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F T SOK AT B 0 2k e AH OG5 R 3 B

w2 REE F WA FEA AR ISR EHFEEEF
(VIR YUK FERTST KRG BB 330200 ;271064 2Ol B = B K RERFSE T, 1 5 330200)

Q

FE  ERAEAERE 180 kg/hm? 2 AKF T 3 45 R AGF 69 R B0 55 #) 8 S48 2 WK BEAT T, AR B 2R &
FE2ANRAKFTH LR ESANSAR HRDAE KA GHAE o R A F 4 A ER | FEFR KRR RAFEK
WEE RREARLRFARNEFRRGMIBREFoN, SREAN, PR TEET EREBHE HARA TR EZAH R
FA NG5 H) A 4.50 ~29. 65 g.6.35 ~18.70 g 4. 80 ~21.28 g/m’F= 19. 88 ~62.05 g/g, LA LMKRAILEAZ AT T, K4 /=
FTHAMAK AER EEE AYT TERLT AAERPRAEAREY ZEEZIMBLZEME, 5 F AP LKA
ER2HAMK, AMERAEERARANANGFEE5EDE RAEFRAEAAEZRFARIMEEZKF XEHHREFZH A G
AR ARG Z R HARK R BHEABARGZRICAH AR, ARAA, FLFREM T RAEREKALERAZAARTET
HEIRERSAAAHE AR RSHA, S k4 5T EKERTFTERILE RS20 A4, & TR, A 2R &
AR ;7 89-01 Fo-FAh 152 23 FK-F T RILE R ZHAA M4, & T3 844,

SRR A KR BB RG REA R £

Selection of Rice Germplasm with High Nitrogen Utilization
Efficiency and Its Analysis of the Related Characters

HUANG Yong-lan', LI Mao-mao”, LU Ming' , WAN Jian-lin',
LONG Qi-zhang' ,WANG Hui-ming' ,TANG Xiu-ying' ,FAN Zhi-jie'
(! Jiangxi Super-rice Research and Development Center ,Nanchang 330200
>Rice Research Institute, Jiangxi Academy of Agricultural Sciences ,Nanchang 330200)

Abstract ; The relativity characters of the nitrogen absorption and utilization were analysed under two levels of
N supply (0 and 180 kg/hm*) by using forty five rice germplasms,which were divided into four types based on grain
yield under two N rates,such as efficient-efficient( EE) , inefficient- efficient (IE) , inefficient- inefficient (IT) and ef-
ficient- inefficient( EI) . Focus on the research of variance analysis and correlation among characters related to grain
yield ,the N accumulation( NA ) and nitrogen-use efficiency (NUE ) between different types. The results showed that
the range of variance of grain yield per plant, straw yield per plant,the NA and physiological N use efficiency
(PNUE ) were 4. 50-29. 65 g,6.35-18.70 g,4.80-21.28 g/m’and 19. 88 — 62.05 g/g, respectively. Grain yield
was significantly positively associated with effect panicles per plant( EP) , spikelets per panicle (SP) ,seed setting
rate( SSR) ,the BA ,the N accumulation in grain( NAG) ,the NA and PNUE and significantly negatively associated
with the N concentration in grain( NCG)and N concentration in straw( NCS) whether in low-nitrogen or high-nitro-
gen conditions. There were significantly different between grain yield( GY ) with BA,NA and PNUE for four types of

rice. EE and TE were the most influence by nitrogen fertilizer, EI was the least. The research showed that Qing ma
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zao , Lucaizao , Guangluai 4,Za089-01 and Zao xian152 had been selected for tolerance-low nitrogen and high NUE

type ,among them, Qing ma zao and Lu cai zao is the typical high NUE type that showed higher, stable yield whether

in low-nitrogen or high-nitrogen conditions; Guang lu ai 4 was the typical tolerance-low type that showed higher

yield in low-nitrogen and suitable planted in poor soil ,however,Za089-01 and Zao xian152 were suitably planted in

fertilize soil that showed higher yield in high-nitrogen conditions.

Key words :rice ; tolerance-low nitrogen; high N use efficiency ;nitrogen-use efficiency

T A B FEA—AEY AR AR it it S A
W APIF RN Z B, AR KA RKPA
AR EECE SR OT R, IR DOk R
2 I B A I it BN A A 38 Kk A 7 6 9 =B AR 4
T, HEGEit,2007 - 2008 44 ERIHFE T K2 1.28
{2 BN, Hoh 2045 65% k0 FH T & VR i A=
FE L BAREUIE RS AR R A e A (H R R AL
A, A 33% BECRI ™ . R AR I
R AR BT KT B AR SR AL, 8 K
R R T /K A A ) SR 5, T AR K T I A 4L
AR B B, ok ™ B RO BRI G G, W NI
RO AT Rp2 & Je b ™ E g . PR, R A4
P 7 126 7K e 280 o 8O B B I, 3 e gt 1% i R B
B AR AR T B i B A AR > BB 2
AR T RS R RS A ROR AR . KA = SR A
FA 2 FHLE] . — R AR BARAT TR 53 S A OB
ZHAR; —HBEPNEARETEZHN T
B R AR WISCRE R R JEE T AR
MR ZCEF R, R, H. Moll %07 48 50 & ) 0%
( NUE, nitrogen use efficiency ) & X HAE Y] 17 r= it
BRI Ui £ 455 20 3R WO R A A R TR 2
MR R, FEBEEK S — SO 7R T SR AE
NAER B AR B RKF AT KRS ™ f 1y
e THAF R i i 12K AR B A] s SO AR,
Z 5 SO RARRR BRI A
AR B8 A AT AR S TE AR R UK # A 3
A AN IR ARAUAL B A 2 5 AL R4 R B A
AR R kR A TNIIA A K R B A
R AEAR P AT R 1Y e RO M ECR TR 1A N
4G B3 BC AN = ORI (K e O B RO & 35
B[] A T e 19 12 B R0 3R, DA BR AR 35 v 1) A= ) 7 i
e, H. Park %1 AMEESE R
Z R TR S A g WSS A BOnT AR Sy 0 8 SR v ROK
A S H 6 br . LR, NV 2R AL,
T AL R A B A MR A B S C A TR A
ROK RO B NG 145 T 0 R TR
B BB KRS B L RO B E B EY T i e

AR GECTENIRAW 2R S R ER T AN Y Y EITY L iy )
VIREAG T — S5 5 B HARE L R

i b R TR R BOKRE SR R br R
KRR 4 55 5 T C A8 2 GE , (EXAS R E %
FROKRERR R A PEAN FIAH A5 23 B 77 T 8520
P ABFFEAE 2 ATt RUK T T X 45 43 /KA )
B MR RIS M TSR MR BEAT T 25
BT RIS FAE 2 AR OK T )
22 50 FL I3 AR R e e A AR AR e R A
KUY 4 R XA R R KA 7 A 21k
AR R LSRR A R AR AT 70 A
T 3 28 14 26055 20K AR ol 5, Ay 2 v 287K A i o
AR PR AR A A

1 HRESH®

1.1 kAR 5K e iR

VAR B WIAHIE 9 45 OVTVE B KRB A T
FEAR KGR ATAE T IR 04 R KRR A 4S8 K A
A g AR b gy SRR 29 6y KB R 9 O R
FR 7107,

RIS TEVL PG LMV Bl Be /K AT i e H gk
17, iR M 3 pH 4 5. 26 B % 19. 4 mg/kg il
BHE 4. 94 mg/kg R O0. 15% FHELH 92.0 mg/kg.,
F R 15. 0 mg/keg A ML 30.2 g/kg,

1.2 R RAR

RYG B 2 DR FE KA, 43 518 it 2 Ak
PR RIFRIRAL, CK) i AL AL FE (180 kg/hm® , T HK
AL, + N AbH 2 [] I R R R O, R
AFESR FH BE ML IX 4 3% 3, 2 E 2, e A Ak B
30 7T WIEH g 2 Yt i ERIE B 4
FERE ) , BEAE 4 P04 60 kg/hm® , #1IE FH & Ky
K,O 165 kg/hm* . i3 F 2012 455 A 17 H#EF 6
H 23 H##4k,6 171X,10 73/47, BRACHR A, T HE
B FTERIE R 16.5 em x20 cm, 5B EBiIE . H[H]
I e R K A B A6 S 0 3K R e P A ok O A
T,
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IKFE G TE/ N X (] —4 7R 5 5 7OKFEFE A
HATENHFRE ZAE AL, Z R H FE Ak
AR e B SR B R R R R A SR TR
AR AR AT, R AR M T
KR ENE k2 A S (FRRAREE
FEFFIR R 2 A ) SR AL i ke

1.4 HIBTERSTLE

GRER B SR FH 248 SRR MR IR P R R T
SR AR

TR AL SRR E (% ) = (V -V,) xC
(1/2H,80,) x14.0 x10 °/m x 100,

Ao s VI 5 2R T FH 1R s o V5 W 174 AR A
(mL) 5 V,—Ji & 25 H I BT TR bk 4 35 W00 4R R
(mL) ;C(1/2H,80,)—10 mmol/L(1/2H,S0, ) bxif
VSR FE s m— SO A BT ()

TR A (g/m®) = TRIAWSE x TR0

FEFFIR A (g/m?) = FREFFRRIE x FEFFE

MR R & (g/m?) = TRW A & + F5FF
W R

F1 2N EEKETSHRMEERZERHRBEES

RAREAIAIR(g/g) =77 =/ MR A

DL RI AR 2 N 2 i Bt AL EC e /0
3B EE R mbE I I Excel 2003 \DPS 7. 05 it
T8t s,

2 GRE5HMH

2.1 AEBEAFETABEEREHRHREER

M 1 Al L, R AL B R Bk SR ay R
IR R B P S W /o e o [ R TN O
S RBARAE AT T 22 F N 10.9% ~28.6% ,
HEEEKFET N 13.1% ~24.5% , iR /MK
by BRI > BRSO BT > BRI > BARRRY
FFEE > 2550 > TR0 3B AR 2 Mok IR AUk 2
TSR] 25 5 B R T i AU B UK LA
PR A S SRIANKRER R 25 5, O 25084
IR, F AR MR AE S (R 09 22 5 3 3K B AR B
KOV 5 BARRAT RUOCRRER | PR R E R R RS A A
RN AT ) 22 538 2R 0 KO, ARl 25 50%
AT E D 2 S AN

Table 1 Variance of the main agronomical characters of the tested varieties under two levels of N supply

LA CK HA N J5 224538 ANOVA
Z 44 Parameter Y FHIME ERRE J THE BRRE i A
Range Average (%)CV Range Average (%)Cv Genotype N level
R RAEE(A) EP 4.3~14.0 8.4 27.4 5.7~19.0 11.2 24.2 4.38"* 71.24"
Tk (i) SP 51.1~173.7  110.8 24. 4 71.7~169.4  108.9 23.6 10.30 ** 0.68
L5925 (% ) SSR 28.4 ~87.2 67.2 16.0 48.3 ~91.0 70. 4 13.1 2.05*" 3.64
TR (g)1000-GW 16.74 ~27.95 22.3 10.9 16.25 ~30. 40 22.6 12.8 20. 55 ** 1.73
R FRIE (g) GW 4.50 ~21.06 13.5 28.6 10. 51 ~29. 65 18.5 24.5 2.16 " 50. 74 **
FARRFEFT E (g) SW 6.35~17.30 11.4 20.6 7.70 ~18.70 12.9 21.5 2.40 "% 13.30**

R 1% KB

** significant at 1% level. EP: Effect panicles per plant,SP:Spikelets per panicle,SSR:Seed setting rate,1000- GW :1000- grain weight, GW : Grain weight

per plant, SW; Straw weight per plant,the same as below

2.2 AEERAFETABRERKSF AEXMER
HRBER

H13% 2 AT UL, 2 AR E 2 i EUKSF T A
WS R AR CHEAR A BR 22 5, i AU H R Rl
FoEFT R | TR0 A FF R R AP PR 2R 24 ]
e TR i e A B AR B SR UG TG
RALT, MOKFE BN FHTAE AR 0 42 5 = 8K
AL TR EUK P T 22 S RABGEH Dy 15.25% ~
32.80% ,FE R RUKFE T A 13.84% ~26.26% , HK /)

MOCHREFTIR U > TR AR > FEFFEREE > i)
R > BRI > R ; KR RS )
FIRSAEIRAEAR ZUKF T 227 R TR AR, 72
IIBIT L SRR KA SRS M AR SR A U K
P[] 22 5 BT IR B Sk 2 AR W R G BRI R
T ity PR B 22 57 1R SRR A 227K TR AR AT 220k
JE FORAIRE AT U I 22 5 A 3
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Table 2 Variance of the relativity characters of nitrogen absorption and utilization of the tested varieties under two levels of

N supply

A CK A +N J7 255301 ANOVA

S Parameter binic] FHE ERFRE biniEl FHE ERRE A A
Range Average (% )CV Range Average (% )CV  Genotype N level
FRAWEE (% ) NCG 1.12~2.21 1.48 15.25 1.37 ~2.69 1. 80 14. 81 1.48 45.57**
FEFFRUVKREE (% )NCS 0.46 ~1.65 0.96 22.90 0.61 ~1.64 1.17 18. 59 1.37 25.25**
TR AR (g/m? ) NAG 2.47 ~9.04 5.88 28.13 6.45 ~15.81 9.82 23.52 1.41 104,15 **
FEFFIR A (o/m® ) NAS 1.41 ~6.13 3.00 32.80 2.07 ~7.53 4.12 26. 26 1.44 32.04 %"
WA (g/m? ) NA 4.80 ~14. 61 8. 89 21.98 9.62 ~21.28 13.95 19.73 2.00%% 151.82**
AEFF % (/) PNUE 19. 88 ~62. 05 45. 34 19.31 27.48 ~56.2 39.72 13. 84 1.90"*  19.30**

NCG:N concentration in grain,NCS:N concentration in straw ,NAG:N accumulation in grain,NAS:N accumulation in straw,NA ;N accumulation, PNUE;

Physiological N use efficiency,the same as below

2.3 ARBEERAKETKE“E RAEURREF

RERERXEROEX S0

MR HIRW (32 3) 16 2 DIEEUKF T, KA
7 S RO BRI A SR R TR R
i RELRR I SR A 2R A TR P AR B B I A
A TEARSE , 5 RLAIRS AR 5 14 1 0 3 R Bk O
AR IR R S A BRI A W R SR AR AT
MR R 4 5 Y M A B IE AR G . R BRI R
5 B 3 IR AR OG5 R ARG A e

YRR B E R AR

TEANRNE R AR Ui A B R
KRR ZHEAR RN AEAR R WAL, Horpk
R AR U BN TR 5 ROR B IR KT
TR E AR A, A 5 KPR H A A el
WEFIEMSG , RA B IR 5 R R R R UK
T B IEASE T A UK T G A A
SR A ARG R SR AEAR RUKF B AR
AR, AR R ZUKF B IR,

£3 2N EEKFTSRRMTE REEURERFAZEXERENEXXER

Table 3 Correlation coefficients among characters related to grain yield ,N accumulation and nitrogen use efficiency ( NUE )

of the tested varieties under two levels of N supply

B 7o GY W i NA A A BA A PNUE
Parameter R4 CK R +N R4 CK FA +N R4 CK FAR+N
HREEL EP 0.33" 0.37* 0.34" 0.32" 0.07 0.20
TR %L SP 0.34" 0.29" 0.29 0.15 0.22 0.32*
45905 SSR 0.59** 0.50 " 0.24 0.42** 0.70** 0.23
A=Y BA 0.92** 0.97** 0.85** 0.83 ** 0.44"* 0.53"*
THRAMREE NCG -0.35" -0.36" 0.07 0.08 -0.68*" -0.75*"
FEFFAME NCS -0.30" -0.40*" 0.14 -0.04 -0.64*" -0.68**
TRIE A B NAG 0.89** 0.83** 0.86** 0.92** 0.37" 0.15
FEFT I A B NAS 0.05 0.32" 0.53* 0.57 ** -0.53*" -0.23
W2 NA 0.78** 0.82"" / / 0.05 0.03
A A HIF PNUE 0.65** 0.58** / / / /

TRORBEMR, T R BEAMR

as below

""" Means significant at 5% and 1% levels,respectively. ry o5 =0.294,r,

o1 =0.380,n =45,GY : Grain yield, BA ; Biomass accumulation, the same
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2.4 ARIAMEBEKAEEERITEURTEEFNA
REXMERNERD T

HRARE 45 Ak I TE 2 Fhois K F T 9
225 IR 4 FR2EAL. (1) BURROR, AEAR AR
EAVKE R R TR E, AR E SRR
Fili 0P BL45 10 > o (2) AR OB, FE AR EUK F-
TR R R TR, S AUKE I AR AR
FFEH85 —059 & 12 FhF; (3) M A = AR, 7E1IK
=W/ N 1 Ve i A RS B G O (=1 =) O O O 12
FLIREAL 53 SR 1 548 N FhFl; (4) W
TR FEAR A AN = A T = i R
H, 354 1 SRR 3 54 15 Minfh, Wk
4 A[EH EREUKE T 4 FERUKRE & R
I S KM YA B 28 > IR R A > i
R RO > UK, AR L e RO 7K e R A BER]
RIEK, N 50.61 g/g, TERAKTT,4 FARIK

e i A AN R AR B PR KM YR Sy - R AL
A > SRS > LA SRR > DU, &A=
RO KR R i K, M 16,46 g/m’ 1A [A] it
KR 4 FRERKRE Z (A1 77 4t AR o W A
R 22 S YR 2 B E K, 4 Fh2RADK
FEAE R AN T = i AR R s I
FACHE (ORI IR A I B 25 5, R/ IMRYCOR B
RO > AR > WU > IR R R, T e A
AR B A 3R] FH S BTG, H PP (IR SR B R R K A
R AR A R R, HARAR EUKF- T 20 50. 61 ¢/ g, TE R
RKFTALH 39.77 o/ g, WU BN 25 R 2R K
e 2 W ISORT ) FH A2 RN A S MR A K, R v RUK O
T, EUR M RE 75, 3 A AR A IR b DR AR, J R AR
R ARE SR RE Z BB i/ /e
B EMREUKSE T, nlbs e BRA 1 R
TEATERHS A X R, J TR I UL

R4 TRBHEFAETE EVE REEUAR AR REEF AR FLHEI T

Table 4 The Average and ANOVA of grain yield , biomass accumulation, N accumulation and physiological N use efficiency

between different types

b3 Al FEi (g/m?) AP (g/m?) WA (g/m*) AABAHE (/)

Treatment Type GY BA NA PNUE
CK WA EE 526. 24 886. 62 10. 83 49.53
TRAE R EI 475.17 786. 98 9.45 50. 61
R AR TR 344. 80 656. 78 8.01 44.16
WAL 11 296. 56 582.28 7.62 38.96

AL [B) Jr 2253 T ANOVA 32.23 % 21. 18" 32.39 %" 6.88 %"
+N MR EE 703. 00 1140. 03 16. 09 43.98
AR EL 472.35 790. 62 11.96 39.77
FA RO IE 678.10 1067. 28 16. 46 41.54
R 11 455.10 767.23 12.76 35. 87

JR ) J5 2243 T ANOVA 32.66*" 29.07** 13.52** 6.53**

EE : Efficient-efficient , EI; Inefficient- efficient , IE ; Efficient- inefficient , IT ; Inefficient- inefficient

MFE S AL, 5 EARROR AR L, £E = EZUKE T,
R K R B e 1 R R N R A R R
A B =, (HIEREUKFE A —
e, A m R A 89-01 HARALM ML R 3 5
FR e W R o R AR R T 325300 451. 65 ¢/m’
F291.45 g¢/m” 8. 44 ¢/m’ F18.00 g/m* 53.48 g/ gl
36.44 o/g, I Z I AR 1A B W 22 5 (H ™
A T AR A R 3 5 TR R A
SRR 89-01 B4R R R I 3 i T AU
Fffie i 3 45 15 B 0 288 20 e 80 R LA 8 v R
FIHRCR , IR RN E A T A B B i e

T, X R R BRI R P R e E A,
R A AT B LS AR AP R102 AR BRI
KA 2T, 09 39.91 g/g F140.69 g/g, (HH =
WA W s TR, 4 R 583,12 g/m® i
274.80 g/m’ , JE LR AR 20N B G D LA I U B
T AR AR R102, UL I S R S 30 Fl B AT
TSR A I U RE T, X 2R A O L e AR ik R
W R B e A E VR . AR R e i R
IRl 4 5 I W R AN AR BRI TR s T A
ARG R ™ Al J 3 8 T AU 15 Tk
X AL [ e R
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Table 5 Comparison of grain yield, N accumulation and physiological N use efficiency of typical high and low NUE type rice

. e (g/m?) WA (g/m?) AR R (g/g)
Bl ol R U
GY NA PNUE
Type Germplasm
& CK FA+N A CK HA+N fRA CK HA+N

AL HoR 583.12 764. 54 14. 61 18.39 39.91 41.56
High NUE Il i 631.77 807. 64 12.10 17. 56 52.20 45.96
IR R 4 5 624. 87 656. 19 11.88 16. 24 52.57 40. 41
. 89-01 451. 65 813. 10 8.44 17.24 53.48 47.16
LKl 152 564. 28 889. 44 11.55 19.76 48.83 45.03
RAEL iR 35 291. 45 377. 66 8.00 11.32 36. 44 33.34
Low NUE BT 135. 12 427.98 6. 80 11.85 19. 88 36. 13
R102 274. 80 429. 96 6.75 13. 00 40. 69 33.07

AYMEIN A, AN ) U3k R KRG i b A 7= R
R 2 A ) P 805 A 20K 9 R [ AR Ak
o= i 25 5 R A T A BOR AU BRI R
Z5 . EEEUKET, Zm SO K R R = 12
AR I R0 R R 28 ORI P R A [ e AR
L AEAR KT, 2w a8 8 K R 1 7 o U
L O 2 o 60 A B R ) 3 e e 1R, ] 2
P LR, DR, AS [R) 7K R 366 PR 700 2080 5 1
A= BEHLEH A HIE
3 itig
3.1 TMEESRSIUKBEMRNIFERIEN i

A 2 2 RS S KRR R U A TR SR
RE N TEAFIE R K V- R R 2257, ZHUR E 1k
ARG F A 22 Y A A it 0 > AR 2 > 3 it 4G
ERE BN E KR O O R R AT AR, 7E A
FUKFT 45505 BARE R 58 RN B RRAT SRR AT
(IR =R N =1 & € 2 D B 7o AN | AT
SR R AR R, FE IR AR R EUK S R
P REARAT R e B KRR S A R R R R AR
BBV BTN AR TR AR R RN
PAREGE A AR R m . AR KR
TSRO R AR AR AR AR
FRFFH R 5 2 o 3 B G, A M A
52 VR A R R R R R % S R B, S R
i W ARSI AR A 2 = 2K TR A
SO PR | R LR R 308 ) B 4 SRR UK
S R B A R ORI AR 3 TR AR L, Ry
SRR U8 ; B 89-01 FIF Ml 152 767 EUKFE T
FO R RO R 38 TR A AR

3.2 AEEREKFE & R0 A 32 7 R
WER

N [ DR TR KR 1) 7 2 5 o R R IR SO A
HER R IL W VE HT A 45 17 A BRI D
KRR BRI S RN AR E TR 2
TR o<, B 9 & B R m i, AR AR T
R, UL Singh S5 BESY A B, B PR UK T 1Y
T 2R R AR 3R B HAR A SR B2 B, 5 I
RCRAR L, SRR A AR B FHASCR 2 LB e 1, B3t
SRR B3 TR R /N T W SO0 9 R i e LT
WS AR A AR SRR RO EAR A 2N b
BhPEAE D R R AR AU T AR A RCE
TR AT . AWFTEA R LW, A AL R KA
SRS ] AR S A DR 2y A Al g IR LA B v g
FAL BT RA BRI R ENFEAR . SR A EEE RN
Lo KA Z M P AH IR AR A B 22 57
KT BAL L, N AR U4k 3R A A TR A S
SR BT IR A B 1

S 45 RS SRT WR GR e A R I RO%
Xt P ) TR T e 3 B A T IR X TR R
W A Al A, TEIE KT R AR R U B
BRI P HAT BE A 0 T A B A B i o
Hop= e PRI B AR R A BRI AR B
PRI A A8 K1 T U2 8 ek 2R RE AR
S. K. De Datta 55" B 58 1, BRI HIRCRAE AT
IR DR B[R] 77 75 1 3 2 5, OF AR A (40 ks
AAF MR B ASERE B R/NERY . IXLEE5E 5 A
WFFEIEA B AT RS 45 4342 B WIARIT A 7K
R ity o i) 32 A AR AN R MR MR Y FE A
IIHT AR R B AN [R) AR OK AR ) 22 7 R EOR
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