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HEC, BFEEFEY I REGS , SEERHE
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O EHRAKICEITRREIL TRu2 ) aLaF, T
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Dok, FERGSERFLYGHEIETZEEY
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WREBAMEM DR TH D, sink fEOM L1
PREMEFEO LB CEL (K1 ~b), —H,
KA L i CiRRmEI /NS, IR L
sink &3 L CEfLEW OIS AR L, #Hidn
FECEAA B source BEATH o TWB EEZ S
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TRu L) aaF) 3EGHFBML, BRI
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FED NG v ZHTE L,

o ansd) LEogkimci, Lo
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e, Bdd BV mE T A HR, Tah B (1K16)

5501 FXRE D lag period DFFZEIE, 1BEA &R &
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BLWI DV THET L EN D 5, FEHIFD
BHEWG, BN EHER D 72 OSEIE Do A
TELD, BanHEEIBARCIBITAES
BIROEEBHIEEEH A ETH D,
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PR /N D EF RN E & 13, EoMEZRL,
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Wk (FR26,%27), () FIEDNEIEIEREON
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TERE I, BEPDO 0 ~40 em 178 o EHERE
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RroenTasn, BEMOBIEZEREE T
ETHIE, BENE®HBA DI ELR IO
MotEhomgtERerfel, Jhrok
AR R e T A BRI E R R ST
BWwIZkilhsb,

L L, Ao bRfr B RESE 347150 Kg N/
ha ML E T, BAEGZOAEETIIET, EHH
Hmmu, BAaEL, KEERGEESI NS,
BOGICAER L, KO -0 I 55562050 5 (1K
52— a), F77, EBAEMOH FEEYEHLO Y
ha U ECTH % &, A FEEOIENR A
BEAEED SRRV (50— a),

L7eh o, ieAEMo LEWEAL.0t/ha £
ML EN AR RESE F 5150 Kg N/ha LT 054
120, RAEWIIZ60Kg N/ha 2RE & L THHE B
BEATV, X O@ENESL kAR e 2 0Lk
DEFIBEA LT & CHIT L 72,

FEHoEFERE I MK mELED (&
36), &6 EfidEoiittr RENZ A - THEREC
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L, Mo 235808 C 1 BURIE & BT % hghn &
AL sink fiE & source FEASIIFIZE T 1, BUX
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WAL 0RO # R LT OB ARz
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&, EAMB X EHOBIHGE S &I
RS TE B ([M27— e [ #15,%36), Mt
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4. 6% LT OWEIZ1E, ZoBHosE LI -cHE
PR AIIFTE A 2 & h, HHEBIED L
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HYBEIA LARE 0 28 350 A0 T, MBI S hurs %8
FFREEAOEINCZY, X 5EIROME
Prftiz/h s v (R10)

R LR o FBREHIE, FROER O #
KINHATE & IRBEDOERMBAEN S D, T DEE
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FOFmEAIEDETH ), EHEEEESH
flcahn (PU28,[M29,%211), PR D SEM A &
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FEIL & - TEEOTEME s BAEKL £ TR T %,

PEo#ER»5, 5 t/ha LEOBHIE Hig+
Bk, A2 SREH T ToOTIEZHT K
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FHE5E
FEAB L L TR R R A S ERT LG E,
AHOBEKREN S VITEREORENSE L,
B #h B EE HHRILE 2 <, FEE b KV (12
36) L7zAto T, BARTOMKEL S VT,
BB OFEFIBIRIC X » TR EROWIIED S
0, ZoBIGIEIK S (449),

WAHORE, £F, Rt KRELBELR
925, EFREIRICZOEEE T LoD ERD
X n B,
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(i) HBEHE 4 EEOFEHRKIRALI3CT XD &wv
e, e EiEsrRE Y, BEHETo
W E R T L, BHEARICZLD sink BEAY
EDHIBRERIZZ AF10% v (X34,K35—a ),

(i) HEEHE#Z10A Mo RiE2 15T ED
Bak, 1Rl B,

(i) BFERE 4 AR OFESIRAT19T L D Eu
BEid, tAEmREE LR, BAaMAE
<, source FEAINE O HIBRER 12 % B HI4% »
(1434, [437— a, ¥16), 77 L, BHAAHIZEIR,
BHOHEIrEE L, ZoFRGTCEERTH O
EGR 25/h 8 W 2381 <, TE~FEILEY
AT RAFTH A (K39, K19),

(v} HiBRI B L OBALINSRTH S &,
sink BE, source fiE, & HLIZFK D, BIUIED e\
(#17,1438,%18)

DEn Xy, mE0RBEIAFRRIICL T
By, FOMASFIZI0ELEBTHR @ Co
BIE ORI EF I L THELXEEY52 5,
B 2 4L, IRAEEART 4 AR OF IR AT13T X DK
<, HHig%AEMOFNHI9C L N Ewv &, Rk
BIETRER S LB DY, source 205 sink ~D[EAL
EM OEFREIRA %0 H R ERET 5 (K
16,1437) s —H, KimDFF#EA W THIL, FHE
T B FALED OB BIFTH B, KA
TET B, TOLH, REOHEBIILIET, £
MG L AN 2 2R a5 52V + 5 L%
b,

HEIRT O EEIC & » T, KFEAERAM AN L
TEBPDL, WEPTET D, ZOHEIZE,
Ao EIER Ry ML, BEIEAK
v ([27—a , ¢ $37),

—%, ILHERIAR CREARIM R (, &
BB L, & I AT OB RS O A T690
A/t P E OB STER S A ST, AR
OREFGREPEIRESTEA LR L, B LAH
FBERAERICLTXTERSEL 2N H S
(X148 ,[M50— b ) o = OHE I, BEIOEFEN
HEASHRA T D, £ ORI B O &0
THEL2 5,

bbb, MERLRTHIL, 1R
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%<, I Lz E OGS L E T, S
EHERE OEVE % BRI F TR S & 2 BRI
DHEFIBI R ZF N O ERBEEEAT AR % &
HAH (35— c #1l), 72751, SEFHMAK
mThiHE, KAMOBNRLHEO KA L&
MtEdd 1, BRPEFEROLENEE, chbo
fEEOMETHRI S NAINETHE, —FH,
BB XOMEZRI SR THS L, 1HEREEN
HAVNSWVEIZZOBELTHY, ZoBEIZIk
B L MR 0B IR A F L Eh 1 BRI B & KR O
WAEHIHIL, FENEYEOSH (K3B—c , d,
#36)

LEEMIERMEH I KE L, FHFEET
H0, HRERNOHTICAE L2 EETH L
BRSNS B, L7h T, [AESHICIE L -8
FHGEPHBOL ) WL ETHI S AT, £
NIGHEATTORKED L) ITHEAHZIIB I AEHR
BRECESLHET 5552, 52505 Fill¥
BHIENTRLREGEIIRD, BHENLIDTHS,

5—4 RBoXBEHIZETBE

BhEODEEMELESENE
ZR5&

R ROt AT 5 LR L L Cig,
KR & MR E S X O LEBED H T 5
b,

K EDSBIL L Tk & <, HILBEY»S
<, BARVEDG R THRAKNOLS S THETIE, A
BEOTRBAOTELSEL , H5EEORIE
R (525,526,328, [X44) . —fxiSE K,
HURLE R OMILBRE 2% v 1313 & BT
HBHEEZLNBY, WMt EREDOL MK E 5
THEKED Bif e 23S B, AR & 18]
WL BT, MAILBIER B SLBE Oz, &
B, B H 5 ik TIEEY OBENR R & o4l
iz - THREh, FONRRIEREETHD,
T 7, THEEEOMEIEREIINITTREOK
EVWITERIRBL TS, Lo T, MikEL
MT RSN A EEL, ERMORTG YRS
VENRH D, 7, BKE, BKEE BLUEA
Hi, Hbie &M, WA, FHiZ & o
DHHE L AEVKOEES IO EETHLENDH



TEHEAG | BB/ Z oS RAR & BRI AT 0

Bo

FHROKMMEGIIENEER O TR © I L

BIEZHEOWINERrEmo B, LhL, RAIFE
EAMBRETIECE, COFETLEREEENOT
BRESEL L, BNEFEFLIEIEFEE ST, B
I MRy IS/ & v (3829, [X46,5K33), L7z
MoT, TOLETHEEOERIE LI L L
THS 342 L IZIEMENT, BEAZOZERBR
AU R Th D (F36,437—a),

HTYTOXEEHEOFEE L NHI-N T, Tif
IR S R TS, NHa—N i3 HiER TR
EEEL s, ESEWICEL L, PTEANRTL
LY Db (K2, 2010, 5 NHa—N (2
x4 B AHEE LA O 3 R AT AR S SR ORI
2525,

— R EELRCRE 12, K pH LIEX VD & pH &
BTm, QB EFTEZOENKRE L,
MR OBREGTIX, BRAKNHEY, pH B EHW
IHECTHEEEEOREAE LV (40,24 — b |
27, 3/, HheT7LriviroauAl Frg
T pH D WEIETIE, BWEIKE ( NOs—
N RIFREA T V720 NO3-N OB S 260

LEBEEINTWA2Y, X542, & pH HHT,

RFE R NHa—N RIER O R\ HET TT7 > E= YA
RS AUl REtE A H B 720, T3 pH 135.540 5
6.0DMIZIRDLED H B,

NHs—N R feAt il W T Tix, X0 ESE
BN THLEEME D EC # NHe—N il IZ Fn
BEml Ao, BF AT LA LY
B v (R31,1047), —FH, ToL) T
DEMMES &, HEPICEERT A NHi-N gE 2
B AR <, RIFBODIABIMELBT LS
Bo 722U, I OMEANGBAFT O MIIET TS
bh7-DTHY, BEABOEFIINTLEELL
nEGIRETH 5,

VER AR+ 21T, WS EHEEDICE
PERE L HHERECHEL S A TIRBHENH Y, — ik
CEAEFMP I CER LS AR RS RS AR
AHgEoEFRME I EELLN TS, LiL,
AT, A ERONEICLABEFERIEEIVOR
bEIER TR OGRS Tdh H MRS EO S

PIERENTHEY, FREEFEL D ERESER
NEETHL (41,531, 045), 72, TED
FRIBIERMET Cit, BRI T 5 B
BERYEHETEY, 20ES/SVEEICREE
HEEOREG OB % {, AIEEZEROKEH A
HHIZ AN E g

L7ens- T, BFEEFE» P, IR
R 2 B R CIE, AREEROTErIKE D
o1, BRELFEIRE LSO 0%EHgHEET
i, ZoEINs L, LA, HUEEOREE,
B, W EREST A T EO KRS - BOREER
EWRKELREYRITT,

5—5 SHEOHBENEDOEEMN
EARICOVWTDRE

LB BITA N T TOMMRIZE VT,
BB L & EORE S (v & L 72 source FED X
FIWHES BN, O TFRr3LF, TR
FNDD RN E SN, source—sink DHE AL
BRI/ v AL SBREL T b, L2L, ZO8
HCTHEDLSNET 2 sink BT TH L
AERLIEGRBEORIM L, & I LEOR
REDS G AT CHEL ) A2 BERTALE
Wb,

[IRE I TN &3, source 7* 5 sink Dz
B TH Y, ZoMBEIEBrodbiEIl L B
LB B ORLGRE L EZ D, IHLEY O TE
~DOBERE L T HLE, HAICKRoRESE
FHEROI/PMITRENDDTId A <, BHREIEIZ
BUAEDAFTRILOGIE IN, ZOEFEND
VR HL kg v, & KIS, THEOERNH &
DIERET 7 WEBETE I21E, E RS AHGRIC
HY, TOEFHEEGONS L, BETL,
AWM, R0EFEINEVHHETET
ENDOEMLEY O 2 BIFC, BAKM O 7%E
EEFRTCEBIZ% 5,

source FEAYIN) L L, [E 4L W 2% source 7> 5
sink ~EIERW ISR T A ST, sink AEATIN
SHIRERIZ D, FEEBnsesLE D5,

source REATCLE X N 7= TH IRk & I A o A & I]
FEOAHEEIZ B LRI i+ 5 &, 11
KD HIE THRED 215 Th 5 (538,5%39),



ity R R BR H

SO EDSHWT A &, dbifEE T source BE
O EE, 1B ED 2 L EEED
ML ETHLEEZ NS, $72, 1N
D ERETIEE HL I 4 A ATSH 0 165 ] Rk

§557% (1986)
BB L 3 v K & SAEA R LEY O sl % 12

ETHLEDIERTH L,
— iR R ORI, AREMFELD L

#®38. AREBEROEEDLEE

3 K 5 % X & # i
S\ HH By | HBRER | EHXR | EEERE | NESRE | FEE (B OB IBNE(RE &K &
# % | (kg ha)|(kg ha)| (tha) | (&) (X105m)|  (mg)
HAGtdmE) | Fov) | 1979~1981 12 140 153 5.37 599 21.5 128 42.3
A 7 v 5|4 B | 1979~191 17 140 142 7.93 533 42.2 188 42.1
BN A v A B | 1979~1981 25 A~ B 148 7.20 504 33.3 168 42.9
F—soi B K ARONSERE (THE, REIF13% KM RERH)
4 7 % I Dilz. K, A. Carwinkell & R. Boon (1982) ! Symposium on fertilizers
and intensive wheat production in the EEC. The Fertilizers
Society. London on the 10th Decemkerl 94—~124
P8 K4 7 ! Becker. F. A & Oufhammer. W (1982) -
3366
#£39. BEREA S ADORENEENLER
h 7T EFE R | IENE | R B | B &
H% et ¥ (t/ha) (&,mi) (X102, /nt) (mg)
H F k7 3L F 5.35 858 20.4 175 30.6
& U =P 5.73 653 21.3 139 41.2
1 VAR /s BV S 5.21 676 22.8 154 33.8
] Ak 7 T A |52 | 940 | . 18.0 | 169 | 3.2
i F 2 5.39 782 20.6 159 39.7
+ Arminda 8.69 568 38.5 219 49 .4
5 Okapi 8.54 528 33.1 175 48.1
5 Nautica 8.28 445 39.2 174 46.9
o Merksman | 907 | s7 | 21 | | 16.0
7 F # 8.67 502 38.2 191 1.20
* 707/ BARCEY) 1.61 0.64 1.85 1.34 1.20

REMOMNE H

F—sOH A

BRI, 0T b BHRMM LA O F B

7 L AbvmE N ET
4 7 ¥ % ! Lelystad
A AERER. IERL MR EFERBREE P8I~90 (1981)

*+F vy #K#38LEL

LzmaollEl, HEFERREFMOEEE

TR ZT D, —T, BEREMG LHOICR,
TR & & B IR RS OMEA G 3
HThHDHI, 12720, FAKRDFFREN ST %+
T, BROMGENIE N & EE R L FEEEC
TEEMPNEOLRERNIZ AL, LrL, 20
LI ntETYH, AHBNICEEES 1T 2 1Y
RPN, Thabb, FREMOEEEELEE

WSV, HIRRAEATK & VA, BEREPEAKZO
RAMIERT R, 20EII/NEL, WISho
Wik H4.6t/ha FIEOIETH - 72 (1457)

A OSEFERS RO EHN S BRS- 3T
s, BRESGOMEICED i o it
EER/NESLCLEOT, SHBOBRES#EL L
b BEM BRI TRRTHNE, XD
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L, MBS G S5/ SAhDBTHLH, 727
L, Aoz ERIcET s RcEohn
e IE 5.5 t/ha T, HRBIZABL ELDL
LEWKEIZHALEBIEZL Y (K56),
IHSORBTHA SN B TRkoy ) o
LF T, BEMEE30cem TH A, F L mfEI
Sh eGSR, X UL RERIER
LGRSk, MEWIRE TENFh6.69,6.91t/
ha ThbH, WINLZL > F)IVIZX BIRER
¥ (B D 17cm, #%#&12cm) THOS 22133,
KRBORSWE D 1 ~1.5t/ha DHEEIE, F

S OGRS CEEELS, LT,

¥ ES g (1 /ho)
4.0 4.5

A
B —
[

sets < HABN 18X i
% =
I —

X57. EEMOBREEN FEREICRIET
TEOHBMEE (4 5 FEFHE)

EORELMTICBITS T L) asF,
DEFEMIR T t/ha PIRELEE SN, ZOmM
Tit, SHIBOBREEMIEL AR R ERE
SRR TH->TH I EDLIUTED L\,

—%, ItREFINERTET RO aLF L
FEEIZiThR 7Ly R LEET &HOTF4
73 AF E8.3t/ha DEINEFTEY, 2O
T, MISOERIGLERBSEOYET
INEAE ST A2 THA I,

IR OERE G L 7o b A HN S B EHE
WL A, (B O REIRE, BIUOXREEN
PHIEEMEONELRGF L CBITL, TOHREE
FHGECKT ALEN BB, L L, duifgl
OHE T Id, FEABENH R AR E G
ENRERD TR L, KSR O
HERIOARIL & RS RINT AHKTH Y, LF

PEIND,

RERMFRERMEH K E VD, AREMED
I A2 —E DR AR T HENL L, 0%
EAEFHICORMS 50T, AHEMHOEMY S
R L 72 RE DA ER L, USR58 3
WS BN e . T R&ETh B,

TR EEY R THIESR A S Q¥ s
NZZBERETE, BROGMFE 4 LR T 5 HiE
DKRIFFE E RGBS L BEAMETH 0
ol THIEITIRAF ¥ B BARAESE K 0 B OV FEH 1
WLV EETHL, hbOHESI, SR
LEERTERLBSHHORE IR X 2 EEL S
RBHETHH ),



TR D BB AR OFREAT & BREEHE MY 0%

% #J

1 dtiBEICH T IRBIERBORE
S ENFEOEE

(1) chiIcomERRBOBREIE, DTIWERT 3

HizX9T& 5,

(i) 18 GREARM1 5, h T2 a4,
T TOBE, ZoRomERRT, BAEC, K
<y, MEREESETY, 72, BABEOE
DEF IR S . PUERRE H) 775 % - 7.
(i) 2. Tahary, »5 Mdo)a
LF; ~OEE, CoMoRMERRET, BiEEsH
L, KL, MRy, B & R AR
LSt o, Lrl, TR ) and) 33
MEML, HENTOMRELENGITR LV,

) HFIW: Tkovyany, s TFRy
TLF) ~OBKE, ZOMOGTEHRET, ¥HNE
L, FEoERRLEREAEIEEN, ¥
DILHE & R L L 7,

(2) THENEE, H1YPCE®HEL, 2T
EmL, F3iciaELz, F1HoMoEx
ZRITEROERTH D, §F 2 oS0
i, BHMOSHESIART, 512, 20
BOMLEMPZEDEFTICLEHESNLZ LI
BN %, B 3IMOMNER I, F2HBIT5
RBERIGHEIN-CLIIESE, CORBRT
FHAEL DR EML, EHBERGT oL
EUESLDEE o7,

3) X(o&fESHAFEIL, MEEROH L —THIH I
L, 20, RAHCET TRBMITKETT %,
FREMOSEEAERE, HuSGE,»S Thad

DaAF) IELAGETEHSEIEIEE L, IS
FECIESUIAR I 3B B RO EM R KLY TR
RS T ol LrL, TF4h27a4F) T,
FOEHEN TFRaL ) aaf) LR,
EACRET O AT, ZoiFEE: ko 3
LE | TIHITRSIELTYS, BRABLEOED
EREEFAFEOETE, T TREAH 1S, Tk
M, TFhrasy, CEdRbRELC, Tho

PNIALF; BERSOBRMT, HrinMTIREC

HFRE L 2R O RENSE £ - 72,
(4) FoWEIFEEL S S —a BNy %
A, BEMBM AR, BMEn% qiEE L Hl
HAE L, KN THB, THT L) T AT, T
EBROZEDGEINAL {, BREEHEIE L,
FALEDERBRETEL D, ZOEEETH Y |, HI
MR, ZOWEEROREIIEGR R VBRI
Mz <,
(5) ko yzarFx, PAoSETE, HanE
T ERINE F Y0 FEAER (NE) A& <, i
FEEBREEFEIR G, TEBITLLEHOE
BHEKIZIE, KEOZ A LF—AULET, FEIC
BTk & B WV IREETT L 72 BRKAE A5 & 5 T
Banbicw, FEERSHFEOHVHIETIL,
FEOGHEEICEILED AT AV E—HE L LT
HHBE SN, NEAFED, NEHEDH KV,
2, BOEMEERE (EGR) DEEHRE
F & RERE
(1) BAfEROBEOAEFTELUTIORT 4 512505
Nb,

(i) 1M BEE, BodkEra fivohn
TV, Wb ® B lag period o < OB 121X FATEHI
DFICERF S T2 R AR L - T
BHanbre, WEIRRHIT 5,

(i) %52 Hf | EGR A &9 ¥4 FE B (CGR) &
DS, ITFEOM, CoMmizieEs
HOEFEWEST 5,

(i) % 3H I EGR A'CGR L H K& wilif, =
DM EDERWE & 7z e EmRED AT
FIIRT B,

) HAH  BRKWOBOEREIXIZLALE
bed, EHREEEN ST HHH. o
FAKIEICHARTEEOERAIFEICHIH L TE T
EOVWEREIN, FOLDIFRIZLSL T 3L
F—HBEIKE W,

(2) (DEG)o#M 25 <, WoE 2 E

&, F 7z, (e EGR 25K & v i S A
PEATE Vo ST, BITERT O E % BAE
BORCGREMHGEROEEEHETHI LR L,
WL TECERT A MR &S H TEIT
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bBH, LoL, BHREMOZEDFMEHE < HEFF S
h, (L0OBENH-ThH, AMLEN* RAMT
EFCFEIMHBTE LML EEWDHVITEE
Hehd B,
(3) mim, WHSEEAET TR, G)o R R
Eh, EGRAEKEL &b, T/, ZOHIMIZE
HMHEEITH &, RN HBERED A FELD
EOAFIZHBEESNA2D, HHOKTIZX 50
PHAE L, Led->T, BRI, SE &
HEETHAI LN Ly, —JF, B, 17
KER, RWEZLZ EONEHREZOWE IS T 2R
o5 & T, ZOMOMMARIRIZZ S &t
SLLEMTR Y,

3. tBEOERABIIHT 5EEMN

LBEEFZROIEEEEREL

(1) BB DN EoOWINEFR L, BAH, BE&RIH
h6d, wonb HIEPOEMBEER IR
NTEH, ERFTHERG SNDEHTIE, L
HOEREERHIERZRPULTHENT NS v,
(2) FKZE - BEFEEE (CVESRHES S 72 NHa—N i3,
1y HLIMICIZ & A 5 REBRIEAR & h, BARIE
DEKTEETTRANKREL, WIEEMNMET T %,
AR IZ NHe-N 2 bR ERWEEST T 5 &, RE
BEEAAD L, B3FE - MMABFSRITHD, 2h
I TR & TR~ OB A HIH] & Tk
IWHRAEE D, VESMS 1ok L TH10%BINT 5,
(3) ZEMIZ4~5t/ha DINBEFB B 2D,
JEHERR ICBEHE & L T40~80kg N/ ha % R4 5
L, 1-ZEHRIZ60kg N/ ha Z3BHET % & K,
(4) BAMozmFERIREEY, FEHoERE
BB 1 RS e R E Y, M oEFBE I E
AENEFNGOTHNTAHDT, 5t/halll
OEE IS T E IR, TiloH#EIz XD EHR
DB LETH B oo

(i) EAEMERE  BAFOM L) ENL.0
t/halll, HIEFEREEEESEH,40mE T
DFJET150kg N/ ha LLEOBAICIZERBEL
v, MERA LEOBUTORAEIIR, TEF
WMEEE R EEOANRS 260kg N/ ha ZBRE &
LT, HAXRIICERT %,

(i) IREEHHIBAE () JEHEEIC X b A ki

BLUT oG, BEBCERER T THE
BHELEAI0) L F—EHETERT 2,

(i) BAJEHGER: hErH 2 EoEFouis

BENENFNG.0%,4.6% L TFOHEIZIE, 3%
IRFEW % MBS 5,
(5) LELOBHTAEFEEMPL, oy a3aF,
¥R ETHLDTHHH, SHRMENEREOBEN
BFHEND TFF7aLF, 2D E L-HE
FMMEICOEHETEL LHEE SN,
4, IREFGEEROREEEL
(1) BZa7 (9 AE~11A L&) oEkEs
100mmBA 12 % % &, HaSA0E & TSR BAR
T EREEEFTRBIRTE L, SRFNE L EI]
BKT4 5, ZOBPLIIE, BAEZOBEFBEICIZX
S TEZRWNEIEE O, HMIT 5,
(2) MAERET 4 BB OFIHSEATAFE (13C) &
DEIRTH AL, FEELMMAEREL, it
Erm MBI T D, TG, A
FEIECREAEENS T A oMU L g
WY B, iz, HHERT 4 88 OFIH B A FEME
INKRTH B &, FEARMAMRE LR
BN 5, TOBEICE, IEE < L osE
BT HER S WG ERRE S L0
W2, 1 Bk E I LT 5,
(3) PRATIRESRFFRENHE L BT, f'5
MEAFHERCTH-> TOTEBEN»EL , €%
RRESET 5, 2oL % TETIE, Eilikk
SR Z#UIT A, LV IEBAEOEEE
HALETHDL, $7, 7T EYREELZWNELE
D IETIR, SEOKEHKS TREFTOH O
NEEhAS BN LTI NETH S,
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Studies on Nutritional Physiology and Nitrogen—Fertilizer
Management of Winter Wheats

by
Kathuaki SuiMono

Summary

1. Changes of the nutritional physiological characteristics of winter wheats varieties of Hokkaido

(1) The process of variety improvenent in the past 59 years can be divided into three stages as follows .

1) Stage 1 : Process from varieties "Akasabishirazu No. 1" to "Mukakomugi”. Owing to the variety
improvement in this stage, culms were shortened and thickened; lodging resistance was increased; stem
growth in the later stage of ripening was inhibited, resulting in a higher Harvest Index(H I).

ii) Stage 2 : Process from varieties "Mukakomugi” to "Horoshirikomugi”. The variety improvement in
this stage made culms further short , thick and stiff; the lodiging resistance and the fertilizer responsive-
ness were also greately increased. In "Horoshirikomugi”, howeves, leaves are curved and heavey mutual
shading occurs in its crop community.

ii1) Stage 3 ! Process from varieties "Horoshirikomugi” to "Chihokukomugi”. As the results of variety
improvement achieved in this stageleaves were erected; leaf area of upper leaves and their nitrogen con-

tent were incresed, resulting in a better shape and function of leaves.

(2) The grain yield increased gradually in stagel, stayed almost unchanged in stage 2 but again in-
creased sharply in stage 3. The yield increase in stage 1 was caused mainly by decrease of loding. The
stagnancy of grain yield in stage 2 was due to poor light—intercepting characteristics in ripening period
and, in addition, to an intensive consumption for stem growth, of the assimilation products in this period.
The yield increase in stage 3 was attributed to an improvemet of the yield—decreasing factors observed
in stage 2. This improvement includes an increased number of grains per unit leaf area giving higher

grain productivity in an intensive cultivation condition.

(3) The total sugar concentration in the stem increased during a certain period after anthesis, then
sharply decreased toward maturing time. When the total suger concentration during the increase period
were compared among varieties from older ones to "Horoshirikomugi”, the newer varieties showed a high-
er concentration. Therefore, it is concluded that the newer varieties increased the soluble carbohydrate
storage ability in their stems during ripening period. In "Chihokukomugi”, however, the concentration was
slightly lower than in "Horoshirikomugi”, and a similar tendency was shown also in its succeeding genoty-
pes, as the results, the soluble carbohydrate storage adility almost reachd its peak in the case of
"Horoshirikomugi”. The decrease of the total suger concentration during latter period of ripening was

lowest in "Akasabishirazu No.1”, an older variety; highest in "Chihokukomugi”; and "Horoshirikomugi-
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"was intermediate between the two varieties, suggesting an increased ability of the newer varieties to re-

lease carbohydrates accumulated in the stems.

(4) The stem dry matter weight continued to increase for a certain period even after anthesis had past.
The longer increasing period and more weight increment a wheat variety showed, the lower its HI was
and, as the results, the less it yielded. In the case of "Horoshirikomugi”, its stem has a more dry matter
increment and, higher total sugar concentration and higher ability to accumulate assimilation products,
but ability to release them is lower, making HI lower. This property is based on its genetic characteris-

tics, not on its culm length.

(5) In the case of varieties other than "Horoshirikomugi”, the newer ones show better grain productivity
per uptake—nitrogen (Nitrogen Efficiency, NE) and, conversely, lower grain nitrogen concentration.
Much energy is necessary for proteins to be synthesized from the nitrogen translocated to the grains, and
carbohydrates stored in or translocated to the grains are consumed by respiration. As a result, in the
case of varieties having higher grain nitrogen concentration, assimilation products are consumed in large
quantities as an energy source when proteins are being synthesized. This is the reason why NE is low
and yield is poor in thease varieties.

2. Limiting factor of the Ear Growth Rate(EGR) and its inter—varietal difference

(1) The growth of ear after anthesis is divided into 4 stages as follows :

i) Stage 1 ! So called lag period, when the growth of ears is not obserbed at all. The dry matter
weight decreases slightly in this stage since the carbohydrates which has been accumulated in the ears
before anthesis are consumed by respiration.

i1) Stage 2 . EGR is lower than, or almost similar to, the Crop Growth Rate(CGR). In this stage, the
growth of stems competes with that of ears.

iii) Stage 3 : EGR is higher than CGR. In this stage, reserved material in stems and newly—photo-
synthesized material are translocated to grains.

iv) Stage 4 . The ear weight at the end of the ripening period is almost constant and the nitrogen
concentration of ears is sharply increased. In this period, more nitrogen, as compared with carbohydrate,
is translocated to ears and is synthesized into protenis bringing about increased energy consumption by

respiration.

(2) The shorter period between stage 1 and 2, and the longer period of stage 3 and the higher EGR in
stages 2 and 3 a wheat variety gives, the higher it yield. In other words, higher HI and higher yield are
given by varietis in which materials reserved before anthesis and photosynthesized after anthesis are
efficiently translocated to the grains without competition with the growth of stems. However, in spite of
competition with stems, the varieties could be also high—yielding in which leaves are maintained still
highly active at the later period of ripening and, grains can be supplied with assimilation producs untill
maturation time draws near.

(3) The period of stage 2 is shortend and EGR is increased under high—temperature and high—solar

radiation conditions. And the shading treatment in this stage brings about a marked yield decrease
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caused by lowerd HI because the limited amount of photosynthetic products is consumed by stem growth,
rather than by grain growth. Accordingly, high temperature and high solar radiation are desired during
the early period of ripening. High temperatures during the other periods, on the other hand, are not
necessarily favorable, judging from the responses to temperature, of the yield components such as number

of ears, number of kernel per ear and kernel weight.
3. Effective nitrogen—fertilizer management for principal wheat varieties of Hokkaido

(1) The nitrogen uptake by winter wheat is controlled by the amounts of inorganic nitrogen in the soil,
regardless of whether it has winterd or not and, when enough nitrogen—fertilizer is apllied, the amounts

of organic soil nitrogen has no significant effect on the nitrogen uptake.

{2) The NHa—N which has been band—applied to 5~7 cm depth from soil surface in autum is almost all
nirified within one month and runs off into the lower layer under moist conditions prevailing during the
period before or after wintering, resulting in a lowered uptake ratio of applied nitrogen. When a soil sur-
face nitrogen application (broadcasting) is carried out, the salt damage is less severe and germination and
initial growth better, in addition, a higher uptake ratio of applied nitrogen is obtained as the restriction
of nitrification and downward run—off and the yield is increased 10% higher than when the band—ap-

plication is done.

(3) It is recommended, in order to obtain a stable grain yield of 4 ~5t per ha, that a basal application of
40 ~80kg N per ha be band—applied at sowing and an additional application of 60kg N per ha be ap-
plied at flag leaf stage.

(4) Since yield increase can be achieved by additional nitrogen application at raising (immeadiately after
wintering), flag leaf and heading stages, each increasing the number of ears per plant, the number of ker-
nels per ear and kernel weight, and the kernel weight, respectively, the additional application of nitorogen
should be applied according to the following standards when a good yield of 5t per ha or more is aimed
at .

1) Additional nitrogen application at raising stage : The additional application of nitrogen should not
be applied when the weight of total above—ground dry matter after wintering exceeds 1.0t per ha and in-
organic nitrogen content in the soil to the depth of 40cm exceeds 150kg N per ha. When both parameters
do not exceed the above values, the additional nitrogen application should applied as early as possible to
fill the shortage of inorganic nitrogen content of the soil under the upper limit of 60kg N per ha.

11) Additional nitrogen application at flag leaf stage : When either of the two paraemeters does not
reach the standard value as described in 1) , or the growth is poor in spite of the application of addi-
tional nitrogen application at raising stage, additional nitrogen application should be applied in the same
manner as described in i)

1i1) Additional nitrogen application at flowering stage : When the nitrogen concentration of the flag

and the second leaf blade is less than 5.0 and 4.6 %, respectively, 3% solution of urea should be foliage—
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applied.

(5) The nitrogen—fertilizer application management as described above has been considered for
“Horoshirikomugi”. However, it is assumed that the management can equally be applied to short— and

stiff—culmed varieties including “Chichokukomugi” for which a planted acreage increase is anticipated.

4. Environmental conditions and nitrogen—fertilizer application management

(1) When the precipitation during the period before wintering (mid—September ~ early—~November) ex-
ceeds 100mm, the nitrogen which has been applied as basal fertilizer runs off to the lower layer regard-
less of the application places or soil conditions and, as a results, nitrogen uptake and grain yield are
lowerd. The nitrogen uptake and grain yield can be increased even under such conditions if nitrogen is

additionally applied after wintering.

(2) When the average temperature during 4—week period before heading is higher than that in an aver-
age year (13°C), the vagetative period is shortend, as the results, shortage of dry matter production and
of number of ears is caused. Even under this condition, the increase of ear number and grain yield can be
achieved, since the additional application of nitrogen at raising stage enhances vegetative growth and dry
matter productivity. On the contrary, when the average temperature during 4—week period before head-
ing i1s lower than that in an average year, the vegetative period is extended and the number of ears is in-
creased. Since, in this case, the additional application of nitrogen at flag leaf and heading stages, enhances
the dry matter productivity in and after heading stage, the number of kernels per ear and kernel weihgt

are increaced and better yield is achieved.

(3) When water holding capacity and nutrient adsorbing capacity of the soil is poor, fertilizer nitrogen
is intensivily runned off to the lower layer, even if it is applied on the soil surface, resulting in a lowered
nitrogen uptake. In the case of such soil the time of surface nitrogen application should be shifted to the
later stage, or additional nitrogen application after wintering is necessary. Also, it should be taken into
consideration that the surface—application of nitrogen has only a little fertilizing effect at the initial stage
of growth in the case of the soil with high NH4—N adsorbing capacity.





