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Abstract: Two early indica rice cultivars of Xiangliangyoﬁ 68 and Zaoxian 65 were used to study nitrogen uptake, utiliza-
tion, yield and yield components as affected by different split N application strategies when the total nitrogen application
amount was 150 kg/ha in the north rimland of double-cropping rice. Results showed that reducing N application before
transplanting and at tillering stage but increasing N application at booting stage could increase rice yield and nitrogen up-
take and utilization, by increasing leaf nitrogen content and SPAD in top 3 leaves during heading stage to mature stage,
and increasing LAl and effective leaf area percentage. When nitrogen fertilizer was applied before transplanting (50% ),
tillering (25% ), booting (25% ) , both hybrid and conventional rice cultivars had highest yield. The main benefit of
postponing N fertilizer application time on yield formation was related to its improved splitting and timing of fertilizer N
applications leading to a more balanced supply of N nutrition for rice growth than the common fertilizer practice, and to
increase total amount of N-absorption ( ANA) . Nitrogen fertilizer use efﬁciency(NUE) increased with the percentage of
panicle fertilizer, but the agronomic use efficiency of N fertilizer had better relationship with yield. It is concluded that

the split application of N before transplanting (50% ), at tillering stage (25% ) and at booting stage (25% ) is a rational
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N application strategy in the north rimland of double-cropping rice.

Key words: early rice; nitrogen management; yield; characters of nitrogen uptake
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Table 1 Design of split nitrogen application strategies

for early indica rice test

HAERHER SRR E 2 (%)

s Percentage of total nitrogen
Treat .
A SrEEAE pi3:luh
Basic fert. Tiller. fert. Ear fert.

B,T;E, 70 30 0
BeTZE, 60 30 10
B, T,E, 60 20 20
BT, 5E; 5 50 25 25
B,T:E; 40 30 30
B, TZE, 30 30 40
CK 0 0 0

I = T 2006 4F 7 3= 78 002 A5 36 2 9 Aid 3R
WREH PLREGH#HT, AREATHRE L
KEW SR L, 2 EHFILE 27.6 g/kg, & N 1.8
g/kg, HB P 5.7 mg/kg, AR K 63 mg/kg, LA S
g, UK ERER R FORD 15, 5050 4b 38 % Bk 4F
BERI AL 3 By T3Eo By s Ty sEy s BT E, 1 CK, /MK T
15 m?, SR E L BEENHESY , H H] 8RR —
1.2 WEMBESRA* ‘

1) i RS REEBR S d H£HKE 2
AT R (B RS 10 ) AE LR,
BEEFEH.

2) T BRI ERNE . FoRH(BRE 20
d) (Tillering stage, TS ) 3% T 3} (Jointing stage, JS) %2
%,ﬁfﬂ(Booting stage , BS) . H (Heading stage, HS) .
TER S5 28 (#F)E 20 d) (Grain-filling stage, GS) + &%,
B (Mature stage, MS) LN RBAEFTH, AL
BE/DMKBAEI N, GE W BESESFWET
WE; RAKERFENETER, IS = KxLx
DCHEHF LAMAK,D AM A FE; KAMHERRE
AL ABISH KB 0.75) .

IMERGTEWE: TEHEP . FHEH (Ful
heading stage, FhS) \ B A SPAD-502 7 H-4¢ Ul
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R AT RE T RE I B9 AR XY 4R R & 8 (SPAD) , T2 1%
BB /MR 20 AR A K AT — BRI RE R, B AR T,
BRERER A T 45 0 52 1 =l SPAD {&, WU & 3B A1 A
BERFEEEE 2/3 BRI ARALTS) SR ECE S

4 EERTREWE: EXEETHBEE, &
Z.0 RERE SRR S E T, AR
BRARNEE[/ENLEATE,

5) Wr=mMmEr . WA E/NX B S vREE,
FBEPRBEN; /0K EE T EH L,
1.3 EEBHRSFIAMNENITE

RERE L E (Total nitrogen accumulation, TNA)
= RAGHRAEAR Stk L3 (E ) TYE

(W) x H#k & 3 (25 R A A AP 39) o
RE T W T 4 7= 803 (Nitrogen dry mater produc-
tion efficiency, NDMPE) = BV H MK T Y RE
(W) /B EAEAARRELRE(INA),
REMA 4 7% % (Nitrogen grain production effi-
ciency ,NGPE) = B4V T FRAFhL 7= B /B8 o7 T AR A ik

NHEE,

BAFF R A & (The amount of absorbing ni-
trogen per 100 kg grains, 100 kg-AAN) = (R EHE R
B/MATE) x 100 ,

RE WK 48 % (Nitrogen harvest index, NHI) =
(R HRERERARHER /HEAER
FEE)x100%,

R EK B3 (Nitrogen recovery efficiency, NRE)
= (E NAbEAEE N R RE - i N A BEAK% N
EHERER)/E N & x 100% .

RE 242 B F A A (Nitrogen fertilizer use effi-
ciency, NUE) = (AL B R A E - i &AL 43
BEREE)/ EBEAE x100% .

A E KR Z 8% F (Productivity of grains to the total
nitrogen fertilizer applied, TNP) = (Jig A 4b B 78 & 7=
B -THALLEBA=E)/ BHEAE < 100%,
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BsT,E, \ByT3E, BsT5E; \ B, TsEo  CK, % #LAE B Al 65 &
I s S Ak 28 ) 7= B R AU AR — Bk . R R BD
FER RS R B AR AL B BT, B, s H B
B HWR, AR AEFWM 68 MALEE B, T, K, {H A B
B, T:E; 54 BsT, sE, sZ B Z R AR ZE; HMGHF

2.1

F2 EFMLB.FH S AEALMESEMEHNTER LM (2004 —2005)
Table 2 Yield and instrument of xiangliangyou 68 and early indica rice 65 under
different nitrogen fertilizer operations

EEH T RIS BUEFLE gharR ThE piiigas S =
SR A 38 Effective Grains per Total amount Seed 1000-grain  Theoretical Harvested
Variety Treat. panicles panicle of spikelets setting weight yield yield
( x 10°/hm?) (No.) ( x 10*/hm?) (%) (g) (kg/hm?) (kg/hm®)
EWL 68 B T:E, 418.05 a 85.5b - 35744.0 a 80.2 e 24.8 b 7110.1 ¢ 6780.0°d
Xiang  BsT:E; 401.25 b 87.4b 35071.8 a 81.4 de 25.1ab  7166.3 be 6908.5 cd
lang  BeLE 384.45 ¢ 93.6 a° 35983.3 a 82.1 cd 25.2ab  7453.7 ab 7182.0 abe
you6s  BsTusEos 381.75 cd 93.4 a 35656.1 a 83.1 be 25.5a 7600.4 a 7405.5 a
B, T;E, 378.15 ed 92:8 a 35088.7 a 84.6 b 25.0b 7420.7 abe 7287.0 ab
B,T,E, 372.6 d 95.1 a 35446.6 a 83.2 be 214.8b 7310.9 abe 7006.5 bed
CK 245.25 ¢ 88.2 b 21626.1 b 86.8 a 25.5a 4793.2 d 4614.0 e
Bl 65 B, T,E 399.91 a 91.6d 36627.8 a 75.1¢ 23.5cd  6462.6 b 6429.3 ¢
Zaoxian65 BeT:E; 386.32 b 93.2 ¢d 36000.0 a 78.1e 23.8bc  6690.8 b 6569.5 be
B TE, 369.85 ¢ 100.2 b 37190.7 a 80.3 d 23.9bc  7135.5a 6911.0 2
BsT, sE, 5 365.55 cd 99.3 b 36313.1 a 82.4 ¢ 24.21 7237.5 a 7035.5 a
B,TyE, 363.5 cd 99.0 b 35986.1 a 83.9b 23.6cd:  T124.6a 6834.0 ab
B,T:E, 358.55 d 104.1 a 37321.2 a 81.5¢ 23.3 d 7122.4 a 6754.7 ab
CK 223.45 ¢ 95.1 ¢ 21247.2 b 85.6 a 24.6 a 4478.6 ¢ 4371.9 4

H(Note) : Ml — BB FFFAFFREERAE 0.05 KFLFEEZE, FR. Data of same variety in each column followed by different letter indicates
significant difference at 0.05 level,and the same symbol was used for other tables.
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BHi 65 mEESE MK NAE BLE,, H4 #H
BsT,E, 5408 BT, E, s ZHIMWEFHABE, K
JE R B HE R R A KR A AL 2R By TR E,BeTHE)
B, T,E, 1 CK, 543 BT, E, s 25 B %
FENSNERZH, TR-BMHERTERE
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LB ER B EHIPERR(E 1), HHET
ERMEEA LA ESE, B INIE, ek
ABSBEARILHN 23.6% (FH/NT 25.0%)
B, E R RH 65 mR &S MIEHAR N EHA

BN 27.2% (R KT 25.0%) 0, X ARBE
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600;  YEmine: =-0.8846x"+ 44.417x + 6704
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~ 7400 .
L
é 7200
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Fig.1 Relation between yield and the percentage
of panicle fertilizer
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BRI E AR E BRI (R 3), HMHIERER
BHFRAGT, KRBT A 200 &, 3 nf Ae
MEELE, BEH TFREKBFEEARH EHAE,
FEMYERBERS, NENEHEE =R
BT M. FEAWEREN, L BLE(FEE
Ho ] 25% ) 5 4L 38 B, T, E, (B AE Hb B 40% ) 5 2 [R] 2
B ERAEEANERAEE,

%3 MWBLLOSThekm M ERIEL (2006, 2 15)
Table 3 LAI of top 3 leaves and the rate of panicle fertilizer (2006 ,Zaoxian 15)

ZH 4 BS FHE FhS BEIH MS
BUER  Easst@ER ARMESR  E3HEER B 3w E R B
47 Total LAI LAI of top 3 Effective Leaf area LAI of top 3 Attenuation LAI of top 3 Attenuation
Treat (em®) leaves percentage leaves proportion leaves proportion
(cm2) (%)_ (cmz) <%) (Cm2) (%)
CK 34c¢ 22¢ 66.7 a 1.94 14.5a 1.57 ¢ 30.0 a
B,T:E, 5.1ab 3.0b 58.6 ¢ 2.6¢ 13.4a 2.24 b 25.0b
B;T,sE,s 5.6a 3.5a 62.1b 3.2ab 6.8b 2.74 ab 21.3 be
B, T:E, 55a 3.6a 65.2 ab 34a 43b 2.86 a 20.0 ¢

2.4 A EFIR LG T gEH SPAD {HE R
FEZREH ST RE A R B X T B it SPAD fE
R B4R (F 2) R, SInt SPAD HZ BB MK,
FHEM MBI SR, 25 TR, TR =15
(BS, FhS, MS) ZEfL# & —8; EAMAMK L2
FHH SPAD HHY A BB, ERE LW THRER
A, T e 2R AU A Ak I o IS B R 1, 0P G
SPAD E3 %, HE B T B REE; & 2 {3
H-f) SPAD EWUZEEH RS, ZEME T RAYE,

HAp A e BE B 40 38 & B 1 9 SPAD 15 B B
T TR s REAR LU R A A0 3, 48 2 R ) 3 ot
TESRZ5 LN SPAD {H T M8 18 , LA B SPAD
(BB o T 3% M A B 4R v ST AR 0 A R 45 S
TiRE Y SPAD {& , O K72 BRI 4 Fr i | K
¥ HApFHEE T ae &9 SPAD 4 B,T,E, & T
A3 BT, E, s EFEZHRERKEBEKFE,
2.5 JEHESRENTHL

£ BB AR R Rl BB 12 B 0 KRG A R R ma
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(2006, S 4l 15)
Fig.2 Effect of the percentage of panicle fertilizer on the
SPAD of functional leaves (2006 ,Zaoxian 15)
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FERARIEHR B EKT .

EREREH BOAENE BIEHE, %M
BIEAE, BAELMREEF R AZNREE.BA
FPRRAR AR WIKIEE, BT RS ALY
BEFAR AREKE; HEARBEARAR
LT, B R A SRR B S RN L o A e
AEMERRBER REZBFLERR

H— AR (ERT), E EELABE, K
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Table 4 Relationship between yield formation and leaf nitrogen content at different stages
It & 2 & Leaf nitrogen content ABBH R HLR FRE = '
b Effective Grain's Se(.ed 1000'—grain Yield
Treat. AEER HEH Z2EE WEY ¥ I penicles  per panicle setting weight (ke/hmn?)
(T8) (Js) (BS) (H8)  (G8) (MS) (10%/hm?) (No.) (%) (g)
CK 28.6c 18.2a 21.8bc 21.9b 15.1c¢ 10.4c 217.5d 67.1d 92.1a 32.8a 4412.3 ¢
B,T;E, 345a 19.7a 229b 22.6ab 16.3b 11.8b 346.8¢ 80.3 ¢ 90.5 ab 32.2a 8113.7 b
BsT,sE,s 32.6b 19.5a 24.4ab 24.0a 17.5a 12.7a 385.4a  8.5ab 90.7ab 32.5a 10182.2a
B,T,E, 31.3b 19.2a 24.8a 243a 17.7a 12.8a 367.7bc 92.6 a 87.2 ¢ 32.3a 9586.4 ab
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x5 TEEFHPHESRES XY (2006, 24 15)
Table 5 Relationship between grains per panicle and leaf nitrogen content at different stages(2006 , Zaoxian15)

B Item X, X, X, X Xs Y
SFBERI(TS) X, 0.998* -0.928 -0.914 -0.900 -0.881 ~0.943
EHWHAIS) X, -0.906 -0.89 -0.875 -0.854 -0.923
Z M (BS) X, 0.999* * 0.998* 0.994 0.999* *
A (HS) X, 0.999* * 0.997* 0.997
ZZH(GS) X5 0.999* * 0.994
B (MS) X, 0.988

¥ (Note) : Y—HERISL Grains per panicle; Roos=0.997,Ro01 = 0.999, % , % % FREFRPHIE P<0.05F P< 0.01 KT, *, x * Indicate

significant at P < 0.05 and P < 0.01 levels, respectively.

®6 FMBEEXNERBREF AKRME (2005, R4 65)
Table 6 Effects of nitrogen uptake under split nitrogen application strategies (2005, Zaoxian 65)
FEAE H B AEH AETYR REBE RIELZ= AR AR
Ab 3 Perc. of panicle ERE B Fegh R HrEgg R F A E g REMR
Treat . fertilizer TNA NDMPE NGPE NUE NRE NAE
(%) (kg/hm?) (kg/kg) (kg/kg) (kg/kg) (%) (kg/kg)
B,T,E, 0 113.7d 96.6 b 56.5b 23.6d 28.3d 10.2 e
BsT;E, 10 121.1¢ 92.6 ¢ 54.2 be 27.7 ¢ 333¢ 10.9 d
BsT,E, 20 129.7 b 90.1 cd 53.3 be 32.4b 38.9b 12.8 ab
B,T, sE, 25 130.1 ab 90.1 d 54.1 be 32.6b 39.2 ab 13.5a
B,T;E, 30 132.8 ab 87.7 de 51.5¢ 34.2 a 41.0 ab 12.4 be
B,T,E, 40 135.2 a 85.5¢ 50.0 ¢ 35.5a 42.6 a 12.0 ¢
CK — 71.3 ¢ 107.1 a 64.6 a - — —
x®T FREBHRAR B (2005, 241 5)
Table 7 Nitrogen uptake in different growth stages (2005, Zaoxian 65)
- K[ﬂﬁggm&ﬁziﬂ’ﬂ%ﬁl& Nitrogen uptake in different growth stage BARFFh REW BAK
Treat. (kg/hn) (%) BRR  gemw e
RUR RT-HE BERR BE R RE-EE mRemm 10 kseen o T
BJS  JS-HS HS-MS Total BJS JS-HS HS-MS (kg)
B,T:E,y 57.5 a 41.2 e 14.9 ¢ 113.7 d 50.6 36.3 13.1 1.77 0.517 0.497
BsT:E, 54.6 b 46.5 d 20.0d 121.1 ¢ 45.0 38.4 16.5 1.84 0.518 0.503
BTE, 52.2bc 54.0 ¢ 23.5be  129.7b  40.2 41.6 18.1 1.88 0.525  0.504
BsT,sE,s 50.7cd 54.9¢ 24.4bc  130.1ab  39.0 42.2 18.8 1.85 0.536  0.509
B,T:E; 49.3d 57.8b 25.7 ab 132.8 ab 37.1 43.5 19.4 1.94 0.552 0.516
B, TZE, 48.3 d 60.0 a 26.9 a 135.2 a 35.7 44 .4 19.9 2.00 0.553 0.504
CK 26.4 ¢ 37.3 ¢ 7.5¢g 71.3 f 37.0 52.4 10.6 1.55 0.558 0.503
1 (Note) : BJS—Before jointing stage .
= BEAE LU A RIS (RBIE L ) A 38 ), 3R AT R 4R R B A

B, B4 BeT,E, By T,E, Z ], 43 B,T,E,
BS,I‘Z.SEZ.SZI‘EII ’ ﬁﬂ BS T2.5 E2.5\ B4T3E3 N B3T3E4 Z I‘ET‘I
ERARE., WY EMBEH L RHEE AR
REHHEBELAENITHES, BREEDEER
HE Eb ) i 38 fin 7 48 5, {EL R IE B B R 259 —40 % 1Y
SHRBHEREAEERABE(KG6), LIRERY
HLORER, 24 F HRR PRMERNG A TR

H—BHROT RN, EHAERAERGT, >
ESHETIHARRKE R K (5 = - 0.730,
o5 =0.811) , SHMEE BB W R AR UK 5 HHE
E%l&ﬁﬁﬂg%ﬁ*ﬁ% (I'Js-Hs = 0-765\rH5.Ms =
0.783). W JLE = BEME LL A, & 24 3 o o /5 B A A
RRWAMNTRETE,
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3 iTie

3.1 WEBILGHEEBHNERIEZEEN

R IKFE IR 4 B 3L op 75 oR B IR KT S M 4% )
MURERTE, AEMAREYEREMIENEK
BiES, WBEABREZBEAEEREFL KPR
FEWAERMMEEA 30 7 hn? P b B T4 NERH
&%, EKSNE, BEREEK, RR Y BEEAL
EPEKTEEFTAHEM(70% B EIE,30% #)4r BE
FEATS R B AT AR A = AU EE T ) A
MEREIE, RS B R 3 . XA 2R A B A
JE R FRIEE &, KBS M ECok R
BER, - EAETRAE KR RE T RS
B L TR MEHA R BRI LR
BECAHTFEERENE K. H—I7 8, FEKEE
B AT AR B8 Gt AR AR X, TERERD R AR A,
TR B PR B o ol B VR L B AR 7 AR 41T
FEERNTHERASEZIRAICHERG R,

ELEZENRE R, ANEFILELX , LH
ARKBHEEBALSEEFLFH 110 d IKK,30
dERHBR ARBHERERKEN 1520 d.#
A5 28 ~33 d), 76 30 d LB R IERMHT L &
BE:RAE N 50:25:25 R AR S THRES ™,
TR G ME 35% U EEEARH FTHEERK
BOBAHTFHFEES . X5 -FP R NEHRBE
BT BRI EL 51 30% L b B 2 3k 509 A [ [-1019200
UEEBEFEABTHABNNEEFLA A
RU2rsl ARBEERCBRRAETR, AEE
FERKWPEENRELAGTHALEEE XA
AR(ERAXER) o

IR R AN, BEEE G, G T HmE
ERNE, BEHAEN M EH R AE KRR
REBRFE R, H LA BE - FRAE N 50:25:25 AR
BEEATERS, ARRZHELREST, HXH
RAEE AT EES R RRIED, 4 TR
B Rk 2 R, BRI AT DA FE R B ARG L S X R
3.2 BAIREESERMHA

P AR A USR] B &R — R 30% ~
509251, 3% [ 7% F B0 LA R PR 2R — Rl 30% &
FLOETFHAFEH A, hEEH B AFREERMK
10~15 MEH AP, ATRERRERIEEF
YEEERE AT BEAE , MR AR 15.9%~23.6% , &
JEJG %3 AR i B, AR S A AR RS,

Ak 35% A F. BRAMEERT S WA RHEIE L
Blikmmy BELR TS E S EREHERER
BE,AHBKS LRAART, ,EWRHRELRH
RBER TR Y RERD , 25 REUR, B>
BHAE, XRBARNAL L SFHAHRE RS,
BEBEIFRPWARFAR, DEALERWLEFH
REBATEARARTE—H, EEARHFA..E%
AREZHT, AEHRERES=EHEE—EH
XM, ERRIEARFARR
3.3 UERALLEEEAEHRE

45 37 48 48 ( Standford ) J7 TG i 1E £ 56 FH AE,
FEHECERTRKFTHRARZ L HBEARERM
FAEH 2 A PR ZesRB X 3 T4 A R
EMSEESE, LHEREREEAEHERL,

BEFEARE FOEFRB RS R, RRIEILRE
X W25 B f 4 L B 3 7E 3750 ~ 4500
kg/hm?*, BAR= & 8250 kg/hm®> B H AT AW
WAEN1.75~1.85 kg, F14 1.80 kg; 783 BE B
JE LB 50:25:25 MAMREBEEHEA T, AEN 4 S
FIFZE R 32%—~34% ., %3738 18 (Standford) J5 72 31
B IEE R H SR 4500 kg/hm® B9 H B B S2H 8250
kg/bhm’ i) B A5 7= & , B EM AR N K 210 kg/hn,

4 i

ARG X, 7 24 000 W2 A I BEAE (3
A HE B DAZE AR S B T AR A B R O e
WinmE AN F SRR REVTRESE,
Bk “—kE " RNERSI ZWEHBIERE, B85
R G R g ot AR 78 AL T AR DL OB A
FRTFRH#TOERRZE NMREGZE, MTRAEB
WAL BN K BN EFT R LB P EN A
RN, TR F AR R RE AL FEH AR
R, AHERE 180 kg/hn BI&MHT , 2 B8 : 5 = 50:
25:25 Ky iz B R W BRI 4 i X B 1A B
B Ko
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