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Kz i 5 &M CHSGZ AL T, fisab: %<, ZOXI 7 B TIERB AR LAARNIATT 57
TIXBERAERIS DT, [IESCHIR S Em Y, (E4 W, RO O AR R E B RECI RO T 24
B> THMRBREL /2D, Ky OFFEE RN EK B, Zebdd. AFHMABL Tl ItE T, T8
il w EIL Yt SWB % CIVA ) [SY/AC R oY g Wt s ta¥ d Wl WY S % 0y BWHIINZ, 1B OS5 EBI LA - T IEE S BRI 2 e
ISR T E USSR A B & 2T, MRk s Tl NPT ADUENDD.
B RAEE MRS ND DS, — RIS SO VERI T KRR HEASOHIR DB IR DR O SR AEA W E 5
RAER L L~ E S WIRA <, oy DERED 2\ DAEFAEZ W, BIEOFIW 722 E i 28/ ORI
W, EHFRREOHALRRIEMNICSHS. sk TEEOEEE AN FBETHD. B CTIIEN L 2L, 1EMIEN
RO e L, HEKIZ LV ASEAREZE R DRI T DR DGR EZEHRE T HHRZWIR WO ZE 0%
WD CRAT - HA, 2000013 5>, AL E LU E O 72 <, BICBROKBIRBO B G2 h. 1EIHRIZES
EHLRLNG. — T, KM T AN LERETHNATAT ERFEDWCIL, L ORBEAA (LLT, YR
IIERRRE R R E D H LI CL, BRETAR OIS FENDAE O E FRRASREAZM 5. B2, b~ hoiE
WAELD. L3, figk T3 CIEM A R A e+ Y7L HENE I, TERRLARE S B D REIE K Z LITiE
BIZDITIL, MLEEEM NI T D50, T AEZAT > T D URIRE FREGH, 2010). ZOLEIZ, &2
WS B BB 5. Wi CIEH O R EIRREA IR L CBIRRA R ETHI LK
ALHEE L IV D AR R B O MRS B C I R W e A 0, W EZZENNHERL DD, R7ehEiRE HIHSE52
B D RE N EH 7R RIS AN E S AL CTOD(ARHRE 2 EDHIFFCED(X 1-1-1).
B, 2010). EHROMAEKR R TIE TR REE 5 &I
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RITHIE

7%
LRLELE 7
11-2 M TREC) LA BN 35 BB D5

B9, WA AREEAE FE L LRI TS AOK -
JNRE, 2000023517 HALD. K BT RS AE, #E
KFEIRFREAEE S FRE 4L, ST = —7 & W TR ORET
(AR K E R 52 DHEETH D, DOEICE W T
TR R UAEDT-DIF 1990 FRETETHY, ZA
FHUE 2002 AEREECAZR<ED 1,000 FAEBRGRA,
2003), 2009 FIZIBITHEK A H AT LOREHRFHILE
[E7C 1,243 ha, dt¥EE T 39 ha L7235 TWODEFIKEER).
TEA TS SR T T DR SR O RS 1-1-2
WORUTZ. I TEE(H 1-1-2 2) CIER RT3 e 2m
RN T2, BREH(X 1-1-2 £) TIXERR%, Moo
WD T-RIEGER) & 5 -2 DT HARE LB L7, F,
TEATHIE Tl — IS BOMKREITHE, REIKIT THiE
S EEBIRIMNTM T T RN DN, /IR R CI3EE
Koy BRI B 252812, BRE~OAMITX
FAELNCL 2D, BT CIIRITIZE 0% 525729,
SRR =R 1) SR RO i S x5, £, 1E
WO AE LFFRIEICE DR MIEZT T 2L, fiisk
THROESEERA I AR F B L7205,

EHRE 231 DB R iRk (T T A2, ~TABIO)
FHLITERR) OARFFHEAIfEIX 2009 45Tl 3,349 ha TH
%. 2055, h<hE 618 ha THY, A1(720 ha) ik
THERXFIGHFED KXW L B ThD. ALHEED M~ MEE
TIEANATAEKE V28 BN EE TOERIN ) o
THY, 2011 FEOEKI(T~11 ANCBIT HILHE T
44,000 t THY, FHEFIRBIT 1 rL7e>T0%. JLfEEIC
BB hOFEL ST 1990 4F Ti% 459 ha THH7273,
2005 4E(2iE 766 ha IZHIIL, ITAEIZHERHERMICH DML
HEE AR AT A2, 2013). b~ hOHss Mg

B

PV, BT MR IR T e A2 PEF B HIINL TN,
FREERBR O/ D T2\ VEFER DB 2 & RS E O H B A
LB D720, FDT20, b= ER K
B2 RETHRADEREZWNENEEZDND.

%28 BXEDOHE
DETRERW - BRI ELY

B D ERRFEZWOIZEIZ DN T, Fr2NETIX 1960
FERTE IO THRESNTWDF L EE 1958 51l
1961). #2111 - @G (19581 L& FEEF 3R 51T DR RE 28 58
DOEGELZOSAZEL, Fil501961)1%F =Y, b~
kR, Fx XY, SLA gl OV TEER RS IR R LI L D
REMTIL TS, ZRHOMEIZIBIT HIEIEREZE R D5y
W RIS CHY, 97 1L BRI E D o Hiésss
FLT2, LRI RAF U AL (O] 5, 1990)<0/ NS5
AR - K 1L, 1995) DI, fyRA A % ERES
B CHUHICHIE CE OO T&BI0ITbL, BH
FKEDWNIEMORFTIRIEEZ DY TRIETH VT L4
A LB OSAAR, 200N L THEHSND LR T-.
1990 FARLARE, EICRZ=EW A XU R KB 2O
FERNENONHIER 2SI > TITh A LI, F=
TUOSAAR, 1991), AFTOSAK, 1992a; HAED, 2009),
FAOSAAR, 1992b), /SLATa(@EERD, 2001), FrY
(Hikasa, 1997; HA%, 2000), 127 >~ A(INfES, 2009)
FIZOWTREZBWILENH ESN . b= MW T
B B (L - SAUR, 1992), Z Al (LS, 1995), &=
HIRCELD, 2004), THER (ILAS, 2005)% THEZH
FEENGESI TN, REDWIIEEII A R TR -



Y S

TW5. Fz, REZWIIALIC W T LR - SAA(1992)
XU HER D RBEE FHEL L CTUOAAIE, BRFEE AR (R
ME LR ERRIZ 2o T E) DO R FHE FHELL TWDHH103%
V. ZIHOWETIE, REIERHOREE FEENBURIC
VEMIRD S RREZ ST D LWL CUOD S, ZERIREER
i L 22 R B B e D BAFRAVHIIRE LRSI 2T B
NDIED, BEAPRHRIR I 3 e R R 252 25D\ T
FARRFES TR, ZOZEDD, JLiFE TE BT
SNDHEFKEVE=MIOWT, JHB DEFREED NI EZ
RETHULENRDD.

2) MEER 28 1T 2R BT

TR LB LD MEAEOMFFEIZBIL T, 1970 FARIZ =
AAZx /L (Bar-Yosef, 1977), K[EMiller 5,1976) THti5
D38V, 1980 FFARLAREI T4 E CHFFE G A S TnD
(Bar-Yosef, 1999). [ENTIL, i A (1985) 3 ¥
AIKKEARIZ 2B~ A7 a—% ERE LT3 e A FREIL C
W5, 1990 FARICEIR OV AT LA PFEBIIGITE A
B DL, [ECHF RO AR TR LR ORFIEM T
DIHIDT ot ENTIIR R, EEEEXGUIER]R T
BEOWFZEM TOIN TR, RFHHE SR L LT el s
ME. B R R EUT-/IK ROV, 1B T
BV Sk 2R > T REME(EH:- KVE, 2002; (L, 2002;
(LT < <A, 2002; 5764, 2007), HHENLOEHR MR E
(ZEES<HEAREGRAD, 2005; 7 H 5, 2005), HRIE o
HEA N AR Z 320 A PR E OB R (HH EF S, 2001)
R T Lo [ LA RER o EG#ES, 2006)553
WESN TS, H2, ENOAREEIC I SE ORI
THHC DWW TEARGEEEH DR ESNTEY, MR
ELTHHE BT 72220 (H 1, 2003; EILIS, 2004;
B S, 2004 ; (L H S, 2005 ; JHk- il #, 2005 ; FH,
2005) . Jitig% B OB THHT BT DO R E Tl
IEJEAE &0 F b LOEMTHR O M IERIPH /2 L R4S
TNDA, B RMEAE )N R IR PECHE I 2 55 =1

hMIBIFDEZRBEIZOWVTOBKHES AR IS =28 R HR 3

B2 58BN a7y, 2, BE
FEOHREITIB N TIE R X AR EL TR e S HEF)
FSREMRNT CEIRNEHIO, MERX AR EL TN THL
B b0 FUHEIEIR TH 5725 22 3 i I B O 03
Y R ZE BN R R LN W EHFI 2N 035 727280 T
%. —Ji, BRI T o7 WREER (RS 2003)° HHEOFAT I
PERBZE VD72 RS (22 - - 2009; S 2009)
TIE, Mok, TARABROHEIEA KRR TR BITD
ZEF AR R OPEHN = BRI AR 2R HRIZ G2
DB R RETE QWD kb THIC B W TEInE 2
ST E D BIRE EME IR T D711, T e
FaIV—=2 7 ruay I TRLINT R TEN L0 ESE
P ARSINA 7 R ChEAE R 2 TO MDD,

I EARN=T:0)

ABFFED BN, fisk 13230 DY AR A [RhREL,
VEM A ER ISR PET D T2012, 1B O S ABIC R A
ST R E BN LT HZ L ThA.

ATRDE 2 FTITREMNRHEER B E Th D ~MNI>
WCERFESHIEZ R LK 0D, 2004a). F7=, B
A PER O TR RELMZEEKL, REN DM
F, WBRR L OTHHEERFE RO NI OV TRFEL 72 (K
M5, 2004b). 55 3 F ClXh~hDEF AL SV
B THRRHEE RN T 5720, 1IXUDICHREEHHCRB T
DRz R ARE R HL, FEBRICR D EE R
MR RAFREL-OR 6, 2013). KIZ, EHAFR DML
YR ETHITHT0, R 223 5 AR ) S TER e
BEIZ BT S 5 B L TR IR B DS R TN R RED SR
ARINET BRI L. £, THIEMIREERNE
U A FER BB W CTEB ORI L 22D F B2
REibhizizh, FSKREL T, MRS RETROE
FRAEHGE A B HWICRB T 2R RRBIEEZ R
7.
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1. [FC®HIZ

VEMAR DA W IH 4% 70 B AT+ 52 & & T REIC
L, BREA~OAMEE T A8 FEO—>ThS. b~
MIER WIS RS, RBAR LA RWATL
THEATT 2720, ELUBEAERBORFELRIZEDET
IBIEEATD. Z DT RIEZ N LEY) O SR IR 24T
FEUCBAREIENCIE L T2 SN BEEEA R E W,

AHICIE, ALHERE IR EREAZ VAT ZFFKE D R
Y IDERKEZWHEZ OV THETLTZ.

2. HBRAE
DHIEBIE

BRI 1999 4E& 2000 A ALHEE AL T OE R
BT =— LT AICB W T ERLT-. RS o 5
X HHRIE AR - ThY TP EIEER 2-1-1 [TRL
7-.

SRRV TN ARKCRES ) 2L 7=, #6 R 3 A PRl
TEREIE 5 H P RIcAT o7z, FAEARRIZ Y RiE 120cm o 2
Sz, 1@ 80cm, R 30cm T, Z 1 33300 # hal
LU, RBHREII1X 8 nitL, 2 M CTITo7e. BT T
1 AAESEZATV, 85 7 REO LA OIE 2 Ba L T L
7o WL 7T A ERIS 9 A TRIETI T o7, HEE
IZBIDNTRT )V AOFER T 1999 FiFHE ke =/,
2000 FIL7 v RBIHE7 4V L TH T,

2)iERALEE

BUFEXIZBITHEROEPB LB EEE 2-1-212
RLTZ. 1999 EOZEFHEARITEAE, BIEEH IR AV,
FIEEA 0, 50, 100, 200, 400kg N hald 5 4LEE, JHEE:
%100, 200kg N hal> 2 JLEREL7=. 2000 4513 HLfEEZ 0,
100, 200, 400kg N halo 4 4LEL, BIEKAEE 100, 200,
400kg N halo> 3 QLR U7, BRI E AL b RS U 2 HE
ST, H1I~5 REORENE LR ERITIA LRI
fFor-. Vo iz aZ A, H£IELL T 87kg P hat
(200kg P205 hadZ4- X3 HEARL7=. ANEITEE, 18
JELE CHNZ VS, 2EE% 87kg K hal (200kg K20 ha?)
IBITHEEL, BT R R LRI KO MR CER LR &
AHEAEL7z.

MRAELLUHHAE

ERAREIRTIREE DREITHOWT, # 1~5 REORENE
VIRV ERITIERUTZBIERT B OFRT 9 B~ I1EFOMIC
R E TEO Jein/ NEEM RN L2, PRI
TSl NIESEAR I A0/ N ETEAR & L~ AE R L 30K
i, BAROERER AN NSO ZEPSERBYLE L LT (3
2-1-3). 1 [HIORBUZ S ZERERK D 3 FET DIE A
U=, 1 KO TIIDEN IR -T2, 2 ]KESZD
WEZEADE T 1 R U= CEMRSRRIRE O R ).
T LR U7 SE A FLEA CIERL%, 7R /K TR bRt
HL, iR oW AE =T F T4 —
(BRAN+LUEBBE AACS- )% IV CRYE&I B (Corfef i
HI-VORYERIEE mg NO, L& &L=

IRFAANZOUWTC, BB g 8 BRAFRAKE LT
1 [EEzE 2 0], FaURERIHEL 2. IO R
(I FE 1~3 8 H), FHIUHE 4~7 3 B), %00 8~11
T ENTINTH 1 [EIF21 2 8], FIERE Brix) & JIE 3
HlEBIT, RE 60~T70°C CilMELERL , WM e
Rz,

FIEB LU R IO /IR T HER T IRpl 2 AL
FIXC 4 BRAERELL, FAAE L7, BREL7-AREEE, XBIO
REBIHT, T EN%E 60~T70C AL, W4t
PERA SR DT, WiEBHT OV TR — Bl bk 40 i
OKBrS, 1980)%1T\VY, DIRE T OT BT lBEREA
—hT7FIAF—THEL, BN OEREHENOER
W EEF L.

RN BRI 36 L OSESA& T RIS, M~ MR S o+
AL, TR s R A A LT R O M
REZEFA 100g L1 by AR CHt L, fiittig o
TEEEREZE SR ITA— T T T AP —CHIELI-.

AEHEITOUNT 1999 FOEMMIEIRET 6 H 4 RIX
n=5, LAKEIZ n=6, 2000 4E1% 6 H 7 Hitn=4, L&KL n=8
ThD. RFINERB LOERWINEOFBIEIL 1999 FiX
n=12, 2000 4FlE n=16 Th5. TEMHIEEERE EOR
BHEIE 1999 FOEREREURFIIT n=6, FHETHE THREX
n=12, 2000 FIIEEMRERIETH], Heb5Hs THRESHIC n=16
Thb.



WORED  boMIBITHERKEIZ OV TOBMIEL AT IS -8RI SRR Hl 5

= 2-1-1 BRSO M GRESET, 0~20cm 70

s pH EC THERREZE SR e ZEHAPEH H(ng ke )
(H,0)  (@Sm") (mgNkg?h (mg Pkg™H) K Ca Mg

19994 5.7 0. 37 0 91 123 3304 330
20004 5.8 0. 06 2 79 3356 2652 365

1) AIRSEEPIX MV A — kIR D

= 2-1-2 FUHKICBITAEROEEBIOVEEE
(kg N ha?) = 2-1-3 TR DEEEINL CFEEATR FE DAL E)
19994F e B fE BEAK B I L S 0D AR AT T35 % 100
I X \EH 2@H 3EH 4BH 5EA AR R & LTI O R R 2
N 0+l00 020 20 20 20 20 100 A TRED e ABIR R
N 0+200 0 40 40 40 40 40 200 D 115 1.9 10,4
N 504100 50 20 20 20 20 20 150 ® 105 16. 7 15.9
e AR S S AR B B
) @ 90 17.2 19.2
N400+200 400 40 40 40 40 40 600 D n =8 SR ERIEE1079mg NO, L]
WiAPA R 5/12  6/5  6/23  7/2  1/14 1/23 n =8, R OREUE mg NO;
20004 i Bi=); o
SLEE X ] 1A H oM B 3mEE 4RE 5EIH &
N 0+100 0 20 20 20 20 20 100
N100+100 100 20 20 20 20 20 200
N100+200 100 40 40 40 40 40 300
N100+400 100 80 80 80 80 80 500
N200+100 200 20 20 20 20 20 300
N200+200 200 40 40 40 40 40 400
N200+400 200 80 80 80 80 80 600
N400+200 400 40 40 40 40 40 600
EIEH B 5/14  6/8  6/24  7/2  7/11 _7/20
TE) N100+2000K 13 AL (2 46 1T % 25 2% M I A28 o4 | il 24
14000 N0+100 N100+200 N400+200
12000 | 19994 . s mos4
X N6/22
L L X7/1
10000 ﬁ g 4 *7/13
Q ™
8000 | 3 o 07/22
6000 | B m x .
X ° ¢ o
4000 « X « % I & o X A
2000 | @ ol ¢ % X ol
_Am
.
0
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
10000
2000 6/ 7
8000 | ﬂi L A6/23
X X7/ 1
6000 | | E *7/10
- * o7/19
4000 | 3 - o
Q 2 o) ¢ X
o o) % A O
2000 . g -
X X o O o © X 2 ¢ o 9 8
la.on 2.2 X% 9 ° % ¢
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
REBRA BREBRA BEBA

X 2-1-1 EHHuEER I OFFEE FEEIZB I DI RE
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F 2-1-4 KR EHE TEOEWNHIRREL F 2-1-5 FUHEX|ZHITHRFENE
TR ZEF N AE TR BLOEZRINE
. HIE A H (19994F) 19994 BN & ZE I (kg N ha™)
R Bepr 6/4 6/22 7/1 7/13 7/22 I % Ve hal) g £ Az
1 0.853 | 0.925*| 0.924 %] 0.920 | 0,937 = Nko%?oo ( g7; ) gif %795% E1'20+
EP 0.879* | 0.849* | 0.931*| 0.827* | 0.907*
%3 0.932*| 0.872* | 0.925 =] 0.914* | N 0+200 97 8 87 165
4 0. 760 0. 665 0.894 * | 0.550 N 50+100 81 58 68 126
%5 0.724 | —0.398 0. 491 0. 254 N100+200 112 107 96 202
% 6 0. 764 0.629 0. 070 N200+200 108 132 99 231
— N400+200 110 139 100 240
HIE H H (20004F)
B 6/7 6/23 7/1 7/10 7/19
T osse o o [ odi [ omey ] 2000%F REME _ SHuatiGe N he )
ard . . . . . I -1 TSN —— A=
w3 0.790* | 0.596 | 0.808* | 0.236 B (Mg ha ) 3% AR Ot
74 0.400 | 0.582 | —0.138 N 0+100 104 61108 170
%5 0. 206 0. 437 -0. 802 * N100+100 140 104 141 245
%6 0. 551 —0. 740 * N100+200 158 124 191 315
*|TFHBISBUKTE, #+XIVUKETHRE CTHDH Z L ERT, N100+400 161 135 190 325
N200+100 151 128 178 306
N200+200 166 144 196 340
N200+400 167 143 208 352
N400+200 180 141 224 365
19994F
ZLAEN 0,50kg ha™ FAMN100,200,400kg ha!
14000
—O—N 0+100
312000 - —o—N 0+200
o —>—N50+100
c'10000 |
=2
a0
E 8000 |
i
% 6000
&
£ 4000 ——N100+200
ﬁ —E- N200+200
2000 —— N400+200
0
6/4 6/22 1/1 1/13 1/22 6/4 6/22 1/1 /13 1/22
20004F
ZAEN 0,100kg ha™! | —O—N 0+100 £ AEN200,400kg ha™
8000 —A—N100+100
_ —A—N100+200
T —A—N100+400
' 6000
(@]
=2
a0
E
#4000
gL
% —{1—N200+100
= —E—N200+200
ﬁ 2000 —B N200+400
=—N400+200
0
6/7 6/23 1/1 1/10 7/19 6/7 6/23 7/1 1/10 7/19

2-1-2 FALBLXKIZISIT D55 LRBSIE. T HEREAMRH AR OHER
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200 120
O 6 O o 6 [
6 g %? ¥ 00 | |A1999F | 4
i3 150 o o 2 O 2000% A
< 3 @) o @) £
s W 80 |
w © 4 4 A © 44 A 4u A
ﬂ%'il(wo A - A m
B i ECIN w 60
A A %
50 | w 40 | o
A 1999%F A 19995 H
O 20004 O 20004 2 20 | 8 A
oL N — & o (8
0 100 200 300 400 500 600 2000 4000 6000 8000 10000 12000 ﬁ 0 O :A_QB A‘A ‘A ‘
HERMARR (kg N ha™) HEIRHER B B ¥ (mg NO, L) 0 2000 4000 6000 8000 10000

2-1-3 MREHFMAE R I LOTEM BRI L () &

REIEDRILR

IR L 35 1~ SR RN E L= %1
RIS T HESEMRERIR O T fE

RGBT EE (mg NO,~ L)
2-1-5 INHEHI GBS R BRI RIS
1R FE FIEIEI YRR R LR b
THEERE = R A B OBIMR

200
2 A 19995 A 19994
§ O 20005 O 20004
— 150 |
g y =-57.3Ln(x) + 426.4 y = -52.6Ln(x) + 526.1
= R2=0.841 R2=0693
B 6 ©
% 100 |
N
[~
&
e 50 |
i y = -40.5Ln(x) + 298.0 2 y =-39.1Ln(x) + 404.8 a
ey R2=0814 R2=0.797
0

0 100 200 300 400 500 600
REREEEKe N ha™)

2-1-4 g RN (/) o L OTEMRHRRIR () &

2000 4000 6000 8000 10000 12000

ERHBRE (mg NO;, L)

M2 N B/ 2 SR B | FE D SR
SIEAPEIRIR L 35 1 ~ S R I NI E L= 51
B IEL T YRR L OO ) fiE

3. fER

EHRMALED D720 NO+100 X, AbiiE o fie A

X ThH2D N100+200 [X, % F e &8 Kb %0
N400+200 KIZHOWTHRFEE N EECIIT D BRI
BEAR 2-1-1 (TR L7, SEMRRNEAIR S I PA3E O AL
(2R DI EEL 2o Tz, A~ R AIE T D SER R &
VX EE ML R B B D D TR o T2, B 1~3
FEE FEO IR 1L H4~6 R EE TR
SHERBLTZ. $72, BH1~3RFEHE FHEO MRS 1%
FHAREOHEIN > TEES T2, BUIER RS TORN
MDAIRKIZ DU TH [RIEROB A TR HALTE.

AR T EE D TEM AR IR LR % N B D FH Y
R 214 \URLIZ. H4A~6RFEH FIEOIENRE S
IR R S ME AR R OFHBE DML, SR MG BA LT
Mol —J7, B1~3REE N EOENEIRIRE L BAL
LR EE AR EEOMHBER BN T2, BRI TR
AHE P2 AL TRWIEOMRZ R LT,
BALIRXNZ I T DI B L OVE RN EE TR 2-1-5 1TRL
72. 1999 FIZHIT DI Rl TR FhAE & 100~300kg N
ha O i JH C 13 28 5 i R B o BN - TRy,
N100+200 X 112Mg ha123k @ CToh-7=. 300kg N hal
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VU CIE SRR RS AN THU RIS N 72~ 7.
28 38 W B U3 22 SR AR B o B I pE o TR AR D,
N100+200 XA Et 202kg N ha?l, N400+200 X CEFF
240kg N halt7eo7-.

2000 4F1E 1999 AR AR B /K HED S i v ME )
Zho7o. IWERILEF AR &N TERY,
N400+200 X 180Mg hall g Cihorz. BRI E
X ZEF AR RO E-TEZARY, N100+200 X TH
7t 815kg N hal, N400+200 [XC 365kg N halk7eo7-.

FALPEXIZI T D5 1 REHE. TSP EE OHER
%X 2-1-2 | R UT2. 1999 HEIZR 1T A HAE N 23 Okg N hat
BRI TITIEMRSERIE 1T 0~4,000mg NO, L1oO#ifHT
HERE L. N50+100 [XCiZ 1,000~6,000mg NO, L10#i
THER L7-. N100+200 X, N200+200 X I3 L O°
N400+200 X TIXZNZE4 4,000~7,000mg NO, L1,
4,000~ 11,000mg NO, L1335 X0 10,000~ 13,000mg
NO, L1O#iPH CHERB LT-.

2000 FITI T DIEMMAEEAIREEIE 1999 FEL AR
ARV ME N8 72, NO+100 (X CIEBERRRYERIE 1L 0~
2000mg NO, L1 ®&ifH CHEM L 7=, N100+100 [X,
N100+200 X358 N100+400 X TIEZZ41 1,000~
3,500mg NO, L1, 3,000~4,000mg NO, L1351 T* 3,500
~6,000mg NO, L1DOFiFHTHER L7z, FAEN A3 200kg N
hat Z A2 T N200+100 [X > HE 7 Al 15 5 FE 1%
3,356mg NO, L1 & T FL7-72%, N200+200 X &
N200+400 K TIXZNZH 4,000~7,000mg NO, L1,
4,000~6,000mg NO, L1O#iHzHA L7~ N400+200
X CiZ 6,000~7,500mg NO, L1D#iFHAZHERSLT-.

MR RFENEDORBFER 2-1-3 IRl
1999 DL R EF ML & 300kg N hal Thdll/zo
72753, 2000 FEDOULFI X 1999 LR ARICEL, ER
HifEE: 600kg N hal Chcmll/ao7z.

BERR AR & R RN R O BRA K] 2-1-8 AF1TR LTz, W
FTHOFHICEITIEMR IR 6,000mg NO, LR TUL
BRI, 4,000mg NO, L1LLF ClERE< B L.
a2 S i I B & 2 SRR B AR R L O BIRE X 2-1-4
FEVTIR U Tz, a2 FRWR I s/ 23 5 N R b A 25 S it I B oD 3
INZfE-TIR L7z, 1999 4FClifkaEhiitaE 300kg N

hal|{ZB T DRI/ E R ML ELILDHK T0% ThH-7273,

2000 FETIFH 100% TH-o72. DI, [Fl—REEH L
b SIPRAY & U AVEEVEE /i) b A AR RN [RLE - v S
(RO E e oT, — 5, BERPIREIRR L 22 SRR R/ 28 SR A
O (K 2-1-4 £7) & HLDHE, 1999 4L 2000 4 CHER
ST SRS DAV ESTEE /1 [ah 4= EESEY iRy W /AN
7-.

INHERIN T 3515 2 A AH P e FEE & R B - BB e e 22
FEEOBGREX 2-5 1Rz, 1999 431082000 42
BT DB - R R HE 42 3R IR ] OO BERR R AR FE 3%
NZ116,000mg NO, L, 4,000mg NO, L1 % 55517
MHEREIL, IEMAEIRIRE N R EDIIE R BN R EHME
ATz,

4. ER

1) REDHEGIORTE

= FOIERRREEATR 1 X TALECE BALIZR DI E IR T
FTAEMICH 72 (K 2-1-1) . ZOMHHANE, H%(2000),
He 5(1998), Z5(1991), ILIHH(1995) D LRI TH
o7 REHA9IDIEM MED N GRHE B L OE RS
AHRITRAZROE VR TEL, ERIBI O OREIZ
PEoTEL 2B~ TUV5. Fonseka HA997N 1T LAY
IDRERZE R L AR TR T L TR IEOARRIA
HHETRATNG, RESA99NTRFEDL o 7iEMIT RE
JER DN T2 DT 24 <720, BRI bLT DL
TEPEDMEL IR D LA RTND. 2D END, 0 EAEE
XL O YA BRSO ERE TR RIS |, TR
HOPEREEBLOERE SO IIEERE =D, TAL
TEL L A~FE YRR B N TR e B B 2 -,

BENIT Lo CHEMREIAIR EE SR EL A D2 800, 22t
FNL LR R E T D LI EM DO E R KB L EE1T |
THETHD. b FORBZWEAMIZOWT, RLUD
(196 DITHETER BR T FEBLY 3~5 BE o AE, (LHD
(1995)1FHEAE 2~3cm FEEICAERLI- RAEE FHEA B
ENLEL TG, FMEAN I, eI\ O RIEE BT LS
L7z & 232\ M (Coltman , 1988; Andersen &, 1999;
Locascio &, 1997).

RREREAT ST T AT ERRT RO ER DTS,
W EHF DT> THEIRA L T, ZOZM4 T
S5 S it S o TR A AR P D AH BN i AL A R R 2
BENLE LTl Y EAE L. AR CIIE L R B T
TE SRR SRR Z R &L OMBENE @7z
T2OREBEIEMLE L Gl S EE 2N (R 2-1-4). $77,
R TS B RS RA YR B L SET R IR O e R
REZE R G BEOMBIL 1999 4FiX n=6, r=0.579~0.900,
2000 #Ei% n=16, r=0.609~0.911 L&\ 7= HHEF DR
FAREZE R BOMBICHXIG T LB 2 b,

—J7, FABEOERERAIR LT e b E R R R
BB THIRL (1 2-1-1), B E MR L O
BIbIED o772 (3R 2-14), SREZWNIHIA T 23 A
HLEZ N

M MW TSV EEA 2 WAL L LI F 4 Tl
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Coltman(1988)i% 10 A2 H¥ 4 A FTOEWHEFIZI N
CIEN YRR R SR T\ MHBEZ /R L, SRR i AR
DNEALIZH N2 FETHLER TS, Lo,

Andersen 5(1999)i3 5 H EAED T #FESHTIWCER 7
T B OZERREERIR E CIX BRIl & & R FENELHE
7RFRBAN o723, 13 3 H TR SO 7= L
EL WA, E77, Locascio HA99NITE S S DOFELE
FED B3 A K REAEAES IR CERE 6 18 B £ CIRIER
P  FEE S 2 SR AT A ML 72203, TEAE 12 3 H CIdE
T RE AR FE AN AR X S AR XA L AR R L7228 %R
L%, HRSA9TDIEN~MIBWCERE, ERIE,

BN, IRZE RS CHERPEM DERIRANEHIT 2 DL
RARTUVS. Ono 5(1996)13E~T VI THRESE Tl
ISR L Y —RIEN DL T ~E R OERFRAME S
NBEIRRTND, ZNHDZ D, Bt FHRETHE
KEVERN I A2 A B I E T AR ERLE R ORI S
PERRELILRY, IERREAER A E OV o IiEICE
DELD. ZOTDEERICBIT D o Z7IEED RN E
FREOVERLCIT T HED HER A I i | 3 28 S A (2 B
PO, b OERFRIRELHEV ML &
BV, — 7, BIRFBE TEOIHR TAEIIFIIC

FEALTZEBALTHY, JEIARFDO L o ZIEMES TA-> TS,

IRVE A Sy AR TE[ € = g SIp RAE e S il (el
W RE DAL, ENICERE TSNS,
TABEDFEMI T Z TR ORRI 2 L XTI B HL, K
T T DLERL T EER DM D FNLA~THES DT, b
~hOEFRFFTRIEE T HEE 2 O,

TERW OBBURF A DUV CAGRBR CIE AT 9 B~ 1EF
DREIELTWDY, FEHBILTAT 10 FFEEET14 6 IRFEIZES
J5H 1 R FEEEMMERRE DN B Te1a+£10%
LIRNIZIE S TWAZEEFERL TWH R S, 2003a). F
7z, He H(1998)I X HEAPERE H D KAF-CHEz| 3 872 > TH 1
~ NIRRT O B IR E OB/ NS W2 EERL T
W5,

2) EWMHRRRELE T EDER

HAREE CHER LT G, BRMIEENZLIeDITHEVVE
FWIN F I LOTERR S IR IR 13 5 £ M o7z (3
2-1-5, [}l 2-1-2). —J5, HRIRCHELT 2L, [Fl—EFEhE
BRI B EFWINEIT 2000 DT HRL MEIZH -T2
23 (3 2-1-5) , TEWIRHEAIR LI 2000 4200 7 HMEN M H) %
AL (K 2-1-2) . I SA995)I KAk b~ MZFs T
SRR DI\ KIFE BERNAEERIR B 1 X m<HERE L, MafEas 3R
OFRFAEME 5242/ TS, HHFH1980) T2~
VFIZEB W CEE S TIXERRINESME TL, AN

hMIBIFDEZRBEIZOWVTOBKHES AR IS =28 R HR 9

DFHERIEZE R B BB IRD LR TND.

AFERTIL 2000 O RIGIT 1999 4FEOFEISGE ek
WPEDMEIND T D/NT AT )V DEAFTEL TN, 2H4F
ZRITDHEMOBNBENENOERRIES L OFE
TRAEIRIREE (B B2 T 28 2 DITZ. ZIHDBISNG
HERRBRIR S N EDH L L C, IRDZENEZDND.
B LR SOMBEOWINEDSIEF T2 WGE. 2130
AR ICL s TURBRIED A 51, BBRIES
TEREERN T B E T RES RV E TH D, SERE
i B 1L R ORI AR EL DB AR VE A1k
AT DHEBZHN. — 5, IEKHER S 2000 R, R
FRERDENLHIEL, £ BN T D LRIRHCHERIC
ERE T DREE O BDNED T2 D BER R RRIR B 1 XKL Ae o 72 &
Bz B

I B HECZE BRI B D $72% 1999 4EL 2000 474 L
W5l MEE A R 2 RN B/ 22 A & e DB
TR B EIFHN BN TOD (11 2-1-4 75) , SEMRSHIE
TR b 22 SE N /2 FME B R R —AR L 7po7
(4 2-1-4 7). ZOIDIZHEMMIRR D = F L& L0b
ZERWIN B/ ZEHE MR E LB TRY, BEOEFE
R D NT U R %R ORI 25 LEZ B,
DZ LV IERRY R FE S hE A 22 38 ORI F R4 | o %
BTEHTEARBL TN,

) REDMEEBORTE

ICREN T OFED SERRHRARE 6,000mg NO, L2
FE TR/ ~T2. F72 4,000mg NO, L1LLT TIRLEA
REPA L2 (K 2-1-3 £). 1999 42115 N50+100
IO R CHERRAHERIR L2} 4,000~6,000mg NO;
LICHRBL Q=Y 6 H 22 HIZ 1,318mg NO, LUK
FTLTHY (K 2-1-2), WEETHEKENETH- T
N100+200 KD 72%2EEF-72 (55 2-1-5) . 1999 12K
WA M 5 Tdo - 72 N100+200 X% 2000 45 TIEHER
AT EEDY 3,000~4,000mg NO, L1ZHEL THY (1K
2-1-2), UL T &I TH - 72 N400+200 XD 88%IZ&
EFEoT2(F 2-1°5) . ZNHDOZENL 7L EE G570
ERRTEEAIEEIE 4,000mg NO, LLA bEAHERF 24083
HHEZZ BN,

2 SRR 2/ 22 R MM B L X IER AIR P 3 i DI
STRTFLI (K 2-1-4 £7) . Fiz, IHER O BER IR IR
DA EDIT DIV ET I IR AR B % R 5 Rl L s EH M
23 -7= (X 2-1-5) . FEAREESEOF] AN P15
~OYBEREZE R AAKBS 5720, TEWNIERED -
[RAFXE T DMBIN DD, FEMIERRIR L) LIRA B 1255
BITITBIEEZEME T DT D0, —H THAEIZ LD
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£ 2-1-6 NURAEKEVMRDOERRAEZMNIE A

ZOoW B A B REE ROk N IEER
KA W IENEE WERNTYEA L S 4000~7000mg NO, L7

2 W R

S1= I A
28 M N IS

LI

BRBEORENE VR ERITR - T2
(L T 3 BB £ 7T)

4000mg NO, L7'SRii#  — 40kg N ha NEAE. 5 HZICTHAEZMIL,
7000mg NO; L'BAFD#4, 40kg N ha SEHE

4000~7000mg NO,” L'— 40kg N ha S&JE (EIEFE%¥ED L B0)
7000mg N0, L'Z#Bx 2B A ITEEEEKYT 5

WDV Z[alkE T DB B 5.

1999 EIZB W TN E TH-72 N100+200 KOHE
FSHATE 1T 4,000~7,000mg NO, LIOFiPH CHERSLT-.
] A 33 T D AR B B Hh o> 1 B Ay i e 22 32 5 B 8
11.3mg N kgh 2 5L TV o=, it BTt ©
HY, BIEOEKRIZFNOBNNHLHLEE 2T,
N200+200 X33 1T N400+200 [X O EERN SR I L7 41
Z 1 4,000~ 11,000mg NO, L1, 10,000~ 13,000mg
NO, LIO#iPH THERBL TV =23, 1T N100+200 X LA
TThotetzd (K 2-1-2, & 2-1-5) HEM RS BRI L1
7,000mg NO; L1RYE<HEBL ChI &L ELARNEE
RO, ZIHDTEND, BEMEEEIREAS 7,000mg NO,
Lz iz 535515 BIEE B CEHEB 2 L.

PLEDZEND, NTREKED N DR R R WTIC
DSBS ERR 2-1-6 DINTRUTZ. 7ed5, AWkl
EIFEBREENRNZEERHRELIZBDOTHY, FiE R
CEBRENRAE LG ICIIAEBTEEOS KA BT
5.

5. Z#

NYAFIKE D~ hOEFRBBMNEL R E L.
1) TAIEOIEWRERIE 1L FATHEL L, FER 2
R AR S & ORI RIS m 2D b~ D 2 IR AR S L
TNz, FRS, B1RBE N ORI IR &= R
FAE B L5 B\ AR R L, EHEREDWOBREEENL L
L i Clho7e.
2) 2000 4E1X 1999 AT A RATI RIS L OVEEHER
ICEDS RS, FERRERIR B TRD o 7. ZAUTHR DI S
AV EIR SO F S, SIS BT 2D &
P T-I=EEZLNIZ. FT2, 2 HEITBITD RO
FETIVE N D EE SR WIN e E RN RN P | e e B2
TWBEEZ BT,
3) IR 2 AL IERAERAIRE 6,000mg NO, LR/
THALY, 4,000mg NO, LI FCIHEAREH L=
4) ZEAFREERIL AN £DIC k> CE BRI B/ F il
DMK TL, MO EIRIEER S BN R EoTI 80D,
TEI R VSRR 28 5 O F 28 % UL Tz,
5) LLEDZENDE I RFBHE FHEA SR RED M ORI
BERLEUT-. W&, RN EEFIEIE &S L OWo
PATEFR BB, FAED W EEH A SEM YRR 4,000
~17,000mg NO, L1 E L.
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28 BREREDHEAOENMESL
1. [ZLC&HIZ

1990 FRL PV INHEE CIEEKEV N~ hOFEL AR
DYERUTEY, Fio i~ MR A FEE A3
LCW5. BEAOBIENDRFIRAEE 1IN 9D AL & B X
ZL OB VLI THY, PO Ch~ e IG T o4EEE D
Z DYWL 2 G DD 72720,

RITENZ BV CTHNLL- M~ RO R REEDBWHE T, bv
NERHR DIEBRIREEZ FHAIT 2 2 & TER KRB
BTED. ERFEDWIELTEHT22ET, Mo MR
B VXA LD AR A NI BR B A AT O, F
BER OB TG &t e 7 K HE TR BN CE DAY
IR HHERETESD. KECIXBIOA FEE B TER
KEDWE I, RENESLEEFROM E, BRI O
THEIETDHEEBIT, KEDMEINOY R EHZ HIFLIZ
(1, 2003b).

2. HBRAE
1) I REEEHER

JeEEAL b OAES A KE (K G 1) THEhEL
7=, BGNTE =— T A2 A EEL, RN AL B
1T AL LT, BRBRAT ZADFEREIZ DWW TIXAER T BT O
FEEBWHIC SO CIRIEEEZREL, IBIRITRE W
FHAWTHRIG Uz, BT T ATIHAEE OB T ThiEs
1ToTz. HEE (RS A S —JHEIE) 13 2001 ATV A~NT A
&t 40 Mg hat il L7-. 2002 4E121 38R~ A3 20Mg
ha'l, 1817/ 7 A% 40 Mg ha' LL7z. fhffiiE 2001 4FiZ
[T ABKER S, 2002 A 225 ) 2 HEKU 7. Fidiikk=
I3IE 5.4m DE =— /LRI 3 _yRD 2 §oAf 2, BREE
40ecm G 27,800 £k ha)eL7-. &hillx 5 A T4,
IHE BT 6 BeCUNRERIAIE 2001 41X 7 A 16 H~9 A
22 H, 2002 % 7 A 22 H~10 A 10 H Th-7-. &
FAEILENTADEERERIRELTERY, KETRIT 720
7o IHEIX JAFNT 27 CREF SIS OERT H Z Ll T,
BT AD AR B OB X 531E JA Fid 22Tk
B IEOEFT —HIHD N

FEBWN IR REORENE R ERITR-T- BITAT
oz, FERDWOEIEIILL FOFIETITo72. (Db~
LI EDSSH 1 R RE F RO Sei NEA LR ()FEH 1.0 g
ZILEACEERL, 28K %E 49 ml ZINA AR, ()7 Rz
NI R E S (Merck RQ flex) CHEBATR B 41 E. 1E
TAREIRIR BE (2 DU TR B 13RI e o7z,

Mo MZBIFHEREEIZ OV TOBMIEL A BRI IS\ 38 i SRR Hol 11

2-2-1 HFEEEFNETNENIIOELFFLED,
LERREERRE A HIEL QD

& 2-2-1 R AT L)LY A(INCBETS

MEAr£(2001 4F)
RN R
o Har & (kg ha )
Nkl oo FEFE N p K
HAE bRk AEEA 50 22 42
1Z A LAEA 30 22 17
&t 80 44 58
BTN A

oM & (kg ha )

Il D FiEH N p K

FEIE AN R 60 26 33
HHEA D REB 40 31 29
HHEA D EELC 10 30 8

1E7> LIEB 72 7 7

K 45 39 28

BAE WEAEA (7/20) 10 1 4

WAEA (7/27) 10 1 4

&t 247 135 114
2)4AHY ST DRV A

EpER A ROSETE T DALk 4H 757 (FHEEER
FR) Tl ey =/ MFgEE L Ch~ hOSEEZITICI A
TS (K 2-2-1) . A H03 10 FC, M= haAld TR
592777 B BRE C RITEEZKNICES W GRNES
WEL, BEHRBRNHHMOD 57 BIXEIT CBIEEZTT-
7. B9 7 BOBSICHOWTREHZ MR, REINE, &
EERR O TIRAEIERE s R A A L. IR JA HT
TIECRE SE DGR T — 2 IS
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3. #ER
1) IR REEEKER
<2001 E£E>

R ~NT AT W O R B LR A S L.
BRI O G FFEFMAE B IGABR N A TlE 80 kg N
ha! C, 1817\ AD 247 kg N ha'l &, KiERRAES
polo(F 2-2-1) . FERREEAIREE TV T LD T AB I
7,000 mg NO, L1 DL ETHER L, 3BT A TITIBRETT
otz (14 2-2-2).

RENEITRABR T AT 110Mg ha'l /e0IE T 7 A2
R 109% %R L, KIFZRBARAAT> THIETITZ EEIDIX
BRSO (K 2-2-3 1) . BRB AT ADO R BILRITIE
I\ AIZ AT 21(260g LA ), 1(200~260g) D HA %
<, M1 LA TF(170g KD &V D77z,

R ATRCBT D RFEOHEE AL 2,777 T H
hal THY, EIT T AITHAR10T%E 72~ T-. E-ilBr Y
ATIHBITNTAEA 2L, L B OEEFENR S -T2
(4 2-2-3 F). SRV ADIEEAANIEI T T AL
#9170,000 [ ha'' (7 50%) Bl CE7=(5— 2 EH5).

W ATAEL D EC X ORBEREZE 0 Hbs T
FOEEVERIB L DM ThH T, BT A TILIETT
ANT AT, B O iR RE EE R G B OME o7 (R
2-2-2).

<2002 F£E>

2002 FIIHIRREE R DFRAFEIMR VT AL RIEL,

FEINE (Mgha™)

R ND AT O T IHENE ] 8% 20 Mg ha IZiGL7Z.

AT AR T LG M E R R R 183 kg N ha! Th
v, 1BIT N7 AD 275 kg N ha1 {2k~ 92kg N hal DL
Lleot (3 2-2-3).

BT ZTITNEAT T AT~ e RE 22 #E TR
HER LT, IR T IR T HERieiEZE 5213 10 mg N kg
THY, BT/ \UAD 104 mg N kg (2 HEOFFE
FEKIEIE CET- (X 2-2-4, 3 2-2-4) . BEMRSERIEFE
IXIBEI TN AT 8,000 mg NO, Lt LA ETHER L2, &
BN A CIIAEEH I 7,000 mg NO, Lt & FE-7= (X
2-2-5).

2-2-3

ERHBIRE (mg NO; L)

10000

8000

6000

4000

2000

0

B He 139 &

- KER/\IR
1817/ IR
6/22 1/2 7/12  1/22 8/1 8/11
AH

2-2-2 [ NTRIZRITDIENRLEREREE OHER

(2001 4F)

K5 O TR LS IR R oD HLE{E
(4000~7000 mg NO, L)% 7=

25

20

15

10

SEH(AMEN

WEEB/ IR &5110 Mg ha' (fTEE109%)
ORFfT/vo X &#101 Mg ha'

7/16

3000

2500

2000

1500

1000

500

0

7/23 17/30 8/6

8/13 8/20 8/27

I 0B
27717 0585
HER/ DR BT/ OX

1l

9/3 9/10 9/17

BaL
oL
aM
M1
0s-3s
oB

2001 FZBITHE T ADREINED
Hee ()& AEPERA(T)

SRR IE 21:260g LA E L:200~260g M:170~200g
M1:140~170g S:120~140g 2S:90~120g
35:90g A B ZEFRAE DR

+& 2-2-2 H T AOVENEIEHEG % O L3 (L1E(2001 4)

iz HA) INTT R pH EC [ E S ATHAHEPY AR F(ng kg ™)
g (H,0) (dSm™) (mgNkg)) (mg Pkg ! K Ca Mg
. HBoNwZ 6.4 0.43 149 1231 440 6418 760
YR AT i

B\AT N7 A 6.1  0.16 37 450 340 4545 555
r— HEE N2 6.6 1.48 417 1209 614 7619 941

* _
B 1BiT N A 6.1 0.99 508 533 531 5503 627

1) FIAGREPIX P A— 7RI L D
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£ 2-2-3 RNV A(B)EEITAATA(IOICEBITD

MafEE(2002 4F)
AN X
MR E (kg ha V)
Akl o> FEFE N P K
AR L ACAEERA 50 22 42
. I LAEA 60 44 33
BAE HEAEA (6/28) 20 3 8
WAEA (8/ 1) 33 4 14
RAEA (8/17) 20 3 8
&t 183 75 105
BT N R

Iy MR (kg ha )

Al oD FEEE N P K

IR HHEA D IEEA 67 29 37
HHEA D BRI 45 34 32
HEEA D ERIC 11 33 9

T HEAEREA 67 19 0
IE D> LAEA 34 24 18
HHEERA 11 5 6
B IEA (7/20) 20 3 8
WIEA (7/27) 20 3 8
&t 275 151 120
250
T 200 f—
: N
2 150
)
gp,|:| 100 .\ —-—ER/N\ IR \
k) 22— 1BIT/N\IR
% 50
% ‘\’\‘\'
-H 0 L ! I
6/24 /24 8/23 9/22
AH

2-2-4 F A TAZRITDHIEREEREZE D
HER(2002 4F)

Mo MZBITFHEREEIZ OV TOBMIEL A I IS =28k R Hly 13

~ 10000 /\
3 l /‘—‘\A\A/ x
' 8000
% .1/.\.\
g 6000
i
88 4000
& -
% 2000 +‘:§5§”Z§ 1
—— 84T
ﬂ'*K . E1T/\
6/24 7/9 7/24 8/8 8/23
AR
X 2-2-5 E N TAZBITHIEIEIRIEE OHEE

(2002 47)
1) 7 G L AR RN AR 0 JE i
(4000~7000 mg NO, L')%&7<7".
2) KENFRER AT ADIBAR A &R

25
EEBR/N\YR 5§94 Mg ha' (R1TH102%)
20 OEfT/\YR &#92Mg hat
w 15
2
B
K
0
7/22 7/29 8/5 8/12 8/19 8/26 9/2 9/9 9/16 9/23 9/30 10/7
In#EDR
3000
2681 2568
2500
=~ B2l
S 2000 oL
T aMm
IS 1500 "y
® 1000 Ds-8s
14 9B
#H 500
0 M 1 [eC-0-:
HEADR  HEITNADUR
2-2-6 2002 FIZBIFDHENTAD FFEIED

R (L) A ERACT)

SHIRRIT 21:260g LA E 1:200~260g M:170~200g

M1:140~170g S:120~140g 2S:90~120g
35:90g Al BZE{i R0 E DR
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JbiEE LR S BT ERS R 5 139 &

F 2-2-4 E U AOVEM ISR % O T (2002 4F)

a1 2 pH EC 02107312 S Py 2 o A e (mg kg )

(H,0) (dSm") (mgNkg?) (mg Pkg™") K Ca Mg

.. HRErNT R 7.4 0.17 10 1100 490 5332 573
VEAS AT el

HBIT N A 6.6 0. 20 24 262 581 3023 452

e e REENT R 701 0.30 10 1140 349 5882 675
B % o

BAT/NTU A 6.1 0.50 104 284 498 3338 513

1) WIfEHEPIL b LA — BT L D

:2-2-5 4H 777 Btk ollE, EFNER IO LHmREEE R
KEZW - BRI R ESE iy [y s e 2 #(mg N kg b
=N
D i (Mg ha™) (kg N ha™') TERE AT Ese=L3t) B
7 5 7 EB 81.0 218 18 6
HD 7 7 EcC 93.0 198 34 20
ARBR AN R 93.5 183 10 10
4 it 7 7 B8F Ly 85.6 204 1 66 1341
(i PH) (71.0~91.9)  (78~276) (24~190) (32~302)

DB Y

B I ERLAE B CIERBRN T ALIBIT AT ADIC
REBRFTZD TN, AT ATITEECNEL, FaR
BB IO FTIERER T A TlE 141 cm THEITATA
?® 151 em (2 10 em &) 72 (57— 24 W8) . Z O]
BT DB T ADZERIEEAIR IS 5,000 mg NO, L1
Bt L7 > TU2(X] 2-2-5)7-%, %% 33 kg N hal;BAE
L7=(G& 2-2-3).

2002 FFEREARNAIZEY 2001 LA~ EIFE T L
3, BB AT A BT HHFEIENE 93.5 Mg hal ThiE
TN AR 102%E 72572 (K 2-2-6 1) . BiAELRERIC
AR A TIHEI T AT AT 2L, L OAFEREEL,
HEEAPERIT 2681 T ha! T, BT\ AICHA~ 104%
Lleolo (K 2-2-6 F). BB ANIRER AT A TIEIT D
AWK 28 J7H hat (K 40%) B C& 7= (7 —4%4
).

F 2-2-4 (ZTENTADNEAHT RS R S 4 O T L%
RUTEDS, BT AZBITHHE#% O T EC BLUWH
FRREZE RITIBT T T AL AR TIRL,, BREE AR OB
bz,

2HEDFGERBROFERE FLDLELL T OBV LD,
() HHEZBrB L OSEZHNC L > T 68%/20 L 33%D%E
FIAER KD, Q) RAEZWIIE SV THIEZ T Th,
BT ATILIEI TNV AL AL, EO R EINENFHI
72 QB T ATITIES T~ T AL L~ B oD 558
FpfE e ROMES, BREE~OAMBEES . @R
ATIHBI T AT AL AR B EO A FERAN L, JEERa AR

BIEI, BREEOHEIIZB D THEN THho7-.

2)4HH5T DEYHEA

777 BAKREBRIZOWTIIW T b A BT W o4
FRRSERIREE I 7,000 mg NO, L1 UL EEHERELT-7=9, /£
BHIMP BT T -7 (57 —240K) .

RENEIIRBZWZITo77 77 BCidfr 77 8l
eIV EIZRESEL EThoT-, F, REDWE T o0
7 BRI D TR IR EE SR MK o7 (3R 2-2-5).
ZDOIDM MR OHILE THREZWHINZ W52
E TR MERERE L0b Y VKEDO BB BT THZEN
TEL.

4. ER

FRERBRORE R, BT 2D E T EI T T TR
HEC 2001 A21F 32%, 2002 213 67% THY, Kig/eiiins
Teof (3 2-2-1, 2-2-3) . 2001 & 2002 4FCEE F il &
ZZENHHITZDIE, 2001 FFITEER T ADOH IR 58
THRRREZE R AMET TNV AT~ 100mg N kg B R >
TriebEBEZLNA. Fz, 2001 FEORERNTATILBIEE
TR CTHIEMERIREME T Lo LTt
B AT T DB HROHEN RO R AN L Tl E 2
bz,

FFEUEIT 2001, 2002 FEEH BT A TIXEI T AT A
Z ER-TRY (K 2-2-3, 2-2-6), SEZIIFESWOTR
JEZAT> CTHIEITLL EOWNEDFHNDHT LD R T2,



Y S

UL, 2002 42 DFRER T A TILH B R B AR R HERN
THRAIREE DS 4,000 mg NO, LA E IR TL, R ]
DY EITIEIT AT AL AR 727 o T2 e, BT
BV THIEMRNEEIE S 4,000 mg NO, L% FlEl5 e
THE5 20N

2001 FEOFERNT ZTEAIT T AT AEPERIL 190
JH hal EEW, fEslaAMNE 17 75 hal B CE7z.
2002 FEDOFRERNT A TIBIT T AL~ A PERRDS 110 5
M hat EED, iRk MNE 28 HH halflEC&7-. 20
FONTHAE LD IRRFEMEITER N 2D 7 AL T,

2001 4FITRBRAT AT TERLRTO HHERSIERE 2 5
DEE 20~60 cm DJEIZ 100mg N kg 1 FLEFFIELT=7-9,
VE T HEEZ W LOARE SRR 2N LD IBAEDE I E
L Ch i BRI 22 R X R IR TR ELTZ. —H,
2002 VL EMRTOFEAFE RV D72V IREE TRk A heD 72
728, BT AT DAY REZE R 5 Bl 10mg N
kg1&720), e S R EFRIC LD BREE A O FERES
i (1X12-2-4, % 2-2-4) . L B3R _RCE 7= RFEBWiHAT O
BRI HOWTIF4H 797 D7 ay 7 MNEENICE->ThH
DL (37 2-2-5) .

R SR CUEM Fio I AR O E R 2W 2 AV IERE
BEOHERIEL T, IR CIIEEM SRR E A R L
JERHEFRIC LD b~ b A OFEFHTHARICB W CHE EC
DMEL R Z(L D, 1996). 7o, #53) 1[CIIBREER
BRI AR A FAFL 727 1Y = 7 MFFECRABIZIED L
R AV, HEEIEZ NI L DBIEATTH Z LI Xk
B fd 8% 60% LA BRI CE 7= 230 5 (A,
2001). THER CIFGEZMICIL-SGBEEICIY, BT
[FEEOIEZ R L 2D, IBIEEE R A EITO 0~50%I12

P MTRITHERREII OV TOZRHEL I I DU IR R BT 15

M2 THB(LARS, 2006).

ZNHOBID I HEEZ W JOSEZ N S <
BRI AR A RO E B A RHRI A B 5%
ZHND. —J7T, MHFEREEE RN EREL 7o M50 A AL
(i REES, 2010)% EREIDZAEA1 T/ /35T, 4
TR h O RN R R (TR YEE L B AR L, 1B
—ELEORRIEL/R D, SRAEZ WA TORN TR
AW ERER RO ET DI EFTILAL(2005)H 2
LTV, b~ hOREIRIBIC A D T Ml E B A1T9 121
BRI YA ST DAL EZ HND.

5. Bfy

BIHIZBWTATRAEKED M hOER K EZWEE
EEL, INEDM ERBIRIZ DWW T HEIET AL 510, RIE S
EEEPRL, RAEDWHAN O K EEE BIEL.
1) SRR EIC BT 22 EORERE, Ok X
DAL Lo T 68% 72 L 33%DZEHHAEA XS,
FEEHR O T HERERARE ZE R AV, BREE~ DA
iz, @FFEDZWNIILSWTEILL T, BITERI%L
DRBWENPFFHNIZ. @HRFEZM L TIREITL A~
REOAFEFED FEL, IR ARSI E L, BFHEOmEIC
BOTHEN ThHo7z.
2) HEREFRITTITBIHIMVMATIL, b~ MO
TRERDN NI T T BN RBDW AT oI /ER, thor 77
BT AR TR RIZELL EE720, FeEmihod +Hemgi
JEESE N v/l
3) LLEDZEns, BROILE THREZB A VD
LTI AT THO LM TET.
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HIE RESWITHED

F18 RREELTEZERFIARIOH -
BRI DELE fREE

1. [EL®HIZ

BRI T = —7 & A CTEM OB T Rk
IKZFIREIC -2 2505 ThD. BIREHHIB W THED
AR RIS DI+ E B A0
(Bar-Yosef, 1999), {EM DB Z L 03/ EREIC
BORIIEILELE R ET LM ENHD. MEILEDH EIZY
72T, MR ENILEDIEFNIZHES @‘ﬂﬂﬂii@i()\ﬂ
MBI GZ DB R T DN EETHD. ik
DR B IIT DR EOHE T iﬁEJ}mHEg%Ditﬁia
FOERTHHR O EREFH R L DMRES QD i
AE 3 R AR FERCMAR 2 R 3R IC 5- 2 2T DN T
S LR, 2, BEEOHA IR T
ERXAREL TR SRR SR A C& 7
B0, MEFRXEFREL TWHTH LD E RGN
IR Cd D760 % 5 N 0 B D BAPH M B0 %2 RN B I
MELAZWHEBINE D o127 D ThD.

KREITIH, HBEBEREFREEDRMAT TR
VT, EKEVN MBI 28R H S LA PE _E,%é
R EATHEIRE L35 L2012, TR THHZ T AHEE

& 3-1-1 {EES O b0 GRESHT, 0~20cm %)

IEMED b bOEIR B

HHFMARELE L, BB RN 30T %50 1 28 Z e
BOFEEHIEL.

2. HRE&AE

DEFERE

BRI 2002 & 2008 AFIALHEE AL T R AR

B =— LT AW TCEm L. HEKEEL
PE B AT THY, TR 3-1-1 1ITRL
7.
SRRV TN ABCRER ) AU 7=, FEREH 1T 2002 4F1% 3
H 19 H, 2003 41X 3 A 18 HEL, &4l HI% 2002 41X 5
H 15 A, 2003 41X 5 H 14 AL, % 11EE 17200 2
AERRIEL -t & B L7, R T T 1 AN TeL, 3 7
EEOBEMNCED FALOHE 2 ikl Tl LTz, I
DL 7T AAEITTHY, 9 A FICIUEE S T L. F
FERERI TRV RIE 120cm D 2 Sefiiz, @ 80cm, KK
30cm T, AAHHE T 33,300 £ hatilLiz. KT 2—7
AR R A T 2 —7 (T4 17 O 30cm),
AR R I HOKF 22— 7 (A F 22— ) H . b=
DORERERT 2—7 OALBIEK 3-1-1 1 IRUi. R
131 X 6~9 ni(20~30 %), 2 KE TIT-o7=.

% pH EC THIEREZESR AUkt Al REPY SRR (g kg )
(H,0)  (dSm™) (mgNkgh) (mg N kg'") (mgPkg ") K Ca Mg

20024F 6.7 0.14 2 119 240 3102 331
20034F 6.4 0.15 0 119 169 3325 345

) BukfiiibitEZE R iIEA— N7 L—7T105°C, 1RFRIMEGNHE GERR

2) AIAGREPIZ PV A —EIC K D

@ 258 80cm

O || s#EF2—Ton
FEIR@ (% 70cm
BAKF1—TD
[E1F&(360cm

FRRE
30cm

o | TEEmEEESE

B2 W IEARER, 2012)

FULF A—5—D
RE(E

ANyRig 120cm

1B & 1E 80cm

B 3-1-1 F~MELHKTF 2—7 BIOHEEERY E



W ERMEEEKe N ha™)

pyugiiw)

P MIRITLERREII OV TOZRNHEL AP SR IE SRR HiT

312 AAPHX ORI ZE SR Bt L OWRHAL &

17

FI 22 5 B 2 e ¥ HE AR B (kg ha™h)
ALBE X 4 (kg N ha' d'h 20024F 20034
Y o Y N p K N p K
WL o Lh 3.0 1.5 230 .. 57....34L 233 ... 58 ...345..
#i+HE 0.75-3.0-1.5 0.75 3.0 L5 211 53 313 215 54 319
LM 3.0 28,0215 3.0 I 267 67 ...396 . 267 .. 67396 .
FIRHH 1.5 -1.5-1.5 15 1.5 L5 158 39 234 155 39 229
i 1.5 -6.0-1.5 8.0 e 374 93 ... 554 .. 389 ... 97 ...576 .
EHikt#H 1.5 -3.0-0 L5 30 0 182 45 270 191 48 282
ikt 1.5 -3.0-3.0 3.0 278 . 69 .. 12 275 .. 68 ....407 .
e {7 TR A Ak 0 0 0 0 0 0 0 0 0
1547 fte AR — — — 300 87 332 300 87 332
D ITHIZEM~E1IRERRH (20024£135/16~6/90D25 H [#, 20034E(%5/15~6/6023 H [#)
2) MHNTEIRERKREI2 540 (200248136/10~T7/27048 H 8, 20034E1%6/7~7/28052 H )
3) MM OB AR (200245137/28~8/28032 H [#], 20034E1%7/29~8/25028 A )
iDLy At D IHERS T & TIEHEAK D A
400 [ 400 e 400 T 00
o 1mas A mgmE ! T HEIER
, 1 (23EED mE (28EBF) ! |
] ] : (5288 | 1.5-6.0-1.5 : 1
300 fy- aocaors 300 1 y 300 i ; 300
! \ .0-3.0-1. i | AR 1.5—3.0—3.0|\>I
P /_ i I (15-30-15) e #_
- . I (1.5-30-15) S
200 - < 200 : y 200 V/a 200
1 1 1
: : e i : 1.5-3.0-0 i :
| (15-3.0-1.5) ! | 1
100 | S 100 ! | i 100 ' ; 100
| |
% 0.75-30-15 : 15-1.5-15 | :
1
0 ‘ ‘ ‘ . 0 L PO ‘ 0 ‘ . 0 ‘ , , ;
5/14 6/13 7/13 8/12 9/11  5/14 6/13 71/13 812 9/11  5/14 6/13 1/13 8/12 9/11 5/14 6/13 1/13 812 9o/
© @0 (60 (90) (120) © @0 (60 (90 (120) () (30)  (60)  (90) (120 © @GO 60 (90 (120
RE&IVEERBY BEBLUEEEBESR AEHLUEREEAY RBEHLUERERAN
3-1-2 I HHX IS L OB THIIE X 361 AR B 2SS B D HER(2003 4F)
¥ 2002 A 1 #1795 25 HIE, T 48 HE, MIAS 32 HREICTHD
25 25
20024F #massEkE 1,743 kL ha! 20034F mR#kE 1,683 kL ha!
~ 20 20
= 15 15
: | i
5 10 10
m
5 5
0 : : : : ‘ ‘ 0 : : : ‘ ‘ ‘
5/14 6/3 6/23 1/13  8/2 8/22 9/11 5/14  6/3 6/23 1/13  8/2 8/22 9/11

3-1-3  FETHIXICBIT5 AEEKEOHERS
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)iER LR

R T 2— 7 CIRIEA K T 58I LB, AT =
— 7 CIKD I BEIK T2 i AR X s KOV AR A 42
BRI BUK T 2— 7 CREKSIBIRAA T TH AR X %
BRI, BRI I DI R s R A s L OVE 38,
Uy, VD LOMBKEEEZHR 3-1-2 12, BRTHXBIW
TEATHIIE X 31 HFE A 2 R IR & OHER (2003 4FD )
#[X 3-1-2 |TRLT-.

M hDOAEBRHNZ, EMDSE 1 REORENE LR
ERRIZAo7=HELR, 1 RERRIDETEI T, #1
REIKINORGLETET), fi0% 1 - AT
W, B EBHX CIEA IOV TR R A 2 5
DIPEAT ST,

TARRBRIZ BT, 8 1 REERWIGERE%K 20 B)F
KO 5 REERWICERHK 70 B)OERWIEL, B
5% 30 53X 1180 kg N hat Th-o7=Z:h b, # HEX
OFEEX Z, 1T #1315 kg N hat dUEIFEH%9 30 kg N
ha?), T#iZ 3.0 kg N hatd(Gi %) 150 kg N ha?), 1II
1% 1.5kg N hat A 49 45 kg N ha)esdEL7-. &
7=, Hn=012, THIiz-onT0.75, 3.0 kg Nhatdie
LR (ZENRZNEIE T8 0.75-3.0-1.5 X, ik Tt
3.0-3.0-1.5[X), IHIZHW\T1.5 6.0kgNhatlditL7-
K(EhEns&ik - 1.5-1.5-1.5 X, #iE+H1.5-6.0-1.5
X), MEAIZSWT 0, 3.0 kg N hatl d1ELIZX(EhEha#
Ak 1.5-3.0-0 X, #&i% 1#F 1.5-3.0-3.0 )&% 1S, &t
T HPRELT(F 3-1-2). BWIEEHROIEEH IR Z 8L C
OKF-3 (KIZE{t2%, N-P-K:140-35-208 g kg )% A /=,

TEA TR AR B 0D A 28 35 i A A2 0 3 A b oD it A e (AL i
TEEEES 20101256V 300kg N hatl Uiz HEARIC >\ T,
T LA AT 100kg N hat, U ATEEAEHAWT
87kg P ha' (200kg P:0s hal), HU AIHiINZ T
166kg K ha' (200kg K:0 ha )& i fiL7=. BIEDNEEHE
NATFA(AEF T2, N-P-K:200-0-166 g kg)% M
WTC 1 RSO EFEBIOHY Y LBRE% 40kg N ha'l
#J0033.2kg K ha! (40kg KO ha D L7-. JEIEREITE
1~5 REDIEKMEIAEE! b BT/ o72.

2002 FORKTHE T4, FRATFEROFEL I YBRT 5
728 2002 4F 10 HIZT AR ZAERL, B0 4 HIDAYERWY,
B ~FFH LT

NEKEB LIV TIFEKDSRTUOYILDBEIE
I T X I L O IE R Z B DRk GE i+
P CIXFEREAEIE 1 B 1 [E], 4467 9 B 11 BRI

1To7z. BREKEIZOUVT 2002 FEiLEMHEDDHH 1 REIE
RIET6kLhatdlEl, LT 6~20 kL hatldlEL7z.
2003 4D BHEK R, D GH 1 REBERHET 6 kL
hatdi:L, DT 15 kL hat dib Uiz, FEEHI h o
KB 2002 4E1E 1,743 kL hat, 2003 41 1,683 kL hat
L7po7-(K 3-1-3).

TEATHIAE X OFEK BT 1 [EFREE, 355% 67 kL hat
(ARYREEHRE T 11mm F 24 OFEKEITV, B+
DR/ BT 2002 4813 1,000 kL hat , 2003 4£(3 1,323
kL hat L7eo7z. b=MEMFRRICT oA A—#(Daiki
FEFREL(K 3-1-1), {ES 20cm O HHKDRT L vv
PR MiEA I8 1~3 [RIFEEk L7, HEKDFRIEE L CEEK R
T F /L 9.8~-49.1 kPa & H &2 LK EBA T
7-.

DRABEHLUHHAE

AP oD 8 RA UL EFRARRE Uz, IHEWIf IS 11
WL, 1 EFE 2 0], AU RELHEL. L
HEORTHINHE 1~3 3 H), TN 4~7HH), %510
T 8~ 113 BN TH LIl E7ziE 2 [0, LIHERE (Brix)
ZRETHEELIC, BEE 60~T70°C Tl AL, W
AERE A RO,

FIEB IO EREOFRGWINEIL, 5 1, 5 3, % 5
RFEIERIUNC—HBOXT 2 PRAERE, IR T RH 4240
X T 4 BRAERIL, FHAL7-. SRIL IR, KB LT
REITHT, ZFRERE 60~T70°C iR, Wt
PE A SR T. HEBHT SV CHREE — B bk 35 i
OKBFS, 1980)%1T\VY, DIRE T OT BT IR R A4 A
—KTFIAP—THIEL, KL OBERGHENOER
W EEF L.

FABREHNC, M~ MR PELA O TR, 15
TEMARE 2 EATIAL-(M 3-1-1). Az Hrh oo MEkkReZesE
% 100g Lt H{b AV DS CHIHIL, fRHR A O fiiERE
BERITA T T TP —THIEL-.

3. #ER

FEEKSRT L2 L OHERBIZ- DOV T 2002 DR
FHX TIE- 4.9~ 61.8 kPa, [FHEDIEITHIIEX TIX
- 12.3~- 61.8 kPa O#iPH THEE L, 2003 4EDFE{K T-HFX
TlE- 9.8~- 49.1 kPa, FIFEDOIEITHIAEX TlL- 6.2~
- 49.1 kPa OFPHTHERB LIZ. WThoELIE TR0+
HOKGRT 2 VTR T LA TR S0 H
-72(X 3-1-4).
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05/14 5/29 6/13 6/28 /13 7/28

8/12 8/21 9/11
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05/14 5/29 6/13 6/28 7/13 7/28 8/12 8/21 9/11

—O-#KLH &KL H

) R — e al| -0 — TG

=

%i 40 40

sk

K -60 -60

20024 20034E
-80 -80
X 3-1-4 FFR X AE AR ZI D TR T v LV OHERS
+3-1-3 TN DR BT RS C % AR
HLER [X 4 5 OV 28 4 0 AR B FEEIE Mg hah
(E D KA ke N ha'") AT T % &5

20024F
2 - B Y (230) 42 +3 64+ 1 B50=*5 157 = 3 (100)
ik HHE 0.75-3.0-1.5 (211) 46 £8 53+ 6 52 =*2 152 = 16 (97
AR 3.0 -83.0-1.5 (267) 530 69+ 1 392 161+ 0 (96)
EWRLEH#H 1.5 -1.5-1.5 (158) 412 46+ 5 37 +2 124+ 9 (179
Bikt+H 1.5 -6.0-1.5 (374) 43 = 1 67 = 1 55=*6 165 = 3 (105)
#ik T 1.5 -3.0-0  (182) 44 +4 59+ 5 4] £7 144 = 6 (92
LB 1.5 -3.0-3.0 (278) 45 +3 62+ 4 51 0 158+ 0 (101)
ORISR (.0 . 3L.+2 25+ 5 30F£1 . 86 + 8 (55
1H 47 it e (300) 414 61+ 6 46 + 3 147 =+ 13 (94
20034
A HEEY (233) A7 +2 52+10 40+3 139+ 9 (100)
FWR B 0.75-3.0-1.5 (215) 39+ 1 41+ 2 41 £2 121 + 3 (87
LB 3.0 -83.0-1.5 (267) 46 +4 52+ 7 35+0 133+ 2 (95
#HWRtH 1.5 -1.5-1.5 (155) 49+0 25+ 2 238 97 £ 7 (69
LB 1.5 -6.0-1.5 (389) 40+ 1 56+ 10 43 £3 138 * 12 (99
HBiwt+H 1.5 -3.0-0  (191) 42 0 62+ 11 20=*4 124 = 16 ( 89)
W LB 1.5 -3.0-3.0 (275) 41 +8 61+ 14 37 +0 139+ 6 (99
RIEAEEASEL (.0 .. 143 . 14 0. .16+0 . 44 * 3 (3D
1B AT fiE A (300) 35 £8 45+ 2 29=+3 109 = 4 (. 78)

1) [LHERIRI LR (20024F1X7TH11H~9A19H, 20034E1X7H16 H~9H22H)
D9 H1~3WM A 271, A~THEEE 2P, s~1LEMHE =% e L

2) WEOEAEIL, P RURAE

3) AR I T 2 FEINN OF I LI T HHEEX DU 2100 & L7z i54K
4) FELHHERERICIT S T 4 T#-TTH 0 2 S MEAR R 1. 5-3. 0-1.5kg N ha ' d'

TR BB T DR BB S RN BN 52 %
R 3-1-3 IR, BRIHXKIZBITHEEHREIN
B3, 2002 4E1% 124~165 kg N hat, 2003 4Fl% 97~139
kg N halOFFHICHY, 2002 4E1E 2008 4L L~ Bk 7
DED-oTe. MERMEEPEEXZ TREISX TIE, 45
REINEHEHEXE FE-72, —F, RE R i
X% ERIDXCAFRENEDERERXE LEl>7-DiF,
2002 4E0 1.5:6.0-1.5 XL 1.5-3.0-3.0 KD THY, ZD
FOMIRX CIUERER % T a7z, B THEEXIZITS
2002 F-FB LV 2008 F-DOEFH R I EITE R THHEEEX
T, I EN 94%E 78% ThH-7-.

FR I DR B FE AL DS R A PE ks LN

ERWINEI G2 D BEFR 3-1-4 | TRUZ. BIRHHIX
DR A PE BRI JOVE FWIN B TR 28 R e &3 2 < g
HlzEb e, EhnTa@EmIchH -7z BREHIXICHITS
WM % 38 D BG4 pE N SR I TR e R 03 26 <72 %
IZEBARWME T B -T2, 2003 4E1T 2002 Lkt
AR AR D ZE BRI ED DT, HEE SO R
KD I oTe b bND. BIR T HIX OMAEE FFIH %
1% 2002 40 0.75-3.0-1.5 XEERSE, 2 WAELHEEHEX T
Bebim<, 2002 41 69%, 2003 4L 63% CTh-o7-. BT
FAE KA Z 331 DI 28 RO RFER I EFERNSRIT 2 Lt
F B UEX L b~ ME - Tz
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& 3-1-4  FE TN I DR TENCALEE ) i A P e ds JOVEE RN R T -2 D50

JLER X 4, 45 J OV 22 35 M A it W EPEE (Mg ha ) ZHEWINE (kg N ha'h) WY 2 3 D S A28 3
(EIN DA kg N ha ') X3 RE E$ RE &t s A R GLEIOR
20024F
267 - B eV (230) 4.5*+0.1 9.7+0.1 85+ 2 183+ 8 268 = 11 36 + 1 69 = 12
FiRtHE 0.75-3.0-1.5 (211) 4.3+0.3 9.6 0.8 83 + 14 193 = 31 276 *+ 45 35+ 3 79 + 13
#iktHE 3.0 -3.0-1.5 (267) 4.6 0.1 9.8+0.0 79+ 13 187+ 7 266+ 5 37 + 1 59 + 9
#ZW®R+H 1.5 -1.5-1.5 (158) 3.7+0.4 8.0=*0.6 66+ 8 139+ 11 206 * 20 39 + | 62 = 1
B THE 1.5 -6.0-1.5 (374) 4.8+ 0.1 10.6 0.1 95 + 4 212+ 3 307+ 2 34 £ 1 53 = 4
FiRtHE 1.5 -3.0-0  (182) 3.7*+0.1 9.4=*0.4 50 £ 0 168 = 2 207+ 3 45 = 1 54+ 9
#iktHE 1.5 -3.0-3.0 (278) 4.2 0.1 10.0%+0.0 73+ 0 206+ 7 279+ 7 36 + 1 62 + 9
S [ S (.0 2.1£0.6 .55%£0.5 ...29£ 9. .79+ 910918 .. Sl 4 e
B4 T i (300) 4.8 0.6 9.5+0.8 102 * 14 191 = 11 293 = 25 32+ 0 -
20034
K e ne? (233) 2.7+0.8 9.3+0.3 56 = 20 170 = 12 226 *+ 32 42 £ 5 63 = 16
#Hik+# 0.75-3.0-1.5 (215) 2.1+0.0 8.4=*0.1 38+ 1 157+ 7 195+ 8 43 £ 2 54 + 1
EELH 3.0 -3.0-1.5 (267) 2.6 0.0 8.9=*0.1 50 + 162 = 11 212 = 15 42 + 4 50 = 4
IR THE 1.5 -1.5-1.5 (155) 2.4+0.1 7.0=*0.4 42+ 0 119+ 8 161 = 9 44 =0 53 = 2
#1565 -6.0-1.5 (389) 2.9+0.3 9.6=+1.0 73+ 8 190 *+ 17 263 + 25 36 + 0 48 + 8
#HiktH 1.5 -3.0-0  (191) 2.7+0.7 8.2=*0.8 52 £ 19 141 = 15 193 = 34 43 £ 4 60 * 20
BB 1.5 -3.0-3.0 (275) 2.9+0.5  9.1*0.2 61 = 176 + 3 236 = 19 39 £ 2 58 = 9
RN (.0 . 1.2*00 38*00 24+ 1 565+ 4 78+ 5 A48 L4 e
B AT it e (300) 2.5+0.3 7.6+0.3 54 + 7 150+ 1 204+ 7 37 + 2 -
1) AR OKEIE, )+ EERE
2) WINZEHEOREGYIEENTIL, REGWEER SIHEERIE (kg kg
3) MM HRINRIE, (AFFEERIR — ST IR O A RS BIE) HRZEHIEANEX 100 (%)
721U, TR ISR 7 508 B Ae % 7= b MR ZE A 2 B L2e v
4) FWETHHEERIC BT B 1 - Y- 00 28 FE iR &% 1. 5-3. 0-1. 5kg N ha ' d'
. 5 2009 20024 FELH AHEEHE 200 . - . B N
D ARREEEE (A iabm v (B) PR (O A RETEREEE
— R'=0.851 - R = 0947 - R' = 0,866 P REERHEX 6
il A A il o H =
E ‘, - o _E 150 5;:’ 150 o A ﬁo:ozzﬁ 1BITRER
< A ° g = ° F BELHBE
= H 2003 ¥ SEU
o WA A0 08 -8 8 o4 BRI n =16
= 6 0 " o o
® mé % 20035 BELH, ABREHE @ 2003 RITIRIER
ﬁ 20034 FEKLH, RAHREHE I4I:l 50 1 20034 B H, AHEEEER Zu 50 y =-0.000773 x? + 0.555 x + 41.5 n=2
T y =~ x2 +0.699 x + 76. = 2+ x— R*=0.890
a Wooss o L a9 e, Esits
. . E E3 T
100 200 300 400 0 100 200 300 400 0 100 200 300 400
RERIEER (kg N hat) AR BRBILE (kg N ha?) RERMEEE (kg N ha?)
3-1-5  BREXIZBITHMRERMNEL GFHERNINEQA), AFHERNNESEFHRFNEB)BLD
FREsR N L A FHRIANE(C) L DER
REREE, SFHERPNEBIOEGHEFNED —J7, IR THHEVEX I 5 REMMAHIZEIZ) N T

ZHOEREK 3-1-5(A, B, OWRLIZ. ARtEHWINE
LEFRENEEOMICITBEERBERARD LT (K
3-1-5(B)). iR LB CITEITHIIR L b~ 28 R Rt
THRFEMENE T EmOMERICH -7, AFHRFEIET
T RN AR B SR T MR X D 2R B ThD 230

kg N ha'& iz ALEEFTHERAHEANIH-72(% 3-1-5(C)).

TR TR IR Th A & Fe~ 2 N o3 D R SR
BiIm O EmICH T
FAEBRHNC BT D EDOERE AR B LOTIEMHIRTE
EHRGEER 315 1 TRLIZ. 5 1 RBEIERMICBITOHE
DEREGARITEATHIAL XA b -7 TR X
TUEE b REIEIIN T TREOEFREARIME L.

DEFREARMETET, 5 5 RELKIIBITLED
EHRGAHRITETHARX S E)-72(2008 FITAE
ZZDV). Fio, WHERK TR OFRIK THHEEXICBITH3ED
EREAFITBEITHEALX & LL~RVMEICSH - T

5 1 B INC 01T 5 - RNl RE 28 5 5 Sl LA AL
K&t 10 mg N kglRiili Th-o72723, FO%E 5 REEK
T TR EST. 5 5 REEAWICI T 5 g mmmee
EHFREEIT, JE L 1.5-6.0-1.5 X > 1B THaEX > 11 5]
O HEFEMIEE 3.0 kg N hat! dT O#E > #% G+ H
1.5-1.5-1.5 X >MERXONEIZE MEANZSH -T2, FbE
K TIREO TR RE R R 5 B XA LXK LY 20 mg N
kg Rl THY, EE OEIATRD b - T-.



WORED  boMIBITHERKEIZ OV TOBMIEL AT IS -8RI SRR Hl 21

F®3-1-5  AAFRHNICBIIDEDEREAFRBLO T EHIEEE R A &

T4 35 £ OV 2 28 I B BOEREGHE (g kg ) -+ Y 1B 2 2 (0~ 20emi%, mg N kg )
» E F LR T3 55 L L T3 TS D it
HEAORE ke N ha™) WA o o i rm  erm mim s
20024F
S+ e v (230) 26.8 a 32.5a 29.3a 21.8 ab 4a 3a 48 abc 2a
FiE+#E 0.75-3.0-1.5 (211) 24.5 a 31.8a 27.9 a 22.0 ab 2a 9a 46 abe 2a
FEELH 3.0 -3.0-1.5 (267)  31.7a 32.1a 24.5a 19.9 ab 8 a 22a 29 be 10a
i 1.5 -1.5-1.5 (158) — — 23.8 a 21.3 ab 2a la 15 be la
LA 1.5 06.0-1.6 (874) = 2668 22.6ab  3a_ . 49a  133a____19a_ _
F LB 1.5 -3.0-0  (182) — — — 15.5 b 2a 4a 26 bc 2a
AEEAHF 1.5 78.0-8.0 (2T8) T T e 20.68b la da ... 36 _be .. 3a ..
T A R (0 — — — 16. 4 ab la 0a 3 ¢ la
TEAT Jte (300) 33.1a 32.5a 25.9 a 23.6a la 33 a 92 ab 18 a
OB I H 6/10 7/2 7/23 9/25 6/10 7/1 7/22 9/24
20034E
i TP e (233) 27.9 a 25.5 bed 27.9 a 25.3 a 4a 19 b 52 a 3a
IR LHE 0.75-3.0-1.5 (215) 20.5 b 28. 1 abe 28.3 a 25.0 a 0a 21 b 49 a 5a
FiEHHE 3.0 -3.0-1.5 (267) 32.1a 28. 0 abc 27.4 ab 25.5a 6a 39 b 58 a 3a
Fie+HE 1.5 -1.5-1.5 (155) — 24.8 cod 21.3 ¢ 22.7 a 4a 4 b 12 a 2a
FiRLHE 1.5 -6.0-1.5 (389) — 30.0 a 26.5 ab 30.5a la 144 a 129 a 12 a
#im+H 1.5 -3.0-0  (191) — — — 23.5a 3a 16 b 21 a 3a
Fi LB 1.5 -3.0-3.0 (275) — — — 26.9 a 2a 10 b 32 a 5a
o 1 e A sk .0 12.2 ¢ 22.8 d 21.2 ¢ 25.1a la 3 b 4a 2a
B4 it (300) 32.5a 28.9 ab 23.2 be 28.0a 1a 19 b 81 a 9a
SUBHER Y E 6/6 6/27 7/25 9/25 6/6 6/27 7/25 9/26
1) [A U305 Cld Tukey-Kramer DR EICIB W THE AN RV T & &7 (5% K 1E)
2) Ko — 1R BR R
3) W LHEEXICH T S -1 -4 0> % F MR EI31. 5-3. 0-1. 5kg N ha ' 4!
£3-1-6 T HE 1 REIEKHIE COEFHMAC R AR 28I T 5.2 D2
TERED B 5 LR FEIE TERED B 5 1R FEIE R
" FTOELNEE (A) FTOEFZWILE B) B)/ ()
JLEREA [ 1AY%7=Y [ 1AY%7=0 ®
(kg N ha') (kg N ha ' d) (kg N ha') (kg N ha ' d) ’
20024
ik HHE 0.75-3.0-1.5 21.8 0.84 19.5 0.75 90
E S w 40.5 1.56 27.3 1.05 67
HIRLHE 3.0 -3.0-1.5 78.0 3.00 32.7 1. 26 42
20034F
FiwEHF 0.75-3.0-1.5 17.3 0.75 9.7 0.42 56
TR A 34.5 1.50 24.8 1.08 72
i tH 3.0 -3.0-1.5 69.0 3.00 29.4 1. 28 43

D EHENSEIREIERHE ToOBBICOWT, 2002451326, 200343230 TH 5
2) 20024E 13 HARI I AE H OB MO 4 HEHEALALE (3.0 kg N ha™ d) 23 fFbh T3
3) ERIFOEFEWINEIZOWVT, 20024E1%6.6 kg N ha!, 20034E/34.1 kg N ha ' Th %

Ra-1-7 5 1 RIS 5 REIEANE ORI RSO 2RI 5.7 DI

LR BRI A & 5 555 5 LR BRI & 5 553
MEK 4 RS E COERMINE (1) IR E COZEERINE (B) ®)/ (M)
[FToRE LH%7-1 HRh IEET=) @
(kg N ha ) (kg N ha ' d™) (kg N ha ) (kg N ha ' d™) ’
20024F
#HiRtH 1.5 -1.5-1.5 65 1.50 109 2.53 169
TR LB 129 3.00 175 4.06 135
BIK LB 1.5 -6.0-1.5 258 6.00 152 3.52 59
20034F
FIKH 1.5 -1.5-1.5 74 1.50 87 1.78 119
PR - B 147 3.00 124 2.53 84
BERLH#H 1.5 -6.0-1.5 294 6. 00 129 2. 64 14

1) %I%Jfﬂﬁﬁﬁ;ﬁﬁ)%%S%EHEﬁ,ﬂ;ﬁi’GODEi%(élob\'(, 20024E1%43H, 2603&@4951*3@5
2) FHIRFEIER OEHZEWINEIZHOWVT, 200241334 kg N ha', 20034FE1%29 kg N ha 'Th 5%
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~ 80 1 20024

s A 20024 n=12

2 604 020035 A ‘r=0.472

1]

=4 A

W 40 - A‘AAAO%

ESK (o} 20034F

2 20 1 o n=14

% (o) y=274x-36.3

=0.829%
g 0 T T d T 1
15 20 25 30 35

BESRERXHICHITS
BEOEXREHE (gke)

3-1-6 5 REAKMICKIZEOERESR
HRENFEZ IO RN EE DO BIR
L 1V WKHETHEDNE B ThOZEERT

IHERTHAL RO S 355 5 BRI
T, EOEFREHARLNHEZL O RFZUELOBFRE X
3-1-6 (TRLTC. FEOEREH RN EDIT O FUNHER ]
O FFIN BTN DD -T2, £, 2003 41T
DORNA B/ EOHBNRO B,

TEREDNSH 1 R F T2 i IR EAN R o
BRPWIEITG 2 D8R 3-1-6 1R, BRNDE 1
REERMNCB T 2R F R RO LN, RO
RN FN T <720, T4 RN /48 FE AR ) b (G
OB A)NFEL 72D E AT

51 RENEKRINDE 5 REIEAM EToEF ML E
DRI 22 R EN -3 DR % T 8-1-T ITRLTZ.
# 1 REERWNSE 5 RELKIIC I 5% F e &
DAL [FI R O 48 SR B/ 8 SR AR & I A<
RO o7, FR A HHEEX 38R 8k 1.5-1.5-1.5
X & A_RERWI BT S MEANC DT — 0, IR
R IR 1.5-6.0-1.5 REDMTITERWINEIC
DUWTRERAENTIR DTz

4. B
NERIMNRELEICSALEE

(200512858, RO JEDDFEHiFFCK BB
DIRUNEAR 0D Fe T | Z SERE B SRR EE DRV VE AR S LT
W, TOUGELL T, ROKRHEITHBEICERE 52 52N
VERI D53 7538 7K 53 IR R R 7 IE B PR A SE B C &
HELTWD. ZHE DS ESEM ORI 5 2 5 BT
OUNT, b b SRS T, 42584 i o0 S A 4
KT ZETREBIORERINEN FE-7222(Cook B,

1991)%°, H& Mk OIESHICH W THEIK T Tk Sy
ERERNHHE T HZE TR L OMEARZE R R E
FoleZl (- M, 2009; S, 2009003 EFSN TS,
ARHEIZIB N TH IR THFX 0 FIUL B LB THEAE X &
B MERANZ 725 3-1-3, 4 3-1-5(C)).

R BITDEOBRGARIIL IR DRFEDIE
KREILIBEK T2 ANICHY (3D, 1991), AHEOEST
FEAERIZB W THREERIZRO BD(FE 3-1-5). Zhuid, &
FHARDSREAN 725 ThBIE, WIS - FITEE T
LS TREICERESNDIED, TEMENOZERLRFEIC
MR SN D (FER, 2010)72 &2 b5, £z,
7 DOFEERFINRO SO B FZME VR AR+ THIE
EOEFREARIIAEIILTT500no 5, 1996)Z LD,
RENEZFODHINL, RKBEREAEFAERNIAT T DR
MR E LT B A GR AR R ETRD.

B THNEOEREARICEGZDHBIONT, &
R THAEEX CIEE 1 BRI RTHIHE o
M55 5 BRI TEDERE AR T
B, 8 5 REEKYICBITHEDEREAHRITIE T
JEX &~ o7- (3 3-1-5). A MEARIC KD HEIR L 7=
Locascio H(1989) DTN Th, il X4tk
AR EHEA~ERE 60 HISXK N 90 HEDOREDEREHRIT
AEICEES TS, EOEREH LA RIIL
BICHEX DB ONT, BEHREOMMIBITHED
BHREHRIL 12~38 g kg O TIEARHREE L IEOH
B% -9 (Scholberg 5, 20001F7%>, &l 6~12 %D
EOEZEAHRIIREERINEL EOMBE% 79 (Locascio
5, 1997). KEIZBWTHE 5 REEKH(ER%ZK 70
ANCBIDEDEREA RITINHEZ O R RN ELIED
FARESZRD HNT=(K 3-1-6). ZNHDZEND, FiEHHT
IZBEE O TEIZIY, AROREIA-7370 BRI EMAS
SNTZETEORREAFEMFFL, KEMREEASE
TICRFEAFEE OB BN,

TSR BRI X A TR A X & b~ B 22 S i e
IR L THY(X 3-1-2), HIEEREES LT
BLHEBL CD(F 3-1-5). LnL7adss, ik HHHE X
D 5 REBEKRMICBIIDEDOEREGHENEN(F
3-1-5) B, JEiR D@L B SO RESE 2 His.
— 7, UHERS TIRFIZ W CHED S R 5 S HMEA T AR X
FOBIR Ao BRI, ICHER HIo> R I B MBI THEAE X &
DH2<(FE 3-1-3), WUNEEFED REA~DIEAZL 25 (1L
FERE TR 31T D TR LR RN &/ A 32 RRIE ) bl
DOUNTERIREHHEAEX O 2002 413 0.68, 2003 4E(X 0.76,
TEATHEIEX D 2002 4E1% 0.65, 2003 4R 0.74) 2850, &
TR M YE X IR B TRIIE X & b~ - EE AR AR 2 R DMK
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<HERS L CTH0 (32 3-1-5M D LARE D 28 Ffilfaze 0 B/ MR
WK CE Il B2 o5, Fio, THDZ Lid&Eikt
B UE |2 31 BRIV 28 35 O BLFZHM A PERh R A D D
(3 3-1-OFERNEE 2SN, WL ZEHR D R IR A PER
FhH 5 REEKMLIATE LRI T TR 5L, B
THHENEX O 5 FEIR AN B DN ZE FH O R,
WL pERhER(2002 4F 31 kg kg?, 2003 4 34 kg kg )i, 18
1THEAEX (2002 4 33 kg kg?, 2003 4 36 kg kgD EIE [
HThHDHN, B 5 FBABKIANHINHER T RIS 1T BRI
ZERO R I PERNF(2002 4 56 kg kg, 2003 4 56
kg kgD, 1BITHEARK (2002 4 31 kg kg, 2003 4F 40 kg
kg)E b ~EEAMHEAICH Tz

TEATHEAE X CII Ak S & b~ W O R REK =
WL, FHOKSRT %L - 49.1 kPa LI F(F 2.7
LI ) B IR E0 o 72 (% 3-1-4). K AR
AIMMY MDAERIZE 2 D58 DN, KRBT
23 pF2.8 UL E(- 61.8 kPa LA F) TIXZEIED KGR T v
IV SRS AR T U REDOUHEN A ELHZE A, 1993)%°
FEKBEOHNRIZ LY R EIESLE RN EIME FLEE
PEE D EHF D2 EGRAD, 2005) 085S Cna. 1B T
T AE R 331 5 FLFEHE EE (Brix) DA I2-2U T 2002 4F
1% 5.45, 2003 41 6.00 THY, K HHHTEHEX (2002 4
1%5.37, 2003 4F135.78) L~ TRD THOINH B 2L
ROLIRNZER, FKES KGR T vy D7
DVIEUY 2003 FFEDF B RFENED N KRENZ LD, T
HEK Ay AR ADMEATHENE K 0> S OAR T EIK TR
WeEB b

)EREIHIHTLEEERFIAE
AHEITIB T DFIR T HHEEX D 2 DEEO L ZEFF
FIL 63%~69% Cho7=(F 3-1-4). #£5(2003)iLH~h
DREHER 72 28 FE MR R 351 D AR X o ff i 22 52 7]
AT 62% THY, BITHIEX D 44%X0bE0->7-LH
HLTHRY, BEHO000)IF M MEIR EHFOIGE T I E
JHEEFFIRIT 52~55%E WA L TD. ARG
fIE 28 SR SRIFBEE O WA L RO D ThH A,
TR X O ZEFWILEZS 109 kg N hat(3.27 g N #)~78
kg N hat(2.34 g N #D&, #5(2003)D 4.08 g N Fk1k
R kO E R BV R NWEME T TOREBRTH
HZE00, BFEOWRE LT ETH2HDTIIRVEB 2 HIL
Tz, ARG CITAR MEAREHX L DAL XTI T8
X OMERZESFRIFARERHL TR, ekl o 3]
FEREV VB L OSSN U ST ALHEE (2 31 Do I AL U
PN (87~131 mg P kglHL U 125~249 mg K kg?) (t
WEE FREGH, 201001280, A MAREHX Iz 51T D 5

hMIBIFDEZRBEIZOWVTOBKHES AR IS =28 R HR 23

BROV L BEOHIT L EF (2002 4F 4.90 g P kgl &
' 31.8 g K kg?, 2003 4-4.78 g P kgL 34.4 g K
kgDid#Eik T HHEHEX (2002 4 4.70 g P kgl L (0 31.7 g
Kkgl, 2003 4F 4.23 g P kgl L () 32.0 g K kgD & [A%C
HHI-HOV L BIOAIT AONEAEENAE OHIRRKR &7
BIRNEEZ BT, Fo, AR CILIET T HEEE 3R X i
N D BT REAE X O g AR 22 S H A RIX L TER VA,
TR T HHEE X I B THEAE XX L C 7T7~T8% D% 5%
FiE & T, 91~111%DERWINELFGTNDHIENH (R
3-1-4), IR ORI S FF AR MBI TR A BRI
LTI THD.

NERIHBTEREBHYOBEERIERE
‘W LB TR B E R &Iz oW,

Bar-Yosef(1999)1 34 A= BRI ORI B\ i > 7o AR A T
INRELBRARTND. A CIIRBAERAERER NI
TTUHAD D5 1 REAEKIILAE R SABO BRI DO
B O L U TR O X G0 L L(GEE 3-1-2,
3-1-2), FlkBRICI 1 DRI A T
X7, I 3013 1.5 kg N ha? d1G55#%9 30 kg N ha?),
I H#11% 3.0 kg N hat dI(#fH%) 150 kg N ha)&a%EL
7.

AHENZBNT T #FT T o s Hhuit &40 7e<L
72 XTI LR YE X L L R PSRN EA D22V MEANC S
~72(3 3-1-3). 722103, 2003 FEIF HHEN B EFHEFEH
Dl THoEFEIEELZ DL &K B
0.75-3.0-1.5 XTI EF VNI DR D E R
AR 2D -T2 BE 26N 123 3-1-4, % 3-1-6). THD
EHEMREE D/ LB THE 1.5-1.5-1.5 KIT&EIE T
BHEHEX L LG 1 BRI D 5 REIEAHETO
RPN R (FF 3-1-T), FIREO RN
HTHHEEZ LNz, —, 1 F-T U HoEFkE
AL U K CITEIR THHMEHEX S e~ R IR E
SELBIhoT=(FR 3-1-3). [ HloEHHIEEE2 %< L
FIR B 3.0-3.0-1.5 IXITFIE T HHMELEX L LA~ TERE
5§ 1 BB I B 22 RN &2 F e & MK
<(F 3-1-6), HfifE 2 HEF R PMRNME A IS - 72 (3R
3-1-4). £/, THOEFEE &L LB IK 8
1.5-6.0-1.5 XIZERIT2EH 1 REEKRMINOH 5 FHEEXR
MO EFHIEEITFREH OEFWINELVE 100 kg N
halll E%<GE 3-1-7), FiR THHEAEX L L~ SR D
IR A PERh RO NE 22 R R R DMV ME N o 72
(G 3-1-4). ZNHOZEND, T HBLOTHICHTHHEIE
ZEHFMEIL 1.5 BL 3.0 kg N hat dEELEZON
7-.
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7 BB b~ hOMEA THEAR CIEA OB RT S22 555 5 B
K&tk OBIER L CnD 2 & (b e E BB,
2010)X°, I=Fv MV TH DRI Z R IE~DEHRR )
I TFUR BRI E R E S AHZE (R TTR, 19990
5, 000 1 # A MEEEROMEIIRIE LI O
AREK D I35 2 & TR BRI RS BR AR 22 R 2 RS 7
WAREE AT, L L7eins, Feilk H8F 1.5-3.0-0 XC
VIHERS DI R DR TR IE X H D772 5130
(£ 3-1-3), fufr s EFHEHIR R LMo 72 (R
3-1-4). —J5, & T 1.5-3.0-3.0 X1 LF& K THFETEX L
HERZEHEWRIN T 10 kg N hatFEEE L\ S GE 3-1-4), %
FUNRITIFE AL EINE T (R 3-1-3), WINEROREHL
WA PE RO R AR A MR T T HmIcH D720
(3% 3-1-4), MIYNIIF DM IE L E ML 1.5 kg N ha?
d1EE Z DTz, i IE %S 5 i A 8 R S AL T I A
HEX DO ZEHEMiANEIL 230 L1 233kg N hal Th-7=
N, UL T B M RO TREAEAEHECILIEE FEBGE,
2010)TH% 300 kg N hatld ki~ 22~23% DL 72~
B, INEZE LSO OEROWBALA ATHETH -T2

FFRIZIB W TH BN~ RO FIR THHZ DV THEA S E
PRSI ESITRY, AMED T ~TIHNIFY 3 5
WO ZEHEREAR T E IR CIE T H1:30 mg KR d, T1H:
70~150 mg 1 d1, I#:0~100 mg #1 d1(LL5,
2004), JRERTIE T #1:53 mg Bk d, TH1:95~204
mg F1 d1, MHH:56 mg #1 dI(EHD, 2004), Ko7k
TIE T H:50 mg Bkt d1, THi:80~120 mg #1 d1, I
#:50 mg #R1 dH(ESH, 2005) Lo TOD. RGO
JEEA R 709 5L, 1 H]:45 mg 1 dY, TTH:
90 mg #F1 d1, M#A:45 mg ¥k dil7ah, BEEO#HEL
e T 1 IO i AR Sl X [FIFREE Cd 23 I H 00 fif A
IR ThD. ZAUIARE DR (33,000 #: ha?)
DEEEDOHE(20,000~27,800 £f ha)ltb~ETHHZE

2, RSO fENE BT BB O M) R RO 22 2T
FAREZBL CGRESNTEY, RENELZMHERETH720
DO TR =D EE 2 HiT-.

5. Z#

BB IO A BRI A DT AR A 3%
T 57280, MR ECE /W RIS LOFI RIS
R DRBAAR T DI ENEETHD. LL, Miskakhi T
UIRUIZ RZIT NS TN LD R MR NSO TIE
TSRO ERRINEN LY, ZNoZ R T2281%
B,

AEICIX LBOMBREE R RTRE DNl
ANZEBWT, ERREVRMZBIT D8R TS R FEAEPEI
G2 55 BB TR i35 L L6 12, BRI
D RAnEE R R L&A BRI 3017 2 1E % F M &
ERRETLTC.

1) BRI CIREATHEIE K & b~ RS O 2
RO REGEPENFD @ MEIN I o Tz

2) IBATHEARX CIEES 1 BRI BEE 5 LB
INT CEEDEREGAEPME T LA, B X CIrIE
DEFREHRPHEFFSNTNZZEND, B EHIX Tl
SHEFE DA LD BN E B MRS NI Z LN ED
BEREAFEMEFL, AR ST RIEAELED
7mEEZ LN,

3) REIEITHEF AR 230 kg N halz 82 5 E0H
FTHI270, MifE2E A AR 2EF R 210~230 kg
N hal TlxE&ror-.

4) L EDZEND, M~ hOBIEEHHI BT 55 A B REH
O EEFRAEEILERSE 1 REEKMETH 1.5
kg N hatldl, 2 1 RENEKHOMM.0FETH 3.0 kg N hat
dy, 0% 17 A2 1.5 kg N hatdi&E 2 b, 2Ok
MRS 31T DEAE 2552 F HIZRIE 63%~69% CTh o7z
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$ 28 EMERREENZERRELSIVRE
REIZRIFTTEE

1LIEEHIZ
Fik T, EOEF A DT THRITICIEEIE K
ZHZ5HZET, BITHAEL R O & fERL DD
FaAE RO EEA FTREICL T5. #IFERHC B O TR R R
ODm\JﬁEHE%m 1, (EOE BRI L0 Fak &
BRI EE R ETHEEBIEMORFTIREICS
Eb-hkf:ﬁ’rEHEO)a)ﬁﬁ’ﬁ%ﬁi_&hig’(%é. H1HTIIEK
V<O HHHZ OV TR ESZ A ARERIL, %
A BRI T il 1 2 AR A i e L.
AHITIE, BEREVMIOBIR EHHI DWW TERFKE
DR B E T DIChIZ0, RPN BT E R e
STERR AR |2 BT B TR A T B 3 SR SR

hMIBIFDEZRBEIZOWVTOBKHES AR IS =28 R HR 25

2B B LUVAHE
DFHEME

BRI 1 HERITL, 2002 4L 2003 4RIz dbuEE AL
T OB BRI O = — L ZHFI 23T HES
Uz, MRS 1 iR 3-1-D0i@h Tho. BHERE
I 1 HiLFAUTHY, ERMEOAFEIEE IOV TE
X 3-2-1 TR LTz,

)i ERALIE

BAFRK I 1T DR E R A E A R 3-2-1 1R
7. B LHEOAIEX DS S, ZHE 4T T, T8, IO
HE&FilEE2Z 2 1.5 , 3.0, 1.5 kg NhatldibL7z
FEYER 2T, TSV 0.75, 8.0 kg N hat d1&
LK (ZENE 0.75-3.0-1.5 [X, 3.0-3.0-1.5 [X), IIH#HIC

) 2SWT 1.5, 60 kg N halt d1:L7=RK (N EFh
BROEDEREGH R LI RIET B L. 1.5-1.5-1.5 [X, 1.5-6.0-1.5 X)I L OMEAEEHX 2 2 52
LU= 3-2-1). F7=, HEIBE B L OMEK BT 1 ik H
CTh5.
20024F
MIEME | 18 (5/16~6/9) L (6/10~7/27) | m#a/es~see |
HEDUEE " OER®) ® @ ®
(F1~5REBEEKXE) (6/10) (6/19) /1) (7/10) (7/22)
IR RS WS | YR | s
— AL LN IRFE B i BIERT
(5/15) (6/10) /11) (7/27) (9/25)
i i — i by by i i i .
ﬁ E 5/15 5/31 6/15 6/30 7/15 7/31 8/15 8/31 9/15 9/30
1) EREABIEZTNENOEEQRENE LR RAICIEALAEET
2) 2003F(ZH TS MEACMIE T #i(X5/15~6/6, T HAIX6/7~7/28, MEAIL7/29~8/25
F1~RERXEIIZFNENG6/6, 6/19, 6/27, 7/10, 7/23, TEHEIL5/14, UNFEIRILT/16, M F7/28, FHIEHE TI1%£9/25
X 3-2-1 EhigOATHEEEIEAER, s X OUTHERR(2002 4F)
F32-1 FAFEXIZRBIHHIREO B =R iEEER L OVE FHE R
43 i A e R oL 2 FE M E (kg N ha )
HLER K 4, (kg N ha! d7) 20024 20034
1Y om?  mg® L O W Ak L# O I 2k
rEwE L5 38.0 1.5 . 38144 48 .230 .. 35166 42 ..233 .
0.75-3.0-1.5  0.75 19 211 17 215
3.0-3.0-L5. 30 00 e am MM e 69, 0 12 ser.
1.5 -1.5-1.5 1.5 72 158 78 155
1L5.-6.0-15 0 e % ass M st T .
4 kL 0 0 0 0 0 0 0 0 0 0 0

1) THNXEM~E1RFEE RS (200242135/16~6/90D25H &, 20034E135/15~6/6D23 H [#])

2) DT EIVRFEE KISR0 (200242136/10~7/27048H [, 20034£136/7~7/28D52H &)

3) MHNIH OB, HRE (200242137/28~8/28032H W, 20034E1%7/29~8/25028 H [#])
i1 A% IR T £ TIXHEKD
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MFEH LU RTAE 10000 [
REW, (FkoERGAEBIOERRE, ¢ | 2002%
IR RO - SITEIE L CRLSE) g  |
THD. FEMHRREOIET, BEMEVIPOERE 2 6000 |
BWHECGE 2 B4 1 EDICAW, % 1~5 REEAm B
8-2-DO/FRl 9 W~ IEFORNCH 1| R ook B 0
AINESERA TR, 1 REEAMIT 1515151, & 0|
1.56.0-1.5 XZFR 7 4 JLBEIX, B 2~5 REEAERINIE L

AN sEUU A A . 7 —~ " )
iT@@@ET%W@??&E&LTﬁOﬁ. 1 [FOERUIZ> B ®2 W3 4 W5 m1 mo m3 m4 s
FEALELRX DD 3 MR OIEMAEREL, 2 NI/ DIER REREEXH BEEX#
AT 1 BB L7z CEMRSREIRE O IE/2L). O #|M#£(1.5-3.0-1.5) O 0.75-3.0-1.5 @ 3.0 -3.0-1.5
REST- 10 - TN Tk GRS, ARk oA A 1S 1SS AT5-6015  x RIER

5 _ S e 1) RBIZERRNEHSEER (5 LI EDE,
HU, kiYW T =TI —% AV Chldfig BRIk ROR AT

L TR Fd =0 ORI T L)ERIELE. ) FIREEAMICHSHMER, 1.5-1.5-1.5REL U
L CRTRE S 7D OFHIRIRIE. mg NO, LNZHIELT: S L o T

3-2-2 FAMEXIIHBITHE 1 BEE FEOLER
THERIEFE DHER

3R 3-2-2 FAHENEARINTIS T D YA IR A H EOFHRIERAK

% R AR RIN F31) 2 HEIRS IR (mg NO, L)

F1 2 %3 Fa %5 n
20024F
EHEKEE  TH 0.655 0.892 * 0.488 0.622 0.312 6
(kgNha)) T#i 0.658 0.666 0.927 **  0.902 * 0.885 * 6D
wpEH  HIREERS 0.288 0.768 -0.010 0.354 -0.792 6
AR E3REEAH 0.320 0.149 0.316 0.314 -0.095 6
(g Wike ") 455 B R A 0.194 -0.087 0.540 0.501 0.630 10 2
N FE T 0.406 0.784 *  0.533 0.649 * 0.503 122
R I 0.797 * 0.863 ™ 0.909 **  0.951 **  0.858 ** 122
(Mgha™)  UXHERRIY 0.439 0.510 0.820 **  0.795*  0.902 ** 122
TR & 0.668 0.838 ** 0.903 ** 0.947 ** 0.896 ** 122
W2 I B (kg N ha h) 0.589 0.815 *  0.885 * 0930 **  0.902 ** 122
it JIEL 25 31 =2 (%) -0.313 -0.303 -0.116 -0.133 0.129 109
I8 SR &/ %8 3R e Il i b -0.354 -0.500 -0.631 -0.649 *  -0.310 109
BERERIRA H 6/10 6/19 7/1 7/10 7/22
20034
EHEMIEE T4 0.958 * 0.790 0.518 0.428 0.370 6D
(kgNha) T# 0.551 0.767 0.978 *  0.975 *  0.832 * 6D
wpEHE  BIREEERH 0.902 **  0.938 **  0.903 **  0.727 * 0.654 8
EHE F3RBEIER 0.415 0.719 *  0.834 **  0.895 *  0.706 * 122
(g Wehke )  SSRBEAH  0.438 0.609 *  0.680*  0.749 *  0.806 * 12 2
I HE RITHA 0.676 0.445 0.542 0.578 * 0.664 * 122
BRECRY T 0.696 0.808 **  0.861 ™  0.836 **  0.824 ** 122
(Mgha!)  UHERI 0.369 0.620 * 0.820 **  0.884 **  0.889 ** 122
A B 0.639 0.740 *  0.862 **  0.882 **  0.908 * 122
B2 (kg N ha !) 0.609 0.754 *  0.920 **  0.919 **  0.883 ** 122
Jite e 22 SER 2R %) -0.109 -0.215 -0.153 -0.164 0.189 0%
[ 22 SRR o/ 2 S Jiti A o | bE -0.348 -0.703 *  -0.715*  -0.696 *  -0.312 109
TERREREU] A 6/6 6/19 6/27 7/10 7/23

1) FHIRBIERHICI T = 4 2) BIREEKIIZB N Tn =8

3) FHBIREBEEAMIZB W Tn =6

4) UXHERIRT L LA RI(20024E X7 A 11 H~9 A 19 H, 20034E1X7 A 16 H~9 A22 H)DH>%H
1~3JE [ B 2aiH, 4~7@EM B 28], 8~11MH B a2% e LT

5) * [ THABE 3% K HE, *k| X 1% KYETH B THHIEERT



WAMD  FMIBITAREHZERERITOND
3fER

FABRKI IS D5 | REE FHEOIEFR YRR (LA
T, THERRASEAIREE 1358 1 BEE PO %
89) OHEB A X 3-2-2 |R U, BEHEXICRBITAE 1 BE

AE R 0> BERR RS R FE 12O U T 2002 4513 3,400 mg NO,.

L1, 2003 4% 2,700 mg NO, L1 THY, oL
BV ME NS -T2 RIKICEBIT 55 2 BRI OB
FARSERTEEIX 2002 4EiX 5,000~6,000 mg NO, L-1,
2003 4% 3,000~8,000 mg NO, L1 O#GFHZHER L7-(1X
3-2-2). 7 2 RENERMLIEOSEMIEIARE S Bt e ia
4,000 mg NO, L1 PL ECHEBL QWX T, Wiho
D RENEDPEAERX D 90%LL E&72->THY, 542, 3
FEARRINC BERRRERAT L 2Y 2,000 mg NO, L A 278
7= K CIT R I EAEHEX D 90% A&7 ~7=(1X] 3-2-2)
55 1~2 LEEKRMOSER SR T 1 Mo %= R A
BEEWVMBEZERL, 5 3~5 RO LMY
W 2 LS TlOEFEEEEA B W2 R L.
(# 3-2-2). 2003 EIZBT, K REEKIO LR
ERREEE-ITZFO ETOREBEERIZBIT2EDSE
FEARE 1%KECTHBEREOHMEEZ RLI(E 3-2-2).
INHERTHAOD BRI 1 F72135 2 R KOIER
EFARIR FE L et i\ OV IEOFBIZ R U T RE DU i %
5 2~5 FAB BRI DO BERREIERR L, I B O RIX
%5 3~5 RENERIOZEMHERIR L 1%/KEOH B
WFIREZ RUTE. RN EN TS 2~5 REIE AW O By ER

TOBWHEL AL SR B B 27

L 1% KHEDOFERmOHBZRL, RERRIED
FFRREORBIZ R U (E 3-2-2). TEMARYFRIR L L it iR s
FHHROMBN I 2NN -T2, —T5, B 2~4 RE
FER I 0D BERF AT e P . [ SR i/ 28 S it i i) P
WEOFRZ R U (EE 3-2-2).

R FBRERIN F1T D BEM IR IR L LR R U L D
BREIX 3-2-83 1R LT-. 55 1 EEABK I CIIBEMRYIR)S
EEAERINSI D ST G DI, IIEDME T L. 8
2~5 BRI O LRSI AN £ D12 Eh 7RI
HITHINT DAY, BERHERERE 5,000~6,000 mg
NO, L1 THRINEIZFEF BT -7-. 5 2 BEEKHIDHE
TRRYEAILE1Z 2,000 mg NO, L1, % 3~5 REAEAHT
£ 4,000 mg NO, L1 % FEZEBINEIME T LXK
3-2-3).

A RBAEKI LG IEM IR DS S DI LB eV, TED
EHROARILEEEEND o7, BEFEERIR LS 1 R
FAERHITIE 1,000 mg NO, L1, 45 3, 5 REIEAHITIX
4,000 mg NO, L' & FRIZLIEDEHRGARME T L.
—J7, % 3, 5 RBEIEXMOEMMERIREZIL 5,000 mg
NO, L1 JVE CHhEOER G AR LH L -7(%
3-2-4). % 1, 3, 5 REEARWELIEORREHENEED
(ZEB7R, IHERTH, 31, #2390 RN R THINLT-.
RO R RHAL L IEDE R G A HIT 25 g kg THIDHER
FUR BN REL FLIZ(K 3-2-5).

200 T
Ti_—“ 160 Aot | o Ao“ A AA% 4 o
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F1IRBRXHAIZHITS FIREIRXHI<H11D FESRFIERHI<HITS
ENEREHEQ EWKIY EOBREAE(Q Bk EOEREHFE( WKk

1) *x[FX1WKETHENEETHDEETRT

3-2-5 %51, 3, 5 RENEAMN BT DIED EREAARHERTY, I, RYIORFULELORER

455
NERTHICE TIEHRICES KU AR EA A ERRH
BEEICRIFTEE

%2 mITBWT, BITHEEEOEKEVN MBS
D EEFRRA o W A TEHIRIR . 4,000~7,000 mg
NO, L1&U7z. ZAUTHL, #ilk THFCIEE 1 B
DOIEMREERIEFEIE 4000 mg NO, L1 FEIZFHFIALH
S72(X 8-2-2). ZAUTALERXITIS T D EMNDHHE 1 £5
JERBIFTOEZMIEES 0~75 kg N hal THO(E
3-2-1), MEATHRF OIEHERLIE 2 8100 kg N had(dkiE
HRBE, 201008007z B2 bz, 0, 5 1
BRI I B b~ ERA R BRI FE DML T
IR R CE (X 3-2-3)ERHEL T, 55 1 BB
VXA DR L L~ TERR ISR IR B CHIED =R G A 3
NEEHT L (K] 3-2-0)LHEDZEH A RO FITK 5L
BOKTOEIN NS (K 3-2-5)-0EE 2005, B3I
CIXRFEFED RN DL, WL T= B ROV EMIEN D
ERVPRFEIELENICHFSND (@D, 2000; FfT,

2010)Z &0, FEAFEDEANIRDRIOH 1 REAEA
TIEZAVLARE DRI & LRI ZE R O EEA~D S ELEI G A
B, EOEFRGAENEHEILTWNEE O,

%2 REIERBLFBICHS N T, REINEIMELEX O
90%LL &R KOIERASIRIRE X354 4,000 mg
NO, L1LLETHRLZ(X 3-2-2)28=0, [RIFEDIEf
BRI FE 7N 4,000 mg NO, L1 &2 KES FEBELEAME T4
(M 3-2-3)Z&0%, HEATHIEEE 1 %G LRk TH-
7.

EHBEIC BT HEKE VN~ OB THEE TIL, % 1 75
B HED SEM AR L BERER BURE .  30 D Rl R 42 S i
JE O TR A RE 2256 & Bl i\ MBI A R LT (B 18D .
FEE B CIIAS R AR D SERN AR B | B T D 2 55
SR LV FRBIA R U 72 (5% 8-2-2). T oD 22 e I
W55 1 REIKMNIAEDN, D 20 ARLBRICHZS
55 3~5 R NI D HERN AR X I 0% R &
EHBRIEOMBEZ RU(FE 3-2-2). F2, F 2 REEX
WO BENRIRIRE NS 3~5 REIEAHE AT oz



Y S

FMALEL OFHRAERE D <, MO ZE RN E & D AHRES
PRI LA 20D, SERNARHERTREZIIERIGT 20 HIA
REE D BRHERMIE R SRL TODEB DI,

DEMHBRRE, EOEREFAESIVRENENHEE
E31EY

TR IR E L EDEREARLDOBRICOWTRA
L7t S, BE AR TR B XM ER IR I C B 1 D BE D % 3R
B REEOFBIE R LUTZ(FR 83-2-2, [X]3-2-4). Locascio
(1997 DEWEITISNTS, EHE 4~8 ML DO HEMHIETR
BRSO E R EH R L L m OB Z R
FZEIND, b M OZEHIRR L X IEMER IR 351 2 1F
MOBRFEHRREE KA DB 260, —J7, 8 3,5
B R IO BERR SRR FE 235,000 mg NO, L1 2L |-G
DEZEH RPN -72(K 3-2-4)Z 813, ZO#ipH
TIIMEAE 2L DEFUHAZ NS THIERR DRI F
B, B ER L IEEANICEHSE Q0D EERD
ni-.

BEOBREFRELFENELDOBMRIZONT, h=hC
BITLEOERE A RITN G MK (Tanaka &, 1974 ;
Scholberg &, 2000)°FED#ILE(Locascio &, 1997) &
IEOMBIZFFOZENHESIL TS, 2003 FDH 1, 3, 5
BERKMENE16 H10H, 6 H30H, 7H 20 AHA)
B DIEDEREH RITIGENT, T, B(EhE
7 AH~8 A k4, 8 A FAI~T4), 8 A FAI~9 A
AN 8-2-1) DRI ELA B/ EOMBIZ R LIZ(X
5). 2002 FIIIEDFEHRIURIE N D722 H B2 MBI
BT, Fry ML 2003 AEDRIFEBROITIICH
HZEND 2003 FLFRBEOMEAIZ RTEB 2 BT (X
3-2-5).

%1, 3, 5 REIERNCBIIDEOEFREAHIL 25 ¢
kgl Z T[EIHERENEIMET T 223, ZOBIMITREE
RLATEARENIATT S5 3, 5 REIAMTLIEETH
272(1K 8-2-5). ARRL7=&NZ, EFHAERDEAN 2> T
BIE, RODRINS NI EFRAEEN O BRI FTIE
FRCERTS NS (FRTED, 2000; kS, 20100 28%, v
2 DIEFERFN AR O DB RGN AR+ ThHHLIEDEE
FEHARITAH L TT524(0no b, 1996)7)°65, B4
PEDVRA LRI CIED R A R LR TS LB DIE
RIS EHEE 2 bz, M~ OBEIEEHTIL,
ZHE ORI LV ERE L EMIETHILIZE>TED
SRR RIS, EATERF L AR IR LS <R
ST-(RER 1 8. REIEZ R T DD, KEAE
FELAARENIATTOHIMICB IO EREH RS
25 g kgl BICROMERHHEE 2 BT,

hMIBIFDEZRBEIZOWVTOBKHES AR IS =28 R HR 29

B RN D BERR R I B & SR FRUN B L D BRI
WTCHHA LRGSR, 88 2 REEKRWI6 A 20 A E)ITUHEH
W8 A L~TH), % 3~5 REIEAHIG A 30 H~T7 A
20 HEDIZIEF I8 H E~ TN LIS A T~
9 AHTNANX 3-2-1D)DRFUELH B AHEE =~ 2L
(& 3-2-2075, HEIRHIEIREIXBEDE R EH REFERIC
FERRERIF DA 30~60 H 2D R IR AT T RN
KEWEEZHNT-.

ERFHA99DIL, bwMIBITFAIEREDO > 7 IEEILRAE
EREZEENIICD, REIMROKIACHARIE 4 HR%
b B EDEHEL TS, ARG CILE LIEREOBE)
BINHERAD FTHK 60 HAELTWA (K 3-2-1). K52
WITRE I 0D BRI AT I LV LB R % 30~60 RIZH51TD
REIEL SR Z R 2800, BERRSEERE L IXBAE
W o 7IEEO B R ID) DD R FEABKRE (20 215
D et @ O (2872 2 R DU EZ Tl T~ DRI 72
HEEZ LN,

—J5, % 2~5 REIERIWOIEMEIRIRE DS 5,000~
6,000 mg NO, L1 CRINEIZIRFTHIZ7e-72(K 3-2-3)Z
S, TP FEERREERIR A m D CHEED BRE A HEMN
EELRNTZD(X] 3-2-4) 5 2 BTz,

BRI HCH 1T HERHERREDBEELE

TERRRSEETR E SR R R EL OBIRICOWT, 55 1 £
AER#IE 500 mg NO, L1, %5 2 EEEAMIE 2,000 mg
NO, L1, %5 3~5 FEAEAHIL 4,000 mg NO, L1 % Fa]
% b LI E TFEHER oD 90%(2002 413 141 Mg ha,
2003413 125 Mg had FlEl-72([%] 8-2-3). —J5, HEDZE
FEAFEN 25 g kg1h TEIDERFNENLKEK T2
(X 8-2-5)Z& 0, EOEREGAH4 25 g kgLl EITHERF
T 572D DIEFHEARE 2K 4 D758, 26 1 1E
JERHITIE 1,000 mg NO, L 45 3, 5 FEMKHTIE
4,000 mg NO; L1 DL EAAMEELE 2 b=, 2 BRI
BT DEDER G EOHEIHELIN TN, 5
2 RBERINLE 3, 5 REIERMILFER R EREE
SEAERISIATL , BHRAREIRBOMERN YRR ThH D
ZEMD, INEZ TR D720 OB SRR O T HREE
%1 BEAERHIE 1,000 mg NO, L1, 55 2 SR K HILL
K13 4,000 mg NO, L1 :E 2 7.

ERNAEERIR EE S T IRIEA TRl 72 558 ORI DN T,
TEATHEE CIXE H 1% 40 kg N ha'&iBIEL, 5 H#IZ
FEEES 40 kg N halZ BB 5L L-0F 2 #). /K
THHC I DA HER AR S T CI, SEMREIATR A T IR
% FEILZETDIRNEE ZLNDD, IRIERAZZ DR
7o SN KRR B FHE AT e > TG A T BEm



30 JbiEE LR S BT ERS R 5 139 &

TR B 8 TR A F5Z &b MESND. EHEXICE
T REIER I O R R C 71 24~39 kg N
hal THDHI2D, FEFHIERED FIRIEE FEl>7 561X
BN E R RAREAEES T 5720, IROZEIRFHE
T 10 A O EFhE EA e O G RIZEHED 3 kg N
hat AU AR DK EAEBY > 3 kg N haldziBiNz5
ZBTENHEEL.

TEM D2 RN E R FULLD B AR WG AT
TSR L IX R £ LB 2 DD . AW CIIIEmRYfE
TREEZIET BANT OFEAEZE FFI 8 ) & T as BRI R 22 R
TR | DEBOLDFEENRKENOY)E LIS 72(3 3-2-2).
MiAEZEEFFHERIT 2002 4E1% 0.75-3.0-1.5 [X, 2003 4Ei%
BHEX Clieh i ORE S 181), THUH D K CIIIEIRIR
FEiIR ks te o IEEEHER L T (K 3-2-2). UKL,
TEAE RS 2 SEMRS AT E 2N 5 1.5-6.0-1.5 X0, il
VDI SEMREIRIR DY FIREA FEl% 1.5-1.5-1.5 X
TUE, FEHEX & iR 22 30 MR o T (R B 1
i, X 3-2-2). ZHHOT ESTERR YRR B & e AR 22 3551
ROMEMENERNEE 2 HN-(F 3-2-2). —F, [E5%
WA /2 8 Jta IS o | EEI T BERP A i P & AL O AR BABERIC
Bo7=(3 3-2-2). ZOMEAITIEITREE NS 2 5, (LED,
1995)° AT A T2 (H 45D, 2009128V Th/RENT
W5, Fiz, BRI~ O ER R T 2 RS
THEREREE R ELEEIL THEDLMAD, 2003; 15,
2004) — 75 C, FEWREERIRE MRS ER R L L RSz
X CIT MR ZE FF A RITK T L7Z(RS, 2003)280 0, HE
TR ERTE 1 R O R 2R AR I E R ORI kL
PO NFU 2 BT DHDEE X DT,

¥ 2~5 RIEIERWIOEMHEIEEREIT 5,000~6,000
mg NO, L1 CRIENENFEFTHI272057 2R0(1X] 3-2-3), 1
TR R B T 2 SRR o/ 22 3 i A A ) 73 B O FE BEREARI
HHTE(FR 3-2-2) 1, MR SEACA BT HMLENR DD, &
SRVHAE AN FERA AR P | R F T 5B DV TR L 7oA
B 5 1 BB LU 0D 28 35 i I B A R HE 10 e o
721.5-1.5-1.5 XTI, IROZMRFHIZ BT 55 2 RIAEIEK

HAD BEM R FE A MEHEX(1.5-8.0-1.5)& b= 1,300 72u
L 2,600 mg NO, LKL Ae~>7= (1K 3-2-2) . i#Fl 2 fifr s
BETD—7C, WABICEZAIIN DY AT AL 22T Huid7e
BIRNZEMND, BRI O _FIREIL 7,000 mg NO,
L 324 eB 2 B, IBITHES CITBEMmmsIRIR s b
FRAEAHEZ T8 G, BIRAEIETH2LLLTWDEE 2 %)
S, BIRAHCIXZHEE i CRBEL T DT OFE G
EATHT=0, BT THEAR S b~ TR IR RE 2 56 & B MR HE
BT 2(ER 31528, SEHEMiANA A B2 &R
TEHRNNRHDLEEZ DN, ZNHDZEND, FiktHHC
BV CHEMMEERED FIRMEZBX 7-58120F, ko2
IS E QAR E (] w8 G 1= NS o 5 R e Y/ =23
LU,

524

B EHHZB O GHARZ OO IEIEETTH I, 1EY)
DAEBRINC GO T B R MILELZ R ET DL, 1F
MOFRFIREIZE DR MR OFE A THZ LN HEE TH
. R CIEEKEV M bOBRIK TR OV TERRAE
W RER R E T DB 72D, 22 TN B SHEAT AN R
I RAE B L R EE N R R O IE DR G H
RIZIE TR OV TRAIL.
1) ZERREEEIR LB O S F AR R E O FEBEZ R L
T, FEMERIRAT 20 H IFREE o SR aE S &4 SOk
THEBEZ L.
2) HEAFRERATIR LIRS B I DD EREHF
SOTERNER B 30~60 H 236175 REIEL BV IEDF
BZ R UTZ. ZOTEN D, JEMNREIATR K I IR IR 23
TV DT ARFRRAEE SR L, BRAED DR LK
(2T RIROIN &4 TRIT DRI 583 2 b,
3) EDEFHAH TR LN EL R T D121, 2
TRTEERTREE O FIMEIZE 1 REBEAMCIX 1,000 mg
NO, L1, %5 2 REEKMILIFEIX 4,000 mg NO, L1EE %
DiVIz. Fiz, R HEAEE BT D80 DR Y AR
O _EIREIE 7,000 mg NO, L1 &5 2 bz,



Y S

F3E BRIMEEALEEERSIC

BT L IEHBREEROEELERHEREE
DHEFE
1.IZC®HIZ

AeHEE O CERT L ALF T2 T 2002 DK T4
DUAT LB 14 FOAFEFITEAINTERY, Mhsel—
Fo—al REREREEIN TS, H—F— a2\ T
TR TR AU A PER W ClL, IR E A HERFL
DOPAEDS AT HE T o 72 Z K VEZE DL LD RS
iz (&S, 2012). AEiCHE, BREHEZEALIZMR
A PEF B RT, EREREO TR IR IR 28 RO MR B
MDA CHEMEIRIR /281052 D B ik LT

BB LUV AE

FHATIE 2002 L 2003 A (ALHEE AL o0 Az pE A [
TIT-o7. AT A ERIE 2002 4F, 2003 4EL (22 77, 4%
THY, WTNB KA - Th-o7e.

AR SIS DA AT T AR 20 em ZEIT 60
em RETHRINUSIEREZE R S B E L. £, %
FE, EhgOERMIEER L O IRRI RIS OV TA
PERMNORIE T ET To72. 2003 4D AUVHERR T
M MMEM RO HEZEE 20 cm Z 812 60 cm EETEE
ML TR RE 22 2 5 BA M L. ZEMI RS R IR FE O
TEIZDWT, 5 1~5 REIEKIINCEE 1 EE FEO
INEEAAR I BER & 2 FLER CHERES, 2R K TR L
72 SR OV T 2002 4513 MR OB EE R, 2003 4R
1A —NTF T AV —% TSR (i EH - O
FRIEEE mg NO, L)ZHIEL-.

hMIBIFDEZRBEIZOWVTOBKHES AR IS =28 R HR

31

3FER

AR A, BT 3 A TH~4 A FAERO AL
BITHY, ApER AL T BT L, EPEHR Bl 11~12
BNEDORHEV CThHhoT= (3 3-3-1, 3-3-2) . Fbgrio L
Bz T, 2002 00 A-1 ZERKEETEEO0~20 cm)
DREEAREZE RS E)Y 50 mg N kgDl EFRFL Q2. F7,
2003 0 B-3 Z <[ ClE F/E(20~40, 40~60 cm)
\CRHRERREZESRE 87 50 mg N keglll FFEFET 28050
HIT(F 3-3-1). FiE W0 THEALZ 2002 4F134:
FER DIEBNZ - THANZEFEN 100~150 kg N hatfiiff
STz, 2002 I DERER D EFE AL IOV T
HEL7eh o723 3-3-1). 2003 FEDOHARZEH BT 0~45
kg N halT 2002 fELEEA~JAL, BatEREilED 19~
70 kg N halic#ix Hi /=GR 3-3-1). AEFER SIS
TERRNERIR L1 2002 FRIZ BV T 1 REIEKIT 6,450
~8,600 mg NO, L1Z7RL, & 2 BRI LT 8,850
~12,000 mg NO, L1ZHEREL7=. 2003 F(ZBVTHIE
MR B 13 /O C 7,000 mg NO, L% k[ml>CHE
B UT-(323-3-2). 2002 FEDEFER B ClIb~ O E#)N
SROITHERS L CRVRHTERER A DRSS Tl 1 RFEEKR
HIDZELEDY 11.8~13.3 mm &72Y, A PEH B OTHE A~
EENKL, HED TR -T2 2003 HIL 2002 FLHEZE
PATORMI 7257255 3-8-2). bh 1 B4 720D mHR LU
BRI B+ I BRI XA PE T A 1 10 Mg hatFREE,
EpERE B 12 12 Mg ha'55CTHY, 2 DHEDOIEKETITIE
A% Cho72(F 3-3-2). BIEHE T RelZI1T 2 TR e
EREGREITEER A OESGCIIEEELERIAIE LT
1R 22 T-. RS B OIS CTiE 0~20 cm BT KL /a7
73, 20~40 cm JBIXRE F£-7-(X 3-3-1).

EREE RISET LR R E R

: o TEAH A
6] 35 (mg N kg™ (kg N ha™) 1[5 78 34
0-20cm  20-40cm _ 40-60cm e % A3 (H/R)
20024F
A-1 38 40 94 141 — — 3/27 50 Fh~
A-2? 118 263 235 100 — — 3/27 8H )
B-1 625 191 83 150 — — 4/ 3 S5H TR~
B-2 143 316 159 133 — — 4/ 4 10H 6
20034
A-2? 298 188 108 44 24 68 3/27 S5HTAI~
A-3 593 405 160 45 25 70 3/27 8H A
B-3 155 18 9 0 19 19 4/ 3  5HTH~
B-4 361 82 124 0 19 19 4/ 3 98 T4

) EFRMEEIIEEE~OREZERVICLD

2) 20024 & 20034F D A-2(% [ — [
3) KPo— 13X



32 JEHEE TR A

WP TEREAE R o

%5139 =

3R 3-3-2 LPERTRS IS DREM PO T HHHRAREEER, SRR /2L

HEPEE BEWREEE (ng N0, L) E IR ¢ ST
Bt  wiEE Ee~sEEEKN  BURE e BER IUE
e A3 (R ~F ) [N (Mg ha™)
20024F
A-1 7450  10200~11150  11.8 13.1 7 70
A-2® 8600 10150~11050  13.3 14.5 7 70
B-1 8550  8850~12000 9.3 11.7 12 140
B2 6450 10050~ 11800 8.9 10.7 12 140
20034F
A28 6753  9727~11885 10.0  14.1 7 70
A-3 8012 6994~ 9605 10,1 12.1 7 70
B-3 7494  8165~10140 9.3 10.5 11 130
B-4 6996  7242~10524 7.8 9.2 11 130
) ZEOWEMEIXEIREET

2) AIIRRINETAEE~OBEBmVIZLD
3) 20024F & 20034 DA-21% [F] — 35

2003ﬂ5 TIEMBERERSE (mg N kg™
0 200 400 600
A2 0-200m |
O HERIT
A-2 20-40cm o T B
A-2 40-60cm
A3 0- 200m '
A-3 20—40<:m
A-3 40-60cm
B-3 0-20cm
B-3 20-40cm
B-3 40-60cm il

B-4 0-20cm
B-4 20-40cm
B-4 40-60cm

X 3-3-1 ApEH S ioa%ﬁi% ik
JENL R R RE S R

AL TR
£(2003 1)

4ER
1) EEBESICHITHRIBADERFHBEERE
AEPEF B CIIRE, TEEHITHEERTO +HEiEE e
ZEHEIFEIFL TUV(FR 3-3-2). h~bD IR IERIEDOEY
TIERS 60 cm £CTO HIEEEEREE TR A BIEZE R LRI
ﬁﬂﬂﬁ“ﬁ%é(jﬂ%, 2009). TEOAMEEZ 1.0 Mg m3&L7z
Yitr, A ER BB CHREFANC 0~60 cm JEIZFE
T HIMEEZE SR 344~2,316 kg N ha'k fAkH ST,
—J5, R ABESE BEGICEIT D IREINEITENZE
717 Mg ha#31 0 13~14 Mg hal Tho(3 3-3-2) L4,
LHEED HAKE VM~ NI DS NIE 1 Mg H7zho

EFRWINEIT 2.0 kg N Fitt THDHUUKD, 2008; 4K,
2011)Z&00, AR A BSGE BIESIZHB IO MO %EFR
WU B IZ4E 0 140 kg N halfifE, 260~280 kg N
halfEE AL ONIZ. TNHDZEND, AFEICHITH
A ER BSGOMNRERESE R DR EIL, Wb~ 1 1E
Sy DEFWINEE ERl>TU .

B PER B 3515 2003 AEDZE KAl 2002 4
LD ST, b b 1 Beb oD O AT & [R5
Tholz. fEEDb0 HERUHREIEY 1 U L&
FEL 20352 61T D3I LR O B T, RRRb~MZo
UWNTEIRTHE 50%IBAE K CHEA THIAL X & [RI S DU #7235
SN TWABGRARD, 20050175, MK T A2V T AL
FERHX CHEA TR AR X LA _E DY FH TSGR D,
2005). THEOfEEARESE B A M LB AR A FHE T2 213 E
W BN AT S E 5L R EAMKROmN CEETH
2.

2) FIERORFHBEZRNAER TN DOERHEE
EEZICRLEIIFE

AEPER S CIIZEMANIAIR LI5S 1 RN R A
T 7000 mg NO, L1& REIDFHFIN UL LTHY, 5 2
B AL FE A TIZIBT 7000 mg NO, L1z
EES72GR 3-3-2). ZOLHRIEWHEIEREOZFENE, -
HRRHIAREE RSB R LT IB TR A (X 2-2-2, [X] 2-2-5)
LRk CTH-T-.

EXHEOAEFIONT, 2002 FIXAETED 100 kg N
halll EOIREZE RS IITD, ERZITHEROE
THSHEDM TN ZENDRE N RRY, EPER A DY
TIXE 1 FEEKINC BT 52488 11.8~13.3 mm &72
S72(F 3-3-2). BHRMALESCHEK BN L EEDEF N,



pyugiiw)

IERS 7R 155 ClE T o 7 BB H T R OFAEN L2 H(H
K5, 2001)28030, TIRIHIRREZE RN EH LB Tl
EEAE B SERNIENEETHD. 2002 LS
MISHER L= b2 E %, 2003 HITHEIEE R EOBERK
BAIZ 2108, 20T 2002 FFEE I, BT T
JEL7p o7,

INHOIEND, THEHREERNERHLE

CHMFFIC

BT, JEHIRE LI X2 A LR 7000 mg NO,

L1 %ﬁié:&liﬁﬂéﬁﬁgﬂfgb 3, ZEEEOBEIEF AT
AIREEE Z HALTe. IR PRI W CHANCEE O
%Jéﬁélﬁhﬂiﬁ DI, ERERTO 2N XD G
& B 1 RBEIERHEIOB AN b2 R IRREZ ] E
FTOHEMEPRNELE Z S

¢ PYMTBIDERRKEI OV TORMHEL P IE SRR TR E T 33

5Z4
BRI AT DEE AT AEFER BRI OV T, Tl
RFD THERHAREE RO E RN IE BN~ b O A B RN
HERIR L2 E O 52 D BT LT
1) WIhOAEER EYH EMEATOREBIOTE O
THRARBZE RN EAEL CIoV), HERRANMIATR EE AL AL vEfE
DhEL<HEB LT,
2) 100 kg N ha'll_EOZEFRIEAEI Tz 2002 413X
BINKL, EBDBRTp o7z, SEHHEAREE D72 L= 2003
T FBE ISR DI SN TE, REIEIT 2002 40
[FI/KHECTHHT-.
3) FIR LI IV TERNC R IE ORI A B2 kS5
ZIE, ERRHC T2 TR IR S R OB AEL 55 1
ﬁHEj(ﬂ;ﬁJ:@ RIZ N hODSRFRIRAEZ I E T D ELIED B
Ez bz
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B4 TIEREEEERNRELEESIC
BITHEREIHDERFEIER IS

1.1XCHIZ

FW A FHC ZDNEEFEBICOUWNT, KZEDE 1 H#iTlaE
MOEBRYZ LORSEREIC G DY EZ R E
L, % 2 BiCIIfik TN B DA BRI LRk
DWHEHER SR E LT, 3 1, 28 GBI HH B AR
EF TN D BHRRCHENL S SER A ER R BE 2 G- 2 D R %
IEREICHUYR 5720, THEERRIE R R OFRAT A4 /D74
EXINTATRERZ FEL TND. LosL, fiskads ik
BAr T AR REE H e & L L O B RME IS
BIDIRTRN

% 3 HiCIE, EFEF IR ERR R D IR

ERNEIRATL, SN T2 A ka7,

E7o, BRI E RN E U B CIIERERHC =R

MiARZATH L BB HELRY, HREOAF\R RSN

AHEITIE, HEMBEREREROKRFLAELZMMER T
BEOZEF RN SNZDWTRESLIZ.

2HHB IV AHE

BRI 2003 ARl AEEAL S ToE RS OE
=T ABSFTIBWTERM L. B0 TR
FOBHEMZELLE 3 %55 1 #ilR L@ Th 2. AR
IR E R RN TR 2 2B I, AT =
— 7 CRETNTRIEEREK T2 IR K 25k T DL 4
(2, Pl UCHR IR E MR X BT RIE K 23T 2. 4%
WX Z 1 DR R E R AR EOHER LXK 3-4-1 DY T
b5,

IR XA OWCHNEESE% 100 kg N hatiifAL
FEAFREFRITHAANL T, BN GH 1 BB E T AT
2—7 THEKRDIZAT, 55 1 REIERILIRE 3.0 kg N hat
1O ZEFEHEEE 50 H EFT-72X (FEAE 100+287 150 [X)
L 67 AT o= XEEAR 100+ 201 K)&ikiT7-. FAE
BRITMEE AW, F72, BIEOVATE B L ZHWT
87 kg P ha' (200 kg P:05 ha?), ZU A EHfiNIZ VT
166 kg-K ha(200 kg K20 ha)&fafH L7z, & 1 FEIEK
HILABE O BRI XM 238 C C ORF-3(KE4L2:, N-P-K:
140-35-208 g kg% FAV 7. HifE R DA HE R DI E L
7o, B THHMEEX I3 EIRA e 3, ER S5 1R
BRI E o A EFMEEZ 1.5 kg N hald?, 5 1R
BB DR L ETO H 2EH# MR E% 3.0 kg N hald?,
0% 1 7 Ao B EEEEE% 1.5 kg N hatdléL7z.
TEATHEAE X I3 HEAE 2255 % 100 kg N hatfii L, 55 1~5 &
FEOEKHE 40 kg N halD%EHB

ZHRIINE (kg N ha™)

400

wW
o
o

200

100

REZRELEEKe N ha™)

HIE100+3%201
HE1 00+§5/&1 50
B l
\
*

0 L L L L
5/14 6/13 7/13 8/12 9/11

(0) (30) (60) (90) (120)

ABBFUVEERBR

X 3-4-1 FALPEXIZISIF AFER ZEF N E EOHERS

B EAE100+3#%201
O BB LBHRE
O &7 HEAE

10000
T
', 8000
o
=2
g 6000
e
4l
§ 4000
F1
3
P 2000
0 L L L L J
®1 $E2 3 4 5
BERXH
3-4-2 AR IUT B IEFRE AR E D HERS
300 A
—a— EL AR 100+E %201
20 1 —o-mimtize
200 - -O-1E17HEAR
150 - HiL
BT
100 -
%5
50 - &%3}%;%3%%@
<— &1
0 (. T T T T
5/14 6/13 7/13 8/12 9/11
0) (30) (60) (90) (120)
AEBLUFEIERBH
3-4-3 FAPLXIZRIT DRI EOHER



WAD © FMIBITLERREICOVTOBEIEL BT EE DU H RS IR 35

R 3-4-1 FAPRXIZIVT DR, FoAPE B L O

IFRIX 4L 35 & O gy Y W E L e

A %2 5 e A B (Mg ha™) (Mg ha™") iR
GBI O¥AE ke N ha))  §il hi] % Asp? ES I %) "
FE100+28 K150 (250) 45 66 24 136 (99 3.3 9.2 73
JENE100+78 7201 (301) 44 66 27 137 (9®) 3.3 9.2 74
R A T (233) 47 52 40 139 (100) 2.7 9.3 78
TEAT e (300) 35 45 29 109 (78) 2.5 1.6 76

D INHEGMITER O 5> 5, 1~38MH 2808, 4~7THEEAZ T8, 8s~11HB A Z2%HM & Lz
2) BRINEIZE T D I OB IT R IE LR EX O 2 100 & L 785
3) RFEWMLEER L RFEOG Y AEREER X100 (%)

3R 3-4-2 FAPEXITIIT D EEFRWIN G, AR LU LR

SLEL X 44 35 & O 22 E WY MEiRZER  WINEZEO

R % 3 it I 2 (kg N ha™") FIH R REGY
(REEIP O ke N ha ) 33 B AF @l gmx?
FEAE100+38 7K 150 (250) 64 172 236 63 39.1
FEAR100+78 K201 (301) 67 179 246 56 37.2
TR+ AT Y (233) 56 170 226 63 41.7
TEAT i e (300) 54 150 204 —2 37.2

1) fEhe s R R,

ARME RPN R - X OB FHE R E) % M X 100 (%)

SESE AR X D4 3142 FEWR UL FH1E78 kg N ha ' (B34 16)
2) WEATHEAE KIZHE K T EN R 5 - DR HZF A REZH I L
3) WNER O REGWEFENRIT, REGWEFER A EHRRIE (ke kg'h)

NEZAT o7z, ZE THHEHER I OB TREAE I F 1 D
NEOFERNZERS 3 B2 1 HillSRedl L7280 Th 5. RFEIE,
TEMIE DR EA RS I OERWIL &, MR
DFHA - SIHTITEITHS 3 TEH 1 LS, TEPIRHIRTREE OME
TEEE 3 = 2 {illCRLEL 72180 ThD.

JMER

FENE 100+3817 201 XOFERNAHEAIRELIEEE 1 REEKR
B 4,000 mg NO, L1F2SE, IR 5,000~9,000 mg
NO, LI EZHER L, TR THHMELEX L e~ 1,000~
2,000 mg NO,; L&\ vz R~ U7z, 1B THEIE X O IER g EE
TREEITEE 5 BRI A BRE 4,000~7,000 mg NO, L1%
HERBLT-(4 3-4-2).

5§ 1 REIEAINC B 2RI EI TN T oKX 30
kg N ha'55CTh-727%, JEAE 100+387% 201 X TIEH 3
AR HALARE D ZE SRR U B M oD [X & L~ S\ M ) THE
BLI-(X 3-4-3).

P 100+383% 150 F5L08 201 KOG FHE IR T

TR HHEREX L FIERIKAETHY, 1B THEIE X & 2\
NI ~T2. F72, IR 100+38iE 150 L1201 Xid5%
TR BT X LA O RS, T2 DI EAMER
EMIZHo72(5E 3-4-1). FE 100+59K 150 F5L01 201 X
VAR TR EIX & e R TED iz A PE RS\ MBS
HY, INHERREDMEL R MICH 72 (R 3-4-1). KE
100+#i 150 BL 1Y 201 KIFFH K HHHIEHEX L L~ A5t
BRIINEIIZTNZN 10, 20 kg N hal£)h~7=03, RE
DL EFS L O A B LRSS Ch DT D, REGY)
A PERNRITEL Ao o 72(F 3-4-1, 3-4-2). KB 100+3 K
150 XOMAEZEFEFHHRIT 63% CTHE T HEX &[R4
THo7=28, FEIE 100+ 201 K ClIfiEzE SR =0
56%I K FL72 (% 3-4-2).

FENE 100+ 201 KICBITDEOEFREHHFITE 3
RANE I E LB TR X L[R5 T o 72035 5 FeEIE
FINZIEATHEAE X L0 b @V ME 2 o723 3-4-3). FER
+RIR XI5 IR IR S 5 EITIEAT AR X &
AEDITHERE LT (32 3-4-3).
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JbiEE LR S BT ERS R 5 139 &

3R 3-4-3 FAPEXIZ 1T HIED ZEREATERE HIRIHIRAEEE R & RO

EDEREHF R T 2 R
HUBR B 35 O ROERERE R
908 2 2 i I B (g ®ke ) (0~20cmi®E, mg N kg’ )
(BN OHAE ke N ha V) BIRE HEIRFE FHSRE I WIRE HEIRFE FHSRE
BRI AEORHT BERH K THRF BERH  ARORHT ERHI TR
FAE100+2 150 (250) — — — 25.1 5 38 30 6
FHAE100+28 #2201 (301) 32.3 28.6 26.1  24.2 3 38 66 6
R TR YR (233) 27.9 25.5 27.9  25.3 4 19 52 3
1B A7 i iE (300) 32.5 28.9 23.2  28.0 4 49 81 9

1) RO — IXTFRER BRI

4=
1) TEEREERIRFELZESICES T MNERLT
HOREEE

FEAP+FR R XA TAEA TR AR X & b~ 22 R & RSN
BNSMEMCH -T2 3-4-1). #i LR L HLHHESy
it SIS B0t A 22 SRR A m o 52 1L, BEfE Ol
(Cook B, 1991;%+#1HH, 2009; AL 15, 2009) X°, AFH
1 HiT/RL TS, ZIHLOWETIX, A i AL 721817
FAE X & AR A e H U7 \WO IR DX & D il b7 > T
DH, REICIE, [AEOEERE A HEH L= SRz
b, FR T LD M55 3 42 SRR O F T2 e
BINSEDZE 2R U, FEE 10042808 150 KIF R EIE
DEAE 100+580K 201 KEFSTHY, Mt 2E5=F A=
FORELYEENERENMERICH DL, ER
100+781% 201 X CIEE 3~5 FBIE KO ZERR g EE
DELYEM D _FR(7000 mg NO, L1, A= 2 860)% LE5HZ
Lk, HEEZE#EZ 100 kg N ha B L= 5B 0T
TEATHEAE S e 50 kg N haTF= D 2252 ATREE 5 1.
bz,

FEAE+FRIR X ORI T TIR T HHEEX LTI FE TH
ST, WHEFRER & R R A PE =R MR MBI 2 o 72
(& 3-4-1, # 3-4-2). P MIRERR LA ER AT
DIE(FERG, 1987)CTihn s, EHRMAEECHEKENZ N
b, FRARDIRLARY, ZEDOABVIERIZLH(FRIED,
1977; HAFS 2001) . FEAE 100+ 201 X Tl Lt
R L L~ ER IR IR EE S <HE L7 ( 3-4-2). 7z,
%5 3 RIBAERIAN IS 1 2 FEFED 2 R R T EAL 100+48
1% 200 X CiL 51 kg N hatl, #FiRHHHEHEX O 33 kg N
hal LEERZMEIICH S T-(T —FEHE). ZhHDIEND,
N bR T HECILEREIRF D 1 AR AR AR R R AT L
TWDHE, FBEAERENERICRDRLT W EARENZ. &

BN TR L0 S BHRAIHRLTH, INE
NSt cae i 1 =8 IV RS F S /e i) B st
K FESEDZLITIATS 1 HiCHERSITWA(EE 3-1-3, £
3-1-4)Z LD, b RO LTI ERERT O T RE
ERIIBNESIMMADZEDRLEELNEE X BT,

2) BERIBCHITHEHER O TIEERDMEEE

BRI CITERD D 1 RBAEK I ETHEK DI
ELTWA. RIS, T ERERe 2 R R 17 LT B T
BE#OOEREMAGTDE, Mo MIGZON-RKOMIC
TEICEREL QU IR S R AN L, SEEENRE I
RAHZEDEESND. HEICERIEE R IRFL TS
BILEMEOE RN BT DLERSHD. Lol
PERBZE RIRAT RV DIV R CE B ML ENE T DL, R
FINENME TN THRNDBDH L0, THE WL EA L E
THMENGD.

AL E REAE AT A N (AbiE B, 2010) Tl F=1F
W HHEZE L WHEREL L T 0~20 em JEDORYEEAEZE )
NS TS, FEIB+HEIR XTI EMIF O T e %
F#73100 kg N halfffEL T4, F72, HEOAFEEL 1.0
Mg m3:LC, 100 kg N halDEREREZE FA1£X 20 cm LA
PIZIEFIT 5L, 0~20 cm VRO THEMERERE 22555 /3 50
mg N kglb72%. ERRNCIS TS HHEmBERE 24 B
50 mg N kg'll EOBE, EENLE VRBERK E T
ERENEITOTHEKROHL TR EB MR TEHES
2B, HEEREEREZE RGBS 50 mg N kgAY
BIXBRMEIEEZENE T DLW T 2N b 5780, Tl
% 1.5 kg N ha! AIOEFHPEZITHZEEL, EIHEDHFE

BAOXRELT, EBEOYINCIBIT LB R RZWNE
HHENL T DUENHDHEE Z BT,



WORED  boMIBITHERKEIZ OV TOBMIEL AT IS -8RI SRR Hl

5249

TR R R LM ICBIT A MRIR
BOEBRAEZRFTT 5720, £ 100 kg N halziE
FERTIZ R U7z BRI X A 5% 0T, 1B THEAE X 3 L OVE
R B HEIK - 22 SRR s O F2UN 2 PR L7
1) AR I TEATHAR X & b~ 22 R e 5
INEDRZVMHANZ DY, ZHESTIZLDMREE DN
7-.
2) FEAEHEEIR X D BN B T T HEE X L FIT RS
Tho7ehy, IWHEHEEE R ER M A PERN R TR ME M &
ofc. FENEHEIR X TITE R REIRIED = D KBRS
HERE\ 7R o727, INHEFEHC R IR L PERNV R IME T
LBz b,
3) R TP CIITERRTOFRAF I RE 22 R T W Y
L<, FERERT O HIEE %R 5 &Y 50mg N kg1 B
ey, EHDOH 1 REIERWE COEFERMALIIRELE
R BT,

37
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E5H AFNHICETLERKELMALE
DEXTE

1LIEC®IZ

AR 2 HiCRELI-EBHRFBEDWEETIIYIEI DD
WHEES 1 BRI TN D2, I HH I 1 15
REI I DI A C 22 S AR IR BRI A R 33RO B AL
A, 3 EiCALNEXEOBREIAEOIONC, £F
DOFEHNEELL 22D 20D, DB D EEHK %
RIEEHUE T DO DBBNENLELE Z b,

AEHITIE, 5 1 REEKELD FOEHRICB TR R

BWIEIZ OV THRELT-.

BB IV AE

AT 2003 AEICAbEEAL T OB R RGO
==Y AR IO O EE Y 2 7, 3 2
BWTHEMLT-. RERGN O Y A/ CIEERN D 1
REIERME O B EH R &% 0, 0.75, 1.5, 3.0 kg N
hat d1EL7-KE, EARZEFRE 100 kg N halfi L7z X%
ATz, o, EPEF Y CIIARTER 3 i A-2, B-3 6K
O B-4 W35 i dct el Utz (el T Hemmee s 5
BRI ANTATIE 0 mg N kgt, AEEE YTl
155~361 mg N kg1 ThH~7=(F 3-5-1).

TR RS ERIE B OB ETENIZOWT, PIRRAETE 1 %
FEEOT 1~7 B OBEI T DI RS & R
B 1 BT LITRELTAS, BN bR A ZENL D SEMRY
FRTR FE | KR E 7R 2SR DR o 7o Z e DI ERERL X
fOREAL FRRICE 1 REE P

ARERENANT 2D AR K 5 JOVEREE B E
T, MY hOERERDDE 1 REIERICAHNT T 1EMS
LITH 1 BB FHED el NEA B 7GR 3-5-2). HERR
BRI FE IZ DWW T A — T T T4 —Z2 AW CHIEL
7.

3 3-5-1 FALHEX F TG I1T D TR

ERBLOEREINE

ALEH X THEREEEE FERE HZER

EJAES ERoR)  EHRE s

Il ¥ 44 (mg Nkg) (kgNha') (kg Nha'd?)
TN NT
0 kg N ha! d’! 0 0 0
0.75 kg N ha ! d! 0 0 0.75
1.5 kg N ha! d’! 0 0 1.5
3.0 kg N ha! d! 0 0 3.0
JEM1100kg N ha'! 0 100 0
A PE 2 1
A-2 298 44 0
B-3 155 0 0
B-4 361 0 0

1) ERERTO 1B (PR &0~20cm)
2) EAED D IR FE MRS % T o e g

3HER

ARERG N O ERERFENIZ T 255 1 RBHE T HESEMIHER
PREE (LUT, TSEARASIATR R 1320 1 R IE T RSN bR
TEEZFE) 13 500 mg NO, L85 Tdh-o7-. EHE 6 HED
5 H 21 HIFMEMEAE CTH2 0 kg N hal dIX % FREIEMHEE
IREER ER-UTZ23, 5 H 28 HOH 2 {EEBHAELRD TIiX 3.0
kg N hatl A1 RAFRERIE OME TITEEU 7. ZORIIcE
T DTERRIEEAIR X0, 0.75 kg N ha! dMX TIXIFZEA LR
HE T, 1.5 kg N hat A3 700 mg NO, L1, 3.0 kg
N hatd*Xi3#9 6,000 mg NO, L, A 100 kg N hallX
1359 1,600 mg NO, L1CTH-7=(K 3-5-1). 5 1 REAK
BT HIER SRR 1T 0, 0.75 kg N ha! IR TI3E
EAERBREENT, 1.5 kg N hat d1X}349 2,700 mg NO,
L% 3.0 kg N hat dXi3# 4,500 mg NO, L, ZEAE 100
kg N hallX{3#J 3,900 mg NO, L1 ChH-7=(X] 3-5-1)

A-2, B-3, B-4 [ESOERERE 23V CHEMIHIRTR EE
IKIFEA RSN -T2, B IE A B BER Al
FEIREEIZ LR, 4 A 17 B 2 TEEBRTERICIIT 55
HIRSEEILES 1S 5,000~6,000 mg NO, LA%L7-. £, 4
H 24 BOHE 1 REIEKRIN I 2 BEMR BRI 345 Bl
& 7,000 mg NO,; L& RL7=(X] 3-5-2).

5 3-5-2 KGN I D UMD H B

EARRE () EMUER  ER22E%  EHESE%  ERAEE
LN N 7 R 5/15 5/21 O5/28 ©6/ 6
EPEE B A 3/27 4/ 4 4/10 O4/17 ©4/24
E pEF BB 4/ 4 4/10 04/17 ©4/24

OFH2HEFEFRAEY OF URBLAM Z45T



Y S

hMIBIFDEZRBEIZOWVTOBKHES AR IS =28 R HR

8000
BR/NDR

T 6000

S 5000 d
an 4
E 4000 g
i

i ¢

X -1
% 2000 B100 kg N ha
o

ke

# 500

0 L
5/15 5/21 5/28 6/6
HE2ME H1BX
REBLUVEBRT—D
X 3-5-1 BRI N AOSMEXI 21T
%1 FEE TR OHES

4B

TR THCITER®R, BTl Rk E 52 D7 ghR
R REAR M T 2 5 S, THERNRERE % R AV T D H Y
TIIXEDOMBIEFZRBNLDH . EEDORFILEFZ
Bi<Te, 72l X ORI EM IR D 2 5 IR AE A
B CELTENEEL . RIS D R O IERY
PRI EEIE 500 mg NO, LI5S Th-o7ens, ApEE O EMEE
W CIEMEIENEE A E RSN 2D o T2(K 8-5-1,
3-5-2). ZAUTF PO E HITIKATFT HEB 2 BT,
ABIAN AT AZISIT DERK 1 JAH % DO SEM RS A
TEHEAR TS THEIRL, 250~4,000 mg NO, Lio#i[H
[Zo7=(¥ 3-5-1). —J7, AR BRI Ivh e aEm
REZE AR R QD 8, AR 1 % O ZERRY
BRI 1T 1,000~4,000 mg NO, LitiE2350(X 3-5-2),
FRERIBNOFLAN 100 kg N hat K (MR AE2 3558 50
mg N kgfH2%4)D 1,700 mg NO, LALE_THMLT LE M
WMIECIEZR o7, B 1 BRI OB SRR L5 &
RFD IS E B DA T3, REBZWIREHEL T
HAXHLZBZI 0N, WTNOAEFRBIGIZIB W THE
2 TERBAELEI I L IENRERRIRE N E5 2 L, RBBANT
VX5 2 JEEBREARI IR T HHEHE TS 1.5 kg N hal d?
X AR 3.0 kg N hat d1X CHERRRYERILE D7)
RELZRDTEDD, BN ITHIEMIRDOEFRFRIR
REA M3 2T EE 2B BRI LGN 2 &35 2 BTz

39

8000 . .
sEEES | |
7 6000 i :
) ; !
Z 5000 [----m-m-m-m-mnn ;
g ! !
4000 M / :
il i E
& ! :
ST 2000 ; ;
o i :

e s e

321 44 4/10 4/17 4/24

H28E B 1EA
AEBLVEERT—Y

3-5-2 RAFEEEEHCIBITAE 1 S FiE
SEMRERIREE OHERS

S 24E B BRACARIC 3517 2 BEAPI R IR FE 0O BHEE L DU
T, AREE 1 #iDE FHMADAIRIC I FIE 00N
72 0.75 kg N hat d1XE 1.5 kg N hat AIK(Fh2h
HLF2ITE 121 Mg ha?, 139 Mg ha)& O BERRRSERIE FE) 5
TRRENE 500 mg NO, LAY &35 2 iz, HHehyfeRe
WHINEVEPES A-2, B-3, B-4 B0, RBRIBAND 3.0
kg N hat d1XDIHTMELL EOFEAEA BT 556, 5 2
H B BRAEAARF O BERR RS 1 5,000 mg NO, L& %
HZEDDE 2 BB BREAEOERIEERIEE O _ERRIZ 5000
mg NO, L3 Y &B 2 b,

529

R hOFIR TN TE 1 REIEAORR TR
BEEL, B ORI EHEL 2D BHIRH L LD, LD
TN C 3B DR R R AR WA OV TRELZ.
1) EARERFE OBERHRRIE X 0~500 mg NO, L1THY,
TERETR, BERIRHRRIR I T SRR & T e =R B
WU TABILZ.
2) BN BT DERFEIRBOZWIREIIE 2 /65
BRAEARDNIE Y &5 2 BTz,
3) 5 2 {LAEBITEARIZ 31T D HEMRHIETR 00 TRl X 500
mg NO, L, _EFRffIE 5,000 mg NO, L1254 &4 % 5
7.
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AR

TR AR TR W TR IR NEAM T o 2 LR A
SIEHIL, AEEELZREIELRNDNHD. gk THET
VEW - FRBERNCAERE T AT 0121, T OEFRERZRAS
WD . AWFTETIE, 1RO RAEZABIC R A T LE:
BIEE NI T D120, MM OWTEE R E2 W
EEELTz. E7, AR B E HE ThH DO T HF
WZDOWT, M MBI bl FM NS B R E D WL UE
R EL, RAEZWNTEES<EIR EHESHEOMEN A B
L7-.

1. BB REEEIEEL LN N O ERKRELZINE

VEW OO ZE R AR RREA WD 7212, AKFRCLIEE 2
B, 1992)0/ N2 ERERD, 2006) TlEigkkEH(SPAD)IC
DA R HOOND. ZHITEDOEZE A RN EE
LHEHERFRERLEEY, EORBANRILDIEEFIFALT
WD, LonL, M TIRAEEVIMZRRE, $EAESPAD)E
WOEFRGHFIZHEERMEIEO LRV (H A,
200002850, BEARHHR O HRRIR A R L LT 2 R4 4%
BWHEA R LT

TR RHRAIR L IR T D BED NI Lo CRESL 2D
T2, BEMRITIE FIV 2 28 3R 58 2 I CIIER B 0 38
ETRSEETHD. AWFE (G 2 5 1 i) T HHENs
DEFMAEOHBEMZ DT, 7)—=2 T ay 7 % M
WA S R A BRI A 7o, ZOSMTITEE
I s & BERR A R & D AR BN B W BENL S b~ h D B 5
FIRFEZ L, BWIELISE T 5E%5 2 7=, AT
EArEEOBEM LR X B R IR & O S RbL PR
VMEZTRUIZT280, LN E L WeE 2 SN -. —7,
51 R T HEO SEM YRR 1R R 2 T a0 1
TEEAREZE R L M EBIZ R 28D, 55 1 A F L
BWTEALE LT, 5 3 A 2 €Y, Wi bHHCR VT
%1 BB E FEEO BRI S E R ML B S5
EEHIT, FREIERIIC IS T D IR RE R 3 RIR I
BUDEDOEFREAREA B IEOHBEAGRICHHZ L%
RUTZ(EE 3-2-2). ZRHOZENDE 1 REE FHEDIER
IR X b~ PO EE R A R DB 2 BT

M RO R REZWNCI T HREEBALIZOWT, Fl
H(196 DI TMR72 25 48 SRR D HIERREEE D B A 238
5 AT BB WAL SES W Lk X TRY, AHF
Zeb RIS EREED RIFCH5H. —77, I TIE—FS
PREEA WL T 532 <, ENTIRERHIRED
B FEEAZWRTNLE T2 FBIA . [LHAB(1995)1 TA7

S

B HEHRER T D UG MEUR TN 2 ennh, 5y
WA SRS 72 2 E A ZEN B ThH LR~ T
W5, M hOED G RPEMI LIS D R R TS
(R, 1972; & - Sif6, 1984)2L%0, REDT 7
TEVE R ERRIN AL B EDET5, 19912800,
URREES IR FENE I D SRS B T HE A S TG FE A B &
BROND. HOEEEE SR E LT G DI S, A
Fets U7- - B1l(Coltman, 1988) Tl BEM AR 73 %5 55 i
fEEA L, EHNCHEES L 7= 354 (Locascio &, 1997;
Andersen 5, 1999) CTI3AEH HARIZ72225 LIEMT IS BETR A
BRI EE L7 eDZ R0, IWHEB(1995)DH 5z
BOTIERCEEE GBS 9 A~ 2 A)DOZEfIRIR
TR GBI 8 A ~T7 A b~ @HEg 452k
25, AR EIER RO T I IEED LRI 55
AW OFEE THIL, BHOIEIC OV TH IR
LT WEREICHY, RBZWHENLE LRI WTRELHE
ganr-.

2. EVEBREELREEERIUEROFHNTURE
D&

RN AR B & R FEILE D BURIC W T, BTG
2 B 1 )T, ARHRIEIEILIEMHERR LD 6,000
mg NO, LR E TRk E720, 4,000 mg NO, L1LL ¢l
REPAD LI 2-1-3). ik THECE 3 BH 2 i) TILE
RS R I I EER IS 30~60 H DR EILEL FEL
IEOFBZRUIZ(EE 3-2-2). HEREERIE A R EI R
RSN DERIE, FENHIBIRE P IEOERREHRLEE
7RIEOFBIBRICH DT (F 3-3-2)LE 2615, 1~
DEFMWIENA 0 THDHE, FEWRERIEE OIK T (X
2-1-2, ¥ 3-2-2)&Lbl, EOEBEFEHIM T LI (R
3-1-5). WEDEFEHH FITNA BHE (Tanaka &, 1974;
Scholberg 5, 2000)<°R RN E: L IEDOFBIBHRIZH D (K
3-2-5) LD, @I EKELFEIR T HITIE, KBERE
AR NIITT M, EOEREARE—EOKYELL
FICHERF T DN EEEE 2 O, iR THCE 3 55
2 Hi)ClIsEA REATEA BR AT T 2RI 1 5%
DEFZEHHRE 25 g kg LLEITHROT20, TEMRHIRIRE
DOTFIRMEZES 1 BEERHIT 1,000 mg NO, L1, 4 2 %
RIS 4,000 mg NO, L1 EUiz. 1B THERGE 2
T 1 H)TIE, BRI LG E T R I E L OBIHR(X
2-1-3)7°0, HEMRRHEERRE O FIREZ 4,000 mg NO, L1 &
Uz, BTG IR THECE 1 BB HHE



Y S

THEAIR L D FIRMED B D BRI, 1BITHIE T3 1 £
B ECTOEBZMLET D72 100 kg N hat OFAL
EREMH T 50, IR EHECILE BROTD DR F
A 35~38 kg N hal (L L E57-0 &2 b,

£ Ty A S NGV E ) b )= e =L e L
BURICH 72K 2-1-4, 3 3-2-2). , HERRREIEIREE S 5
PRV RSB RO R R R G B R o 72 (K
2-1-5). ZOZEIE, JEMBERRIR I EY DR TR AR
DIFNZ, EOEZRFLELFEIER IO L0 =R
A BLED T AL RL TWDEE X B2, ARBFFET
VIR 22 SR OFI A S ) AR B O RS RE 2 RARIR D
BLENDEFFRDWHEED FIRZFRE Lz, BRI
HWRET D7, WIBIC KDWY A7 BB, HEMRHTER
FED FIRMEA BT TR, BRI HEEHIZ 7,000 mg NO, L
LU

3. A EBEBEBICH T OEWEBEEDELERRED
BT ODIREE

LSBT DN MO BEFEERIZOWT, BLAT
HPER N B BIEEL, B WA B LA D
St UL, iR a7 2L ORBRD LI TH
D, EERICL S TUIEGITEIRE T, ISR RE S
FIe L O ERSELHHIL V727000

i NARBRIZ d6 1T D BRI R L KB TR G 2 %86 1
) CITZEMER I £ COFE A S R ML &, IR THICE 3
EE 2 ) CIIIERERIAT 20 H RIFREE O BRE 4 i &
ERWFHBIBIRICH -T2, NSO RIL, ERERT O
THIRHEZEFE A 0~2 mg N kg ([T -4t T
b, —J7, FFEFR Y CILERAT HEONBEER S &
DEWEBIN S (O 2 55 2 81, 55 3 45 3 ), 20D
PRGOS AR 2 3 U CER R AT B S Ro T AL i
(7000 mg NO, L)% Elal~7-. fERTRIOD I REIRHE
ERDEFTHHE, ELIES 0~20cm) DiEEEREZE
IIEAEZESE, T8 RS 20~60cm) ONFEREZEEITIE R
EFREFRICRIASNAGHRD, 2009). ZOZE05, M~k 1
VESy DEEFE AR EA 2 D TR IR 22 R 03 R AL T

DEYTIE, ERPLEL RIS DRDUZH D20,

EFRMIEED D h I 5T BER e S el &
FRIBEEZ L.

052 BER 2 Hi CIEEEF IS CR R KB DMA EEL,
TEATLL L BRI TR 5 & Eb IR & Rk b+
HEOMBREERE B IR CE . &L STER
s HEE OB R A Th o7z, — 77, +
HERYRARE R RN S RIS ERE U W45 T, R Am e
TG AR 3B EE B[R, BIEA—EH E S0

P MTRITHERREII OV TOZRHEL I I DU IR R BT 41

CHITES V. Fo, FEMREIRIR L NI EME L LED
(135 ClIRk A oD T ERAIARE 2 3272 100 mg N kg1 LA
FERAFL QDT (B 2 BE26 2 8, 25 3 TH 3 i), hvh
DRFRIBIZE DRI BEFE LA TOITIE, AIELLRIS
MEAEIEHE BT T D2 LD AR LD,

4. NERGHEIREEL COERLH

B3 EE 1 filCBIT DB SRR ITIE TR X &
RN BTSN MEENC o7z, ARSI DI R ) o
RN OWTEHE SIS LD E RO L ERIE N EDE
FEARBHRSE -0 2 b, thOZERIZHOW
THEFS (200 DIZAR PE I OHEIEAR AR I L 54 3
PR ORRA 2T TS, IR TR CIT RITHRERIR 2L D
RISy 2 5 F72 OB WS TRY, AHFFEIZEHBVT
BEEHL WD, Fiz, B &8 E A e
(282 HEEDOHFA N AR R T 2w A R B
THIEFESNTWD UM -, 1994). AWFFEORIK +
BHEEX I Z 1T DI o+ EC 13 0.10~0.18 dS
m'1 THY, EITHIAERX(0.20~0.40 dS mDE e ~ELHER
LTHRY, BIHAN ARHA MR T&7-. HE EC AAEEd
ENSORIEBNE DO B, 1990130, FLEH
BORAELRLTRD(FED, 200123, AHFFEOETTHE
JEX TIEZNOHDIERITB RS Vied > 7. ARFIEIZEBT
DNEATHARX D +3E EC B EOHE L MR LT
7=HEEZ LN

B8 T 1 filCIT DRI T HHEEIX OF 42 37 e fIE
1% 230~233 kg N ha'l T&HY), MEFTHIAEB00 kg N ha)k
e 22~23%DIAEL 227, MO JEID DS RRERK
IIRBEN DD IR EAR D 1| MRS B SRR DRV E A
FREID L, 2005) 280, 57 TIBINZHEKSLIBAE DAL
DEROADIEITHIE TIE, PIHEB MR T D7D %
WEEET S, Fz, BIEAITOBRICEH, IROIBEREHIETIC
T RBIIRD W+ BEOR AT OLERDD.
ZHIUSKIL, BRAHCIZ 1 B 1 EILL_EOME CHoTIc®
BRSNS, HPREVNEELRD. Fe, 2R3
W50 OFS R 52570, BITHAEE b~
EHRMINEZHIR TEHEB 20N, Fo, BRITHCIX
RO ED B/ NROFR /3% 52 DT TR s
FITEI TR S AN CED(E 3-1-5). AEFHM+
O TSI RE R FARF RS A LIC LY, Bz o\W T
VAR I R RE 2 R A TR S AR W IEEE BEAY RTHEIC /20,
TEIRIZ W IO A O R MR 2 I 952 L T
INEFRDRFE~DIEEED, REOWMEFEDRER
DHHTENTET(F 3-1-4).
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5. BEEBDMIICE O T OER T HHH

% 3 B 1 HiCIEM hOBIK TBHC DWW TRFIAEFEE
i AE 2 S5 R O BRSO A A B RN 31T D 1E 2 5
TR REA R 4-1 OBEVICERE L. 3 3 T 2 HiCILEMN
AR EE AN BED R B A RO R BN R G 2 DA IR
AL, BREIERINCBI D ERFEDWHENEL R 4-2 D
WOICERE L. 85 3 BE 3 fi CIHRRRE = RN JRMT
T EPEE BB CERIEDOM R B A 3
otoiw, & 3 FHH 4 Hi CIE HE IR E R TRF LI
B I1T D~ MEIR T O E ML RF Lz, &
HE+E R XTI UL AT X L P~ SE AR B 73 5 <
HERBL (M 3-4-2), UHEREHCSC RS A FE N 3R DML VB
AR LTZ(EE 8-4-1, & 3-4-2) 2800, i HHHCHITS
TERERT O RYERRE 2 5 B HER 50 mg N kg A
LU, HIERBZ D56, EEOE 1 REEAMETCO=E
FRAIIRZEE LT, 5 3 ®E 5 fiCIXEBT DLV RVEE
PR H1T DB R RBBWNEL A LT, B Y ORIk
WSS 2 fEEBRIERGE L, BT UENE A JEIREIATIRE 500
~5,000 mg NO, L1&L7-(5% 4-2).

R4-1  EKEVN~IOFE RIS T DML AE

A= H I 1 B 4720 0% 3 f e &
TER~ 25 1 R I K4 1.5kgNha'd"
1R IR R~ 0 3.0 kg N ha'd"
50417 A T 1.5kgNha'd"
01 A # LA il

K42  HKEVSIOEE NI DERFEWIEE

INBDO IR AR, BRIEDWHH S~
OFTRIFEIROT70—%K 4-1 OBVKEL. EHERT
O THERRRIEZE RS A 50 mg N kgl K054, 4 2
EERftthE COER M AEZ 1.5 kg NhatdlEl, 82
AEE BRI ARSI X R T VY, SER AN R B 23
S Z LIRS 5 TR BRI £ T EFEE
FEMER ORI, A EA TRIDE A3 A e
DfFEG 252835, —J5, ERbRTO T HEHERE R R
G850 mg N kgl DL EOBAIYIHILEF I oLl ED
EENEFLCNDI0, 5 1 REEKYETOEHREE
EEWET D, 1 REAERLARS TR KB EIT,
TERS AR FE S R 2 L RID35 A 1R IR E L C L e
FRREZEHIT H D LB ZONDT®, RIBIO R
IRFE CE R MDA AN T 5. BEMANERIR DN EIC A >
7o G L DR IR E SRR F B D LT Sl & D7
W, EBEONGRICHES CEF M EZRET 5. LD
Wil s R B A A LI LIS XY, 1E o
ERFEREBICE DI E B CIEZ R T 5L
\Z, R~ O RSEEREE R DI A a1/ D 7a<iz b
LrEZLND.

W - SB2AEE B A & O R IE R (0 AL T J73B B £ T)

ERERBAL © 55 1R I T HE 0D S0/ N S 4E R

SERREDWIEE - FE2EER LR
(ZEAP i P 13 ) AL ) PN

500~5, 000 mg NO, L'
1,000~7,000 mg NO, L

F2R IR LA 4,000~7,000 mg NO; L
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% 2 REFMEIROERHERIREICHET 5 F1RBEXHAOERMEERREICHET S
EHERT LIRIHER R E R A E1RBEEAHETOERERES FE2RBREXMETOERREIEEZ A~
@ 50mg N kg'kiBDHa A D500mg NOj~ L'k £3.0 kg N ha! d L | (D1000mg NO,” LI5Ki# - 6.0 ke N ha! o >
2 RERIELET @500~5000mg NO; L' : 1.5 kg N ha™' d-! @1000~7000mg NO;” L' : 3.0 kg N ha! d
EXRMEAEET. Skg N ha ' d | | @5000mg NO; L% #8% % : 0.75kg N ha' d! ®7000mg NO; L' %#8% % : 1.5 kg N ;a" d
50mg N ke 'Ll EDIBE — -
@2 e %1 REEASORmREEES |
TR AL D7000mg NO;~ LA c EOXRERA
* B~
@7000mg NO; L' 4#8% % : B2 RRIEAY) |e—
FTERELEZEH
RO E "
L
g <> HERT
U LT A %6 ; o
g ARERAR mot Ty A %e
—a o «— 2 5 SEAEAH "
(il EEE) %5 Eﬁ'umFﬁ
3B
=s PS TEa Ha
S 1111 - e sc
— %2 —#2
- =1
%2 RERAMOEAHBEECHET S FLEL T 4 BB RO S AEL R A — —
EIRFEERYE TORRIEREL W | HES B ETORRIELES - L] 7 AMOZRELRI1. Ske N ha! d!
04000mg NO; LIk : 6.0 ke N ha! a1 |,y app| D4000mg NOy LIIRi# < 6.0 kg N ha! d EL. L1y ARLBRIEREIEE T 5,
(24000~7000mg NO;~ L' : 3.0 kg N ha! ¢! (24000~7000mg NOy" L' :3.0 kg N ha™! d!
@7000mg N0y L1 %#8% % : 1.5 ke N ha! ¢! 37000mg NO; L% #8% % : 1.5 kg N ha! ¢!
A
%2 RREAMOEREERES | HILELT 7 4 B B IR AR O SARMER R A LT 3 BB AR RARHEREH
D7000mg NOy LVAT  : EOREEA 0 D7000mg NO7 LA : LD de~ e @7000mg NO; LTBIF  : EOREE
@7000mg NO; L %483 5 : 33 REEAL |auan P @7000mg NO; L1 Z4BZ 5 : LB TASBRE ] | @7000mg NOy L %HBX % : HIEK T & THRIGHE
ETERMILE LR IEAHIE TERENE LB

X FEIRBERY~FUETH 4REEAAETRRFEAM L ICRKDOBEHERYERY

4-1

BRI IS b~ OB D7 1 —[X(7 BUFEDH)
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LR

MiRAREF B W CGERIZ AR T D & T O
ERE XL, AR EDORAEITIRNIDHD. fEix
THE TR A R A E T D121, iR R4 E A
VLT D458, HEOHEEREI HENHS.
Z I, Mgk BB AL T A F B LT,
REML R B THDI~ M OWTE R AT
SRR E BRI A AR LU 72,

ABFFETIE, b~ MW TR KO RSB ) HIE
WO ZEFRRARIBAARE T DR BZWNEL R ET DL
(2, APERE A 351 5 FEEE CUN MU AR D 2h R A
AEL7z. IZ, ZhRM7e AR T AR THHZ DV T, R
< DR B S\ S R B EE N T D720,
FAEB RN I T A3 E ML Rl B R S AL Ak
BT, Fio, TR RN SRS ~DXIREL
CEMAT RO B RDWHENEL LBV O R FRED N
FEMER R ELTC.

FFFERE RO I LL F O ThHoD.

1. NYREMEYNI M DERF BN

1) EWTREAV - ERRESWEDREIL

LB BV TR FEW st fbs B D — 2> ThHh
VT MEDWTER R ZMNEL R E L.
(1) TALIED TERR I TL 13 EATIEL e~ FER %
HifE & DFHBIL BV 2D M b DA AR IR R A Rk L
TV, BRI, BIRFE TIEOTEMIRRE IR =R
Fi AR L 2 HBE AR L, RGBT OLRIEENT
L CHei Chho7e.
(2)2000 4E1% 1999 AR b~ RAY DI B L OVEE RN
BN, TR R 7. AR BRI E R
T IR SO R LS AL, BERICETE T DI D &Y
W7oz B2 b=, £z, 2 HHEIZBITA NS0
MENZIOEERWIN L IEMHIRIRE I EE 5.2 C
WHEEZ DI,
(LT 2 WAL BERN SRR L 6,000mg NO, LIFEEE T
R EARD, 4,000mg NO,; L1LL F Tl R&E<Jg L=,
(4) BERF RSB IR FE A3 3 £ Do CaE RN Y/ 22 F e e &
HAMETL, RO RERE RS BN R EST-2 D, B
TR P | 3 I 28 32 ORI R4 R L TV V=
(B6) LA EDZENDE TR B T HAERFEZ W OERIR
TENrE LTz, R, ZERWRIN Y28 SR B b s L Wi oD
BAFEHEBIEL, KRB WA BRI 4,000
~7,000mg NO, L1EF%EL-.

W =

2) BRFEDWEDBMIEEL

BHIC B W TATAEE D M~ O E R R B D2 E
L, D [A) PRI DU TIERIEL .
(D) EFEABR T D20 EORE R, O HEZBB IO
SKEEBWNT LT 68%722 L 33%DZEHILA XS,
EepR o> HHERYIRRE R EMEL, BREE~OARISBEHS L
7o QEFBZWICESWTHAEL TH, 1BITER%LL Lo
RENENGELINZ. @FK BB CILIEITE 5
FEOAFEFENFL, IR ARSERES L, O mICE
W CHIENL ChH o7,
QEFREEITTITRBITHBMATIX, M~ OR
RS2 NI T T BN RAEBWEA TR, o rF7 5
(ZHE AR IR XA L, EE700, AR5 0> - HERy e hE
EHENMED T,
QLU EDZ LD, FIEYILHE Th - ThRES W%
HANBZE T b E B A THZ LT,

2. REDEICEDEMEY M OER T BN

1) REAELERERFARISA-EBTRLHARD

IR E

HIKEOIMIBITHEIK TN REAEFEIC G2 D8
BB THEAR S AL EbIC, BRI DR
TR R &4 BRI 301 208 1F 22 I B A M at L
7.
(DB B CIRAEA THEAR X & b~ R SR RO U 57
DRI A FERN D B MERNZ o T2.
QEITHAEX TIEEE 1 RERKENOE 5 LEEAMIC
DT CHEDOEREAEPMET LA, B XTIz
DEEFEGARPHERSNTOZZEND, #IEHHX T
ZHEPE DIy I I RERNCE R P S NI 2 & EED
EREAFEMEFL, SERAE RIS ETRIAELED
7mEEZ LN,
@) FEFEIEITREHEAE ) 230 kg N ha'Z B2 HEHH
Iz, Hifnas5F) A SRIT R 2= MR E 210~230 kg
N hal ChigmeraoTz.
(DZNHDOZEND, M ROFIK THHI 1T D54 FREH
O EEF LRI TERDHE 1 REEKETH 1.5
kg N hald?, & 1 REEKRKMHH0F T2 3.0 kg N hat
d, 0% 1 A 1.5 kg N hat diE& 2 b=, 2Ol
JESAHZ B DR EE FF AT 63%~69% Th-o7-.



pyugiiw)

2) BB REENERRESLUREIN=ZIC
AESR=Z

EMEV~ O LT OV TR RS L
ETDHICHTY, MRS BERRYIRRE I RIE T
B IR B DN R RN B DO ER A RIKITT
B OWTRRETLZ.
(L) BEAP A I B8 | B30T 0D 22 R it I e & i\ MBS 2 7R L C
30, FEFERIET 20 H IR SRR A F AR R S
HEEZ LN,
(2)BERPISIRTR B LI Z B T DBED R EH
ERER I 30~60 H ICI1T 2RI L i\ IEOFE
HIRLT. ZOZEND, FEAPRERERR L REAR B 2351 T
DI D EEFFFARIER ML, BRAED DR FE BRI
BHIHRFEOW R TRIT DRI E 2 bz,
BV EDEFREAH BEMF LN BA IR T 2720101, 2
TARHEATE EE O FIREIZE 1 REPAHTIT 1,000 mg
NO, L1, %5 2 REALAHILIFET 4,000 mg NO, L1E5 %
BTz, Fiz, TR AE AR T 2 8 A0 DI fi B
O R 7,000 mg NO, L1 L2 S,

R

) ERLIMEBALIEEERESICHITHLIRMHERRE
EXROERLERHEBREEDHY

BT AT 2B A LT EPEEEZOWT, &
FEIRF D T EARE E RO E B ML BN~ RO AEE I
THRSERI 72 2 -2 2 R TR LT
(DWF DA EE FSD ERMATORE B IOV FE Lol
FERER RN EEL TRV, TEWERRIRE DS W R E LY
HEHEB L.
(2)100 kg N hatll_ EOZEFIEEI TIz 2002 132X
BEMNKL, BRSNS T2, BHEMIEEE D722 LIz
2003 FIXEEE P RFICIIZ DN TET-.
BB EHH B W CERNCEIEORFEIE B Z BB
VX, EREREC 35T 5 TR RE A R OB L 1 B

¢ PMIBILERAKEII OV TORKIEL BT I SN R RS Bt 45

NERIALO AN M~ hORAEIRREZHIE § D IEEN ML E
2.

4) TIEBREERNEELE-ES TS T5ERLIHO
ERTRAEX I
TR RR R R IR LT BRI R D MR+

BEOZEFAEZ T D728, 223 100 kg N halziE
RECRTZ R U7 BRI X A3k, AT K s L O
R PR TR & 2 SRR IS JUUR SR B A ek L7z
(D) BT I DI EA T AL X & Fe 22 SRR B & SR SR
EDRSUMEHANCHY, LI LD2REE Z DT
(2) FEAEA+FE I X 0D R T A LT E X LR [R5
TioTes, WHEFEE S REFM A FERN R ME NS
ol BIEHERIEX TIFERRBINES & EREERD
WEREIZ 72 o7 oD, WWHEFE RO REE R EPEZ SR DMK
LicE&E 26N,
VIR LR CITER AT O IR AT R B 2 R T TR E
U<, TERAT O MHRLREZE R & fi)Y 50 mg N kgLA Lo
e, TEREDH 1 RERIIHECTOERMLIIAEEE
A,

5)EBMHICHITOERRBLWMEEDRTE

MO LI IV TH 1 REAEKILD FBepg
(ZBIT DI EEE F R BDWNEIZ DV TRELTZ.
(D) ERE R OBER IR 1X 0~500 mg NO, L1THY),
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Diagnostic technique for nitrogen nutrition and drip fertigation

based on nitrogen nutritional physiology of tomato

Masami SAKAGUCHI

Summary

In greenhouse culture, salt accumulation of soil occurs due to excessive fertilization, there is a risk to
the occurrence of physiological disorders of crops. In order to produce crops sustainably in greenhouse
culture, it is necessary to keep application rate to the amount of crop needs and to prevent salt
accumulation of soil. Therefore, as means to avoid salt accumulation of soil, fertilization management
techniques that ware based on the nitrogen (N) nutritional physiology of tomato (one of typical vegetables
of greenhouse culture) was established.

In this study, diagnostic technique for N nutrition of tomato to understand the N nutritional status of
crop from the petiole sap nitrate concentration was established, and demonstration experiment of
diagnostic technique was carried out in farm greenhouse fields, to evaluate the effectiveness of improve
fruit yield and reduce fertilizer. Next, in order to establish a fertilizer management method under drip
fertigation, the optimal N fertilizer application at different growth stages and diagnostic criteria of N
nutrition under drip fertigation were established. In addition, diagnostic standard of soil nitrate-N at
planting and that of crop N nutrient in early stage of growth were established for the field soil nitrate-N
was accumulated.

1. Diagnostic technique for N nutrition of summer to autumn harvest greenhouse tomato
1) Establishment of diagnostic technique using leaf petiole sap

Greenhouse tomato was grown on summer to autumn harvest schedule to examine diagnostic
technique for N nutrition.
(1) Petiole sap nitrate concentration of lower leaves was higher than that of higher leaves, and was
strongly correlated with N application rates. The leaf petiole just below first truss was optimum part to
use for diagnosis of N nutrition.
(2) In 2000, fruit yield and N uptake were higher than those in 1999, and petiole sap nitrate
concentration was lower than that in 1999. It was considered that the absorbed nitrate was assimilated
immediately and accumulation in petiole was decreased. Difference of light condition between in 1999
and 2000 influenced N uptake and petiole sap nitrate concentration in each year.
(3) In each year, fruit yield was maximized with petiole sap nitrate concentration was about 6000 mg NO,
L1 and decreased with lower than 4000 mg NO, L1
(4) As petiole sap nitrate concentration increased, N uptake/application rate was decreased and nitrate-N
concentration of cultured soil increased. Petiole sap nitrare concentration was considered to indicate N
recovery rate.
(5) In view of fruit yield, N uptake/application rate and soil nitrate-N concentration at the end of harvest,
the reference value of petiole sap nitrate concentration was 4000 to 7000mg NO; L1
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2) Demonstrated effectiveness of N nutrition diagnosis of greenhouse tomato

Demonstration experiment of diagnostic technique for N nutrition of tomato was carried out in farm
greenhouse fields, to evaluate the effectiveness of improve fruit yield and reduce fertilizer.
(1) Results of two-year demonstration in farm greenhouse field were as follows.
. N fertilizer and soil nitrate-N at the end of harvest was able to be reduced by use of crop N nutritional
diagnosis and soil nitrate-N diagnosis.
@. Even reducing N fertilizer based on nutrient diagnosis, fruit yield was not less than the conventional
field.
. Compared with conventional field, production value of fruit was improved and cost of fertilizer was
reduced in demonstration field.
(2) Efforts in the young farmers club, in the field of club members have no experience of tomato
cultivation that practice the nutrition diagnosis, fruit yield was equal to or more and soil nitrate-N at the
end of harvest was lower than the field of the other members.
(3) Even for novice farmer, it was possible to perform appropriate fertilizer management by using the
nutritional diagnosis.

2. Drip fertigation based on diagnosis for N nutrition of summer to autumn harvest greenhouse tomato
1) Optimal N fertilizer application at different growth stages with respect to fruit production and N
utilization

Tomato was grown on a summer to autumn harvest schedule in greenhouse fields with lowered soil
nitrate-N to evaluate fruit yield, N utilization, and the optimum rate of N fertilizer application at three
stages of growth under drip fertigation.
(1) Compared with conventional application (periodic application of inorganic N fertilizer), drip fertigation
tends to improve fruit yields and fruit production efficiency.
(2) Leaf N concentration was maintained during fruit development in the 1st to 5th truss stages with drip
fertigation, whereas it decreased with conventional application. A stable N supply with frequent
application under drip fertigation maintained the leaf N concentration and photosynthetic rate and
thereby increased the fruit yield.
(3) The fruit yield reached a maximum when total N application exceeded 230 kg N ha-!, and apparent N
recovery peaked at total N application rates in the range 210-230 kg N ha-1.
(4) In view of fruit yield and N utilization, the optimal rate of N fertilizer application was 1.5 kg N ha-1 d-!
in Stage I (from planting to fruit development stage of the 1st truss), 3.0 kg N ha-! d-! in Stage II (from
fruit developmental stage of the 1st truss to topping), and 1.5 kg N ha-! d-! in Stage III (until 1 month
after topping). The apparent N recovery in drip fertilized tomato was 63% to 69%.

2) Effects of petiole sap nitrate concentration in drip-fertilized greenhouse tomato to crop N nutrition and
fruit yield

Tomato was grown on a summer to autumn harvest schedule in greenhouses and drip-fertilized to
evaluate the effects of the N application rate on petiole sap nitrate concentration, and to evaluate the
relationships between petiole sap nitrate concentration and fruit yield and leaf N concentration.
(1) The petiole sap nitrate concentration was strongly correlated with the N application rate, and
reflected the amount of accumulated N in the 20 days before sampling.
(2) Petiole sap nitrate concentration was also strongly correlated with leaf N concentration at sampling,
and fruit yield at 3060 days after sampling. The petiole sap nitrate concentration reflected the N
nutrient conditions of the crop, and was a reliable predictor of fruit yield from trusses from the flowering
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to fruit development stages.

(3) The minimum concentration of petiole sap nitrate required to maintain optimum leaf N content and to
ensure a good fruit yield was 1,000 mg NO, L1 at the fruit development stage of the first truss, and 4,000
mg NO,; L1 during and after the fruit development stage of the second truss. To prevent excess
fertilization, the maximum concentration of petiole sap nitrate was 7,000 mg NO, L1 at each stage.

3) Accumulation of soil nitrate-N and petiole sap nitrate concentration of tomato in farm greenhouse
introducing drip fertigation

This study was carried out in farm greenhouse fields introducing drip fertigation, to evaluate the effects
of soil nitrate-N at planting and N application rate on petiole sap nitrate concentration and growth of
tomato.
(1) Nitrate-N in the topsoil and subsoil before planting were accumulated in any field, and petiole sap
nitrate concentration remained higher than the diagnostic reference value.
(2) In 2002, stem diameter was thick and plant vigor was strong then basal N application rate was more
than 100 kg N hal. In 2003, basal N application was reduced and plant vigor was able to keep moderate.
(3) In order to avoid over luxuriant growth under drip fertigation, diagnostic standard of soil nitrate-N at
planting and that of crop N nutrient in early stage of growth were necessary.

4) N fertilizer application under drip fertigation corresponding to the field of soil inorganic-N was
accumulated

Tomato was grown in greenhouse with 100 kg N ha! of basal application to examine the method of N
fertilizer application under drip fertigation in the field of soil inorganic-N was accumulated.
(1) Compared with conventional application, basal + fertigation (drip fertigation with 100 kg N ha'! of
basal application) tend to improve N uptake and fruit yield, by the effect of frequent application under
drip fertigation.
(2) Compared with fertigation, basal + fertigation tend to decline harvest index and fruit production
efficiency. N nutrition and vegetative growth became excess in basal + fertigation and thereby decline
harvest index and fruit production efficiency.
(3) It was desirable for drip fertigation that inorganic N before planting was lowered. In the case soil
nitrate-N was 50 mg N kg or more before planting, N fertilization was not required from planting to
development stage of the 1st truss.

5) Diagnostic standard of N nutrition at the early stage of growth of tomato

Tomato was grown in greenhouse to develop the diagnostic technique for crop N nutrition in the early
stage than fruit development stage of the 1st truss under drip fertigaiton.
(1) Petiole sap nitrate concentration was 0 to 500 mg NO, L1 at planting, and varied depending on soil
inorganic N content and N application rate after planting.
(2) Flowering stage of the 2nd truss was an appropriate time to diagnose N nutrition at the early stage of
growth of tomato.
(3) The appropriate range of petiole sap nitrate was 500 to 5,000 mg NO, L1 at the flowering stage of the
2nd truss.



