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(1. FERCRM R VIR S IR A0, LA MR 21009552, R B 2ABe Rt LW TN, ILHF MR 210008)

BE: UARAARRER KBRS (A SRR EMAMRB SR Elio) 1E s 8l , it IR MEEUKF 2
BEDEZEF TR T AR RRRKERREA AR R NRRE Y= ARG, SRR, ERMEEKTET AR
BOKFER B = B BE R TFRAMBUKEE , HIELE 50% DL -, FESEKTFES, B KEE S ERN SRAEMN TR
HEEZ I, RS SUKEE AN AT EHRA RN AR RWAEY R BES TRMIUKEE Elio; AR UK R MREEIRR
TEARSHPOTREE IR0 R FE 1 TR Elio, S AR T, B MEEARA AL IR 4> BN 127% (EAREK) F1114% (IR REH
FR) , T Elio {311 92% ( BARK) #1 82% (MR FEER) , i H Elio ZEF BB R RESSEUKE FHEEE  BOLHR R GR®R
BEZEIR T BB EARSIOK S Elio B 11% (1mmol L™") 1 32% (Smmol L") , B3¢ BARS Y648 Elio B 12% (1mmol L™") 1 12%
(5mmol L") , R BE, HARBERITEHRALSKBRENNERFEERKBAMEERNERREZ—,

KW AR, RAGR; BBEK; BREREEH
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Difference of root physiological and ecological indices in rice cultivars with

different N use efficiency
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Abstract; Sand culture was conducted to study the root morphologic characteristics and physiological indices in two rice
cultivars with different N use efficiency (NUE) , Nanguang with high NUE and Elio with low NUE, under two N rates (1
and Smmol L ™"). The results obtained were listed as follows. Compared to Elio, grain yields of Nanguang were more than
50% under two N rates. Nitrogen and biomass accumulation in rice cultivars increased with increasing N application rates
But nitrogen and biomass accumulation of Nanguang were much greater than these of Elio at the latter growth stages. The root
morphologic characteristics in high NUE rice cultivar ( Nanguang) had more sensitive responses to high N application rates
than the low NUE rice cultivar (Elio). Compared to N application rate of Immol L™", root lengths were 127% greater in
Nanguang and 92% greater in Elio under N rate of Smmol L™ ; and root surface areas were 114% greater in Nanguang and
82% greater in Elio. Root morphological characteristics of Elio with low NUE rice cultivar, decreased more rapidly than
Nanguang after the heading stage. Root bleeding rates of Elio were lower than that of Nanguang at different growth stages.
Compared to Elio, root bleeding rate of Nanguang were 11% (1mmol L") and 32% (5mmol L") greater at jointing stage
and 17% (1mmol L") and 18% (5mmol L") greater at heading stage. It was concluded that efficient N use of rice cultivar

depended to a great extent on greater root morphological characteristics and stronger root physiological activity.

Key Words: nitrogen use efficiency; root bleeding rate; total root length; root surface area

EEWE P EPHH973” BB H (2007CB109304) 5 [#5¢ 1 ARL#H 4 ¥ B I H (30671234,30771290)
7% H #7:2008-03-27 ; f&1T H#A:2008-10-22
s« JIANEH Comresponding author. E-mail ; ylzhang@ njau. edu. cn

http ://www. ecologica. cn



6 H5 B & . AREMFKERMRAEHEAESKINESR 3053

B R ARG T 2 e S 6K 20 RS- 40 i, T AUk BRI R & % s Al e
S B3 AR RIE S HE . Weisler 2505 10 ANAR ] 2K R0 ) ] 2 30 R AR R 5 LIRSS R
EHBA—ERARMED . Lawlor BF5Y 3% BA7E BERUR R A 3 Ao 39 AR 2R (AR 0 85 1 S 4R 35 8 I MG T 4
', BEMXETRALSHIIR FEEPEERT S NECGREY b, T SRR R S R R K6
2, X FARBRRESHIRMBL . B—FH YRR EEEERENERAZ RIS ]I R. B
T 30 SR PR 00 S AR AR A e B AR R FMR RS LA T 20 42 50,7090 R4 Hp [ K S A G
MR, M2 BUBEE B AR R, ERIR R GBI B3,

BT, AR SR KRR RS R ARG DR S HAZ BRI = BIER X RIEEA REH
5 HIX R — A B BB SRR M E MBS SR, BT AA SCEER /MR EUK T T, B AR A E R
REFRHKRE R R BRSBTS ERRTE MR R E R RIS &= B S 4545, 77 LUK AR I 4
P22 RRAE RN K RS AR 38 A AU ) A BE 38 s KRS B ORI R AR AL, S 7E SR R 3R KRR AR 9 & Bt F B AR 32
BEFRIS TR, th /K RS R R R AR P 188 15 T 53 B vt 1) A 3 AR AL B AR IS4
1 RS HE
1.1 Rt

RITF 2005 4E 5 H % 10 AZEr s R KR E M. KR T4 30% H,0,30min 475, 3, KI5 1%
TRAEBANEERE, M —0ORBR. EFCRAMAE—SHEEAD ., RGN RERBN 174 RER
BRW, =M — 0 WA E R B Immol L™ (N1) I Smmol L™" (NS) Bi/MER AL B, g [ FR /K A B
MERB . BRWP K Ca®" Mg’ Na' RIMEITLE WAL, Hrh Fe i Fe(EDTA-Na, ) {85, 3
IAREBRGA AR E SR W 1Y Si0,00 120 mg kg ™' o 9 T 43578 F7 W0 H AR WK BE A B B 745, = -39 Rl
R 2d #e 1 BRI, =M B8R 1 IREFRW. B3R pH {HA K 0. Imol L™'KOH #i1 HC1 J§ % 6.0
7k o WG RS A% 25em B 25em WMURIAR , BARSERD 15ke, PENLIX413T,3 KEH
1.2 BHRKFE A

HRIER SR S5 5™ f e BB KRG SR 2 AN (3R 1), 2 BIR AR AR L AR AR
i Elio, R SAUKFERIE KRG M AEETHEE M T B n AR 7= s BURSUK A 38K R S A 7E AR fr it
R T HAPR = BB

F1 HEkBRMHEREE

Table 1 Characteristics of the cultivars used in the experiment

' A Cultivars F=Hb Birth places H:E A Growth duration(d) #k Plant height(cm)
Elio FAH] Taly 157 96
it Nanguang H A Japan 163 98
N =180 kg hm 2
1.3 sririllzE

RAEBBWE"  FEH(30d) SIEEREHI (60d) (JT5HI (80d) \FFREHI (110d) FELZ (140d ) R4 5%
BOKREMRR , Tk b R Ve e, BLRR R 04X (215 : WinRhizoLA1600 ) 1 ## SE AR &% , 1T R EVR
K, RERFBELR

RAGIBIE ™ FHRATH SR GER Y GFHUR 10d) R , BB AH — BRI RS 3 #K,18:00
TERSAREEHR 10em 4089 3 B3, b PRABIRMEIF CARE R ERHE, 55 2 X 6:00 ISR SRR R

73 TR BER T SRR A B , AR E AR RIE S SRR AREE i K R b |
HRRR, D FEEYE(TE) . TRAMIEZ H,S0,-H,0, 16, AT s (BISh AA3) M E 2R
TE.

FEZKRERPRLISA G WK, BETFREE, U RE SRR KA B P RL™ B o
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FF BB A SPSS10 BT Se i M4 o
2 GRENH
2.1 RNEBRBEFKREE X ERARNZER 400§ s Nanguang .
SN LT LU it WO RO KRR AL 250 =Bl
P REZ I A AR KRR R R B g, E | b
FERRSUK -4 0 T, BARBOKRS Blio MOFFR=R% 55 0| o
11.26 g plant™", T A B MK RS AT R =Rl 2 50F b
17.77g plant ™', SRUREOKT Elio A1, B AOkRER S ' [
SRR R S 24 58% . 1R AUKE T, AUEAUK o 1 .
& Elio FAFRL™=8H 20.01 g plant ™', i % HUKRE R BEEUKE N rate (mmol N-L)
S HPFPRL= K 36.09 g plant !, SEUERAUKAT Elio
He , R KRR R PR B 7 1 24 80% Bl FTRRTRTRNER
M E] 2 E,l‘ u E‘ Hj ’ % % EE ﬁ ,ﬂﬁ E/‘J TE iﬂ:, Wj /l\ Z_\.Iﬁl /f(‘ Fig. 1 Difference of grain yield between two cultivars
AR KRS SR A BT 1 B B, T 5 R S
TR KRB B R R LR B, B L e oo
AR RAEATES R SRR RAE TR %E T S hens
St RHIR ARROKRR D AR RBRERT 5 0 ‘
RURAOKTE  ER R FROLW AR RRAFRN 55
EBF KT Elio(p <0.05) , EMAMM TR RILAE  FE
RRAAM FROBNBRARBBERNH Bo(p < E
0.05) ,ZRA7E30% .
2.2 RREEMEKFEH L RR R YR 25 0
N 3 7T At B3R 3 2 B, PR T
KRS S R B SR T E A S R A IR 2 A 25
_'ff,ﬁ,ﬂ ﬂ:il‘n‘ , ﬁ%iﬁ 15:1': ﬂ*ﬁﬁ ﬁ'ﬁE‘J ﬂﬁ _t %B :F%E IEIE iﬁ jJ[l , Fig.2 Difference of total N uptake between two cultivars
S: T Seedling stage; T: 4>EERSHA Maximum tillering stage; J: 3K

RRSKM TSN R R PUKRE M LT =S
RS F Elio 2 20% , 2257 2 .3 /K F(p <0.05)
Z B, A S BUK RS ML BT R EE
HARB MR AL R 2 5 T Elio,

B4 224 FHARABRKERMBERTYE
IR . WNEIRAT IR, 5 LT E LM, 53
AIEELH Elio MR R T EAEAFLAE T HMHEER
Ko HWa, MOCHRRAE KW BT Elio, S5,
R R OE AR R T 3 40 7 & B EARR R
Elio17% (1mmol L") #114% (5mmol L") , 22 R 2 P&
K (p<0.05) . 5 ZE AN, AL T, B
FMARRTYEREN M, £RAYE, BtE S
Eliol9% ; S ARSI T ,Elio R AR T REH AR ET
R, ARSI AR MR R TEREARE L,
i Elio 2935% , 2% B3 (p <0.01)

453 Jointing stage; H: F5Hl} Heading stage; M: G2\ Maturity
stage; I [f] the same below

i LT E

Shoot dry weight (g-plant™)

120

(=3
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Fig. 3 Difference of shoot dry weight between two cultivars
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2.3 FARIABBKBRAEESHMES
2.3.1 Bk

M 5 BIF 1, A RBERACE X KRS AR e
E RAKETHAARZRN AR BRK BERTRAKMS FHERK . ARMELEHBRKAEMAEK
-3y Smmol L' %S 1mmol L™ BEXI8E AN 127% , T A Elio 341 92% , KBRS R MM EF 5. bE
EH B BRI BRI i, U HAE SRR AR K AT ; 5785 1mmol L' BEEUKSE T EARK K
R fin & B /N T Smmol L™ /KT HERK , RUER AT EHRFBRAKEFARMTFERRE K, B
HRUKSE T, Elio f BAR K ¥ 78 57 58 i i B4 K ME, SPAEI0E 30 B0 sk , B AR K 355 R 3 S i 2>
21% o FRMHEFh Elio #LE, ¥R BK T F AR BUKREROEFEAET PR SR KR AHE

10000 --- & - B Nanguang N1

---m- - - § % Nanguang N5
8.00 [~ ---e--- 3% Nanguang N1 +§ioN] s "1
---m- - - § % Nanguang N5 ——Elio N5

o®

(=3

(=3

(=}
T

—a—Elio NI Ee -
- ——Elio N5 5

SYITSS
Total root length (¢cm-plant™)

WATYE
Root dry weight (g-plant™)

B4 BAERFIRR T YRR 2 5 ES5  wASR R R 2 S

Fig. 4 Difference of root dry weight between two cultivars Fig.5 Difference of total root length between two cultivars

2.3.2 WREEmMHA

MIE 6 T AT H , BEE B RUKF 38w R B FOK R R R I AR Z 3 . BEE 47 R
2E, I ZK AR i A AR R R T AR BE 8 1, SR S (R R 5 K e it ol ] P R T AR 22 57t (B3, Ellio 7657 R
JEAR R R AR BREAR, 7E Smmol L~ 7KFF 55788 3 e (9 3 T AU EG , BB Elio F AR 2R 36 TR B 1 o
38% , X5 EMRK LR BN, SAKRERERKALL, SIREUKFH L, & RZUKF TP KRE &R R
BURIERS/N, BIE A Elio 43510 114% (82% , 3 Fh BL AR #Y J IR B2 e 9 R 2R A I 7K 7 2 (7K A A R AR
AR/

L8 LT , A R RBCR P KRB MR AL S S HER VR . RUIRMUKRE R F Elio 7£55HE R RE
SSPRE T, B3 8 E/NT a R b, 10 R 280 R R AR T I I M AR R L S S48 iR A B 3
i, T A J i SR SRS A B BT R R
2.4 ARRMEKBRATE I HER

M T T LA Y B R RS SR AR 2R A5 50 BE IR A TT 4 2 Wi 855 , ELR R AR T A I 5
BE TR B IR AR FRIE . AT EH, Smmol L™ FHMIEER AT 1mmol L™ X R IR AR
IKFAT LA E ZAR R WA 7 P, 7E R — MR T & A 7, Bt s 5 i 5 B KT
Elio, {REMMF T, BT IR MIREL L Elio %t 11% ; BEASTREIJE , Lt 3R B LU Elio “FH9 R Hi 5%
DAL ERI P 2257 B3 (p <0.05) , HE R ZRREBEKF(p>0.05), MAFKMFT, KRN
Didism B H Elio i 32% , Bi 22 7 A BE KK (p <0.01) s EASFTRENIG , Bt as i L Elio SF-375 th
8% LA L, IR Wi 22 57 B3 (p <0.05) o

£5 LR, Rm U M BDCRIAR R IE e A B G B2 58 T AR A Elio, HAR Z %t 57 73 9 B i [R] 4k
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Kl Bz fRE I B2/ T Elio, OERRDEHERAE -8 EWEAKE T Elio WEARFN . SFHEMEK T
B AR R 57 B BE AR AR, R AR R I 1 K R o0 7= O B BT

6000 = ---#-- ¢ Nanguang N1

---m--- # )% Nanguang N5 260 - ---&--- B Nanguang N1
5000 |- —a—Elio N1 ¥ ol R mee Ejj'ﬁr\ll\:anguang N5
. —a—Elio
220 L {.,\ ——Elio N5

200

180

—>—Elio N5
4000 + g
3000 - A

2000 -

A5 i

Root bleeding rate (mg-h™!-plant™)

160 -

R KE N
Root surface area (cm?-plant™')

1000 |~ 140

120

0

B7 PSR R U5 PSR P 2 57

Fig.7 Difference of root bleeding rate between two cultivars

E6 PR R R AU 2 57

Fig.6 Difference of root surface area between two cultivars

3 itig
3.1 AEF R BRI K RS R R W 3

Moll 2528 0 2% A R R 5 SUOMAPRL = B A R L UK 22 L, 244 TR LR HL e Tt , 2E 4 R
PRI AT AR R AT AR L RAE S R —HEEKF T kR (R RIAF ) MFPRL= &, A REEA
TR G0ART , 247K 8 7 347 7 T L R — A B 00 AR K R 249 7 B 6 K R o b B AT 2 SO R R 0, A&
I A= UK RS R 8K S A e AR AT R A T Y AT SRASFP L 7= s RARBUK RS & 18 /KR8 S M ZEAE fT e R
FMF N HAPR = B BAR . ALK T X BN FEASCEKBRIRB S REH, AR ELHE, B
R R R G B AR R R &', T AR Elio R BEK

FE 0 SR BA T SR  7 EEX R IR, SRR T SR A A B RN 5 R IR R, T R AR A K N TR
B AR TR KRR R, EE KRR ERARR K EEN— N EZE B ir, RRERS
BN EENEYFEE . HRERREEKTE T AFE KR SRR R R 250, 38 5 KRR R R
MRAEENEM. ARRER ARERKBERZ R LFEBELES, MR RZERK RN 4
J R L e L BE AR R o Y57 B4 ) AR IR B K A R S iR B bR BEAT B K R I R B, S R R
R IRBCRAFE B E SR B W ES, I—RE KRR BB RS IR K. X 8 NI RIS i F i i g =
B, SR R K R S R ZE RS R BE UK T R R B 22 Rk o ARG I, S A B S [ 2 R ZR K
REWU R 2 5 BE , RS RR AR R MR o
3.2 MEEESET AR R R 0

HHFERET W REME R BRI T 5 AR REERTT LA N 3 K345 1 B NBEE BRI IR
T TIHE AN APEAR , AN MRAS E ARSI 5 2 S BE AR R0k B 48 /55 T i 3 T R R, A 450 B AR B B A 1
RAAFBEEFAERK ANERE AERERAMNKERNERES; S 3 BRAMR, £—& AR BN E F
W, BEHE R B I 3R S T AR , 2 — 2D AL ROV BE BT T B, i HRAR T E M EAR A E R BB . X BT

HERK MARERFRATLESHRETH 3 2K, EAKBRERBEAR 7 &R EZHMEM, T HE d=
PR R RPN EZRESE . — ORI, EHOKRE A HAR R B GRS — e FAH EL L

87, BEEESHRER, AOKBHERAEREK BESRBER THIKME, %™ Kok
KU AFRERBKBERA TEEREFERPERALE  EERERMZRBY R ;A KKRERRES T
JEATTRER R —E MY AE R R, B FLSIR B = 05 A T [, T A M7ESD 805 B BUR E3 K 218 . A<5K
B B R RAR USRI AR R S S B0 R I, R R PR G AR R X R W oL B vy, ELZE R
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BT BRSO AR RS RARAA i Elio MR RTEFTHER & S E XK, A TR R A S HR &
TR, TR RO A RDL SR K AR R R W ARTEST UG U3 A 3 hn, 130 2 SURB 7E AR B R RGN B R
REBERT Elio, FMLIRNTER AL ESHAEAR/KRERZ TAUCHIH A HEER REIIER
3.3 BRGNS LT R L= B

IRFEAR R AR 558 R B IRBOK 73 TEHLIR I AR IR B R IR . — LA IR BB JT o X RE ) 58 55
A AR ARG DR/ NI B . TERAE TR KRR RIS D RAWRK . SR TARRE TR
I IFEAE Sl o PN SCEE O RS R MR AL FEAR 2R 3% 3 7E 4R IR b T, 2E AR A5 S5 B BOK, 1R A
KITHIA TR AL AL RUEHE, WA AR R 35 AR IR TR R, EASTRIE TF 80 TR 3]
W AR S SR B A A 3 AT BB IR ot o 388 AR AR 18 0 5 7 2k RO AS IR T 57

AKRRARTE 1 5 WA RS =R Z A B HE MR AR IE 1R K RE AT K BRI R IE 5
HAMESR S5 R . AR R R R /KRR 2R A 3 T B Eh R AR 5 5R ( BHH , tR K R RL TR S5 7= BB AL
KA. EAPIRRNE, BrOKRNREARE R, EEETEY TREES . ALRPIFRSREN,
R BICAR ARG S (Pa s B ) 7648 7 5 0 B 2 5 T AU A Ellio, 4545 Elio ZESF G M AEE S
w2 T, AT Elio AL F R IR RIEARA T AU I T R A = MR R, AT e i T91 R
HE PR Ay 45 B, T ELRZ AP RLHE SR AN T 10 R 52 5 5 0 BT , S R B ™ B 1 9 R 4%
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