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Abstract: To study optimum N application rates for winter wheat under limited irrigation in North China Plain and the

influence of N fertilization on distribution and remobilization of leaf nitrogen in wheat canopy, field experiments were carried
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out in Xunxian Institute of Agricultural Sciences, Henan, China in 2008—2009 and 2009—2010, using the wheat cultivar
Zhoumai 18 which has high yield potential. Under only one spring irrigation of 75 mm, six N application rates, i.e., 0,
120,180, 240, 300 and 360 kg/hm’, and five N application rates, i.e. , 0, 120, 210, 270 and 330 kg/hm”, were set up
in 2008—2009 and 2009—2010, respectively. The results showed that appropriate N fertilization rates increased winter
wheat yield significantly, and the grain yield at N fertilization rate of 180 kg/hm” was the highest in 2008—2009 , and the
grain yields at N fertilization rates of 210 kg/hm’ and 270 kg/hm’ were 8340 kg/hm’and 8558 kg/hm’ respectively in
2009—2010, higher than those of other treatments. N utilization efficiency ( NUE) and partial factor productivity of N
(PFPN) reduced with increasing N application rates, the recovery efficiency of applied N (REN) and agronomic efficiency
of applied N (AEN) increased at first and then decreased with increasing N application rates, and reached the highest at
180 kg N/hm’and 210 kg N/hm’ treatments respectively. Leaf N content and accumulation amount significantly increased
after N fertilization and decreased with lowering leaf layers during grain-filling stage. Leal N remobilization amount,
remobilization efficiency and contribution of N remobilization to N content of grain declined in the order of the 1st leaf layer
>2nd leaf layer >3rd leaf layer >4th leaf layer. With increasing N application rate, vertical distribution gradients of leaf N
in canopy first increased and then decreased. Vertical canopy gradients of leaf N content were significantly correlated with
leaf N remobilization efficiency (R*=0.722" ), and highly significant correlated with contribution of N remobilization to N
content of grain (R*=0.975""). Optimum N application rates (120—210 kg/hm”) enhanced leaf N vertical gradients in
canopy, improved N recycling within plant, increased leaf N remobilization amount, remobilization efficiency and
contribution of N remobilization to N content of grain and maintained higher REN. High N application rate (330 kg/hm”)
reduced leaf N vertical gradients in canopy, inhibited N recycling within plant, reduced leaf N remobilization amount,
remobilization efficiency and contribution of N remobilization to N content of grain and decreased REN significantly. The
two-year results showed that under limited irrigation, the N application rates within 180—210 kg/hm’ optimized vertical leaf

N distribution, improved leaf N remobilization in canopy, and gained higher grain yield, grain protein content and REN.

Key Words: winter wheat; N application rate; limited irrigation; vertical gradients of leaf N; N remobilization; N

utilization efficiency
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1 #R5FHE
1.1 {5 HAAL

5 T 2008—2009 ,2009—2010 4F 53 I 7E R B 48 ¥ ELAR BT AR B s Ak 751050 AT, P ik s 2847
TR AR B EL (JU 2 35°417, ZRZE 114°33") , Jm W I iy 21 {2 i 2 52 Rl 2 7 A0, 48 1 IR 4
2160.3 h, =0C i 5135. 2 °C, LM 225 d, 4K FHEE 51 B 505. 4 kJ/em®, IR I i 635.9 mm,
2008—2009 4FAE F HWHILFERY 183. 8 mm,2009—2010 4FA4: F HWAILFENT 146. 1 mm, FIEAEW A E K, 14
AU Jpi = B, BRI H 0—20 em HEEAL 16.5 o/ke, A 1.1 g/keg, fF A 89 mg/kg, i#
B 15.9 me/ke, HALEN 109 mg/kg, JFEFARIZGAEH 0—20 em 22 EHHLR 13.2 o/kg, A 1.1 g/ke, K
fi# %8, 72. 6 mg/kg, HALHE 24.3 mg/kg, AN 123.6 mg/kg,

1.2 AR

2008—2009 A K2 /NAEHEI A 2008 4F 10 H 18 H,2009 4E 6 H 4 HUSHE, AR 3. 0x10°4Hk/hm®, fit
/N (Triticum aestivum L. ) 5hFP R JE 22 18, 1385 & 6 it Z K, 35 At 2 ( NO AbFR) | — PRt
A% 120 kg/hm* (N1 ABR) JiHEZI%A 120 kg/hm’ +3B8ii 60 kg/hm*(N21 AbFH) JEHE4E4% 120 kg/hm® +iB jifi
120 kg/hm*(N31 4bFH) JEMEZEA 120 kg/hm® +iE it 180 kg/hm”( N41 AbFR) JEjfi 4l %l 120 kg/hm® +3 jifi 240
kg/hm*( N5 AbBE) | B ARFESR T AL A KIEAT o 45 A B/ INIZ 38 Rl iy 2406 T KRS FF 93 A B0 R 348 T, B4 S 4
TR , MR IE (P,05) 138 kg/hm® BB (K,0)112.5 kg/hm® | BiEREE 22.5 kg/hm®, /N BRI HT R AL4S, i
RUENEHK , 2 F A ESR K, R A mERE 7720, K 750 m*/hm? o /DX TEFLY 40 m* (4 mx10 m) , Fifi
HLIXHES , H R 3 IR,

2009—2010 A4 K2 /N2 REW] 2009 4F 10 A 20 H,2010 4E 6 A 13 HUHE, A 4. 0x10°8k/hm* , 1E
2008—2009 A=K R g B Al b, AR TR I A R 5 il EUKE B AR AUIE (NO AR |
— PR HEAT A 120 kg/hm* (N1 4bH) JRHEATA 120 kg/hm® +iBjifi 90 kg/hm®( N22 ZbH) 4l % 120 kg/
hm” +3Bifi 150 kg/hm*( N32 4b#) 2l % 120 kg/hm® +iBjifi 210 kg/hm”( N42 ZbFR) | HA4x[R] 2008—2009 A=
K,

1.3 W H &7k
1.3.1 MERARHENE FatE Ik

3T IR AEJE 12d AEJ5 24d FAESS 34d (B B2 > 50 em KARE, BEARIE 3 WHE A MR o0 H
M R B SORPRL SRR oot e = B A4 et 105 °C R 30 min, 80 C AL
TR E T, FRTE, M TR RRRE SR R 57, SR ] GB29052—1982 ~f i Bl 2 AL E A MRS A B AR &
i, FPRLER (R A R R Y 5. 7 5, MMRAE R Bis RSO TR kR

AZEFLE (N accumulation amount, NAA  kg/hm’) = R AR S Ex TR = ;

B E A X IZH (N remobilization amount, NRA ,kg/hm2 Y= eI E RSB E A EMEE - EIE
HARM R,

B E A E 155 (N remobilization efficiency , NRE % )= B It B AR B/ TN E RS EAR
EEX100;

B B A vl (Contribution of N remobilization to N content of grain, CNR,% )= H 4y B A K ia ¥
i/ AR A R AL R X100

AEFFHRCR (N utilization efficiency , NUE  kg/kg) = £ 3% 7= 1w/ WG A E L R i,

AACAR A 7= 77 (Partial factor productivity of N, PFPN  kg/kg) = & 3% /= /i A i ;

KPR 14 B 77 i ( Grain protein yield  kg/hm? ) = FFRiEE & kPR T8

FAEH 2 ( Recovery efficiency of applied N,REN, % )= (Jif 20 X A2 i 1350 260 28 AN 2 5 — AN il 0 X AT ik
i FIRA R R ) /A
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FEAR 2350 ( Agronomic efficiency of applied N, AEN  keg/kg) = (i & X /= 15 AN & X 7= 1) /i =2
1.3.2 @En RSz

SR T2 RS Wk K 1,301 RS BHY BT BUR MG 2 0 A E B R R B 4 A E IR, S
J2 B2 w2 AR 3 )Z AR 4 02 HRT A a4 A 1 .23 4 )%,

TR R AR VUM L TR R AR S BN EEITE, B 12 2R ARTEZEZNE | B,
F23ZENE2HE E3AEENEIHE,
1.3.3 = J %

BCAIAMAS/NXIEIC 4 m® (2 mx2 m) FE AT, SR TR, RS KT h ™, AL 2 3 R4, Rl B /)
XIS 1 m KAEBL, T 53840 TR BOR TR

JEEZ% 5 (%1070 /hm® ) = BA0 A b TRV < B A 4% SR )
1.3.4 Fdiowr

K Microsoft Excel 2010 Fl1 SPSS 11. 0 Geit-# #4178 A B AN G 117307, LSD ¥E 304 T b 2 PEAG 55
2 BER55H
2.1 WEMREARGENE WA

ANFHER AL BEAE J5 A RZ R & R AR I A AL, B3 A B HE R e & 2t AR
MRS T REE R TR BN ERAR(E 1) . TR LS 24d, M BR & & Bl e 2 )2 00 BRI
BREARR B B2 A3 W T GBS 2—4 M R AR S Em T 12, ARIZRM &R S AR B8 A
RN IR, %1 BEAZESE ARG 12d, &58 A E) (N1—N42 ) 25 5395835 3 1 2 K07, 1
PG 24d FUBLEAIY]  N42 A0 BR53 51 e N1 AR 5548 &5 1 24. 08% (29. 08% , HIB A AL F 8] 22 53k W 3 K F,
FRIAR T EB AR ERS TH | BEREUNAR S &, M A—E)E 12d 5 1 AR S ENZmE
N2 ARG ENEMEBHREAGE | B3G5 3 BAR SR, AN N2 310 N1 AP & T
9.16% ,MAEAEST 12d 24d ARSI, N42 AL B4 N1 AR & T 29. 63% 32.57% 25.61% , "] LI H,
BRI R THES 3 2 ARG &, MmO AR T R 5 4 ZRAR G &, e =
I 4 U E (E, N42 AL FRHE N1 AR BRAY 425 T 24.65% 40.54% 32.82% 24.02% , B A W& T
B4 ZENBIMARSE, RSB HOTIEE R AEIS 52 i B S 1 RO, 6 R R RS R
o7 IR R B Bl VR S AR A AR X v L SR B RN 20 T
2.2 )RR AEMEN AL

DIAH SR B [E) 00 B 25 I WOl 2 /B B . i 1 ol TR AE B 48 )5 24d, N2 R | [ A7 76 B
MARREE MM, A F AR R B AR B R RN 5 3 BRRESSE 2 BREESSE | BB, RIAEA
T, 5 4 )2 R C A RZ AR ) Lilfis  Sli5 3 2558 4 BAR TR KME,; 245 12
K53 BREERBTTACIAM N, TS 1 .2 BRI AL, B 2 BRI IR R T4 | B0 R B B (AR X /N3
PUAEE 2 BREESHE 3 BRRESSR | BT ULRA BLEHIEE 3 20t i AR mAMEiE M2 5 2 Bt i D
18 BALSG 24d, S EEE E HE— 20 TR RRBIESE 2 3 B EEE TN RARMRACE B BEEARX K/NRIL A 1
BREESSE 2 MR RESHE 3 BRAE, VSR 2—4 )20 i AR T Kt iiz , M2 0] 5% B A O AT ; 2, & A
R EERA G T 0 i, AR, 20 i B E bt m B bt e R AR BREH T
T 3 4% B I R R0 2R 0 0 AT o it 20 1 0 0 SR 2 ST il o B4, 2 B ‘L 1 it 2R i T A3
Joret 2 ) P G2 T LA AR R T A e A R DU I T )2 ) P R R T LA AR
2.3 )RR AR B IER S HERHE

L2 AT & i R A R AR R TE AR e, S R BRI, B e G & i I R A R B R B
FREETTZE, MRS 12d ()2 225 25 BB A G (NT—N42) 9350 2 7 & s 58 T B G
N HEA EAEN32 A H A i e, 308 AU (N42) iR R R R R BN T R, AR 524 d A BN i i 2 AR

http ; //www. ecologica. cn



17 14 HEL . WUKHEREA /N2 E A -5 5 s IR SO AU i 4945
5.00 - NO 5.00 — N1 5.00 - N22
4.00 |- 4.00 — 4.00 -
3.00 [~ 3.00 - 3.00 -
2.00 - 2.00 2.00 -
X X\
1.00 |- ~— 1.00 - X\ é 1.00 -
X
%
K|
8 0 1 | | 0 | | | O | | |
z 0 12 24 34 0 12 24 34 0 12 34
iz 5.00 - 5.00 - N42 A6 )5 RKH¥ Days after anthesis/d
41
4
4.00 |- 4.00
3.00 | 3.00 o— BIR
—a— 22
2.00 |- 2.00 —a— 3R
—x— 4R
1.00 |- 1.00
0 1 \ \ 1 0 ! ! ! 1
0 12 24 34 0 12 24 34
16 J5 X% Days after anthesis/d
1 MEBEM R REENZESHEISEHE(2009—2010 45)
Fig. 1 Spatial variations of leaf nitrogen content in canopy of winter wheat (2009—2010)
®1 MEBEMHFERZEEHERINEEMLEE(2009—2010 4F)
Table 1 Dynamic characteristics of vertical gradients of leaf N in canopy of winter wheat (2009—2010)
TEE‘?E?&/d R AEMFEN treatment
Days after N eradient
anthesis gradien NO NI N2 N32 N42
0 %5 1 BB First gradient/ % 0.44+0. 14a 0.59+0. 06a 0.56+0.02a 0.55+0.07a 0.43+0. 18a
%5 2 BJ¥ Second gradient/% 0.78+0.06a 0.79+0.05a 0.80+0. 14a 0.75+0. 15a 0.72+0.11a
%5 3 B Third gradient/ % 1.15+0. 15a 1.20+0.07a 1.05+0.06a 1.02+0.07a 1.03+0.02a
12 %5 1 BSFE First gradient/ % 0.84+0.03a 0.78+0.01a 0.53+0.03a 0.54+0.19a 0.54+0.21a
%5 2 B Second gradient/% 1.13+0.01b 1.14+0.07b 1.27£0.03a 1.03+0.03¢ 0.96+0.05¢
%5 3 B Third gradient/ % 0.81+0.00a 0.85+0.02a 0.86+0.05a 0.97+0.21a 0.95+0.02a
24 %5 1 B First gradient/ % 0.44+0.02a 0.43+0.04a 0.36+0. 04ab 0.27+0.06b 0.35+0.02ab
5 2 BAJF Second gradient/ % 0.04+0.07b 0.06+0.03ab 0.11+0.03ab 0.24+0.06a 0.18+0.03a
%5 3 A Third gradient/% 0.03+0.03a 0.02+0.02a 0.01+0. 06a 0.04+0.03a 0.03+0.08a
34 %5 1 B First gradient/ % —-0.08+0.07a -0.11+0.02a -0.23+0.06a -0.21+£0.09a -0.17+0.00a
%5 2 BJE Second gradient/ % 0.00+0.07a -0.03+0.01a -0.03+0.04a -0.01+0.01a 0.02+0.04a
%5 3 BB Third gradient/ % -0.05+0.07a —-0.01x0.08a 0.05+0.00a -0.05+0. 10a 0.00x0. 13a

[T AN R B R 22 5 AE 5% WK
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R BB A E R B R m aa R X R 3R HE S X i R S sl i s BN 3
PRI TENR 5,

Br NO 3r N1 3 N22
30 |-
25k

20 -

15 -

F B E N accumulation amount/(kg/hm?)

i 35 N42 165 F%L Days after anthesis
30 30 |-
25 25
—o— 1R
0 I
1 2r —— R
—x— B4R
15 15 F
10 10 |-
5k 5
X\)K
\
0 ! ! | X
0 12 24 34
16)5 K% Days after anthesis

2 INEBEMFEERREENHNTETHEAE(2009—2010 4)

Fig. 2 Dynamic characteristics of leaf nitrogen accumulation amount in canopy of winter wheat (2009—2010)

HE2 ATLUE &R ARz R BMoTCR 255 1 2552 B8 3 258 4 )2, &M 2
s B M2 910 25.7 kg/hm® (18. 6 kg/hm* 8.9 kg/hm>H1 3. 1 kg/hm?*, 4% I JZ BTk 3 1 F- X (8 23 51
14.5% 10.5% 5.1% \1.7% ,Hh55 1 —3 J2fHa it STk 5 LB 7E 90% LI L i 1 3 2 Aefs it A
REF AN, BEERREBIN(NO—N42) ,7i)2 (1—4 J2) BRA R iz i s RATTHRR A S B 2t
WSR2 BARIE DL N32 A B i, 1A R 2 R DT ERR 7 N1 B R =5 50 3 4 JZ2 A
Az B JU A R DL N22 St , STHRR I A E N1 AT NO fe s, R Uit 2 AR T )2 0 i /R
iz, FHEER AR B R RRESE AR, S s A AT A B R mANL s R TR R AR
2.4 ZNEREFHS

JNFE 3 0TI Y AR Hh 0 3 AR A8 B JRUIE i A 7 g 8 ot vt S P 348 Jon ot g A1, L Ach i i 2 S
b R IR i R AR TN R R R AR R A 2 7 T, IR R R R AR A ROR B b it 2
BRGNS S TS M #5,2009—2010 4 N22 Kb FR 5 N32 AbFRJC 35 22 5, B B 3 T N42 AR #E;2008—
2009 4ELL N21 Ab ¥R i, Ho S HA A B 22 55 0 2 ARG 45 SR I, N22 RN N21 Ah B o] 3575 4 v 1 50 )

http ; //www. ecologica. cn



17 1 EEL A BUKHEBEA/ NS R R 5 s ik SR S i 1o 4947
PR A 72005 i i v 47 20 0 5 BRI A 3 5 B AR - AR R R %
x2 INEBEM R RERHIEHME(2009—2010 4F)
Table 2 Remobilization characteristics of leaf N in canopy of winter wheat (2009—2010)
2 BB AFEMFEN treatment
Leaf layer Remobilization parameter NO N1 N22 N32 N42
%12 Hiz i NRA /(kg/hm?) 20.96+0.83¢ 25.54+1.24b 28.93+1.49a 30.22+1.88a 22.88+0.61bc
First layer  $%3i2% NRE/% 88.63+0.30a 89.18+0.61a 89.15+0.64a 89.17+1.05a 84.60+0.22h
BTHkF CNR/% 14.82+0.23b 16.05+0. 13a 15.00+0.57b 14.68+0.63b 12.03+0. 08¢
%22 $£35 5 NRA /(kg/hm?) 14.85+1.08¢c 19.18+1.56ab ~ 19.77+1.09ab  21.2920.30a 17.96x1. 15b
Second layer #4153 NRE/% 84.10+0.32b 87.36+1.31ab 86.52+1.37ab 85.64+0.47a 80.93+0.39¢
TTHk% CNR/% 10.49+0.48b 12.04+0.46a 10.25+0.42b 10.35+0.07b 9.44+0.43¢
%32 Hiz i NRA /(kg/hm?) 7.64+1.02b 9.08+0.47ab 9.94x1. 14a 9.92+0.78a 8.19+0.21ab
Third layer %123 NRE/% 79.02+2.11b 82.04x1.19ab 83.61x1.85a 80.53+0.61ab 74.20+0.98¢
BTHk% CNR/% 5.39+0.55ab 5.70+0. 06a 5.14+0.53ab 4.81£0.29bc 4.31+£0.02¢
K42 Hiz i NRA /(kg/hm?) 2.66=0. 10a 2.75+0.30a 3.42+0.45a 3.20+0.39a 3.24+0.24a
Fourth layer %432 NRE/% 68.81+1.06a 67.54+1.20a 72.90+3.02a 69.45+3.71a 68.61+2.50a
BTk CNR/% 1.88+0.03a 1.73£0. 11ab 1.77£0.21a 1.55+0. 16b 1.70+0.09ab
Gt izt NRA /(kg/hm?) 46.11+3.02¢ 56.55+3.58ab 62.06+4.17a 64.63+3.36a 52.27+2.20bc
Total 5354 NRE/ % 84.09+0.24b 86.03+0.93a 86.35x1.17a 85.41x0.60ab 80.42+0.04c
TTHkH CNR/% 32.58+1.28b 35.51+0.77a 32.16+1.73b 31.40+1.01b 27.48+0.62¢
[T AN IR B RN 22 5 1E 5% 3K
F3 FELET/MEHREH BAEHE
Table 3 Characteristics of N utilization under different treatments
GO REALH ARFIRCE EAN RS ARARERCE FC A=
Year N treatment NUE/ (kg/kg) REN/% AEN/ (kg/kg) PFPN/ (kg/kg)
2009—2010 NO 41.13a — — —
N1 39.81a 16.36¢ 4.63b 62.88a
N22 36.91b 26.70a 6.43a 39.71b
N32 35.19b 27.12a 5.81a 31.69¢
N42 34.88b 19.37b 3.52¢ 24.70d
2008—2009 NO 31.13a — — —
N1 31.08a 16.00b 2.67b 68.50a
N21 30.03a 20.89a 4.72a 48.60b
N31 30.41a 14.86b 2.54b 35.50¢
N41 28.23b 12.74¢ 1. 14c 27.50d
N5 27.63b 9.63d 0.19d 22.10e

[FIFUAN R TR R 22 5 AE 5% WK

2.5 kPRI SR BRI T

H1 2 4 1T UL ,2009—2010 4F 3 N22 (N32  |N42 Kb B [E] ™= 522 55 A8 3, DL N32 f2 5 ; 2008—2009 4FJi DU
N21 Absp iy . 200 ZEAIRIG S0 F R4l 120 kg/hm? | 3B it 26 20 7E 60 kg/hm® 1 90 kg/hm” [, A]
ARAFHE R 77 KT, Ak 238 it 0 i 7™ O AN L A R B R R, R R E R IR BRI
2009—2010 AFAFAHE 5T 5 fi Bt 0 A 3G T 4 ver , 5 N22—N42 b3 i) 22 S A8t 2 ) R 28 11 o™ o
A N32 J5 e 52008—2009 AF A7 2 11 5T 7 b B it 260k 385 o 22 S8 75 5 AR e 3, LA N3 Ab 3 v, DT
RLAR LB B DL N21 Sk, P, ded e it B A — o S BOkPRL AR 1 BT B2 e, T P R 5 AR 2 1 o™

i
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Table 4 Effect of different treatments on grain yield, yield components, and protein yield of winter wheat

N - TR KL TR PR KPR B FPRLEE (USRS o FPRCE B i
v ey , . . e R HLER DL
Grain number 1000-Kernel Sink capacity Grain yield Grain protein Grain protein yield
Year N treatment . . - > ) N
per panicle weight/g (x107H7/hm?) /(kg/hm*) content/ % /(kg/hm*~)
2009—2010 NO 29.7¢ 46.5a 17.9b 6990¢ 15.32¢ 897¢
N1 31.8b 47. 1a 20.1b 7545b 15.92b 1000b
N22 33.4a 46.0a 22.1a 8340a 16.19ab 1130a
N32 34.6a 44.7b 23.1a 8558a 16.29a 1169a
N42 34.9a 42.3¢ 23.5a 8153a 16.37a 1119a
2008—2009 NO 28.4b 45.7a 17.8d 7899¢ 13.3b 883.7c¢
N1 29.4ab 45.2ab 19.0cd 8219b 13.8ab 952.1b
N21 34.7a 45.0ab 24.6a 8749a 14.1a 1034.3a
N31 32.9ab 44.8ab 22.1b 8509ab 14.2a 1010.3a
N41 31.2ab 44.4ab 20.4be 8242b 13.9ab 961.6b
N5 31.0ab 42.9b 20. 0be 7969bc 13.7ab 913.2be

[RIFIA R PR 2R 2257 15 5% W E K-

2.6 AR SHEZET R REKE PR E AR R

A S R B R R i R otRCR L R WA 3 K 4 s, i UUE 13 2 E AR KisE
T TR AT it A R WA R 3 A R SR T T AR U 190—210 kg/hm®* B Y, 5 1—3 2T
FRR IR BB ; TEMIA R 120 ke/hm? B, 55 1.2 20 A3 STBRR Ik 31 5 i 8, 76 0
185 kg/hm’ B 26 3 2 A E TilkR s 8l i, v 0L, EARREE 40 T, i & o 120—210 kg/hm’ B, 4
1—3 ZM R R R iz it KOAPRL DT iR SRS 40 T8 S K i AU SRR ™ i FFRLER (T e R ™ o
P EFR AN S FirR , Bl it 28 B3GR R i KR 8 11 0T B i S 1 0 i i AR ks TP 22, HLFPRL ™
i R B B R AR Gt S RO B, dJE PR R AR S AT R B AR B
53 EiaE R B IEAKE(R =0.6347 ) , 5 1 3 MM TTHCR L B E AR (R = -0.697 ") , U kh:
BB S RN R T R i, e R TS R U BT

35 e %IE ----- %2%
- = =3 — 4R
y = - 0.0002x2 + 0.09x + 20.27 8- e BUE ===-- SR2JZ
or R — - - —HBE — —HE
N S ———— o
P UE y=-000009¢+002+1479 e
£ R=00204*
220 meemm g ST e
= e - E = “-.___‘
& -t y = -0.00013x2 + 0.05x + 14.71 Z 1oL ~..
Z 15 l."" R? = 0.8626* o y =-0.00005x2 + 0.01x + 10.67
y = -0.00007x2 + 0.02x + 7.48 8l R? = 0.6921*
R? = 0.7514*
10 - R )
P B L y=-000072+185 N TTm e~
sl y=-0002x+2.66 4 R = 04499 Y =-0.00002¢ + 0.004x + 5.42
RN ol N\ _Re=osTBAr
O l | | 1 | 1 1] 0 | | | | | | |
0 50 100 150 200 250 300 350 0 50 100 150 200 250 200 250
N application rate/(kg/hm?) N application rate/(kg/hm?)
E3 MmMEE5TEMEAEZEEERNXEE(2009—2010 4F) B4 HEESEEMHRERTEHMERNXFR(2009—2010 4)

Fig. 3 Relationships between NRA and the N application rates Fig. 4 Relationships between CNR and the N application rates

(2009—2010) (2009—2010)
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16.6 - 10000 - - 1200
y =-0.0025x? + 1.60x + 884
164 L R? = 0.9037* 4 1100 €
I T o [ S <
=N 9000 e 3
g o2re ="y = -0.00001¢ + 0.006x + 15.33 | 1000 H
c S - R2=.0.9331%K....... £
T 160 < - 900
g S 8000 . e
s ) i = S
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Fig. 5 Relationships between grain yield, grain protein yield and the N application rates (2009—2010)

3 g

REMENRSBHNETRITR ™" INEFR R F R T 5 R0 E AR W2 XAL G W 3 sh il &
SR M RRANEA RS AR TR AR N EERACE N i R AR S RN EE S SR R i
FRAE 2 SRR AT R SR G430 A8 17, I P H5e K BB A 2 e B AR el J 2 A il R S AR 98 R W FE AT
PESR I B KR, A ERAZREE RN 1 252 B> 3 B> 4 2, B0 BB 0 TE B/ R E, X
S AR 4 AR —30 ) AR B RUK A i MR A 75 B R R AR RE 8 B Rk L
AL 2 B A R AR T BB A RS AE R R 3 e R R R TR
AR REN | R R AL 0 A B o449 | Hikosaka 251 48 Y LUK AR M, 62 R BB H- R A A
Rz 2 Lt Boh , WG 2 R R B, LR AR Ie 4 R 1% 22 57 0T e 5 o Fb ke ok Rk 85 2 1
X ARRFTE A B ] FE AT BRBEE S5 E R, 3E b R (120—210 kg/hm? ) H9 K T 5& 2 M Fr A K T MR, i
Z 1t A, (330 kg/hmz)@/J\T%Eufﬁﬁgﬁﬁﬁj\%ﬁjﬁﬁ,ﬁ—‘?ﬁ%'ﬁ Hikosaka'"' 5 Milroymw B e®
AR, AR R, — 5 At A i T DU SN A TS S5 a8 B IR R MR s | i 2 s )
PABRCR TR ARG BRI A5 T MR e 45 SRR W | Bl i R I, 5l 2 i R R s i fhia R
TR R I 5 JETH 5 B 7EMEA S N 120—210 kg/hm? I, = F Bk E w5 KT, A M £, 5 )2 it
RAEMESTH R ARHEERERFEMELR (R =0.7227 ), SR EWN B FIEH L LR (R =
0.975"") . Al UL FEAREE T ,120—210 kg/hm’ Wi R AEHLAL T R ELEE)Z M A oh i s Atk ol , i A2
T REERR TS

INEE i BRI 00 o 1 2 B, 42 R R R AT 2 P IS R B (H X PG a2 2 e — i IR it AT, /D
A R e BT B 32 B IR TG R AL 4 (AR R 252 i el Ak (0 AR 2R R B2 e /N2 AR R I B ok
G A A R R, BEEE D RN R R B AXS AL, BB B R R R AR R i T
A RFENFFRLIG STk, [ K T )2 R AR 2 Rt AR KD, st g il
MR EARE D NI, R AL S E N, AT i AR AR A R0R . (B — 5, RS 2t 2
RAEWHTERBENAERMEAR R, R R R Rz AN, N 4a /N T2 v B ERE T ig
Hh R o, AR R R TR AR (R R A R AL 1 b a2 /b toxE AR R e A, FLA AR
FRHZCR FZER R AR A I B 8 R, AR5, 78 180—210 kg/hm® i Bt 2 i /K P B, S0 2 Fl
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