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Table 1  Effects of NH," : NO; ratio on root growth of two rice plants different in genotype

KT b NH," : NOy MK BRI BAR AR PR A
(cm) (em’) (mm”) (m)

45 100: 0 152 b (100) 11.4 be (100) 70 be (100) 243 ¢ (100)
50 : 50 151 b (99) 12.4 b (109) 83 ab (119) 250 ¢ (103)

0:100 202 a (133) 16.7 a (146) 97 a (138) 263 be (108)

MG 100 : 0 102 ¢ (100) 8.8 d (100) 67 ¢ (100) 294 a (100)
50 150 117 ¢ (115) 9.8 cd(111) 67 ¢ (100) 269 abe (92)

0:100 147 b (144) 12.7 b (145) 90 a (135) 278 ab (95)
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Fig. 2 Effects of NO;™ on root growth of two rice plants different in genotype
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Fig. 3 Effects of NHs;NO; on root growth of two rice plants different in genotype

Kt NOy™ Wi R MR H T 32 2474
PRI ONOy™ 1B 5, TR G LA A
{133 B KA A AR N A K T (A (K A
SR A, INSCERRAKE ™, @NOoy
B0 N FEIRIUER, W LAY C N ARG
BRI A st o A, BRI AR R 70422,
KA R AL NOy™ FINH,™ 17575, AIREG 45 R
RYMCIKIE NOs MRAATHEFIEM, HEKE NOy
HAWH THRRAEK GE1L B 2). XEtiEl, NOy 7E
W PERMCR AP P RE A TR A — P 5 R
WIR AR, (HRE SRR I, NOs 1 E T+

FHIVE RS K T 5 Thg, ik B NOy™ #i41
AR K. X AEmL & Zhang 2542 NOy™ ()R
55 TR RS FENE MR R A KRR 8.
ANFETFNOy &, BEENHS IERTE, WA
AR HRZBANE (R B, XEP NH,UEN
N FZEIRICE, MARENES (S ES—Fh
THME S AR IR F I 2 E R A AT g2 NOy™ A
A= —FR N U, o2& EZRE S R i, NOy
A LA R A A — SR ) A K oA T L
VEMAE SRR ) C N AR . (HENH,
AASRE ol N YR, L 3 I 3 T LKA A s T
S IXEEEEL, NH, R NOy HUARH /KRS AT LA
FIFPTEHL N P, AEX KRR R AR S LR AR



770 + b= 39 %
Gilie o, HUCHRAARR, Kk, RAKFHR R DT RE SR

KA YRR Ik, W IE PR at
TERALN NOy MKFEIR R R B IEEEM, 4N %
PR LB, AR R K E R AR o B 25 k)
KHBIRE TR MBI T NOs X TR AR K 1) 5%
mi, ZERAR: EAMEWKIE 0.01~1.0 mmol/L i [
P, NOs BRI E 25 B I OUAR 1K 8 SR E A iE, (1
4 NOy WV 1.0 mmol/L J&, MR X IFAT
o AWFFRNT: 4t NOy, JKIEHR &R AEK I
& NOsWREEFE 1.0 mmol/L /245, FEXANKIELA A, 7K
FERA BKMRK . RRHBARAR, & T ek
FIRXANKEE, KRR R A KA 52 20T .

BARIR 2 RE ] NOs 4% S R Kk
N, (ARG (145 SR W] : E NOs™ I A5 B NH,"
Jii s BEAHYR A S K REAR 22 A KA S 0 S Wi ) 1 NH,
MANTILN, . IX R, RS E N IRJE T, NH,™ 9
HER KT NOy Mifs 5 SEH . M AREHERR 1)
&, NH," n[HEth nT LIMER—FE 5, (RIXFE S A
FERES, MGG ComEREEE, 0
AR R A B o K B HORE (2 13 B AT 18k — 25 (i
o KH NH," 584K, Jaf e A K. ik i
AR AR S vk, oIk B ) A T 4N AT
58, CKEONARTT NH," 402 kA B o

AL, EARK T, NH," fl NOy AR AR
TR SEMa A —FE o NH,™ /K TGS 2R B AR AT B
FFER, 1 NOs™ ZIH0HI T EAAE K. XA REH T
NH,” "L E#Z 53 C. N, SHTE0 %
Al MITE BRI R, 1 NOy™ i 77 B FERE &
A RER R AL SR B A S NH,T, SR S B WL, IX
Tl ¥ 6 Ak = 1) J7 O R AR AR AR R S AN A .
Boukcim ZEPOF I R B ST NH," fEfE sk
MR HEARM AR Bloom “5P7HRIERMKE NH," &
TR RAKARA . FA1 S50 = AT 45 R AR R W4 e
TR EARRE NH," 3T s A5 2840 (NH,
JEE R 0~60 mmol/L) CRKEREH . WHAER M4

[RTA T g A A e S = | P 0 o G5 AR E DS
REiLE

TRAM AT U AR R A, XIS
H2 0 T S mtH OB TR 7 18R o FHMII 9700 2%
AT B R B 2 5 o SRS A PIERFST NOy
PR TR MARAEA M I AL, AN R PR R oK
AR A Kk B a5 KIS ¥ NOy™ IR BEAN A o 78 H AT A
FUH AR N 8RR bR 3R A KA 21 5 K
INOs WS —FF. TEMZERL, M N S RPER Y
B 4 SRR R T AR 3 s 1 N AR D A g

MK REHR R N I AR RIEbR . 75K 2 akist
FEFBE R KRS N ORI, ARAR R R AT
DAE hy F L AR R AL MR T b LA 1

H Ay 45 5% 1 NH," 1 NO5™ 52 /K FE A & 1)
HUBDEA—FER, NOy™ FEARIARSE N ] e = 2 4E ) —Fh
HEEHSMRALK, AERKRE T REIEE R I
HIR R, (HJ2 NH,™ AR A S F29 T H A &
AR NHy" F NOy™ X /KRR AR I i R A —FF
(1o T34k, ARKRHR R A HEZE M KT N ORI
A RIEbS . LUG RIWE 5T a0 3R 6848 R R 1t
NH, . fit NOy it NH,NO; HRE:, % &R N IR
RGN — e K i (WE K ERAIE 33 W N
Ry CnBS 2GSk &S m, 45
G R T HEAR, R IARAREE, ¥ AR
BT X 7R R R T AR K R e i 48 B O AR ) B R 4K
e

S

[11 Lynch J. Root architecture and plant productivity. Plant Physiol.,
1995, 109 (1): 7-13

[2] Wang XB, Wu P, Hu B, Chen QS. Effects of nitrate on the
growth of lateral root and nitrogen absorption in rice. Acta Bot.
Sin., 2002, 44 (6): 678-683

[3] ®IEZE, B/, Klaus D, Sattemacher B. R R Rl i &6 7K
TR R G A& 1 R S LB, o [E KRR, 2005, 19 ()
147-152

[4]  BEM, SIEZE, 2P KL (B) RKFEHA B S5 5%
SRR 758 PEALRMBHR #274], 2002, 30 (2): 1-5

[5] Zhang H, Forde BG. An arabidopsis MADS box gene that
controls nutrient-induced changes in root architecture. Science,
1998, 279: 407-409

[6] Zhang H, Jennings A, Barlow PW, Forde BG. Dual pathways for
regulation of root branching by nitrate. Proc. Natl. Acad. Sci.,
1999, 96 (11): 6529-6534

[71 Zhang H, Forde BG. Regulation of Arabidopsis root development
by nitrate availability. J. Exp. Bot., 2000, 51 (342): 51-59

[8] Hackett C. A method of applying nutrients locally to roots under
controlled conditions and some morphological effects of locally
applied nitrate on the branching of wheat roots. Aust. J. Biol. Sci.,
1972,25: 1169-1180

[9] Drew, MC. Comparison of the effects of a localised supply of
phosphate, nitrate, ammonia and potassium on the growth of the
seminal root system, and shoot in barley. New Phytol., 1975, 75:
479-490

[10] Granato TC, Raper CD. Proliferation of maize (Zea Mays L.)



%54 BB KRR B AR KO AN R B2 W 3 (1 375 A 4K 771
roots in response to localized supply of nitrate. J. Exp. Bot., 1989, 111-116
40:263-275 [19] Yuan F, Ran W, Shen QR. Nitrification potential of soils under
[11] Guo Y, Chen F, Zhang F, Mi G. Auxin transport from shoot to liquid incubation conditions. Pedosphere, 2005, 15 (3): 379-385

root is involved in the response of lateral root growth to localized [20] Britto DT, Kronzucker HJ. NH," toxicity in higher plants: A

supply of nitrate in maize. Plant Sci., 2005, 169 (5): 894-900 critical review. J. Plant Physiol., 2002, 159: 567-584
[12] #BWZF, KEAE, HREgR, skt RS EENvasm s S 5K [21] Gerendas J, Zhu ZJ, Bendixen R, Ratcliffe RG, Sattelmacher B.
MR A PR S DR Y 22 . R 9% 5 IR 244, 2005, 11 (2): Physiological and biochemical processes related to ammonium
155-159 toxicity in higher plants. Z. Pflanzenernahr Bodenkd, 1997, 160
[13] Kronzucker HJ, Kirk GJD, Siddigi MY, Glass ADM. Effects of (3): 239-251
hypoxia on “NH,” fluxes in rice roots: Kinetics and [22] BEN O, AR 4. MAEISEI TN, b R
compartmental analysis. Plant Physiol., 1998, 116: 581-587 KRR, 1985: 60-63
[14] Sonoda Y, Ikeda A, Saiki S, Wirén NV, Yamaya T, Yamaguchi J. [23] Sattelmacher B, Gerendas J, Thoms K, Briick H, Bagdady NH.
Distinct expression and function of three ammonium transporter Interaction between root growth and mineral nutrition. Environ.
genes (OsAMT1;1 -1;3) in rice. Plant Cell Physiol., 2003, 44: Exp. Bot., 1993, 33: 63-73
726-734 [24] BRIEZE, BNR. KT A K SR B n) U3 A4 AV R Y
[15] Rubinigg M, Stulen I, Elzenga JTM, Colmer TD. Spatial patterns Ak, FEALRMBHEIR 22441, 2002, 30 (6): 1-6
of radial oxygen loss and nitrate net flux along adventitious roots [25] SBPZF, KB4, BRLR, sRARSBL. TR h 0N K MR AR
of rice raised in aerated or stagnant solution. Funct. Plant Biol., K sgm. M)A B 4y AW 24 2431, 2005, 31 (1): 90-96
2002, 29 (12): 1475-1481 [26] Boukcim H, Pages L, Mousain D. Local NO;" or NH," supply
[16] A4, AT, RMEAR, FRAE, Wk RRZENEN KFER modifies the root system architecture of Cedrus atlantica
P B A= ) A2 ) e B A A - IR AL A B Y S . 13, 2003, 35 seedlings grown in a splitroot device. J. Plant Physiol., 2006,
(6): 490-494 163(12): 1293-1304
[17] Brdete, sKnN, Phdeoe. /KRR Br i ms i/ HH 5 K R s 4 [27] Bloom AJ, Meyerhoff PA, Taylor AR, Rost TL. Root
FUEFR. TR, 2004, 41 (5): 803-809 development and absorption of ammonium and nitrate from the
[18] Z=diem, fitH, WEwLie, ER4E, RMAE. KRR PR - Ky rhizosphere. J. Plant Growth Regul., 2003, 21: 416431

WA A SR P I0AKCE 23 A48 . 3822 4)k, 1999, 36 (1):

Dynamic Responses of Rice in Root Growth to Different NH," and NO3 Supply
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Abstract: Plant root systems are extremely sensitive to availability and distribution of nutrients within soil. In order to explore how rice roots
respond to NH," and NO;™ supply and whether the responsibility is related to rice N efficiency, effects of NH,:NO5 ratio in N supply on parameters
of root architecture through solution culture experiment using rice plants of two different genotypes, GD4 and NG, was tested. The results showed that
both NH," and NH,NO; significantly decreased total root length, total root surfarea, and total root volume but slightly increased average root diameter.
NOs less than 1 mmol/L increased total root length, total root surfarea, and total root volume but decreased average root diameter, whereas when rice
roots were exposed to NO;™ concentration more than 1 mmol/L, the situation was contrary to that of NO;™ concentration less than 1 mmol/L. Total root
length and total root surfarea of N-efficient rice genotype GD4 were higher than that of N-inefficient rice genotype NG. In conclusion, NH;" and NOy’
had different effects on rice root growth, inhibitory effects for NH,", stimulative effect for low NO;™ concentrations whereas inhibitory effects for high
NOjs™ concentrations, and root length and root surfarea may contribute to the improvement of rice N efficiency.

Key words: NH,", NOy', Root, Rice, Genotype



