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BALER 2 4 B TIRERRKX T59% . EFH6
kg/10afE AKX T51% TH -2, 4 EHBTEER
Fh92%. 82%iIc A L (F4—9) TAT7 7
7 7 BAIREF#E 9kg/10aE KIC BN TS 2 4
Bob 3ERICHAFT TR H61%ETERA L.
HeA M D X EEL TR 72 L b EFK6eKg/10
aFEORHAI L >TT VT 707 7 BBREMICH
B 2ERAERD b7,
AEHOT A7 747 7 BRERITRIETL600
kKg/10ak & o12DT, A—F+— KT 77X, 7

z

-

oo A

-



HEEE - Kk R 5 Bk - LA S L B E 83

N7 AT 7 FEIRE L ERERBEOERBIEX
IS TNE L HcERRIEE K- TEEHR

O._

| HIEMETT 355D bRl (F4-9,
H sl 19854E) , Zhuid, HEKMBEL TA T A7 7 B
i i B B ORI TR T AT 7 AT 7 DEREE
7

PO THRIZTEN D THEEBbh5,
Ehic, BEERBEZHETLA—F+v— K7 A
LTAT s ATy DA EIL18kg/10aF

7
sl \ AgHh
&) \\ 1 1 . .//\\\ DEFWIEEIT /oA —F ¥ — F 77 A BEREH

1 .
5 6 7 8 9 10 wE RAETHYH, BREBRERFIA-FTr—FTF 2

fir 8o

cm -

M4—8 #—F+—FFS5ReTAT7L7 7 R E A #10kg/10a FEID . A —F v — KT 5
R B B TR O FEHIZE R e TNT 77 7 RIEEHMOSEIENTRE W,

F4—-9 F—F+—FI5%(0G) +TA7 7477 (AL) BREREMEF—F v —FIT TR
HERc B 2R FERE, SRAERS LUORERRBEOERNICH LT LD
REFHERS (AFHD)

gr s %k waiE(e/10a) AL EREREGKg/10a) = OK = K

F MR & x B E BBER
B (kg/10a) OG AL i (%) 0OG AL it (kg/10a) (kg/10a)

1983 OGH 9 746 0 746 0 12.8 0 12.8 - —

(2% @) Wi 18 1065 0 1065 0 199 0199 ~  ~
HIEETE=N: 415 600 1015 59 8.0 241 321 30.2 7.2

523 552 1075 51 10.3 21.8 32.1 24.2 6.5

657 459 1116 41 13.7 185 32.2 19.4 7.0

1984 OGH % 593 0 593 0 9.8 0 9.8 — -
(3¢ B) ®H 18 | OiL ! 0 oLl . 0 12 0 1.2 T —

BIEEH 176 662 838 79 4.7 23.8 28,5 27.7 4.7

315 624 938 67 8.2 22.2 304 23.6 6.2

348 542 891 61 8.3 18.6 26.9 17.1 4.8

1985 OGH # 671 0 671 11.8 0 11.8 - -

(4% H) HEiHp 18 928 0 928 19.3 0 19.3 — —
“EHEw o o1 992 1084 9 2.5 38.3 40.8 38.0 2.4

187 861 1048 82 4.8 33.4 382 294 3.5

OG #i % 670 0 670 11.5 0 11.5 - —

3 4F [ 2 18 98 0 98 18.5 0 185 — -
ng " RiEEW 0 2w 1 99 77 5.1 287 33.8 327 4.8
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84 FHmE L BEARB R H0S

F£4-10 HTREBRREDZA—F+— N5 2(0G)+ 717 717 7 (AL)RIFBEHICBT 2
ERERE, SKETREOEERIERG (BEH)

. =k . = (k .
g B KM e = R
= L (kg/10a) OG AL + (%) OG AL it
1985 BiFE#H K 0 179 748 927 81 5.2 26.8 32.0
6 352 640 992 65 10.2  25.1 35.3
REEH 5 0 313 336 649 52 7.1 13.0 20.1
6 537 211 748 28 11.5 8.3 19.8
1985 HikEH 18 1004 0 1004 0 19.9 0 19.9
19835 & i B B 1

ABEMIOHAMNEZBEMICRBI BT T 7
N7 P RAERR, TR BRED RS Tk
ABHZ AL o7 h HE T KALASE W RF
TIIEEFZX TH300kg/10a i< FTET L. A —
Fr—KIFRETAT 7V 7 7 DEEHIREIL
700kg /10alfilifz 2 o> 72 (R4—10) o HITFKAL
DREWKINCEFRE KT A EI2E D F—F v —
Koo AREFEMLEDS, ZhicilglEhTy
N7 77 s ORAEBRELICIET L, BRETE
EH10kg/10ai< T TET Lo TR O
KEDEZBPBTOTNAT 7 A7 7 DEREEN
BIEL ., A—F +— KI5 R EDRERETITE
FREEZTO LI E>TTA7 747 7 BER
BEBULIETTZZE8HLMC o7,

% =3

(1) ZRBEOZRE

M4 — 7R LAERBROKR TIZHRA4kg/10a
DERNRTNT sV T shibt—F+— KI5 2
CBEEhz, ERBEOEIEL LTiX, O 4
P EDHEZED L E~DBRTICL DD, ©
HERBIUERLABRICELZ LD, OBE2»5D
B FERLAMOZTWIZLZ LD, EBELD
ha, 77707 7DBE, BEHRLZ 50/
Im—NERED A FHBELDORFEEICBNT

FREEFRFTRRVED, EFRFOXFEAIC L

LEEOMERITE 2V, i, BEAOEY
MNIOA20HFETHAD, ZOEDTALT 7 1

77y DEBEIPRLS (R4—-8) | BRIk 3
WIS A WOTODREBIC L 3 EFEBHEITE L
BRWEHMTE 5, . BETOBEERTIE,
HEFORKOBE L REALBDHRT, HL
FERFIEQL IFEFG LEVWEHESRED
Ty BRIN-ONRLIENLERBERKLEZ
b3, ZTik.ZhaB37 % RN EERIT
fThoid o, QREBERENMES TFOERILE
Yl LTRP D W E NS 12 DIZ kK blagtimed
HWERBEEBRTHY, Zhidtr—Fv— 7
FADEREARNEBELOREDTNT 707 7
BAEBLEHRBERIES - L E—FKT 5 (N4—
5 Fioy A—=F ¥+ —FKFSFReTAT2NT 5
BEREHT, SREBLEOHMIED b
LoD, HARELHEM LD (F4-7) T&b,
TAT N7 b DBERBEN, HEOLES
MIC L AEREBREEL LTRZOAEWES
turn-overOEWHBIZ L > THEANAEhTW3R Z
EE2RYET 3, Simpson'®® & LEEIC T AR E
ERROBTATSTHR LAy b REETOE
BERENDL, A7 707 s OBRBEIEND

DU TTbI D LH#EE L,

(2) A—F+— RIS ZRORENRTL T 7 I
7 OEZRBETICREITHE
R, 77747 7y OBRKNOSEEEICHT
B3A—F ¥ — N7 7 ARBOEE >V THREE
Mz 3.Job%F Ky PEHWLERRICL>TA

.
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FFE e < 2 BMRERBEWO 1 2 BHCEIE, < £
PR OB EEEICN U TERES %28 U THlHE
K LW, HEEFRAS R U TR R ERE
T2 LT & o TRENICE C AOMESELAD S
TEERBE LR, £FZC M4 —Thb, THT 7
W7 7 DBERETCED 1 DOREE LTHAT v
7y A7 EEY ) OBREEEAEHL, A —
Fy— N7 5 2ORELEOERERDI, T
7 ATy EYRY Y OEREECERUTIORT
Ric k- TEH L.

(B 7 A7 747 7 B00EREAEE) =
{ (FAT 77 7 DERRBE) + (F—F+—
K77 A0ERRNE) — (EREERE+ L8,
Ls I /- ERBNE) }  (TAr7rsn7 5
DB E)

BT T7 747 yEEHEY Y OBREE R
EHEBHK - WA E KA —F ¥ —FT TR
BARO LRIz > THEMmLE (K4—-9) ,
TOERIE, & —F v — K5 AOREENEH
Bailt, TAT7 A7 s OBRMLGWENDE
FILEWHROBEERRENERICA—F v — F
T5ARCE>TRRENS IS, TV T 7V T 7

7100

V%

7

7

2% 80

7

Ve

kg N 6
]

9

) N o
%=

£ 40

5]

E

= b

= ¥ | | | | j
;‘ 0 20 40 60 80 100

*—F v — K77 AREL YY)

F4—9 A—F¥+—FKTFRATNATyiT7
BESEMICBI4A—F+— V77 ABEE
MENTNT 77 > EHEL ) OEREE
BrRETEE

N O ; FHEE AR 0kg/10a
N6 ; FHEERAE 6k¢/10a

BRI & 3 EREESERICTbRIZZ 2T,
Zhicx L, A—F +— F7 5 RORE A ED
BERE, TA7 7 A7 v h bR EhEEL
EYHRDEBEEENA—-F+— F 7 7 AR
SRBEREWER, TA7 747 HEXER
YERNT A EREENINET LI LOR
BMSTTHETCH B, BT L7 707 rEHEYY
DEFEEERITAF—F v — V75 ARALNEN
BEEEXEX CEREAX LY Eh o7 A —
F % — N 77 ARAH80% 2 HiIc L TERKH
KohnE ko2h8 TORRIBTHTH>1,
CORRND, TAT AT rA—F v —F 7
FANRBENRSEHL LT, HFHAED LSS
ML T, TAT7 7 A7 s ORMLFWBENRS
BELEA—-Fr— V77 ABRBINTE Lick-
THRANOERECESETHLLDITB LN
T& 5,

(3) A—F+—KHFFRX-FLI7 L7 7RIE
EihoH T I EFRRIEOLENY '

FTAT 7Ty BREBNPNEVA—-F+—F 7
SATAT ATy REFEMONET, BEE
BEVERIZHRTTA 7 747 7 BRICK DS
FKEEBLESTHRVWEDET L (B4-7) ,
COREBAITAT VT P LDOEEBRES
ZHEOHNTA—F+— KT TR TAT 7NV T 7
BEEMIIERBIEL1TS & EOLEBERIZDOWT
Bt AR Mz,

CCTR TAT7 AT I ABEEEEE
Hik BEOD 2 I AT B R IR 8 % 6kg/
10a& HEELS BE Lizo BA-TADKER%EZ S
iz, TA7 7 yREBEA—F KT 7
ARBELOKRA—F+r—FTFATAT 7L
7 7 B NBEORMGEEMIR L (M4—10) o 7
N7 7 A7 s BEBREROBHICL>TETL
o EHE LT, mEE L EHRoke/10akEH &
TOA—F+— NI T ANEDEETTNANT 7 VT 7
BA B 0 ~150k¢/10a% Tix#9260kg/10aTH -
fh, TA7 77 7 RAERMI00KE/10aCHE200
kg/10ak 72 v . [E600kg/10aTit130kg/10a% CHE
Fli, ERCHBEEIMICER LA LSS
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TN 7 w07 s BEBIMETT B30T, 7
Trn T s WEER—EL L&D, BERX L
BEBAXOBREELL, TALT7 717 > INED
WA EFE LG I OIZ A DOREEL KA LR
WL D, BEREBHALIBEDOTA T 717 5
RBEBDETIZ, TA7 5717 7 ICIHFERE&HET
F/NE < (R4—9, 19844F), M F /KL &\ Bl
TRERED» > (F4-10) D TRPICEFRER T
W7 7T A BEABODEAITR L, F4—
IDBITIFEHRO G/ 10a% EHT A2 LiIc L >TT
NT 77 PRERT 3EMOFEET73kg/10a

B L, ChEXELSIGETAT A7 7 BAE
B 723300Kg/10aD &1 13 #9130Kg /10a I A3 15
bhaZ llilihb, THT 747 7 BAERENC00
Kg/10a0D 85 & 1T IR EHE BLH D WK LI B i b4 % %%
FHE A O FILE300kg DB S I AN TERT 2
{5iZ100Kg/10aklh HDENA B HE & 34U, 400kg/
Wall L7717 s 107 s BEEBOEMIZST LT
FEFRRBIEEIT-> Th FEIE Z O EES,
HEHTRVEVZ B, KA—-IDFITIF., EoEHK

1000

500

(0 BN\E) BSI®

| ]
) 300 600 900
TNAT v AT 7 EAERKG/10a)

X4 —10 +—F+— K735 2(0G)-
TNT7 77y (AL)E#E#IZBGT 5
BERBEHE L ZYHINEDOBEFHEOBAKX
A T HUTF AR MEWES TOEERIRIC L A
AL OWA
B i TR ASVES TOSRRINC XS
AL DA

D7 N7 707 7 BAREI600kG/10all +TH
Dy COERUETIIRHEIZ L3 5HEZEBED 3
RO FEHEN ERBIRIZ X > T LTR 59,
EROBIELIEDENTHS Z LB RER5S, L
TeB>T, A= F v —KTS5ReTALT 7175
BEEHICHTAHINET A7 07 5> BAESHS
300~400kg/10aLA FOEHIC S LTIT5 & TH
%o

—H A= F v —FITS5ReTLT>LT 78
BHHA~DEEEICE A —F +— NI 5 2D4EF
REETI2DIT, P79 T A EBER S
EREZ T DA THD, KEBTHOHTAM
AMEN A B TIR R F6kg/10ad Al & > T 7
VT 3T BRRERICERT AL o 7
2, BEHOM FKAN &V RFITIER 3 £H
THOTAVT 77 s DEBRBNIDEL, Fhic%
FHIEEITOS Lk E>TT L7 > A7 > DEAL
BIFFELIETLE, TA7 747 7 i3HAkRA
TETEBTORBUAE L LA BEIhTHS
Vo I, HEE6Ke/10a0> 5% 5 M A id HEK
BESTNAVT 717 v HEDS B L ETIIRT S
NETHOH, HFKIBMEVFETIETA T > 1
7 7 A BRDOE O EHIC X B HE6Kg/10afREE O
BEBHITA 7 1 7 5L DEEBBEEDOT
Rz LTHRMHETHB LWL B,

2. FEL—TILT7ILT7 7 RIEEHICEHITS
BEEE

KIS F L & b EREEEBE LW, B
KB RRTHBEL 7 5 1 BB agtt o
B OSEE, « KBHHTT AT > 47 >0 3EN]
DZERBILOBEITIR, FORFHEICRIENE L
SHENRB D, OB TRICHTZHES
NBEAA—F v+~ NS5 AL DREFTAT >
N7 DRABRESIHDIEFE®LFEREL SR
B D B, 22Ty 21N TH Y HICHT S
BENHKEDZFEY - LBRBTALICL>TD
DFEBRHTETOT A7 7 47 7 BIEEHAHEC
XAHREMNEL BN S,

FEY— cTAT 27 7 RIEEHT, A Y E

.

Ee R

-

Eoa AL

-

E o A
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DEIFEAN O YFHAN A —F v — N TSR« 7
N7 AT REERE RS0, BERETE L
BEBBEOEM LA —F+— KI5 e TA7 5
N7y BEEME BRI THBICRSEEZD
hz, £20C, RETRF® - LORESLHET
DT NT 77 7 DEREE L BREBEOHMS
BGMZLESD & Ui,

RE H &

1) BAHDOREBFEL—-TILT7ILT7

RIEEHICK(TINELERBER
19824E12, FEY—E TN T 707 7 DERE
Lm 5B E LT, TA7 747 > BAROR
A ER A SR Uiz (B4—11), = DFHIIZ 1983
FEH HRkET L CHERM 5 B L U10Kg/10a0> 2 BefED
FHERIPR A RE Uiz 198458 I FUF KX O IR &
EXREHBEZWEE L, B VYV VB, HVD
Mg ZhZR10, 15k¢/10aTH Y. EEL &
HTHREFEEL 1FBEA LY K3 20845 T H
UTo D BB MR —-21C ¥ E L,
F4—-119F>—(TY) « TA7 v 17 7 (AL)

IR3E S H 0D B S
i (SR 1R (kg/10a)
AL TY AL
(v®&2) (V7)
{8 1.0 0
S 0.75 0.5
) 0.5 1.0
! 0.25 1.5
=1

0 2.0

(2) FEL— - TILT7IL7 7 RIEEHICET
BTLNT7 L7 7 BELEEREREDER
HEIERIG & R EEHETS )

198281z F £ — TN T 7 VT 72 FNER

0.5, 1.0kg/10anEIGTHEREL, FEv— « T
7 7T 7 DEEEIAE SR Uiz, 1983FLIEC
HICE£A0, 5 10, 15Kk3/10a0 4 By fIET
BHL, ThFhoRoRNBr SFERELAET
Lizo EROMICAS. U vEEB LU Y OMEE
BIXATHRICE D ),

#& R
(1) BELODORLEDFES—T7ILT7ILT 7
BEERICETINELEZREE

FEY— e TAT N7 - BEEMOERMEE
W77 747 72.0kg/10ak X & BT
FE v — HE RO SRk HAX L 0 £ o
770 ThiT. Bhicr oo —BEEEREITALT 5
N7 EOREERO 2 FEOEXICHE L,
Thbb, FEY—HEEHTIE 2 FENEIK
s THIZT V7 707 s 5EEIR2 ZEICE -
T2 HEDRENKIBICHIN Lz, £/, BFK
AR b b TRBEMOFHOEITNEIL T
AT AT 7 RERERENL.0kG/10aD X TELEL
FDELEDTNT 707 7 BAEHITHIS0TS -
DT, ZOTAT 7 A7 P BERNFEY — -
TNAT AT P BERHIC L S THETHD L0
%% (F4—-12),

F v —FRREFROFAN B A2 E T
AR, 1 HERICIIIEE 2 FHEEE 2 R$T 0T,
TNAT 7 NT 7w ORERBEENL.5k¢/10all FTH 5
FEV— e TAT AT P REEHOFEL—1
BEBRBFTAV T 7V 7 7R2B WV, Lyl 2
BREBICRFEL—OFEENT AT 7 L7 7 ICH
RTERDIZD, TA7 707 7 BEEBORL D
RORTHFEY—-BARBRITA7 » L7 7 B4
BOHWFBIETES, FE k77 717 5
KHEShAZ RS pdbhi, £/2. 1 FE
DOTNT 77 s W]EFTAT7 > V7 > DEEE
MMEWIZEET LA, 2&/\ETRR T AV 7 707 5
IREIC T A BEROMEN 1 FRICHART/HE
A, TAT oA 7 s DEBTRFEY —DLAET &5
HELBOVIEIRENRZ, ZOLIHIC, 2HET
FEV—DEBFNTNAT 747 7 ICHRTEHEBTC
»HBH0T, BEXOFMEF € —GENER, F
MEERAES 5K, 10kg/10aD X & & XfIE3
LEFEHABEDOF £ —HBX I /N Eh o7,

AEBRTIE, BOo&h2 5Ty —KE->TLD
HRizT 2 bEREHEL LS KEDERH
5, 10kg/10am 2 BEfE L Ui, ThThER 3 &E
HTT A7 707 7 DERESE400kg /10aL)
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JtgE N BEARBS R E05

TORBXIHBLAT, BREXDOF v —WEIT
RARTL550k¢/10aTH D THA7 747 7 BE
£ 43400kg/10all Lo BEHTIE, TAT 7T 5

BAEBOWINZEL > TF 2y —NENEBUIC

WAL (K4 —11B),

£4-12 FEV—(TY) » 7A 7717 7 (AL)EBREHB L OF £ —BEEO
1« 2BEDINE (1984%)

ESE S AL & ) I & (kg /10a)
e & 1 &R 2 FE R & i
(kg/10a) (kg /10a) TY AL i TY AL s TY AL B
3 —2 0.5 381 140 521 139 265 404 520 405 925
1.0 332 184 517 123 303 426 455 487 943
1.5 294 214 509 88 294 382 382 508 891
2.0 41 327 368 25 369 393 66 596 761
6 — 4 0.5 423 152 575 127 273 400 550 425 975
1.0 367 173 540 137 330 468 504 503 1008
1.5 352 181 533 154 284 438 506 465 971
2.0 111 267 377 83 340 423 194 607 800
0—0 0 212 — — 63 — — 275 — 275
3 -2 0 445 — - 114 — — 559 - 559
6 — 4 0 563 — — 236 — — 799 — 799
9 — 6 0 576 — — 303 — — 879 — 879
ZRBEEEIZ(RE-1FEANOROE) 503 TR L7,
B
800~
a’_
x
‘]/ . 600} %€ 6~ C
D ®
% i ]
* & 400l B2 4
z ~ 5
[e]
2 kg P
- /" 200} 0a 2
% 10a &
oL 11 0 M S S
0 600 0 600

TAT AT DREEE (Kg/10a)

K4—-11 FEY—TAT7 707 7 BREEHRICBIETAL7 707 7 EE
FEY—DEREEER, CYREBLIUERBEEORNG
®, EH#5kg/10a+« 4 ; O, EHFKI10kg/10a*%F

B AL

-

£ AL

-r

& A

-y

B R

-



RHEER - Kt B0 5 BR L RO T EBAEYENE & R E A E 89

i, A—F v — F 75 RBHEOHS ERABI
FEx v —RBEBOEETL. TA7 77 7 IRER
DOWINCE->TF =Y —DEREHEREN LR L
(4 —11A) A, F—F+— KI5 LR
D, TA7 77 s REBRGOLVAIZENT
LEFZBAROBVWEDOINLIEVWEREHE
Tholr, BERBREEI TNV 7 717 7 REEN
#7400kg /10aDFH A ITH d K& <. KK Skele
&fc5Kg/10a, ZEF10kg e f©2.5k¢/10aTH -
7z (K4 —11C) o

(2) FEL—-TLT77 L7 7 BIEEHICET
3T7TL77 L7 7 REHEERERBEDESR
MR G & R EHR

TNAT7 A7 s ORAITEREHAENEZ 2

LMo TIERT Lz (R4—13) o LA L., 1983

FIIE TNV 77 s BERPEEERX P OE
#15Kg/10aE X % T61~32% TH > - DIzt Ly
2 FEHBDI985EITIZ8I~4THETLAL, FEV—
NELHFIENDE Z LARENL, EERAEN
BNXTLFEY —HEERNCIEE A DT 2
BEHBICF TV —~DEBFRARRLDTHD (F
4—12) , FEY—D2BEROMESB LW
DAFHICRHEEORARL EL ol T,
EEFXABRTTF v —0OBERINET, BHE
BABICIZEELTHE Y, EEHE5Ke/10a
UETRTNV T 77 s BOEEBENTEEL
BEHAEEEICEH S LWl WnWr b, ZDid, <
ABHEEL ORI K 2 BEEEL BHIAEFEDZH
CHEAT 350 b Bbh 5 ER 0 ~5kg/
0aDBHEMETRT A7 71V 7 7 BRERE50%
BEICHETAZ LB LV LR SR,

£4-13 FEV—(TY) - 7A7 717 7 (AL RBERICBI 5 EEEHR, SRKEERD

ERBICKIE & = ORFEEHERS
% % IR E(kg/10a) AL ZFEEHE(/10a) ® £ B K
£ OE kiR E x BHEg& BEE
(BFE) (kg/10a) TY AL F (%) TY AL i (kg/10a) (Kg/10a)
1983 0 209 479 778 61 5.0 18.3 23.3 20.5 3.9
(2% H) 5 439 453 892 51 7.1 17.5 24.6 16.8 3.3
10 604 438 1042 42 9.6 16.6 26.2 13.4 2.2
15 861 405 1266 32 16.8 15.1 31.9 14.1 4.7
1984 0 187 498 685 73 3.8 159 19.7 16.9 3.0
(3% H) 5 279 429 708 61 5.8 13.4 19.2 11.4 2.7
10 452 396 848 47 9.1 12,9 22.0 9.2 2.3
15 633 298 930 32 135 9.8 23.3 55 1.4
1985 0 165 778 943 83 4.0 24.8 28.8 26.0 3.5
(4% H) 5 324 694 1018 68 6.7 21.1 27.8 20.0 4.2
10 460 655 1115 59 10.6 21.5 32.1 19.3 5.3
15 617 537 1154 47 14.4 19.9 34.3 16.5 4.9

19824 & 5 B
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£ =

(1) ERBEOIFHYE

A—F v —KTTR e TAT 7 AT 7 B
LFxo— - TAT7 A7 P RIEEHICBT A%
EBHEA KT 2 L TOHEBESE LTKRD 2 5%
BIFBHLENTED, BliTik, FEY =BTV
TrAT r EOBRERERIEBWTHBTHE I &
Thb, ZD, BEBBEICBTHERZHH
BARRELNBBICR S, B2k, FEY— T
757 REERCIRREENOE D29 A kR
TH > THEHNE L MoEb#Ictfthbhd 7
TN 7 P I LABREEO—HNERBRERL
BABZETHD, 1984FEDHIC LD &, BAER]
IZT AT AT 7 RISk /10aD EHEE £
BLTEBY (£4-8) . ZOKESIFBAHR+
KWHEZRETLI WA LHES D, 2O &t
BOSZEERLBEICINELL (F4-7) ., 2O
rdby FEY— e TAT 7 A7 7 RBEMIZRG
AEFRBRIZIA—F v — KT IR TAT 70
7 7 REERH L FREDOR 5 & BRI s L
7oK HSR D b OO, BAROMIEREICS
FhAEENMbD ZEICRD, £DIZH, T
Tyn7 yhbOEEBERIA —Fr— NI
ARBLOLFEC-RBETLVBEVWEZZLR
%o M4—-11COBRIZBVTEL, ERZHEMN
IR Z @B, FEY— TAT 7L
7 7y BRERICRT AEEBEEOR KEIT A —
Fr—RKITI5R«TA7 7077 BREEH (X4
—=7) Xo@Ehotze

F—F+—RTSRTNLT 717 7 RIEEH
T, EXRBEENTKEREZ TNV T V7 7R
4B 17400k¢/10aTH - 72 (M4—7), KEBRTIE,
TAT 7Ty RAERA400Kg/10all T O R HIA
Bohih-7cDT, BEBEENRKE2ET
N7 77 P REBIIATHTH >0, FEV—
DEBENRTNT 707 7 I Lo TEHIE W5 Htt
NBHAT, 400k L v bz nE 2 AICH 5]k
AREL,

(2) TL77 L7 7 REEBELEFEL—INED
E3LET

AERTIH. T 7 747 7 B4 EA400kg/10a
UTFoREMPEELRAN > /2d(K4—-11), 7
T 7T P RAERN0A HAKGDEIT, FEY—
BT IR 2 FE DI DICEIRT 2 ORI D
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Soil Microbial Activities in the Tenpoku District and its Contribution to Grassland
Productivities.
by
Shuji Higashida

Summary

The Tenpoku district, where heavy clay soils are dominant, is located in the northern part of Hokkaido
and developed mainly as a dairy farm land based on grassland. In grassland productivity, soil microorganisms
play an important role. They catalyze decomposition of organic matter, which is an essential process in
recycling mineral nutrients such as N, P and S. In addition, nitrogen fixation of rhizobia directly supplies
nitrogen to the grassland ecosystem. This investigation was carried out to clarify the factors which affect
microbial activities and nitrogen fixation of rhizobia, and to rationalize management of grassland with the
information obtained.

The results obtained are summarized as follows.

1. Characteristics of soil microbial activities of grassland which is covered by heavy clay soils.

(1).In a 0 to 15cm soil depth (a plow layer), microbial numbers of grassland soils clearly decreased with
soil depth, while cropland soils had relatively uniform microbial numbers within a plow layer.

(2). The numbers of bacteria in the 0 - 2cm soil layer(an upper plow layer) fluctuated with peaks occurring
twice a year in spring and autumn. The factors responsible for the seasonal patterns of bacterial numbers
were the supply of substrate form the vegetation, and soil water status. The microbial numbers in the lower
plow layers were small and relatively constant. The range of seasonal fluctuation in fungal hyphal length
was narrower than that of the number of bacteria, and the patterns of seasonal changes of fructose and urea
decomposing activities were similar to those of bacterial numbers.

2. The factors affecting microbial activity and its control.

(1) In the 0-2cm soil layer, soil pH decreased and available phosphate, exchangeable K. O and organic
C tended to increase with grassland age. Application of phosphate, potassium and organic matter increased
soil microbial numbers, while soil pH was the factor primarily controlling microbial activities. In the
grassland soils which had low pH, organic matter was accumulated at the surface soil layer because
of its low microbial decomposing activities. The response of hyphal length to the low pH was less
than that of the bacterial number, while TTC reducing activity and nitrifying activity decreased as
sharply as bacterial numbers.

(2) .In the 5-15cm soil layer (a lower plow layer), bacterial numbers, fungai numbers, and microbial
decomposing activities decreased as grassland age increased. The principal factors responsible for the lower
microbial activities were declines of substrate and supply of oxygen. Decreases of available phosphate,
exchangeable potassiun, and soil pH were also factors responsible for low microbial activities. In the soils
which have pH lower than 6.0 or Bray - PO lower than 10mg/ 100g - soil, bacterial numbers were sharply
depressed. Carbon dioxide evolution of this layer was not related to substrate content, but was positively

correlated with the ratios of the gaseous phase.
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The factors affecting microbial activities in the 5-15cm layer might be very important factors for root
activities of grasses, and microbial activity may also play an impotant role in mineralization of plant nutrient
elements as well. So, microbial activity can be used as an index of soil conditions for root growth and
nutrient supply.

(3) . Topdressing of CaCOs to the acidified soil enhanced the microbial numbers and their activities. Liming
increased grass yields when soil pH became more than 6.0 after application.

Incorporation of manure in the plow layer increased the microbial number in both the upper and lower
plow layers. This effect continued for at least 5 years. Liming and incorporation of manure were suggested
to be good methods to alleviate the depression of microbial activities associated with grassland age.

(4) . Microbial measures employed in this study could be divided into three groups which were represented
by bacterial number, hyphal length, and fungal number. The group represented by bacterial number consisted
of decomposing activities of small molecular organic matter such as urea or fructose. These decomposing
activities showed significant correlations with CO: evolution of surface soils and could be an index for
microbial activity of grassland soil. The microbial numbers and decomposing activities should be measured
just after sampling soils, because storage of the soil samples resulted in changes of the values of microbial
measures.

3. Nitrogen fixation of forage legume and nitrogen transference to associated grasses.

(1) . Nodules of white clover and alfalfa started to be formed just after spring sprout and were not detached
by cutting treatment, although they disappeared during winter season. Acetylene reducing activity decreased
just after cutting. Then it increased with the development of new leaves. The acetylene reducing activity of
white clover was characterized by reaching the maximum in the middle of the span between each cutting,
due to its low competitive ability to light.

(2) . The maximum amounts of nitrogen fixation of alfalfa and ladino clover in legume - grass mixture were
30 and 25kg/ 10a year, respectively. Nitrogen application didn't atfect the amount of nitrogen fixed by
alfalfa, but in the case of ladino clover - orchardgrass mixture, nitrogen fertilizer inhibited nitrogen fixation.
The amounts of nitrogen transfer were 7 kg /10a in alfalfa - orchardgrass mixture and 10kg/10a in ladino
clover-orchardgrass mixture.

(3) . In the mixed sward associated with ladino clover, soil microbial numbers and amounts of mineralized
nitrogen exceeded those in pure grass sward during the entire season. The results indicated that ladino
clover supplied nitrogenous compound as substrate for microbes, and source of nitrogen mineralization, not
only in the winter period but in the whole growing season. In the alfalfa - orchardgrass mixture, excreta form
roots seemed to increase the number of soil microbes. The amount of nitrogen mineralization was,
however, constant, suggesting that these excreta were consumed too rapidly to be detected as nitrogen
mineralization.

Nitrogen fixation increases net nitrogen supply to the grassland ecosystem and activates turn-over
of organic matter as well.

4. Effects of legume/grass ratios and fertilizer nitrogen on the yields of pasture, nitrogen fixation and its
transfer.

(1). In alfalfa and orchardgrass mixture, nitrogen concentration of orchardgrass was positively correlated to
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the dry matter weight of alfalfa. Nitrogen transter from alfalfa to orchardgrass might derive from root
excreta. The amount of nitrogen transfer was at maximum, when the dry matter yield of alfalfa was nearly
400kg / 10a. year. Thus the mixed sward, in which alfalfa mass was up to 300kg/ 10a. year, indicated low
productivity due to the shortage of nitrogen transfer. In the mixture where legume content was not sufficient
to provide nitrogen to grass, application of fertilizer evidently increased the dry matter yields, but nitrogen
application to the mixed sward located at badly drained soils depressed the growth of alfalfa severely.

(2) . In alfalfa-timothy mixture, timothy yields tended to decline as the year progressed because of the lower
competitive ability of timothy, even when 10kg of nitrogen per 10a per year was applied. Due to the
deficiency of timothy as a nitrogen acceptor, alfalfa - timothy mixture was not effective for intensive use of
nitrogen transfer.

(3). Nitrogen percentages of orchardgrass in combination with ladino clover were not related to the dry
matter weight of ladino clover. However the amount of nitrogen transferred was more clearly controlled by
the dry matter of ladino clover in the previous year than by that in the same year. These results indicated
that the main source of nitrogen transfer in ladino clover mixture seemed to be leaves and stems that were
sloughed off. This was not the same as the case with alfalfa. The average amount of fixed nitrogen for 8
years was 13kg/10a- year in a nitrogen fertilizer free plot, while this value fluctuated very widely year by
year because of the low competitive ability of ladino clover.

(4) . Nitrogen transferred from ladino clover to associated timothy without nitrogeﬁ fertilizer was 4kg/10a-
year in the second harvest year after sawing. Then it gradually increased and reached 13kg/10a- year in the
fourth year, exceeding that of ladino clover and orchardgrass mixture. Even in the plots with 10kg of
nitrogen, the amount of nitrogen transferred was 8. Skg/ 10a in the fourth year. Growth of ladino clover was
not severely depressed in this mixture by the fertilizer niwogen, and application of 6kg /10a of nitrogen per

year is sometimes a good selection to obtain good yields.





