER .

ANRI1 MADS box %3¢ [N T2 15 5 &4 8 B 1) B4, 5 7 R T IO SR8 , RWFSE NO, = Sl S B 9 5
SERYUE R o R R RIMAR ANRL 23K, JRARYIXT R 3RS BREL A RIS = i S5 B0 7 ) Bt
JBRPERKIEAR o FAR(E SEHE B0 — B R R R I15E [ AINRTL. 1 (HFR )y CHLL) 765 5
BRI R R ATREVERT T ANRL B9 L35 . AINRTL. 1 RXGEMEEIZE [ , 6K M EREE A R A BREL VR B 77 1 1 1
BT B TSR EE W& ML ARNRTL. 1 Bk gk 28 A8 (Aot Jo) 30 7 R 6 4t 44 iy iy B K K R A, e R R 5
ANR1 KPR R AR o o T 570 1R B0 T R R A T55 T A WA , R e, X R0 S o TR 4L 48 i 7 4
AR A BRI AR BRI T A 5 B TE R BREE B X AN TR B 1 N Y540 B T IR X R R il BR 2R L 44 9
TR PO RIS, BB, o 7 R R AR AN 2 R R N AR Rk 2 o 270 Ak Xof Ry 308 I 98k 3050 I 140 i . 1) ik 2> 1 B
ANR1 3K 98 />, % B AINRTL. 1 A] G864/ F T ANRL (9 b7, 5 ANRL B9 % R A k™. 7ER LR,
ANTRI. 1 7615514 51 18 [ b T BB 4E 0 5 1R £ JB BE TG 2 B 76 18 HF 1Y PR 6 184 A MR £ SRR N Te MR vh AR AR S
H¢ AINRTL. 1 78 N {5 S5 o BOVE F BOTESE ook B Fx AINRTL. 1 B A5 (AR g ANRT2. 1 £ 5855 BT
%o AINRT2. 1 38 ¥ WA EREE TS T, 4 N Rl , {B4E AtNRTL. 1 HR AR R, AtINRT2. 1 (3R 10 i Bk
fRRR , AINRT2. 1 Ze3k 4] AR %2 B g NRTL. 1 = A=kt

B AR BRI T . FERE R RA R AT R Gt BB R O - S BR R IR T
72, EBERER LA AR S TT A A A B I A R IR o AR Rt R e
BRBRBIICH AR ZEA 27, — 8 fEE H—538 K A/ T 5 MY I 2520
R %o B0, FERRB SR E LT , AR RBERE LR o 40 2R BB B 22124 | 3 RIS 75 238 17 7 B WU R
B E A/ RN ILE MEP2
2 LR $RARMEDZRAR TS RELBBEING

LR f4 KB T XHASMEBREL BRI AR Ah, LR 1% B W2 B A S b myk RS mRER rma . x
i 2800 B 2 TSR EL AL 28 BB T4 A , 24 SN S S BRER YK BEZE 10 mmol/L DA iR R . X — & 3R mi
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TR 2 K 7 2 AL A0 7 S R R 1L 40 1) 58 2 TS 28 0 9 S AL, (RS R ER AL 44 1) T S BT A T AR AR
SEFH T A PR R BE LA ) T B T I AR B AR K . AN ARER X LR 3% & 478 LR R M AR U
7E LR 43344 4035 Shl ao4 2 v B, T RE /N8 LR 5 fam bl R AT 5% 10 , 24 40 B % R SRS BRER AL 48 1 A
JEH, WHITE 24h NRTARER . 0] & A AR E B BOR AT 33 PR R 5 4 A T R AR ) O TR B A Al o R A AR AR
FRIR B PGHE A EE PR W AR AL R ERER R4 .

BB R RS BRER E B AU IR IT nialnia2 2EA50K, W B RS BREE A SO MA E BURS Ui LR R B %
YR BE TR LA I 95 SR W AL LN BRI S PR R R, TN AN S PR SR B M 4 41k N AR I B B .
BE RS BRER 5 S e RS R BB, 3 FT BE ¥ I M5 S 2EAR RS ] i K B B 553 %) . Waaleh-Liu ZBF5E KB
BES AR P E K RO TTREIE , & DU RS BREL T R A= 1 2 (0 L2 -6 B BR A A 1 26 IS vl AR By 2
B, X RS P RAAE . WK Z R EREL MR T AE SR b AR K BRI X,

Jii 7% BR (ABA) 7E4 3 R iHBRERXTAR A3 il e 5 EEAE . 76 ABA-BR 28754 (abal -1 aba2-3 \aba2-4
I aba3-2) Fll—& ABA- I 2254 (abid- 1 .abid-2 Fl abi5-1) i, F SRR ER A AR B BE SR ) o AR RAEREE
FUT MR AT, ABA W S EERER LA 1Ok B TG 56 s (A 7E RS BRER L 48 & Ak AR LG , ABA ¥R B 45 4% M B
M AL o AR ASERER L 44 FO 3 in , SR ME Y ABA K381k, AN ABA Bt KR R
R SEMHIRU , ABA M AERRERIMHI#R & £ 7E LR MR — & BH B . ABA 7E LR R & B mEMS
PR FD R ZEARIR OVE IR % — 3R, BIAE “ MUARARER” 2, RTHT, ABA {3 LR FRER AL 542 3k Fh 7 IR ER
WUBIAS R, B A 9835 7 fRBIR f) 56 4 2 PRl 4 ABI1 , ABI2 \ ABI3 A8 FE R 5|42 ABA Xof (AR 100 451 280 17 4 fke
2PV, ABA FIFESAEERERNT LR 5 5915 SR LA MR, 2828 1K labi 76 0.5 pmol/L ABA I iRk # Ak
KHATLE LR, BT labi 28R AW AR, W LR BB AT Al e 500 AR AE KAFENERBR R . 5L
b WA AR B R BT R R R BRER AN ABA 75 S 4 BT A A A, IR 5 0 A AR AR AT LA A A 4R
RNA 454 & H FAC EMBIF LRI )  FAC Bre RAESTER T, fac RAIAMEAR T ABA X
LR B4 R%057 , EBA FCA R mBREL/ ABA i S M 15 SER R R MRS .

LR 32 B W RS RREL B T RE R th TR MMM B BERAY BB E%MH LR 5™ . SHmmki
TEIALRI AL, BB M HIt 5 ABA A5, U NTEFI A~ ABA 27451k aba2 1 aba3 w1, BB MR KIEK . SRTH,
Wi EHGEMIH S S ERE/ABA B SR ME Z BIFAEH M ER, BERKREMRE SEME, m
ENEREhER ABA M 54 K ZE Tk i B AR RITE A0 BT S AR, EM R LR R R,
FREMR AT RE R B B (R A KRR F1 58 B TR MR EREL/ABA F¢ 5 Ml CRBAE K R MR W
FRZEM LR RE . BT BEMEMAKZE T, B LR B IR E KRR, 5 B0 6 T 6k &
H7E LR BB HITHRB B

R B L R IS EREE XY LR R & M ARBRAI T (PGPR) Phyllobacterium ¥ Zk STM196 ] LA f# 11
HIBOSE Y . BRI RPN R SRR RS RREL (5 516 8, (B7E LR 875 o, 727 A T BRER AR P 440 14 141 F)
XA, VLR R TR S E M R BB MA MR EDES ™,
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7 o T VB TR e PR SR e B B 5 R R R MR BE R B N VR B SRR C: N EL, AT AR SR AR B4
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fsE AN o 7R R R RYBE SR, A Linl BETE RO BODUAR , 158 B4 460 D0 AR & A= B0 R R S 2 R ol
B 70 B IR R AL, T2 LR B AR R S S5 18, LINL 2 XME S EH R 2 0 EE R
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http ://www. ecologica. cn



208 £ F ¥ W 30 %

ARAFI—A NRT2. 1 2 55 MR 4R R, 5 linl RARMFEAM . 765N R RS BREE Y B IR,
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g — iR R AR N 45T, o T RomaRsh i1 3, WY BREh Budtsi >, AT BB T ANRT2. 1 &0
YR ER MU0 AR IR BIHE LR 2 2R Bl o 2 (B0 RE AR B O - W8 /0 Wik 38 194 1 7 T 58 e 40 R DK /4
#lo HERLPEEA H RS 5 EE B, A TRER C #1 N F5#5 LR REMEE X, 4
U AINRT2. 1 7E4557% 7K F-32 C fl NE S35 1) AINRT2. 1 7E3845 LR &4 W B, @i B 5 R Rl 1y,
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DL BBV T AINRT2. 1 %] LR R4, AT, EAF ML AT, AINRT2. 1 76 LR £ & i
FRBVER 76 N BRHISLF T, AINRT2. 1 38930 LR IR X 5 Lide M RMR K . iE
RERIER— R EH B, AR —EARE TR MIER . —Fmrfe iR F T X BIR B A
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BAKLER RERE R N LRI FR 3, T Remans 2506 F (ALY 75 Ak NO; F,7E 10 mmol/L NO; 3%53%
T 6 K, Little Z:{d FHAEY b Remans 2506 FFAEY 20 B E B N B ) N Gk AR [RIFL BE AT Ak
PLEfIR NO; Xt LR %4 BN , ik AINRT2. 1 73X AN AR P PR o Ik NO; S AR 235 B 7R [R) Ak 7 M
F NO; HIALER, ¥ 276w NO; HIESRIOIIB I , % NO, I LR ZE4 A R4 B, T R7E RS NO; Hhii
FHBEIAEY , Ik NO; %] LR ZE90EARH A i3 . AINRT2. 1 78 LR & 4= P R R/ A 7T BB 5 5 3%
FEFE IR KA % o
4 EHRIESD L-5 SRR T R

D ESHER AR 3 MBS SERMER S N BHRN—MER—MBREE X, B WPIRIEHRIE S %E
it 55— HL N—— AR RREA K MR R RSN L2 BRER F RIS 200, T AR T A 2 1Y
WA, AR KA KRB RS L-AE BRI H 7,

TEYIRXT RSN LR BREL FT 2522 BL B LR R B 28, W1 RE W OB H A 7E i — Fh S L3 88 7
RIS R BREL 321K (iGluRs ) FIVR A0 A MR AIPE R o AR BRER I AR ) e K PR B 2 PR 40 g 278 £k,
B2 28 B AR AR LR AL T iCLuR XTI AP-5 REMI X L 402484k , 6B GluRs f93% IR B AR
A PN T LT o HY) CluR A K F IR AE 5x Fifg B —3 1 B B AR BA B
SLIGTEHEHF GluR 58 R Gext 8 BB TH 25 258 LBk R Ak
5 EYRESH N RLMENEENESEY

T RSERELYE Tk, 76 T T LUB R S M B ER MR . T IRSPRELZE 7 mmol/L LA b, 45 W AT DA%
B R IR ER L BEAA R A K, AL T Y Rk 10 B S IR RS PR Eh SR R T R B o ZE R
i, B A T - SR =[] RS PR AR Y B 22 R L H UK S B AR T A, I Bl e R A R . 7
20% K i) 13 RSBRELTE 0.4 mmol/L LA T SBREIEM A K . ZEMRAERREL YR BERT , MR K 25 BE MR R %
R R K B FIAR BLAR N RS BR Eh 5532 B AR 22 T AAR I A AR b B AR E e % |

TE A AN, N R4 R — M0 i RIM A TP AR S T S IR L E E ™ . M A w
BRELA S LR AR KA RIS ATRERE RRTE SR M 35 rh A 7R 10 N (LAY, i B i A AR
AERERIIFBRES, UL, HRER TRAER . HAh, b T7E 5 RS BR R I 48 i 7K S, 7K G A AR
KAEZ X 3R AR S B b 38 R

IR B R L L4 TR 25 24 38 L O A BRI A S B SOR R 1E 38, B Bl e s m ™™ Bl T4
B S, BEIROE , B A B Y EE N B, ARMEREYEEERERTIRS,
Y RE B T b R A SRR ) R B BN L N PEFRAS AR A N©° o Jeah A 4 th 38 i T A L
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AN N, T % N RS R M 6= A oL N, BT L, R A HL N S = A F,
PR A AR AT AR A A 7= A B TGHL N©Y o ZE 8 S A HLR K, I TR 5 , L MU M 3 4 X
B N YR, FE XA K, MR A R AR AT 25 2 M O 2 3 AR 2 B, AT B 4 35 4 WL N B9RE 107
6 ZEiE

HEYIRR RN N L2535 B A SR AE S B SGEERFR S, BATERFR N 55 E 3 LK M B8k
FEAE . HRREFIEEAS SR AN N HEA W RRNE B 72K : VSRR EL BB R B LR A KA C:N o
il LR &4 . TEARBIES 2N, 5T AINRTL. 1-ANR1 {5 5&%0HE B rER A F 2 R &, 0
TEEREL {55 B HE N AINRTL. 1 f53% 45 ANR1? ANRI ZERHERERE S &% P W ERIER? MR GES EF%EE
FERKRRL? b, Y ERERM C:N WRESHERME LR WHLREANERE ., #—PXmRhkizEn
TR FIBIF 5T T AR € R PR 3R 7 12 R R R TR RN T4 , W FT LUSB /R T (5 5 &5 AT o

ABA TEFEY)IE N R A R AL L 45 Hh I B BA/E A FCA 2R AHAREL/ ABA M I M E 5 &M R s
HIHAE , 3[R R i ER £/ ABA 52 LR IR BURR R KM 2B, AN TE YL SF A S 55E M AFSE ABA
MRS ERMNEIE VER/ BMEW BRI, W, AREBREEEFAZMRA KPP ERE AR A 2R
EIEA N BT R A B B RREE W E 555 R R Z AMERRE TENENER RS

References :

[ 1] Robinson D. The responses of plants to non-uniform supplies of nutrients. New Phytologist, 1994, 127(4) ; 635-674.

[2] Ruffel S, Freixes S, Balzergue S, Tillard P, Jeudy C, Martin-Magniette M L, van der Merwe M J, Kakar K, Gouzy J, Femie A R, Udvardi M
Salon C, Gojon A, Lepetit M. Systemic signaling of the plant nitrogen status triggers specific transcriptome responses depending on the nitrogen
source in Medicago truncatula. Plant Physiology, 2008, 146(4) : 2020-2035.

[ 3] Gorska A, Ye Q, Holbrook N M, Zwieniecki M A. Nitrate control of root hydraulic properties in plants: translating local information to whole plant
response. Plant Physiology, 2008, 148(2) ; 1159-1167.

[ 4] Zhang H, Forde B G. An Arabidopsis MADS box gene that controls nutrient-induced changes in root architecture. Science, 1998, 279 (5349) .
407-409.

[ 5] Zhang H, Jennings A, Barlow P W, Forde B G. Dual pathways for regulation of root branching by nitrate. Proceedings of the National Academy of
Sciences, USA, 1999, 96(11) : 6529-6534.

[ 6] Zhang H, Jennings A J, Forde B G. Regulation of Arabidopsis root development by nitrate availability. Journal of Experimental Botany, 2000, 51
(342) : 51-59.

[ 7] Linkohr B, Williamson L, Fitter A, Leyser O. Nitrate and phosphate availability and distribution have different effects on root system architecture
of Arabidopsis. The Plant Journal, 2002, 29(6) : 751-760.

[ 8] RemansT, Nacry P, Pervent M, Filleur S, Diatloff E, Mounier E, Tillard P, Forde B G, Gojon A. The Arabidopsis NRT1. 1 transporter
participates in the signaling pathway triggering root colonization of nitrate-rich patches. Proceedings of the National Academy of Sciences, USA,
2006, 103(50) : 19206-19211.

[ 9] Malamy J, Ryan K. Environmental regulation of lateral root initiation in Arabidopsis. Plant Physiology, 2001, 127(3) : 899-909.

[10] Walch-Liu P, Liu L H, Remans T, Tester M, Forde B G. Evidence that L-glutamate can act as an exogenous signal to modulate root growth and
branching in Arabidopsis thaliana. Plant Cell Physiology, 2006, 47(8) : 1045-1057.

[11] Drew M C. Comparison of the effects of a localized supply of phosphate, nitrate, ammonium and potassium on the growth of the seminal root system,
and the shoot, in barley. New Phytologist, 1975, 75(3) : 479-490.

[12] Drew M C, Saker L R. Nutrient supply and the growth of the seminal root system of barley II. Localized, compensatory increases in lateral root
growth and rates of nitrate uptake when nitrate supply is restricted to only part of the root system. Journal of Experimental Botany, 1975, 26(1) .
79-90.

[13] Drew M C, Saker L R. Nutrient supply and the growth of the seminal root system in barley. Journal of Experimental Botany, 1978, 29(2) ; 435-
451.

[14] Drew M C, Saker L R, Ashley T W. Nutrient supply and the growth of the seminal root system in barley. Journal of Experimental Botany, 1973,
24(6) : 1189-1202.

[15] Tsay Y F, Schroeder J I, Feldmann K A, Crawford N M. The herbicide sensitivity gene CHL1 of Arabidopsis encodes a nitrate-inducible nitrate

http ://www. ecologica. cn



210 £ F ¥ W 30 %

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]
[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]
[39]

transporter. Cell, 1993, 72(5) ; 705-713.

Wang R, Liu D, Crawford N M. The Arabidopsis CHL1 protein plays a major role in high-affinity nitrate uptake. Proceedings of the National
Academy of Sciences, USA, 1998, 95(25) : 15134-15139.

Liu K H, Huang C Y, Tsay Y F. CHLLI is a dual-affinity nitrate transporter of Arabidopsts involved in multiple phases of nitrate uptake. The Plant
Cell, 1999, 11(5) : 865-874.

Munos S, Cazettes C, Fizames C, Gaymard F, Tillard P, Lepetit M, Lejay L, Gojon A. Transcript profiling in the chll-5 mutant of Arabidopsis
reveals a role of the nitrate transporter NRT1. 1 in the regulation of another nitrate transporter, NRT2. 1. The Plant Cell, 2004, 16 (9):
2433-2447.

Lalonde S, Boles E, Hellmann H, Barker L, Patrick J W, Frommer W B, Ward J] M. The dual function of sugar carriers. Transport and sugar
sensing. The Plant Cell, 1999, 11(4) . 707-726.

Behl R, Tischner R, Raschke K. Induction of a highcapacity nitrate-uptake mechanism in barley roots prompted by nitrate uptake through a
constitutive low-capacity mechanism. Planta, 1988, 176(2) : 235-240.

Ozcan S, Dover J, Rosenwald A G, Woelfl S, Johnston M. Two glucose transporters in S. cerevisiae are glucose sensors that generate a signal for
induction of gene expression. Proceedings of the National Academy Sciences, USA, 1996, 93(22) . 12428-12432.

Didion T, Regenberg B, Jorgensen M U, Kielland-Brandt M C, Andersen H A. The permease homologue Ssylp controls the expression of amino
acid and peptide transporter genes in Saccharomyces cerevisiae. Molecular Microbiology, 1998, 27(3) : 643-650.

Iraqui I, Vissers S, Bemard F, De Craene J O, Boles E, Urrestarazu A, André B. Amino acid signaling in Saccharomyces cerevisiae: a permease-
like sensor of external amino acids and the F-box protein Girlp are required for transcriptional induction of the AGP1 gene encoding a
broadspecificity amino acid permease. Molecular and Cellular Biology, 1999, 19(2) ; 989-1001.

Marini A M, Soussi-Boudekou S, Vissers S, André B. A family of ammonium transporters in Saccharomyces cerevisiae. Molecular and Cellular
Biolology, 1997, 17(8) : 4282-4293.

Lorenz M C, Heitman J. Regulators of pseudohyphal differentiation in Saccharomyces cerevisiae identified through multicopy suppressor analysis in
ammonium permease mutant strains. Genetics, 1998, 150(4) ; 1443-1457.

Forde B G. Local and long-range signalling pathways regulating plant responses to nitrate. Annual Review of Plant Biology, 2002, 53 203-224.
Walch-Liu P, Ivanov I I, Filleur S, Gan Y, Remans T, Forde B G. Nitrogen regulation of root branching. Annals of Botany, 2006, 97(5) : 875-
881.

Tian Q, Chen F, Liu J, Zhang F, Mi G. Inhibition of maize root growth by high nitrate supply is correlated with reduced IAA levels in roots.
Journal of Plant Physiology, 2008, 165(9) : 942-951.

Signora L, De Smet I, Foyer C H, Zhang H. ABA plays a central role in mediating the regulatory effects of nitrate on root branching in Arabidopss.
The Plant Journal, 2001, 28(6) : 655-662.

Brewitz E, Larsson C M, Larsson M. Influence of nitrogen supply on concentrations and translocation of abscisic acid in barley ( Hordeum vulgare) .
Physiologia Plantarum, 1995, 95(4) ; 499-506.

De Smet I, Signora L, Beeckman T, Inzé D, Foyer C H, Zhang H. An abscisic acid-sensitive checkpoint in lateral root development of
Arabidopsis. The Plant Journal, 2003, 33(3) : 543-555.

De Smet I, Zhang H, Inzé D, Beeckman T. A novel role for abscisic acid emerges from underground. Trends in Plant Sciences, 2006, 11(9) :
434-439.

Zhang H, Rong H, Pilbeam D. Signalling mechanisms underlying the morphological responses of the root system to nitrogen in Arabidopsis thaliana.
Journal of Experimental Botany, 2007, 58(9) : 2329-2338.

Macknight R, Bancroft I, Page T, Lister C, Schmidt R, Love K, Westphal L, Murphy G, Sherson S, Cobbett C, Dean C. FCA, a gene
controlling flowering time in Arabidopsis, encodes a protein containing RNA-binding domains. Cell, 1997, 89(5) ; 737-745.

Simpson G G, Dijkwel P P, Quesada V, Henderson I, Dean C. FY is an RNA 3’ end-processing factor that interacts with FCA to control the
Arabidopsis floral transition. Cell, 2003, 113(6) : 777-787.

Razem F A, El-Kereamy A, Abrams S R, Hill R D. The RNA-binding protein FCA is an abscisic acid receptor. Nature, 2006, 439(7074) : 290-
294.

Malamy J E. Intrinsic and environmental response pathways that regulate root system architecture. Plant, Cell and Environment, 2005, 28(1) : 67-
77.

Deak K I, Malamy J. Osmotic regulation of root system architecture. The Plant Journal, 2005, 43(1) . 17-28.

Bhalerao R P, Eklof J, Ljung K, Marchant A, Bennett M, Sandberg G. Shoot-derived auxin is essential for early lateral root emergence in
Arabidopsis seedlings. The Plant Journal, 2002, 29(3) : 325-332.

http ://www. ecologica. cn



13

PR 5 YA EE BT S L 211

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]
[52]

[53]

[54]

[55]

[56]

[57]

[58]

Mantelin S, Desbrosses G, Larcher M, Tranbarger T J, Cleyet-Marel J C, Touraine B. Nitrate-dependent control of root architecture and N
nutrition are altered by a plant growthpromoting Phyllobacterium sp. Planta, 2006, 223(3) : 591-603.

Little Y D, Rao H, Oliva S, Daniel-Vedel F, Krapp A, Malamy J E. The putative high-affinity nitrate transporter NRT2. 1 represses lateral root
initiation in response to nutritional cues. Proceedings of the National Academy Sciences, USA, 2005, 102(38) : 13693-13698.

Orsel M, Krapp A, Daniel-Vedele F. Analysis of the NRT2 nitrate transporter family in Arabidopsis. structure and gene expression. Plant
Physiology, 2002, 129(2) : 886-896.

Lejay L, Tillard P, Lepetit M, Olive F, Filleur S, Daniel-Vedele F, Gojon A. Molecular and functional regulation of two NO; uptake systems by
N- and C-status of Arabidopsis plants. The Plant Journal, 1999, 18(5) : 509-519.

Remans T, Nacry P, Pervent M, Girin T, Tillard P, Lepetit M, Gojon A. A central role for the nitrate transporter NRT2. 1 in the integrated
morphological and physiological responses of the root system to nitrogen limitation in Arabidopsis. Plant Physiology, 2006, 140(3) : 909-921.
Sivaguru M, Pike S, Gassmann W, Baskin T I. Aluminum rapidly depolymerizes cortical microtubules and depolarizes the plasma membrane:
evidence that these responses are mediated by a glutamate receptor. Plant Cell Physiology, 2003, 44(7) : 67-75.

Filleur S, Walch-Liu P, Gan Y, Forde B G. Nitrate and glutamate sensing by plant roots. Biochemical Society Transactions, 2005, 33(Pt 1) .
283-286.

Williamson L C, Ribrioux S, Fitter A H, Leyser H M O. Phosphate availability regulates root system architecture in Arabidopsis. Plant Physiology,
2001, 126(2) : 875-882.

Lacombe B, Becker D, Hedrich R, DeSalle R, Hollmann M, Kwak J M, Schroeder J I, Le Novere N, Nam H G, Spalding E P, Tester M, Turano
FJ, Chiu J, Coruzzi G. The identity of plant glutamate receptors. Science, 2001, 292(5521) ; 1486-1487.

Chiu J C, Brenner E D, DeSalle R, Nitabach M N, Holmes T C, Coruzzi G M. Phylogenic and expression analysis of the glutamate-receptor-like
gene family in Arabidopsis thaliana. Molecular Biology and Evolution, 2002, 19(7) ; 1066-1082.

Engels C, Marschner H. Plant uptake and utilization of nitrogen // Bacon P E, ed. Nitrogen fertilization in the environment. New York: Marcel
Dekker, 1995 41-81.

Robinson D. Resource capture by localized root proliferation: why do plants bother? Annals of Botany, 1996, 77(2) : 179-185.

Robinson D. Root proliferation, nitrate inflow and their carbon costs during nitrogen capture by competing plants in patchy soil. Plant and Soil,
2001, 232(1-2) : 41-50.

Hodge A, Robinson D, Griffiths B S, Fitter A H. Why plants bother; root proliferation results in increased nitrogen capture from an organic patch
when two grasses compete. Plant, Cell and Environment, 1999, 22(7) ; 811-820.

Lipson D, Nasholm T. The unexpected versatility of plants: organic nitrogen use and availability in terrestrial ecosystems. Oecologia, 2001, 128
(3): 305-316.

Jones D L, Healey J R, Willett V B, Farrar ] F, Hodge A. Dissolved organic nitrogen uptake by plants: an important N uptake pathway?. Soil
Biology and Biochemistry, 2005, 37(33) : 413-423.

Fischer W N, André B, Rentsch D, Krolkiewicz S, Tegeder M, Breitkreuz K, Frommer W B. Amino acid transport in plants. Trends in Plant
Sciences, 1998, 3(5) ; 188-195.

Tibbett M, Sanders F E, Minto S J, Dowell M, Caimey ] W G. Utilization of organic nitrogen by ectomycorrhizal fungi ( Hebeloma spp. ) of arctic
and temperate origins. Mycological Research, 1998, 102(12) ; 1525-1532.

Neff J C, Chapin F S, Vitousek P M. Breaks in the cycle: dissolved organic nitrogen in terrestrial ecosystems. Frontiers in Ecology and the
Environment, 2003, 1(4) ; 205-211.

http ://www. ecologica. cn



	01b60.pdf
	01b61.pdf
	01b62.pdf
	01b63.pdf
	01b64.pdf
	01b65.pdf
	01b66.pdf

