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Genotypic differences in response of wheat lateral root growth
to nitrate supply
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Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstracts: Nutrient solution culture experiment was conducted to study effects of nitrate supply on lateral root
development and nitrogen uptake of wheat. Four wheat cultivars, Shimai 15(SM15) , Hengguan 35( HG35), H10
and L14 were selected as the tested crops. The results showed that biomass and nitrogen content in shoots, and lat-
eral root development were not significantly affected under the O —25. 0 mmol/L nitrate treatments for 13 days. After
22 days of nitrate applications, the biomass and the nitrogen content in shoots increased significantly, and the in-
creased rates of SM 15, H10 and HG 35 were higher than those of 1.14. With nitrate treatments at the concentration
range of 0. 25 -20. 0 mmol/L, lateral root elongation and lateral root numbers of four genotypes of wheat were not
significantly affected. However, when supplied with low nitrate (0. 05 mmol/L) , there were notable increases in
the average lengths of lateral roots of the four genotypes. Without nitrate supply or under 0. 05 mmol/L of nitrate
supply, lateral root length and total root length of SM 15 increased and lateral root density did not change, total
length of lateral roots of H10 increased and lateral root density decreased, lateral root density of HG 35 decreased,
while there were no significant changes in the total length of lateral roots and lateral root density of L14. These re-
sults suggest lateral root growths of wheat with different genotypes are different under nitrate supply.

Key words: lateral root; nitrate; winter wheat

75 H 85 : 2009 -12 02 #Z HM. 2010 -02 26
BESWE: ERE ST R EITRIFE(2007CB109302) ; BRSBARBITE KR H-21 8637 BT (2008 AA06Z307 ) ¥E 8 .

EEE /T m(1984—) 55 INVE#RR A B LTI A, ZEM SR SR m A T 5 VR R R A BT 9 I T A
* JEIRAVEE Tel: 010 -82108662, E-mail; wanghong@ caas. ac. cn



1014 HHERSERER 16 &

S I FESEREYRCA N EEL
PLEEAY , EARESRG S, THEEBPMS
RAWE—BARME, MERBAESRES , B TFREN
FA, TR P A S A VR JE 7T 3K 20 mmol/LY
R LR, HESEAMN S EYNB AR EE ™
AR, JRERE B A S/, vl D
HERAR A K AR K BER =, RIS R,
JREBHERL I NO, R REHE A4 At B FF A7 4R R A AR
18], A T 38 T Bk 1) 92 R AL ) 32 i, AR 3 AR B A=
K SE—E Rt & B, NO; XM IR MIAR 28 K
FIRIER 2 NO, B B1ER{ES5IER, ANRL
MADS box % 3F 7 ESE BB HEA . K
S R I AR ANRL B3R358, FH YR )R FRHE B
il 2 R RO R S it = e o, s g o7 () SRR PR A o RS
A% H T AINRTI. 1 AT EBYE HF ANRL B L3, 13
T ANRL 5521 BUBIIT AINRTL. 1 R4 5e 78
MR AR Az 4 X35 BB A 25 S B L A4 i) oz AL, ] Fsf
PEFE ANRL Fe3k pmg b

B T X AR A= K B ISR R A, TS BT RS
TEOUAR 0 % T A R O T s R R 380
FE A RS A RN 3G 0 T3 hn, AN A RS R E
7E 10 mmol/L ) FETERHAE . vk BETH SRR
FII ] & AR IR R 28 B AR S AR
YU BT RO B B, T BUE/ AR ) B
AT, KRB BRI AR R,
ATTE 24 /NBSF R FEBRIM A . 0 K A TR B BRI
Hupwr A A A 8 R R R AL Y RE
SLIEZS P N Ao E=£ (5 AN & 213
Al S BRI IR T, KR T I ER AR &R
478 F1 Wu312 MR A= K X J5 38 A8t B S ) e BE Al 2
RN, R R W], S HE A M B S A
(0.01 mmol/L) fy B A8 IR BB AE I, RBP4 iz
0.02~1. 0 mmol/L FRITHZSZ, A2 EAR N X IR 42
RIEAR A, (X AR B B TE RS, R A 1o A
BRI 478 PRARCR B2 S F Wu3l2, J/ERAL N
1. 0 mmol/L fiff A &2 ¥ M AR A K ¥ B 3 MR BE
YRR = RRR A AR, WX AR A & AR 2R3k
SR, S RETES AT 478 MR & A W3 HI1EH
59X Wu3l12, Ym#t S &R El 7. 5 mmol/L
A, X Wu312 B 0] AR 4 ik 250 SR T 2%, 7F 15 mmol/L
i, AR S8 2B I &5 7 478 ZEHLRE 25 mmol/L
YRS U, A7 ] AR I % AR AR K IR R A

AN AR B AW AR B AR (R AEAR) Y
MO ) RS 2 Ao AR AR A5 AR | 4=

Kk, FERRBKEMSRERWKRE L. &
[F] e BE R AR AL R X /N FE MR A KRB A M7
AR /NZE D Z A 2 B AR I e W 22 577 SR /b
W5, AWFFTESE 4 N PEamFh, A2F 15 W35,
HI10 F1 L14 R AEFRWEE N B, R R EE
TS R BERLXT /N2 AR A= B, A (] 2
RUNER RAK T IS A B i B R L, /b2
REFEH AP R

1 BRIk

L1 a5 aE

itk 4 NANE R R G2 15 (SMIS) A0
35(HG35) (2 H 446 5 th X 5 e B P 5
KA , H10 L14 (2 20 42 90 3] |
WA ZXPESF) .

INERTFZ 4% (V/V) B B0, RETH B 15
min 5, JCRR/K e, V-8 T8 1840 B R A,
DV TCHEK,0CTEZF , BEH 2 d J5, # iR 3
FAAEMR, KA1 em 247, R K —BWHE 1B
T, BALRE 2 mm WLOER E, S 2~3
BRAIH . PMETEER FLIBIR AR b, M IRR iR 5
KEN. FREK 40 cm, 5F 30 em, B IR &MU
BRI AR, B3 dEEE, BAEK
PP 1 bR DEGHSCAEE RS, —
AR BERBESR, UG B3 d B 1 KESR
W, BN IR ESHES

EREFWINAR (mol/L) K. K,80, 7.5 x

10 * KH,PO, 2.5 x 10 *,CaCl, 2.0 x 10 MgSO,
- 7TH,0 6.0 x 10 *  EDTA -Fe (1 ) 4.0 x 10,
H,BO, 1.0 x 10 7°* MnSO, - H,0 1.0 x 10 °_ZnSO,
- 7H,0 1.0 x 10 °, CuSO, - SH,0 1.0 x 107,
(NH, )Mo, 0,, - 4H,0 5.0 x10°,

AR AAEENIAT, BEFW pH A 0. 1 mol/L
NaOH F1 0. 1 mol/L HCl EF E 6.5, HEHKM: K
RE BN 458 14 h A 10 h, o SR &
500~600 wmol/(m’ - s), BIRE 26°C/22°C , 18

XHERE 70% idi o
1.2 iR E
Wil WE4NESARELE: 0,0.05,

2.50.25.0 mmol/L, /N5 & i 76K 7l ¥k EE TS 25 AL
WS 13 d J5 IR, AR R A AL B R R
IR IR

WK 2 ®E6 NMEHSAWEAIE: 0.0.05,
0.25.2.50.10.0.20. 0 mmol/L, /N3 4 76 7~ JFl ¥k



4 1 R, S R RN B/ AR A R R AR R WA B 22 57 1015

BT RAE R P HETR 22 d JR Ok, LR IR A
FACHAE R BT A 2 B EAE R

TR AL KNO, LR, AR H A KT 95
A KCLAh5E, UL Bk b B 4 RER
1.3 REMERSH

W AR AR ZR A FAA Y (38% HE 5 mL: oK
M2 5 mL:70% ¥ 90 mL) P {RFF . BRARBIEEA
BARRMANEEE RN, AR T E0 AR AR K
B, SO EMRK . THAERFATIREH , E X8 £
W& X EAR EMARBCR TR AL em K E
AR L B MIAR BB AR

XIAR RAE AT AR LR, E T
Scion Image BRAFIF % H BIHR 5 7047 72 1 2of B 4 ik
o0t R B R . MR EIREE = ARSI 8
R -ERK; SFIMRKE = MR SR B/ MR
B FAfEE, fi ERARRE 70CHTR=E
BT, i EERRA H,80, -H,0, HA& IR

0-10 - D HlO
0.09 + W HG35
0.08 |
007 |
0.06
0.05 |
0.04 |
0.03 |
0.02
0.01
0.00

L14
0O SM15

Shoot dry weight
Hb_I- B F E(g/plant)

0.018
0.016
0.014
0.012
0.010
0.008
0.006
0.004
0.002 |
0.000

Root dry weight
RTFE (g/plant)

= A

0.05 2.50

THAF AL F IR E (mmol/L)
NO;™ supply

@
=3\
S

W31 (13d ) Experiment 1 (13 d)

1.4 HiEALE

Fi SPSS # Microsoft Office Excel 4% {4 fT5531
A28 (ANOVA) |, Z 5 HE R H Duncan #i &
WMZETTERATRI (P <0.05),

2 ZRG5aM

2.1 9=

0~25.0 mmol/L i AATE 13 d J5,/NEH b
BTEERARE; 7£0.05—20. 0 mmol/L i A
Ah¥ 22 d f5, L EETFE B EW I, 2. 50 mmol/L
RIS FLEA, A2 15 b EE
AYRMINT 2.4 £5, H10 Fif5L 35 H3E KT 2.2
%, L14 3R T LS A% e b, SIREEBESA
(0. 05 mmol/L) ZbFHAR HL , 0. 25~20. 0 mmol/L A7
RALE HI0 F5 0 35 A 22 15 Hb B3R T E B B3
i, mm L4 ZERARE; HHAAKE =025
mmol/L, B fF 75 K FE BI3E fn, & A dth L3 T
BHEIEZL(EL),

0O H10
W HG35

L14
O SM15

0.18
0.16 |
0.14 |
0.12 |
0.10 |
0.08 |
0.06 |
0.04 oA
0.02 [

0.00

Shoot dry weight
Hi b3 FE(g/plant)

000 0.05 025 250

10.0 200

0.06
0.05
0.04 |
0.03
0.02
0.01 }
0.00

Root dry weight
HTE (g/plant)

7
!
|
%
|
|
|

=
<3
S K
=3
w

025 250 10.0  20.0
THZSE AL (mmol/L)
NO;" supply

k%2 (22d ) Experiment 2 (22 d)

Bl AEREWESE®EZGT/NEERY EBTENRTEHEL
Fig.1 Shoot and root biomass of four wheat genotypes under different concentrations of NO; supply
[ (Notes) ; * FnFl— AL 2 A 22 F3K 5] 5% B35 /K ¥ Means significantly different among nitrate treatments( P <0.05). ]

R 1, B A AS B AL 13 d (iR, ARl
EESAOEMNRR TEZ WM AL, (H4h 3 22
d iR 2) g R, 0.25~20.0 mmol/L fi§
SELE S5 IMEAZAF 0. 05 mmol/L iR
THL, HI0 FiA 2 15 i TR E T %, L14 Ffin

35 MFEAANFRWRERSROHZ [ 2 S AHE,
2.2 kit EEEIRE

0—2.5 mmol/L A AL 13 d, X /NFE HI10
L4 b E I EEEZ M A K, =2.5 mmol/L ¥
SEALT 13 d, #5035 FA % 15 Hb E# R



1016 MY EFSER/F#R 16 &

ey

0.25~20.0 mmol/L & AALT 22 d, /pFEH
MR EBAINAEDZF 0. 05 mmol/L TEEALEAE
Frs s, LA H10 FiA 2 15 ¥AniEEECR, L4 118
2N, 7£0.25—~20.0 mmol/L SR AETEE M,

[ — MR ARERAEREER(B2),
SRS R AR H, 0. 25 mmol/L i A &

LIRS 5 35 \H10 FLf 22 15 b b F0 500 41 1

WA T 1. 14 4% .1, 10 451 1. 04 4%, 114 3017 0. 92

<7

Ho
s~ 07 oHoO BL4
Q
ﬁ% so | MHG3s O sMls
g &b

T 40
SE
Ex 7
EE 20|
=] L
g 10

0 | IV |,]| V]

000 0.05 025 250 100 200
THA R ALK & (mmol/L)
NO;™ supply

B2 FEREMSEEEEG T/ ERERENTL
Fig.2 Nitrogen content in shoots of wheat plants grown under different NO; supply

6§60'EIH10 @ L4
=]
23 5| WHGS 0OSMIs
g &b
&0 L
%é 40
g ® 30 A
EE wf
= |
Sa '
0 " " n
0.00 0.05 2.50 25.0
AR AR A (mmol/L)
NO;™ supply
2.3 BRE

#0~25.0 mmol/L f A AALH 13 d M54
T /NE BARKASAL AR B B, TR 2 (8] 3, S A

SRELHT AN 35 SR KEAD, £ 0~ 20.0
500 0O H10 L14
B HG35 0O SM15

= 500 1
o0~ o
5 § 400 L]
8% 300 L
S8 200
=

100 |

0 .
0 0.05 2.50
TS B AL PRI (mmol/L)
NOs™ supply

k%1 (13d ) Experiment 1 (13 d)

mmol/ LAEASE AL 22 d, XF L14 Ffg 35 SR K
HWMARE, AIMEAM 0.05 mmol/L il 4 Ab 3
TFL,HI0 fifF 3 15 BRI KT 2. 50—20. 0 mmol/L

HESRAH T RERK(E3) .
) O H10 L14
1600 . W HG35 O SMI5

1400 T

Total root length
SR (em)
@x©
=
S

[

0.05 025 2.50 10.0  20.
THA AL EIR B (mmol/L)
NO;™ supply

W42 (22d ) Experiment 2 (22 d)

B3 mEaRENNMNERRKIENT
Fig.3 Effects of NO; concentration on total root length of wheat plants
[ (Notes) : 5% 1 H % FoR R — M AP AL 3R] 22 K F) 5% 28 7K ¥ Means significantly different among wheat genotypes in Exp. 1( P <0.05)
W 2 % FoRFEl— AP AL PR A 22 A3 5% B 7K Means significantly different among nitrate treatments in Exp. 2 (P <0. 05) ]

2.4 MRER

2.4. 1 MABEBKE 0~25 0 mmol/L f§AF AL

13 d, /NEMIR SR EMRZ B B2 m, 0—0.05

mmol/L A& FALH #0035 AR BE/NT oA 3

AEF . AHEA0.05 mmol/L FEAS A ALHL 22 d )
A F 15 AR BB R THAK B AT S R AL ,0. 05

mmol/L FEZSEALF T HIO0 MR WK, HEES R

WREEALIE 22 d XF L14 FIAGW 35 BINAR S B e

AHB(E4),

2.4.2 fUREE 4 S EF/NEMR % ETE0~25.0

mmol/L i E AT 13 d B A BEE L, AN

,L,\ﬁljﬁl 0.05 mmol/L FE S AAL BT, L14 AR 25 &
Al 3 A-ahAh, 22 d AR R BT, AN

,L,\ﬁljﬁl 0. 05 mmol/L FEZS A MLR T, H10 FI& W 35



4 # B, ARIZEFB/NEMRARGHESENHN 25 1017

MRS L/, L14 RG22 15 MIAR %5 BETE R AV
EHSALH TRAEVNBZR(E4),

2.4.3 EHMABEE  0~25.0 mmol/L A7 A AL HE
13 d,4 A/NE AR HMRKELBER. B
S03E 22 d BRI AR R, MRS T, LI4 A&
15 Fag i 35 S-S MmiAR A< B, AR EE R A A

L14
B SMI5

450 r O H10
400 | W HG35
350
300
250 |
200 |
150
100
50
0

Lateral root length
AR S (cm)

S = = NN
th o oo W
T T

Lateral root density

AR 25 & (No./cm)

o
=

Average lateral root length
SERIMARA E (cm)

S =W s
S o o o o o o

i %7 9
| 7 % i
7%

.00 0.05 2.50 25.0

THAS RSB EZ (mmol/L)
NO;™ supply

R41 (13 d) Experiment 1 (13 d)

(0.05 mmol/L) bR T 4 A~/NZE i B P B MR
BE A ,0. 25 mmol/L A FAL L |, L14 T
35 BN B AR . A dh A 2 18] EE 3K, 0. 05

2.50.10 #120. 0 mmol/L fEZAEALFE T H10 F1 L14 SF-
IR ERTFAZE 15 FIER 35, AIESRAHE
~ HIO MR KBRS (B 4) o
a H10 L14
1400 [ W HG35 B SMI5
go 2 200}
S Jﬁﬂ% 1000 |
o
g 800 ff
gﬁ 600 H [
£ 400
= 200f g
o LLL | A i
000 005 025 250 100 200
257
Z2F 20
R :
33 15 Hif
) '
=® g0
832 05 [
3B
0.0
=) 80 1
g —_ 70 [
25 60t
gl 50
E 2 40 fff
== 300
o 20
=] R
< 0.0
000 005 025 250 100 200
THA AL A E (mmol/L)

NO;™ supply
R%2 (22d ) Experiment 2 (22 d)

4 WHERINDMEMREZCE, WREENEANRKEHIIT
Fig.4 Effects of NO; on total lateral root length, lateral root density and average lateral root length of wheat plants
[ 7 (Notes) : B 1 v % TR [ — R b HA] 22§53 5% 27K T Means significantly different among wheat genotypes in Exp. 1( P <0. 05)
RE 2 F % FoR[E— MR AL PEE] 25 23R T 5% 537K F Means significantly different among nitrate treatments in Exp. 2 (P <0. 05) ]

2.5 MREKSH EEEREZ BAEIEHSSH

ANZEMIARAR B 5 b | TR RVR B 2 [A] 2 IRHT £%
KER. FHEHE M B R E R N2 — R qE, MRK
BETRECES) , (AR 53 EARR IR 2 H] 2
IERIZMEMSCRR , B L FRRE R B, AR
R B IR

3 iTig
TN A K R S B 5 RS SR

Bl ok R, R R B B T oA T
T“Iir%u’ifiﬂﬁﬁtf” T 78 B 2R TG 28 B 9 15 AL

il , FE AR X A [R] v BE A 2 BUA R Rl ma iy« A
W EE AN A A AN BEAR MR M, T = M B Al A
MR MBI MR 2 B Drew &% g 1 5535,
BRI, REE IR SR, %2 IR
VAR PR B AR 1R B0 I 3% A, Zhang 51
R & BURFRHE N 1B B RS AS A, BIRT IT AR < B
BN, B ARERN, AR E RS
22dJ5, STEEERE =2. 5 mmol/L AL,
0. 05 mmol/L fAFALHE T 4 4~ /NZE - 3540
WA, AFE&SFZE, A% 15 UEKE
FLEAR 3G I, M0IAR 25 5 0B B84k ; H10 fUlAR &



1018 HYERSER®IR 16 &
70T 1400 [
: o
% 60} ® o 1200 | s
(= -] —_ A A
= § sof o %E 1000] T~
S ° ° om0 5=
2R 4ot ° ° = 2 00T
TR o8 g4 ¢ SO
Z2E s0f 8 Zm 600 s
=B 5
HE 20 y=-0.011x*+0.7251x ~ 6.3684 SB 4001 y=-17487<+107.7x - 636.67
5 R*=0.4708 (n=23, P<0.001) L R*=0.637 (n=23, P<0.001)
z 10 200
0 0
15.0 25.0 350 45.0 55.0 15.0 25.0 35.0 45.0 55.0

TR B RRE (mg/g, DW) Shoot N concentration
25T

201

1o

Lateral root density

MR FE (No./om)

05T

o
. gno

FEARHL LRI E (mg/g, DW) Shoot N concentration

y=0.0093x + 1.2375
R*=0.1628 (n=23, P<0.05)

0.0

15.00 25.00

35.00 45.00 55.00

R EE R IR (mg/g, DW) Shoot N concentration

BS MUREAKE . FHAMRCE MRS ES/MEEkN EIBERKEZ B8 E P55
Fig.5 The relationships between total lateral root length, average lateral root length and lateral root density and

shoot N concentration

FEEHG 0, AR 25 BEwk 20 #0035 AR 2% BT 9l b,
MR SR EBCE 2 RA80; T L14 QAR S B R
MR BE 34 T0 A Wl oA AR, 2 A AN [R] 2 TR BB /N 3 A A
PR RS A FU R A AE B S I 22 5

Malamy FI Ryan'"" &% 3, ZE I 5 R IR B
TR R BE AU 7 W] LA 1 480 O AR 2 1 41k,
EIMHIDIAR B9 . Zhang 251 B R0, v E
THAS A RN MR K B, 7R MR K R H 30 s A
YER , T ELR v BE A & 20 (VAR & A 2, 58
WP, TRMAR L K ERINA SR
BB EETE 1.0 mmol/L 245, ZE MWK EE LT, i
AU AR MR A K, M 1.0 mmol/L L |,
AR BEF TR, Bt 5. 0 mmol/L 5, AR
REBZME . HEEHSEXMNPETMREZET R
P01 R EE TEAS AEL R 3 T3 fin, 24 A R
SAWELE 10 mmol/L DL AT S HA
R ERINEFEIAHESAREST 2.5 mmol/
L, BMEE 735 20 mmol/L, AR A=K & & 1 R 3% B HA
W, B R R HbAE M /N3 R A A R v BE A N A
R, X5 ORI T SR ETPR B AR

TEA R IR T IAR A= BRI A & B 1

TS RN, iR H NO; ABRENFSIIE
f1,ANRL MADS box #8358 [H T2 (5 515 @ B Y —
ARG FEAES ANRL By LR R B T IR AR
s E H AINRTL. 1 R¥#E4EH, AINRT1. 1 5 ANRI
oL FEA O o MR AR XS TS LR 9 )R
PSR ENEREFRIBE R, H EFRER
RGLBEN AT REFE N — KBRS {5 5, ot sz
K TMREE . W% BN, A A
BEEAMRLETSER EHMESASERR, 4
TR EFRHER S EIXE 0. 10~0. 16 mol/kg It
MR AR B2 2, 2R B 0 MUARK B AN AR B
TFHR TR fE3URIIT b BWF R BT, AR i Do g fpk
KERALK nia 1 Ml nia 2 FIIAR 2 B 76 R MR THAS
FHN T ZEWHE R EIR, R TS EAE S
TEAE Ak P B9 R R X T 3% Bl 4 i AE R E AR
JATOE ABRTE R, NN S LR A
BXZHE TIRMER R, MG AR S Bz
—REMH, MR T R, MR S RSB
A RLMIEMRRR . SRR/ DNEMNRE TN
A FEALAR LS AN [ 2 DA 28 /N Z AR A= K0 i 2
R BAFEZE R R R, T IRABIE



4 1

IR, S AN IR R R /N AR A 4 o R AR SR i o 22 57

1019

2 & X #:

[1]

[2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

Stevenson F J. Nitrogen in agricultural soils[ M]. Madison, WI:
American Society of Agronomy,1982.
Reed A J, Hageman R H. Relationship between nitrate uptake,
flux, and reduction and the accumulation of reduced nitrogen in
maize ( Zea mays L. ) Il. Effect of nutrient nitrate concentration
[J]. Plant Physiol. ,1980,66(6) : 1184 -1189.
Zhang H, Jennings A J, Forde B G. Regulation of Arabidopsis
root development by nitrate availability[ J]. J. Exp. Bot. ,2000,
51(342): 51-59.
Zhang H, Rong H, Pilbeam D. Signalling mechanisms underlying
the morphological responses of the root system to nitrogen in Arabi-
dopsis thaliana[ J]. J. Exp. Bot. ,2007,58(9) : 2329 -2338.
Desnos T. Root branching responses to phosphate and nitrate[ J ] .
Curr. Opin. Plant Biol. ,2008,11(1) ; 82 -87.
Linkohr B I, Williamson L C, Fitter A H, Leyser H M. Nitrate
and phosphate availability and distribution have different effects on
toot system architecture of Arabidopsis [ J]. Plant J. ,2002,29
(6): 751 -760.
Walch-Liu P, Ivanov II, Filleur S et al. Nitrogen regulation of root
branching[ J]. Ann. Bot. ,2006,97(5) ; 875 -881.
Granato T C, Raper Jr C D. Proliferation of maize( Zea mays L. )
roots in response to localized supply of nitrate[ J]. J. Exp. Bot. ,
1989,40(211) ; 263 -275.
Sattelmacher B, Gerendas J, Thoms K ei al. Interaction between
toot growth and mineral nutrition[ J]. Environ. Exp. Bot. ,1993,
33(1): 63-73.
Zhang H, Forde B G. An Arabidopsis MADS box gene that con-
trols nutrient-induced changes in toot architecture[ J]. Science,
1998 ,279(5349) ; 407 -409.
Remans T, Nacry P, Pervent M et al. The Arabidopsis NRT1. 1
transporter participates in the signaling pathway triggering root

colonization of nitrate-rich patches[ J]. Proc. Natl. Acad. Sei.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

USA,2006,103(50) ; 19206 -19211.

Zhang H, Jennings A, Barlow P W, Forde B G. Dual pathways
for regulation of root branching by nitrate[ J]. Proc. Natl. Acad.
Sei. USA,1999,96(11) : 6529 -6534.

BWIF K HE, BRIER, AR 81 A AR AL RIXT F R MR A
K [J]. A B oy A W2 52 41, 2005,31 (1) = 90
-96.

Guo Y F, Mi G H, Chen FJ, Zhang F S. Effect of NO; supply
on lateral root growth in maize plants[ J]. J. Plant Physiol. Mol.
Biol. ,2005,31(1) : 90-96.

W, KR EE, BRI, KA R AL R RS E A
AR KRy ZE NI 25 5 [ ] A 8 9% S MO RE 2241, 2005, 11
(2): 155-159.

Guo Y F, Mi G H, Chen F ], Zhang F S. Genotypic difference
of maize lateral Toots in response to local nitrate supply[ J]. Plant
Nuir. Fert. Sei. ,2005,11(2) : 155-159.

Garnett T, ConnV, Kaiser B N. Root based approaches to impro-
ving nitrogen use efficiency in plants[ J]. Plant Cell Environ. ,
2009,32(9) : 1272 -1283.

Malamy ] E. Intrinsic and environmental response pathways that
regulate Toot system architecture[ J]. Plant Cell Environ. ,2005,
28(1) . 67-77.

Lépez-Bucio J, Cruz-Ramirez A, Herrera-Estrella L. The role of
nutrient availability in regulating oot architecture [ J]. Curr.
Opin. Plant Biol. ,2003,6(3) : 280 -287.

Drew M C, Saker L R. Nuirient supply and the growth of the se-
minal root system in barley I[. Localized, compensatory changes
in lateral root growth and the rates of nitrate uptake when nitrate
is restricted to only one Part of the system[J]. J. Exp. Bot.,
1975,26(90) : 79 -90.

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





