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IXi33. B R B DR AL IS D PURZEAL (a) & SEHMIERDR (b)
* REHE (X F R XN B AR H (1987 ~'89 )
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F44., REFHOBRBZEROZHFWINE™ L BHEFFHARY* B L O AERE** * 04E 2L (1987 ~89)
; g K B OB O£ ¥
i (FH) = = :
2%H 34EH 44EH 54EH 6 EH 7#H SEHD L
HH E] (16) (1) (14) (15) (7) (8) (11)
10.3° 10.0° §.4%"b 8.07° 7.1%° 5.85 ¢ 4.8°¢
& %3
(3.6) (3.3) (2.3) (2.5) 0.7) (1.6) (1.3)
06 11.9° 11.5° 8.0° 7.6° 7.1° 5.5¢ 4.8¢
ENRX N (7~19) (6~18) (3~11) 6~10) (5~8) (4~8) (3~6)
B fﬁ EU a """"""""" aa """"""""" 2; """"""""" 2" """"""""""""""""""""""""
Ty 8.9 7.7 8.5 8.2 7.1 5.1°
NRINE (5~14) (6~11) (8~10) (3~12) (7~10) (3~8)
(kg/10a) Bf 13.1 10.7 8.3 7.1 7.7 5.3 -
LW pgn 9.2 9.6 6.9 8.0 7.1 5.7 4.8
All 9.6 6.3 9.3 9.0 6.7 - -
[aEiz=¥ 3 0G 58+ 7 56£13 51415 61413 57+ 8 48+12 49+ 14
(%) TY 55413 58+13 54+17 56+ 21 46+13 45+ 8
W 0G 56+ 6 54+ 6 58+ 5 51+ 6 524 4 56+ 5 61t 6
T (%) TY 72+ 8 64410 68+11 67£13 75+ 9 63+ 6
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B4, cEHMUBECHEEICE T -7 ([W33b) , =
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FRIE DV T HREAEMIRT 3 2 55380
Lz,

RICEHEFROEBMAAE (BERIEX 2EER
NE-EEXXERRINE 2 HZ M F X 100)
1345~61% DEHEICH Y, F—-F ¥ —Fr 7 AE
RE#MTIIER 7 EHULEOETRRET T2
LbODER 2 ~ 6B OEMB TIAREL -7,

F45. REBIORENEEIC L b HRERGE

F7, FEY-FEREMHIZOWTHEIBRIZER 6
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KEW >+ —F v — F 75 AFREROBERAEL
HOENDHA, WEH L b EHOBERE TR AE
BERBEDONL D12,
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INEETHETE? S 0BRRNEsBEELICH-
T|RTFLEZDEEZEZON, 2OZ LT, BE
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¥) A4, 54 HURE, T oREFEICPEVEE
FIWARLZ L, EEFERONESERK 4 F
HURBEIZEALBRTF L hoz2 o b TS
nb,

2) THERSROEFLIL

it E o TIBERE R A BERT L IZEF L
TARERERLIRL 72, BIIEELIHEVERRE
0~S5ntBOEBEEENHEML, Sl FIEL
Bozhr@gd ¥ s (BRI 720, KFKEO
~5emtEE S en A TELRE 2 MBI L ;& &
THRL7,

R Eh o &EHE, HAME S L ORE T EE
EEEEIRHBOEHFKE L, BEEMOZE
IEHEBoOLR G -7, ThIFFL, ELEESE
FERBIHEBBOLBENRKEVL O, FEI

(ng/1008 82+ © 0 ~20em /8 , EEHFIY)

i (FEH) 2#EH 34H 44EH 548 6 4£H 74H S4EHBE
B %E & (16) (18) (14) (15) (7) (13) (14)
& N | ¥y 240 240 260 250 270 250 280
4 & | #P | 140~510 120~510 150~370 190~370 170~380 180~320 150~500
AL | FH 8.9 8.5 8.4 8.5 8.9 10.3 9.4
N & & | #P [4.3~20.4 4.3—19.6 3.9~13.4 5.8~11.4 6.0~12.6 6.0~11.4 6.6~18.8
REz 5 | R 10.9 9.8 9.0 9.2 9.4 10.3 10.2
ENGE | #P |5.6~26.5 5.6~13.7 3.5~18.1 5.8~14.3 4.1~15.7 7.6~15.3 5.9~14.0
A TIERE | EY 5.72 5.22 4.0°¢ 3.7°¢ 4.2 3.0°¢ 2.84
N &4 & #pM |2.2~11.8 2.9~9.4 1.4~6.0 2.3~5.9 3.1-6.2 1.7~7.2 1.4~5.4
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F46. FEHEFC L2 LEBFEEE L BEERXKE O FRIE & O BIR (1987 ~'894F)

HH HoOom R K MPEEES~ Gl
FHrrr| 2 2—~3 2~5 2~8 2~8%|4~5 64H 2~5 2~ 84
TOREX RN e #H FH #£5 #£H HRDLE| £8 UE FH B L
BAMMEN| 095 0.8 0.82 071 0.46 | 0.78 n.s 0.80(0.23) 0.85(0.28)
OG |EEt3E&EN| 0.88 0.71 0.73 0.53 0.45 | 0.82 n.s 0.61(0.23) 0.50(0.24)
EHES | EHEREN] 098 0.8 0.8 0.80 0.87 | n.s  0.79 1.45(0.35) 1.52(0.24)
NS % 7 18 29 41 44 11 12 29 41
BoAHMN| 093 0.63 0.62 0.53 - 0.68 n.s 0.64(0.29) 0.59(0.29)
TY |BE#ELEEN| n.s  0.62 044 0.37 - n.s n.,s 0.38(0.26) 0.31(0.24)
FERSH [+ BEN| 081 0.74 056  0.56 - 0.53 n.s 0.88(0.47) 0.94(0.43)
S| 9 17 35 45 - 18 10 35 45
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o DBERIVCRIFTHE
B BEH oS - BHE RS
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y—_—5— (UTRMELEL 75y (L
TREE LB THEL, KA VA (300k
/l0a) - @t ®M%, A-Fy—-Fr 7%
FERE L 7o, SBRERRICIAEIRE LCER, VU
B EFENFN2,5,2kg/10a A L T —10H
Bl7:, 1 HENERCERMICE*0,9,18k
/10a - £ 3 KEICEREL THERBREERK L
oo NEREIEHLE G20, 2FE2B R
3|eE L7,

EETBEOBEEENSEZERICREITEE
13, #£B 0 ~5em% 100cciRLE TR L 72348
EENEL LR oM E %30T oEREEEL
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) OSEBREF—F v - Fr I 2ATKREH
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FHIC B A RO AN O I ERORENBE L 20 CERBLEEEIMY 2R 57

v FTHER L7288 (15X 30em) 12 ANISEHK
T OFE S 15emizFk (19774£ 9 H) L& (19784E 6
H) 3 RETHEEEL 7o, Hkie (3X2m=
6 mtFERE) 3D 5 H L OEMEIE LT, BER
EHRIORE LR o 72, DEER ORI IR
#1~3 7 AEBCRIFFICE L, 20HEE
O—F (E11008) EAKBEMINEIC L > THE
IlmB LOMKERYOFER L KD, HEATH
HrozroBHLz, F-ZRA 00— (&
+50g Y L) #500 ml oL OAHICELD
30C DIBRER TR TI0R M L, REET AR
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EROEMSER L 2,
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1) EMFHEICE T 218 H S5 OEFERNO

B

FEHE R o BRSO ERNFE (R47)
BeFhofRkchbB\BEERXPREICRD SN,
HERLECBIT2EEREXOPNEHRBEEE I
WX D84% (RAEE 81, Lin{E  87%) 2
L, BHRCHE AT - EREEILLZENE
ERRIN SN2 L ERBELA, LAL, #EHk2
FHOBEEZEXNEF 1 FECEZ I LR D
60% (IRFIEE © 56, e [ 63%) LI
o728, 2, 3FHECIETBRE L b FHBBHRE
L ond, BEZMOBEH N L TIE

F47. HHEHE ORGSR o MR UE (1978~ '804F)

R - B TR A =X 2 EH ER 3 AEH
et 1(]* 1 2 AF 1 2 3 &8t 1 2 3 AT
% @ 0 71 81 63 31 39 48 - - - -
ﬁ%%uéz 9 | (145) (267) (401) | (296) (214) ( 96) (606) | (235) (186) ( 98) (519)

18 117 111 | 140 156 168 151 | 146 146 187 154
+ 0 83 87 56 26 34 42 - - - -
Biiiéz (91) (282) (374) | (330) (253) (107) (690) | (268) (246) (113) (627)
18 118 114 129 155 169 145 129 146 147 136
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#48. B EFEEO L o BFERINE (kg/10 2 B2 TFY)
R 18 2 4 & 2 £ H ER3ER™
N \F= 1 2 A% 1 2 3 &5t 1 2 3 At
1.13  4.70 5.83 | 3.20 1.12 1.13 5.45 - - - -
3.13  6.49 9.62 | 6.61 3.65 3.25 13.51 | 5.52 3.95  2.98 12.45
9 ** 1.13  3.49 4.62 | 3.61 0.65 0.25 4,51 | 2.52  0.95 -0.02 3.45

* T ARERADDON 0 kg R OB IRV 72 % x NIRINE 25 O NGBS %5 L 718

o DBEWINAHETAEF I RITT HE IR &
R THbEHESN, T2, BHERME
R (BHE18kg MEAEIX /A 9 kg FEHE X IXEF5 )
ERLE T EL (120% L T) THor2as, 2
FHUEIC 2 2 & EMAFHINETI36~154% & &
ODTREVEEZRLT,

B2 YL - EERZX K EORERNED
FEEAAL (F48) EHYES. 8kg, 24EH5.5kg
N/10a & %<, F7228F 9 kLR R ERIL
B0 OB LR oTEr S 0BEER
INEICD>WTHERYEE 2EHTEFNREFNRER
4.6, 4.5kg N /10a % Hh o 72h%, 3EHIZIZE
M3.4kg N /102 &AL 72,

2) BEEOBWMNMI L3 L8, S5 OB FRINE:

HoZEt
BERXOBERINED S & -HREDZE NI
£%HEe S 0@ FRNEFHOEL % T4/ L

2o B, WRHE 1 FEOERRILE LHBER
DERERLELFWIETRL, EHNE ]
FEHEOBRFILEZRNDEL. 9kg > KEEEE0.3kg N
/102 DERICH - 7245, 2HFEETENEL, K
BniE5.5kg >R MES.Og N /102 ThH o7y L
LERLEQEBESH OBRRINE SRS L
$5.8kg N /102 TEN Lo - 72,

0L HERBEOLIEL S OBERIROH
RE L BRI T NEIRAROREREICLE
B, W EEEWE, S0o%kE  RERREM
ErBHLMIERD, SHICER2EH 1 FED
HEEH S > BRAIEOMBIZH -7, L
LER2EHD 1 FHPBEIEFE I RHER O X
IHEEFEA SN CREEE 0L L%
PO U B> RAE O MRARS 65 n 52, &
BERXFPEIEIHHEEROZ TR0 - 72 (FR49)

COWREDENCIILAERLYENTIEIOD
SEERPOBMBThOER 2B L, OFF

K49, HHEHROFEESRELETICRIZTE

R ' O 4% # TR AR HER 2 HEH 1 FE

HH N IN= & Hw S b | WEEE R N

1 2HFE  FEt (kg/ | ZH ->H #W=E " &

BRECE \ N ** (kg/10a) 10a) (AR /nt) (8 /nf) |(K/nt)  (kg/10a)
*® B 0 |(1.93) 3.87 5.8 325 | 2,320 992 79 258 185 3.17
EAE 9 3.93 5.64  9.57 401 | 2,528 1,264 80 379 296 6.38
*® & 0 |(0.32) 5.53 5.85 325 | 3,872 2,032 110 348 186 3.22
L 9 2.32  7.34  9.66 374 | 3,856 2,084 106 508 330 7.41

* 11 A FHRAE % *kg/10a ,(

VISR EEEN (2 kg/10a ) 2B L 7 fETRL 72
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#50. FHFRE DEORIFRE A E R BRI R RE (ng/1008 921)

¥OE OB M
U 1 2 (3) 4 (5) 6 (7) 8
B HA) 5.8 11.9 (2.7) 17.4 (5.3) 27.9 (3.9 35.7
MR (B) 1.9 5.5 (1.4) 8.3 (3.6) 15.5 (4.6) 24.7
A/ BiE# 320 218 (192) 209 (147) 180 ( 84) 144

* I D FHIRRE 0 ~ 5 om & HNT, MIRREE

MR D BHHERB 0 ~ 5 em & 100cc R T55 THREL, 5
( YR1AMYZ)oBFEBRCEOBME GE LTI &L 5 ,ng/1008 81 /8) A /RT

K36i2RT L) s Bl o ERERLE I EAE
THERBETEZVOIIM L, REETIEI5~20em T
Bc%hotz, BL, BNOEREZZEEEG
B X AN X » THHRREM o 2o b
Lirot:, QEMER OBHNE,»EZERIR
FEACRATTRIF (F£50) 3, BEEMBIIMD TR
X, MO 2 ~ 3EITEL, LA LESIERE
MoREIZENZEOREZNSCRY, 1AMY
72 OBRFRERICEE IR AR IR cELE
AHEIRE A W - 7,

2 F D RMEONEAFTNIEHBER S 0 ik
oFnge ENAHEAE LT, OERMEGHEERE

CERERIRoSVIEBSFET S I L,
ONEFII R CEBERBOBHRES R % 72
HEBEOBEREBLBETH B Z &G ErET

HEHETEN

N B E (ng,/100g 1) (mg,/100g #7:1:)

03 2 sz
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R B
IX]36. FHEZEO@ D IC kD ERERLE L

ERESRRE R
(197945 11 7 11,

DM AL
6 120 H BREGAR O V-£)

bhsd,
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FAL AL, Kbt 38) AMR L, REUEET
FEA & &3 T HEAE30cm BB TR & 25em  THRILL,
ek, BMBLEEES CREL-BEECELRY
Fo(EA4E30em, ¥E S25cm, 3 XE) IZFHEL,
F—Fr— KT A EERELMTHRE L, %
B, v MEBICEE - S LS s FR
OFEREE L, ) VB, 7 ) RS I RER
EHENEFN2,6kg/10a MY B A FER L7,

3) FIABELS L CHEORZ2 2 EMIZHEIT 5
ERYB L UBRERE  MAEORL A RER &
B TR 2 i BT AE, AR, HREALSE
EBLVO~5m TEBNOMZEO. limld E o E
MR L FNOPEET 2 EES =T T LK
OBl FiETHEEL 72,

RBREE

ERLYE,S 2EH I BRI COTEILDE
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*HEMIN12kg, 102 - F-5
FERCENIRIN R A & G HRE RN B A C Tk 72
() 1978~'804F, fthi31983~'894-1ZikBA % HhE

ZEFRBIC LD, 2 FEEEH o R EIE R
SHEHER I VHL2CHEL, TAEHNRE
DREFB O BT 2 [ d - 72, L
ML, F2EEIHER2 TIEBLAZ LI CER
4 EHEMOEE 3F B Hlh &3 IZFSE A E,
Wiz (BRI 2 a) |
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DEERINE (51 13, BHYE2.2~9.6
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BT, 0BRWINE IHARECL > TR
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ZTWNIATITR) BEEROBEBRIZH 72,
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Ns, $abh, FHEEE, fMELIUREERD
RirEihot L8, R, BEXAHEEEB L
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F51. EHTHIFIC BT 5 T O 0 E RRINE OREEI GRS (&) g /nf)
—_— X TR A4 2%#H 34%H 3nEaE
1. fdb-KB 8 5-Bf 8.0(7~10) 10.1(9~11) 7.9(7~ 9) 24 (18~29)
2 JHc-KB 5 - Pen, All 6.8(6~ 7) 11.7(9~16) 9.7(7~14) 28(22~37)
3 REH-0G, TY #85-Bf 4.3(3~ 5) 6.065~ 7) 4.8(4~ 6) 15(17~22)
4 FREH-0G, TY #5-Pgn 3.3(2~ 4) 5.0(4~ 6) 4.03~ 5) 12(10~14)
5. REH-0G, TY BE5-All 4.1(4~ 5) 6.4(6~ 7) 5.9~ 7) 16 (14~18)
*EMIKB-7 > 5y X -7 V=77 AWM TEREME), OG-4—F 5 —Fr 37X, TY -F T — (EEREE)
T3 Br-BEHEAL, Pen BBl T 1+, Al Rt
#52. EHoOFHLER, MANOM HE, Bis L OEHRERYE L EHEEE
HH EWRAE(8/n) NEHE(%) NER#RE (€ /nf)
HRPE ftirk** BEH R OB OHERY | HER R OB ARy | REE B X A8 4 §
0G-TYFH(G~74R) 94 30 1,260 | 170 0.97 121 | L6 3.0 152 19.8
FEw [0 TYEKEBERDLE) 110 450 1,550 | 1.64  0.80 120 | 1.8 3.6 18.6  24.0
KB-OGEAK QFERLLL) 110 580 1,39 | 1.91  0.98  1.32 | 2.1 5.7 184  26.2
PR ¥4(5,%8) 150 3% 2,020 ) 2,20 1.30  1.63 | 3.3 3.6 329 398
s KB-OGEABFHL L) 135 670 2,550 | 2.24 1.24  1.78 3.0 8.3 45.5  56.8

* HMREHEEE L SR lmbl EEEY (0~ 5 t/B)
*% HEE~OG i A—Fv—FFI3A,TY | FEY— PR IRVIZFPLIA VTR KB i rv ¥ vd—Th—0FR
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()L 1 A I i [ I A e e "
5 15 25 5 15 25

BRI N AL (mg,/100g
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- 24 na
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ey —0.40x +0.5 r=0.72
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nah, LaL, BkBEEREEL TE» 5D
ZERINEOMHK (K39) (& EHEED 55 EWIL
EAREBOFATE, MAEREL L CHEOKS
IR E N TnE I R RLZ, 72, kil
Wt % G0 LBME TR T T 2 Bl EK
WHEZRGEN L CHEHFROTErSOEE
WINES D nds, Zokd LTy FkL
KpicgEshTni,

DEoz brs, EHEHRMRICBT S 1E,S
DEFEWRIN = O L Tk, BHdEERO
FIARE, MAERES L OCHIEL2 AT TR
RL72E) s BEOEBX AR EELLN
725

B3IM RAEECHRTIZEFRRNBOESF
it

FIEI I BT EHBERRNOREL HiE» L 08
FRPUIBH BEL» S ER 3 FHEE $ CHfFT
B2k, FOAFE IR TI2~16kg,
BB T24~28kg/10a ETH D, EivoFH
TR, BRERLCEHEEL L OV TECIEE
ENBTEPHohLhol,

—F, BB CHELZEOBIELEESh, &
HEHEE S & CHREEEE CHER SN G, 2o
BEARIC R T A BERINORFERL I, EHEH
B 218 0B FRINE L &L HICEFEE
WMOBHERNEHL+Z2 5 L TROTEETH S,

RE T3, BIRICHERET 2 BZRNOKEERL
% E, BAENICEEL, HEhoBaEbicfEd
18EL S OBRERWNEOEIAIC L RO E
HUBRES L2008/ it s L72IER
EEROMEREHE L L 72,

ERE &

RILBHSEAOBOHEKRT N7 71 L4 5
%h 2BEEEFRRL TROEREIT- 2, REBE
B3 1981FERICHRE L, Bk 5 B aicBEEIE
fFo7-%%, e UCEEE (10, 20t /102) %

-

ARG S ET9S

AL 7, Ehio— % —~xX—¥ — - B
LT, #A—Fv— F7o A BEEMLEHRL
EEREOEIIEE, UUE hYERERA4,
25, 4kg/10a % B AL B IEEL B & OVBERL Y ¥ BR
EELCHEL 72,

SRERBEREERYSELY 2, 4t /10axE
F£RK W0OAH~Ta) ICREISHA L7z, % B,
SHLZEROEIXS » EEAFTCERE L CHR
LIRS L FE e 25 & I25%E L7,

EEMBINKMEIZERL, 15kg/10a 0 2 ki &
L, EHEHECREBEERL 2,

E B o + M B & O BEIE o AR 1
#53, SAIZR L7,

F RO 5 R AT HiIR L T B0 B
BT A0, UTOERYERL 7, kL
7o - AR EE BRI (RLIR T EFIX
£ BEXIIEL) , iBEE IR ERER
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T) BLORIEEREY (BEEfhEEHET %
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B B 70 BE O A o 7o 2 B (S RE A R
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FEoTIEE BHBERD > 02 FRINE OREN
BALFEICHEBICEICIOEEZORD, Zh
xt L, SREXIC BB NEOREELANE 2
o72HEE, BEEBESNIERIZL > TTER
5NEFWINEORFHRL RIS N0 L
BESND, ZOKE, BRERHXICHT 2
HAXoNERETERX CRRABREENICERT L
W ARE R ALERER IR L 22 (H40b) o &b,
MLEX & & K E O FEREIC & 5 INEEF)H
B LN,

7, BERERRRX T 2 ERRE D5 » 4 H
EHo LRI (55 EBEHEAL, BT
A& HERIOt =mMi2 t, EB20t =554
t OBRICH - 72, T2, RINEZEOGYERERD
HRIIENS BRI (EH20t, Ff4 t) 4
BERAK GEEL0L, FHE2 t) LheeEs b
OOWRECL BER o1,

#53. EEERMEA I

INLDHERPS, BERAESFEE THE
BENE R ZTHRESEHER I KEL LR
WTasn, i, BUFrs 1Lt 2 EREER
ORI HEE CEEBAXOFh L) 2R
%ol (K55) o

2) BRAKREICHERT 2ZERRNBOREZTL
BRI X & B OESTRIR L 2 8FED
=L ROTHEABEOZEZRINE (£56) 11
BEKTISEL I 4 T0ERIZH Y, BUYS
1 THBFEREFIBREEKRTTOZNL D65~
68% (F¥66%) Th o1, F - EEEEMAEN®
SERHREIWIIE L L SR CHIEX % 012
Fml -7,

6D R R I ZHAENOBRICHRT 5
SEWNOREELE*ETEL 2 (H41)

D HEEAEECHET 22 TRINE

LA LEYEE ORI

1% -3H & kL

A A

WA\ B\ |FEAEZE HILEE (pF-vol %) Ak EHZE AL F-vol %) Ak
BEEE D\ (em)\ (%) 1.0 1.5 2.0 & (mn) (%) 1.0 1.5 2.0 & (mm)

0~10] 38 4.1 4.9 8.7 15.4

51 1.4 1.8 3.7 12.8

0t 35 125
10~20] 36 5.1 6.6 143 19.9 5 1.9 2.3 4.8 12.6
0~10{ 35 3.5 4.8 12.4 21.4 48 2.9 3.2 6.0 13.1
10t 44 126
10~20] 33 55 8.0 165 22.6 48 2.8 52 7.2 125
0~10{ 38 4.8 6.1 9.9 15.3 46 2.1 3.1 7.4 13.8
20 t |36 27
10~20] 36 4.7 85 151 20.3 47 0.6 2.7 6.1 13.4
GERS 4 TR
#54. HABERON G L BREBARE
HH | 2% BaaaRGEWLE0 %) i
HEVEEAE (%) C N C/N P05 KO CaO MgO | (kg/t)

G LER  (824F) 28 36.9 3.16

12 .19 4.21 2.58 0.70 8.8

('824F) 39 36.1  2.28
(834F) | 28 31.7  3.05
RESHA  (84%F) 25 41.0  2.75
("854F) 30 33.6 2.6l
('864F) 30 41.1  2.98

2

16 2.36 2.36 1.76 0.84 8.9
10 2.27 3.97 2.44 0.77 8.5
15 1.63 1.83 2.29 0.97 6.9
13 1.95 2.18 2.69 0.94 7.8
14 n.d n.d n.d n.d 8.9

*HY1 t Lo oNEHE
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(a) (b)

1,2001 weHkt B 7 4

o O @ @mfafkikt
74 I 180 A  aclEMrILIL
ﬁ@ o ,E% HIE #E
X o H 10 S5hE 2
i soof \ o sm-.:?ﬁ 5 oVt 2t
—~ xg/ L X X ™ A
F \ / ot Ny’ 8"""* oy «®
E;E /X \8 \O/O m 140 9-0;40 ‘*
it X X &\ % Axg" £~a
kg 400f 400} X 0 o axA~ ~8*
/ — ~4
1\(/)& X i &

O EJE10t 100 }

@ FHEITHE2

0 L L s ' O L A A PR N o
2 4 7HEH 2 4 7 %0 2 4 7 U
LG D~ ¢

X140 BEALHEMHEEDE I & 2 BOEIE (a) RIS (b) ORFAAL
(N10kg FEHEIX . 1982~"884-, * K1fi 5 B2t 1X 0> 7 61113 5 o (I 02 3% 2 & 15 4)

#55. BALHRENONE, WEFEOwYEERE (5 » £HTY)
HE I &(kg/10a) W EERE (%) *
JEE HE et [RER T N By 4+ R oY N Ve e
Rt - = N 10 15 15/10** 10 15 15/10%* 10 15 10 15
i (556)  (756) 136 (593)  (730) 124 57.4  53.4 | 55.9  54.0
R 10t] 136 119 119 122 115 119 53.5  50.7 | 55.8 51.9
WA 20t| 149 136 124 130 124 118 | 52.7 48.7 | 53.0  50.1
*E 2t 134 122 124 124 114 113 | 53.9 51.8 | 55.0 52.8
SFE 4 t| 154 127 112 140 129 113 | 52.0 50.1 | 51.7 49.6

*RNEHR L kgB 72 ) OHEWEESE % *xBE15SkHRX D10k BAEX 23T 2 5

()IFERE, EEEFR

FEEEHERL t Y72 oBRRNEZELO
FEICAEVCIBEBIRM TR T 575, £ 0FR)
EEIE (%6 ~ 8 FERE) RAZ L
FEEINT, T/, US54 Lo HERIC
Bk 28F RN 3BOFTKRL00%RETH
of:o

® FESHOBEIZERT E2FRIE

K20 L 72 BB Ic ks 2 BRIINE IR
LEE), RICEKEOEREHOLEL ST (4

M2, AFHORELEFTHHoOBRKEEIERZN
343, 274mm, SHE1, 3, S4EHIZE N 21438,
458, 439mmTd o 72) BARESTE L 2FICBIT
LERERNEIIES, - 7228, S EBRES T
TEBRICHEI L, LA LR 6EB0BER
NEFSEHOENLFBEKETH Y, S, 6
FREUBOEERNERIBEFAL T2.5g N /
t, Bl 54 1 T2.0kg N/ t 2 CFHEIE
TE2h0LEESNT,

T
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#56. HEOZEFRNEHS, S Ko - MABEOEZHH - WILE(%)
HH #* P # # -

e N 1 2 3 4 5 64 H &af %
4 2(t/10a) (kg/10a)

ehw 0 (12.3)** (15.1)  (10.7) (13.9) (9.8) (10.4) | (72.2) -
wom | e 10t | 90 | 5.6 82 57 50 3.8 25 | 288 | 100
ML | RESHE 2t 83 - 14.4 8.7 2.9 - 7.2 33.2 100

FHHELE 4t 36 - 12.6 4.9 4.4 2.5 - 24.4 100

A 1 0 ) (13.6) (12.7) (14.1) (10.0)  (9.2) | (59.6) -
guls [ 10t | 90 | 5.6*** 47 44 2.6 1.9 1.6 | 188 | 65
T4+ | KETHE 2t 83 - 9.6 3.6 8.3 - 1.2 22.7 68

FIEBE 4t 36 - 9.1 2.7 3.1 0.9 - 15.8 65

¥ HIERZE @B ENLEITT 282 5 £ L ofsk(%)
%% RO EFERINE (EIRERHX 0% $10,15kg /10 a fEHEX 0 F3)

% % % [ERKERNECEFEIIVO ty)ﬁ?@%ﬁ L, 1 ﬂi[j EATOELS o 7z, %mf:&)%‘%%ﬁ**:tO){E%ﬁﬁb‘t

3| #AEmehI o/ 30 HEHE 3 LR b))
B | O mes o o/o/’ — BB
e ey ft o/ % . eeem PR
N / 2 ° x 2 /o/
[ o ¢] - O o e\~ [ o)
1)} / /0/ ™ ‘.‘-‘: /

2 -® \ o)
il B e 9 v
kg o /o . ‘:‘/
e 1L L .

< ] /" oY-8(1-0.99e2-2%") /o & OY=8(1-0.91e-0 25t)
B g\\ .Y=8(1—0.97e'°-“‘) / ' ‘\\ .Y=8(1_0'93e-a_u3()
% / YR - -8.05¢ \Q\
~ L] 9 'O._.o oY=8(1-0.88e ) S o)

0 L/l . ‘.‘.?::g::g— 0 L. .Y=18( ) .gle_a;aal) 0 L. 2 Y ~~:.’g N

1 3 5 7 E 1 3 5 7 1] 1 3 5 74 H
GO B CEREEHEIRE) *

B4 . B At o ] 0D 5 RO it

* g . RIS A L B LTmr o7

@ KEEAME CGLERH) Ry 28H
W =

M1 4EB OBERIZHRT 2 EZIILEIL 1 ky
N/tHifREShorrs, ok EEEYIC
BTFL, MENECEENADEL R T TEER
iRk EHT CLfER SN,

(kg, "B 1t) DFEFZAL (19824 ~'884)

fHL i

3) RAEROSHICRITT gL T ROZE
BEREHoOSEEFZOHEEE (K442) BRRD
EUlE GEER, hRAER, BIFER) 2RV
ik (KIEBER) LHhKEC, LEORBIIE
Moty UL, BEREHOKEIHECTESER
DERETIEO B LB T2, £ TELRE
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K42, £ EEFZOWEFEICRITTHEEEE & LEORBE (1988~'90%)

THOBHKSEE PF1.5~3.8) O KE 2
CHRE L TH L L, FEEROHEEITENKS
BEA (KRR, BT FRKkIER22
vol %, RILBH,BKT I F28vol %) >

(RIEBER BBRHEHRL W17 vol %, RIALEHR,
Rt D F18 vol %) >/ (RILEBR, &
o4+t Fi2vol% , ENERK, BHr 54
+ I F10vol %) DNETETL 2,

o, —MRICIEBEE R TV X S ICHRER
DESTHL TV WA EEF O HLFLHRY
FHOPNRELICE->THERESHRL -—BN
LERBOBEHEEL VHLMIKED o7, L
L, BEOBZRHECRZTIEOMEIITE
OEFELERRTH - 72,

Doz trbtABREZROHEEFIIRER
BLETRTIBOFHKRIBTEORKEEB L UM
FABREOBEEIC L > THERISNDL Z LHHL A
ot

B4l THLSOBRRIBICHIEGL 27X
HEBEHMOBREEERE Y AHED
ZEXBAR

BB E CuZ, HHEHRFOTIES L OEE,S

DBEZWRINOEEH AN, Th5I12k o CESE
WOER 2 ~ 4 FEONENFEKEIRE NS
LRI LL, £, 2OERIIESHTA AR
FEARTH O REFEAIHE D fLERERC & 2 BE AR
EREODHHREFMEHS I LI,

—, EiI REMEE O EE & BRI O
WD7zHITA A - v AREHEBE L THEEENS
DUBERTH S,

AE TR & OE RN AR % 155K A
BT HRB~ ARERFTFO D0 EFHREH
EEREL, vAREOZEBREIEEL 2,

ERRE &

HEER B 1L 19874 BB 7 5 1 Fiz s B
W7TEEBOA—Fv—FrI ATHERLELL,
BEAE 3 k¥ (0, 10, 20t /10a) THiH %,
F—Fx—FFoR, FEL-—HIBERB L%
NbEs5Y 70— NORBEREZFNEFRIER
L, BEBETHEBEHTAH-F¥r— 25 2
(F&3IFY), FEL— (UH v T, #hF
h2.0, 1.5kg/10a, RFEEM T AR EFZ N
FN1.5, 1.0kg/10a, 527 a—s3 (HY 7
*V=TF 5V J) 0.5kg/l0a & L7, 7, B
BEIFHOMMBICERERBOESE T —F
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Yy —FZFR 5Ty a— NiEIEEH S,
kL7, SR ORTIEER, UV UBE, 1%
n#FEH 4, 25 6kg/10a % EHALEKOSS & BERK
U CEERRELTHREL 72,

F 7z, 1989901 —HEFBEFOF T
S5V ra—N, FEL— T A U—
WV ra—NREEOER 2 ~ 5 FEHEM
(Bmmht 7%, B« +11%, Kbt s
&) LML~
ERMBIEEK 2 FEHL VERL, EE/MAE
3k (EZEF, PE, i, A LEEELEEE
F—F v —Frox, FE-HEBEEHMEIRFR
4 [18, 15kg N /10a, ¥ /7 7 o—NREE]
XM 6kg N /10a) (ZFRE L TL9884E 20 5 °90
FELPTTRELE, B, 9V /7 70— nNEE
B OWTCIE, 2EHOBEERERX 455 L
FHEEREEY 0, 3, 6, 9k/l0alc%Ex
X A ERE L7,
BFEERELH, VU, N REALFRIL,
15kg/10a %8G, B A <hf L7, it
Bt —Fv— K7 o AHE - RIGEHTES
EH%, 52 ik REEMCcREE . 1FE
®B=2:1%L7,

INEREIE A —F v — F7 5 B - BIFEH
<6 H LA, 8 LA, 9 R 3ME, FE
-HIE . RIEEMHT6RA T, SATEH~9A
Ao 2HERL /-,

KRR

1) A AHEOEZRRIE L < A F=FEORLR
ER 2, 3EHOTE (f FFEBER - BE
EMAXOBEZULEREOZZTRNE) 8LV
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B X 9 Bosl E K TIEEFRILE O L bk
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* Nsl @ BB TIREHR, N2 ! HIEMAEEREER, NS IRH~ARE (5 270-1) B
BERLNT

L, HMEFFRPECRMMBM S BRI ERA F A2 08, EHN LEED» 5K 5
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W=D FEME & £MEOBLR (K45, 51a) »»
SRDFHARTHEL2MEx A2, 72, B
BILEA P AKED A AR EREBB LA £ - <
ARBEHORHSSERLEZ T TR S - REME
EEFEFIZIEEEOBRE (K45, 51a, 52a)
ZdH ol e SIS D5 72,

4. HOEEEH (6 ~7HFBLHL) OREMN
EXRIEERE
EREHFHoOTIES L CRERAEED S 02
FERILAEEICRADL S (1kg N /10a
ﬁuT)ﬁ&&6~7$BuL®Ew?$§ﬂ®
BENEIFICETERYHREZORNEIC
ofiméﬂ(lw),%mﬁﬁi%imwgw
B, pOHBIEY 1 BEAT B L OBAH
EHFICBWTHEETHSL (F2, 5, M2) ,
INSOHBRROBRERIZE > THl&RIZHN
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Study on The Effective Application of Nitrogen
Fertilizer to Cutting Sward Based on Evaluation

of Soil Nitrogen Release in Tenpoku District

by
Naomichi Mikr

Summary

Tenpoku district is located in northern part of Hokkaido in Japan.

A limiting factors of grass yield change along with increasing ages of sward for reason
that it was used in long period more than 10 years after once established.

The purpose of these studies is to clarify the effective application of nitrogen fertilizer to
the grass dominant and grass-legume (Ladino clover) mixture swards, which corres-
ponds to a secular change of the fate of fertilizer nitrogen and release of soil nitrogen in
connection with accumulation of organic residue in grassland surface horizon.

The results obtained were summarized as follows:

1. The relationship between secular changes of the yield and accumulation of the
organic residue

1) Grass yield in the same year were compared with several kinds of ages of swards in
order to avoid the change of yield, corresponding to annual precipitation of the growing
season. Dry matter yield per year did not decline with the increasing of sward age at the
optimum condition of fertilizer nitrogen applied (180kg/ha per year). However, under
the condition of insufficient of fertilizer nitrogen application, grass yield of 9 to 10 year
old swards decreased, which was a resulted of a marked decrease at the first cutting yield
of these old swards. Therefore, the increasing rate of the first cutting yield was to
increase the fertilizer nitrogen applied along with the increasing of the swards age. On the
other hand, the increasing rate of the 2nd or 3rd cutting yield was nearly constant with
different age of swards.

2) In more than 9 years old swards, both the fate of applied fertilizer nitrogen and
release of soil nitrogen in the first cutting stage were lower than these of 2,3 years old
swards. And also, it was recognized that the fate of applied fertilizer nitrogen in old age
swards lower at the 2nd and 3rd cutting stages. However, release of soil nitrogen in old
swards was larger than those of younger swards accompanied with a raising of soil
temperature at the 2nd or 3rd cutting stage. For this reason, grass yields of the old age
swards in the 2nd and 3rd cutting were nearly equal to or higher than those of young age
swards.
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3) Grass growth in autumn after the 3rd cutting of old swards was inferior to that of
younger swards for the reason that the release of soil nitrogen of older swards decreased
more than those of younger with low soil temperature. Thus, that the difference of grass
growth of each older or younger swards in autumn was affected in the 1st cutting yield of
following spring.

4) Estimated amount of dead hervage and root material was 4,000kg /ha and nitrogen
amount was 40-50kg /ha per year. The accumulation rate in the surface horizon (0 ~ 5 cm)
amounted to 1,000kg /ha of organic residues and 20kg /ha of nitogen per year. C/N ratio of
separated dead stubble on the ground and more than 2 mm size organic residues in the soil of
0 ~ 5 cm layer was larger in the increasing of the sward ages. And also, the content of
cellulose and hemicellulose in organic residue was increased with aging of the sward age.
Mineralized nitrogen from organic residues of these coarse fraction were decreased along
with increasing of the sward age, and immobilization of nitrogen was the larger of these
fractions. Apparent activation energy, which is one of the characteristic parameters of
nitrogen mineralization model by Sucinara et al and immobilization of fertilizer nitrogen
was higher with accumulation of high C/N ratio of organic residues to increasing age of the
sward. And also, release of immobilized fertilizer nitrogen was slowed down in these
surface soil of older swards with large amounts of accumulated organic residue. For these
characteristics of accumulated organic residues and changes of mineralization of soil
nitrogen or immobilization of applied fertilizer nitrogen effected the fate of fetilizer
nitrogen and release of soil nitrogen in old swards at the 2 nd or 3 rd cutting stages.

5 Soil nitrogen content in the surface layer of 0 ~ 2cm thick was remarkably
increased, on the contrary, it decreased up until 6 ~ 8 years old after being established
inthe 5 ~15cm layer. However, the soil nitrogen status was almost constant in the 0 ~15cm
layer. The amount of nitrogen absorbed in the grass in periods from 2 up to 12 years was
recovered at a rate of 94 to 100% of applied fertilizer nitrogen. Grass absorbed nitrogen
were indicated that 2 ~ 4 years old swards were overly absorbed soil nitrogen, and more
than 6 — 8 year old swards nitrogen was added to the soil, and soil nitrogen status at 10
years, recovered to the same as at the time of sward establishment. Loss of applied
fertilizer nitrogen from the amount of applied fertilizer, grass absorption and soil nitrogen
status was estimated to range from about 6 to 9 %.

2. Limiting factors of grass yield and its improvement.

1) Decomposition of organic residues was remarkably limited, and C/N ratio of
residue was raised by acidifying of the surface layer of the soil horizon. For this result,
large amounts of organic residue were accumulated in the surface, and furthermore, the
proportion of undecomposed residue with a wide C/N ratio, increased with acidifying
intensity. Soil nitrogen mineralization was remarkably inhibited when lower than pH 5.5,
and distinguished improvement of soil pH was shown in the surface layer of the soil
horizon. The effect of the acidifying sward to grass yield in low fetilizer nitrogen
application was shown larger than high applied treatment. It was because of the low fate of
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fertilizer nitrogen and decrease of soil nitrogen mineralization derived from returned
organic residue.

As for these results, it was concluded that the pH of the surface layer of the soil horizon
was maintained at more than 5.5.

2) The yield of grass decreased a little with topdressing of CaCOgs in the Ist year,
however, it increased in the 2nd and 3rd year. The amount of fertilizer nitrogen
volatilization losses were range from 0.2 to 0.3% of applied fertilizer nitrogen. The
concentration and the amount of nitrogen increased, and the C/N ratio of accumulated
residue narrowed in the lst year. On the other hand, the amount of accumulated organic
residue and nitrogen was decreased in the 3rd year after topdressing. From these results,
it was considered that the effect of nirogen volatilization loss was small, and
immobilization of fertilizer nitrogen by the accumulated organic residue was an important
factors in decrease of grass yield with topdressing CaCOgz on the acidified sward.

It was necessary to topdress with CaCOs in order to improve surface layer soil
acidification for the productivity of swards. And a topdress of CaCOj3 in autumn was
recomended.

3) Decomposition rate of returned organic residue was affected by the sum of the
precipitatin of grass growing period from late April to mid September, and also the amount
of accumulated nitrogen was decreased in the year of larger precipitation as compared with
the previous year. Also, the amount of accumulated organic residue and nitrogen were
decreased with irrigation of the sward. Sum of the 2nd and 3rd cutting yield was increased
by increasing the sum of precipitation in July and August. These results were clear in old
swards, and the yield of these sward was larger than younger swards of 3,4 years old
when the sum of precipitation in these period was more than 250mm, however, when it was
at the 150mm level, the sum of the 2nd and 3rd yields in swards were inferior to those of
younger swards. When the sum of precipitation in the grass growing period of the previous
year was less than 400mm, the amount of the Ist cutting yield was inferior to those with more
than 400mm. And also, these tendencies were clear in old sward of more than 9 —10 years
old. These results were attributable to the amount of nitrogen release from soil in old
swards, in which the soil layer of high nitrogen mineralization potential concentrate into
the top layer of soil and this layer over drys with the low amount of precipitaion. Nitrogen
release was decreased for the reason of the limit to decomposition of accumulated organic
residue.

Because of these results, it was necessary for nirogen application in autumn or increase
of nitrogen fertilizer application in early spring when the amount of precipitaion were lower
than 400mm in the grass growing period.

3. The build up of effective feritizer nitrogen application based on a secular change of
nitrogen release from soil. ‘

1) The amount of annual grass yield was decreased remarkably with increasing of the

sward’s age. This tendency was clearer in low nitrogen fertilizer application. The main
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factor of this decrease of grass yield was result of decreasing of the nitrogen release from
the soil as the sward age increases. The fertilizer nitrogen application efficiency was
shown a little low in old swards compared with younger swards. The amount of nitrogen
release from soil was closely correlated with the content of mineralized nitrogen by means
of the row soil incubation method.

2) The amountof nitrogen release from soil in newly established swards was influenced
by cutting or grazing, botanical composition, and the age of ploughed swards. And also,
a secular change of nitrogen release was different with each soil type. Therefore, itcan be
divided into 5 types as follows:

(a) type 1 : Grazing —Kentucky blue grass (KBG) dominat—Brown forest soil.

(b) type 2 : Grazing—KBG dominant—Pseudgley, Lowland soil.

(¢) type 3 :Cutting sward—Orchardgrass (OG), Timothy (TY) dominant—Brown
forest soil.

(d) type 4 :Cutting sward—O0G,TY dominant—Pseudgley soil.

{e) type 5 : Cutting sward—OG,TY dominant—Lowland soil.

And also, the difference of nitrogen release by the ploughing method and time was only in

the Ist year after resowning.

3) The same effect of applied barn yard manure was obtained with either a basal
application or split topdressing of manure at the same amount of application. However,
the amount of released nitrogen were differed with the soil type, which was mainly due to
the different of the soil available water capacity. Therefore, the prediction eqaution of
nitrogen release from applied manure in both application methods and soil type can be
shown, independently.

4) The amount of transferred nitrogen from legumes mainly Ladino clover to grass in
mixture swards was closely correlated to the proportion of legume in the previous year.
And it was 20kg /ha and 30~40kg /ha in 2 and 3 year old swards, respectively. Furthermore,
the amount of annual nitrogen absorption by grass from sum of soil in reestablised swards,
fertilizer, and transferred nitrogen from legumes was limited to less than 100 to 120kg/ha
per yearin order to maintain adequate proportion of legumes to range from 20 to 30 per cent
in mixture swards in this district.

5) The amount of nitrogen release from returned organic residue was restricted by both
the age of swards and the amount of precipitaion in the grass growing period. Therefore,
it can be shown that the prediction equation model, has two variables . the age of swards
and the amount of precipitaion in the grass growing period.

6) The amount of the sum of the estimated nitrogen release from the soil in each
prediction equation and applied fertilizer nitrogen was suitable to the measured amount of
nitrogen absorption by grass with range from 100 to 200kg /ha per year for both grass
dominant and mixture swards between 2 to 5 years old.

7) From these results, the rate of fertilizer nitrogen application based on evaluation of
soil nitrogen release in grass dominant and grass legume mixture swards can be
recomended in this district.
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(a) The necessary sum of the nitrogen supply from soil in reestablised swards, manure,
and fertilizer nitrogen is 200kg /ha and 170kg /ha per year in order to obtain a high yield of
9 to 10 tDM/ha per year for orchard grass and timothy dominant swards, respectively.
(b) The necessary sum of the nitrogen supply, which is the total amount of nitrogen from
soil in reestablished swards, manure, transferred nitrogen from legumes and fertilizer, is
100 to 120kg /ha per year in order to maintain of adequate proportion of legume to from 20 to
30 per cent for grass-legume mixture swards.





