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Analysis of suitable condition for soybean planting in rotational clayey paddy fields

under risk of excessive dry or wet condition

Shuichiro YOSHIDA!, Hisashi HOSOKAWA? and Kazuhide ADACHI3

Abstract: Stabilization of soybean cultivation in rotational
paddy fields is important issue for efficient utilization of
Japanese arable land. The present study aimed to clarify
the suitable condition of soybean planting for stable es-
tablishment in clayey paddy fields by taking account the
particularity of physical properties of clayey paddy soils.
The effects of four experimental factors: intensity of com-
pression, days after tillage, seeding depth, and tilth on the
germination and growth of soybean, were investigated by
field experiments following the randomized block design.
The seeding depth and the timing of seeding after tillage
were revealed to be the most influential factor while com-
pression had supplementary role. Mean dimension of ag-
gregates did not affect the germination and growth under
the poor tilth condition. The results suggest that seed-
ing should be conducted soon after tillage but the optimal
depth depends on the expected weather in the following
days. However if drainage efficiency of the field can be
improved, seeding deeply supposed to be less risky unless
enough rain is surely expected.

Key Words : clayey paddy, soybean, soil aggregates, ger-
mination, establishment
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IESRBRIC K O BEANCIREIT L, DX I =X Ao
TELEToT-.
2. EBRAE

PR A v F —dbkEF s v F — (ETR IR
i) AoE#mIES &2 AV T, 2006 & & 2007 0
2 IO A XOHFRBREIT 72, XI5 D
THIE, ZAA 724 VEOK LA FICERHE LT, &
WO EE, vV NEREITENEN 4 %, 38 %
CHIRIAT B A, WA A AZHAZS BT 26 cmol kg ™! T
H 5. FHOBHEREL, BWEBRATFE £ T 5 FMITKH,
& HIZE ORI 3 L EMEM A FEE S Tuniz

M BEEEZMEO 2 K%, HEHZLE®ZE 3 H
% (2006) H L<IEL5 H#% (2007) @ 2 /k4E, FEFERRE
Z3cm & 7em D 2 KUE, BAFEFRE A 0kPa, 3 kPa, 6
kPa, 12kPa @ 4 k¥, Ll E 4 EHRZIZHNOFEILL2 7
0oy 7T A 32 KICEID AT 2. Z o FEEREHE O
HE T, 2KEOHERT 16 I8, 4 KEOZERIL 8 X
WoORBRE 0D, 2ok, SEREICOWTE, HHOK
WA OREAE TH 5 6 kPa (FFE S, 2008) % HuE L
LT, ZOKRNOMEEHE L. BRBREOEFIE, Lip
EAARZ NGB L o7, BB 5% 4
TH0, M- HEXNSZEREFNR 4 SERG, oA
BE%OTHE 550 3F 95 2 &l X0 B %
E LT,
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L CEDOKRSRLBOMIEZRET 5720 DFES (Zone
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2, Fig. LIZAR L7 X O i 2 BEROITEDIRI ET
AL, BrafobicEs: LAATEPBBSELL
. Tbb, MTOTFTEPIEDERS 2D I L
oo AWTREF1E, B EfT oo ®RICF e v CRiE(L
) EBAL-bOT, mfET= LA, FETKSIE
11% Tho7-.

Zone A IZBWTIE, 9cm x 75 cm BT 2 K™%
FEL72. Zone BIZEBW T, WL 9cem x 75 cm DOFfH
Wiz & C 1RSSR L72. 2006 FEOFMIT S A 29
HEBXU6 H1H, 2007 0L, 529 BRIV
6 A3 HIcATo7-. R, BEARZITORBRXICE
WX, Fig 2 ICR L7z BEOSEIEREICFTED EED
FEEHE, TOHEEIC K > THEE LS 2500 IC#E
Lz, ZOREBEOHEHERIL, BHRIEXTEHNLR
TWAHERS T L TV 2 HEZZE L TED
2. B ARELMEREIE, FT 2 %— (F475D, Yo ~—
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MBI WEORERICH N REREGERDHTENTE
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BB L 7.
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Fig. 1 A 7 & WG A,
Method of seeding using a plastic pipe.
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Fig. 2 @IS TOHEERLE. RBRXOBREIIG U #EEIS S
Z, BbYOMETHEL THNIZEZ.

Equipment for compression of seed-bed at designed stresses.
Compression stresses following to the experimental design were
imposed to seed-beds by adjusting the number of weights.
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Table 1

et L UWE D AER ORI O E KL,

Tilth and mean water content of tilled layer after the tillage.

Percentage of

Water content
Percentage of

Year Layer Treatment <20 mm < 10 mm at tl.le tllljage
gravimetric %
Coarse 373 £ 69 132 + 22 421 £ 05
2006 0-10 cm * * ns
Fine 60.1 £+ 2.6 214 += 6.1 417 £ 13
Coarse 51.8 £+ 126 241 + 3.6
0-5cm * ns
Fine 69.6 = 93 321 £+ 6.1
Coarse 402 += 102 216 = 24
Scm ~ * *
2007 Fine 602 + 127 300 = 4.6
Coarse 428 + 44 222 + 26 357 +£ 1.0
Whole Layer * * ns
Fine 624 £+ 74 306+ 49 370 + 14
1) % 4 X + R0 E.
2) *1X5% OEMETHEEDY, ns FTHEERLETT.
T, 7oA A—FEFAWTHIELE. WTNLOFEDL R OREIX, & H O LEKSOHERBIZE L
WEE 13 mm O E =3 TORSIEMHOR S WIEE2EBET D L, MERSRE TOREMREEO HEDK

50mm OR—F A0y FEEE LT b DE MW, 272
L, 2006 L2 b A RmMNOEEICHEAL, B
WOWS%E25~75cm, 75~ 125cm & L7z, /3o
TNOEINE, ENERRE AV GEREN 1T 72,
TV A=21E, REBIIGNOME XD 55, T
12 kPa X & RSAEX O 2 JIZERE L. —JF, 2007 4
HEEEERTTLFIC H?E O s i1 e o = L e A e
i L, ROHAlossITHRICH 2 K o1z L7z, R,
BREEEZZELC3em & Tem & L=, #FRICHT
WAL, YV RTERAL, 2Flliv/ A—F L8
e SN RS2 BN LT, BIEZFHIIL. 3%
EEFT, O ABEBRICERELEZRRKD S b, $#8E 12
kPa [X & HEGEE X O 8 i & L. KR EBEKEIZON
T, PREERANIEE S Z —IbEgEE v ¥ — DR
SHINEGES CHIE ST — & 2 iz,

3. RERIER

3.1 BEMZBROXE - LEKSDOEL

AR 2 FM L7z 2 DFEOBRERFH ORISR, Fig.
3R Y R TH -2, 2006 4E1% 1 [ B OFFFED
B 7 HREIOMBEKE? 16 mm &0 72 <, #HfHEkS 10 HRE
HEET AT, XA ZOBEEEITHY T 5 2.5 ~
7S5em EOHEDOKRT v uix, Ho A 11 B
B OHRYIOBEROER T —60kPalliEL=. —JF, 2007
X, 1B HOFEMER 7 A OBEKEIL7mm ThoTz
RN, FOBANGT L {2 25.5mm OBERNH 2. %
D=, 2B HOFMIL 1B HOFEE FHH>A) 50
e L. 3em BEORRMBEELDO LHOKRT vy
Mg, 2 (B B ORFFERIC —45 kPa £ TREBUZFN 223,
7TemiETIE —2kPanbdp-< W& —12kPa F Tt
DHEATZRRIE T, W THER L 7=

DEBIZONWTILTO LS ICERHTE 5. 2006 1%
2EIH BF5 A3 B#%) ICRE Gem) ([T S L1
D3, KRR LTe R TICEDND 2 o7z, 2007
FIZOWTIE, 1EE 5 AER) IZEE (Tem) 12
BEINHE AT, B REETICE N,
FC, 2EH #FHFS5AS5 %) ICEE Gem) ICHEREE
NTFET X, $BREGRTER LS TIC 4 BREREE M-
23, EOHRBERICEL Y THOKZIEEE Lz,

32RLE - HOAERESKE

O ABEBIZSLINEANTHE LR Qem H
D5 BHViEIER) % Table 1 IT/R L=, #rt4AT, H

BOA D I X X OM CTHEEREVWE 525
T EMTE. 2007 FOFRERPRT L HIT, Hlin—4
V—%ZH Wiz, XEScm OFNRENLLT LD, 10
D FBRERWRER L o7, 72721, MEXKIZBWT
H, 2cm LT TN ERLT 70 % UL EE T 5 %0
oo BEE (FlA0X, FeREMOKEESR, 2013) 1%
FEE bEETE Aol 2B, #E5 VBEZROE Y
BRI, BoMIC kD= o Tz,

3.3 FEFD KSR

T D IR FWICRI 2 236 L OETE H 4812 Fig. 4 TR
Lic. ZHOKGOWSIZEDZEREZ KL T, 7em ED
FRNTINORMETHRETOKSWRIGERE IXE D, 7
FEEZICERD H -7 2007 0 1[EH 5> AFRHB) T
1%, BREREIZZDEWVITRA LR 272, 2006 FOFK
FEA OBEWIC L DAL, Tem ETIEHALNZRONR, 3
cm FETIX2EA oA 3 BE) OFETHD IS
KB L, 3 HEICIED LAEERET 205550
oo ZOX DN BWK LIRS 5 X 5 7o KW
INBE =X, FEOENDOHRL O THETORFRIIE K
BRI T S L7290, FRCEINLEIRETHD.
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Fig. 3 #HEpiORME, AR L OLEART VU L OHERE. (a) 2006 0%, (b) 2006 FFOREAKRER L O HEAR T
vrxol, (o) 2007 FEORIR, (d) 2007 FOREKERS IOHHEKRT o v L. MTEOREIIHERB 2777

Change in air temperature, precipitation and soil water potential during the experiment. (a) Air temperature in 2006, (b) Precipitation
and soil water potential in 2006, (c) Air temperature in 2007, (d) Precipitation and soil water potential in 2007. The arrows below the
horizontal axes represent the planting dates.
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Fig. 4 kO /K3 DZEAL. (a) 2006 48k 5 AR AFERE, (b) 2006 895 A 3 HERFRE, (c) 2007 85 AR A FERE, (d)
2007 SEHE O A S AT, BHEEH OZROZE ZOXTIIHE L TR Y, KAKHE 16 XOM RO LEEERZE (MOERKRIZE S

EBEaEty) 2R LEbDTHSD.

Change in water content of seeds after planting. (a) Planted soon after the tillage in 2006, (b) Planted three days after the tillage in
2006, (c) Planted soon after the tillage in 2007, (d) Planted five days after the tillage in 2007. Data variation caused by the factors
except planting day is represented by error bars: The figure compares the effect due to planting dates alone.

A RFHOAE

FERALEE N FE T DKW E L OF D% DOREIZE
ToR G ICBL T, SR ORER L & bIZ Fig. 5
~Fig. TIZR Lz, ZREn0 7 5 7 OffthiL, o
BEROALZ LTS L X0 DKEEE ] 2R L7ELD
THY, HHFEOLE D=0 D3 EIHTICB T %)
B & (BB, 1994) RIS ETHD. WHEHOMAE
bEICE VSN DT, FERERN (FERB LW
RHAEA) 12XV b5 SNHRE, TibbEfho
fifl & BAROINLME (— SRR, AR & OZEDORIE
RO 2Nz i LTHEEIN 5. Fig. 5 &
W Fig. 6 O F x O 7 vy kTR LT 2007 FOFEFE 2
A% OFEFELRPB LOFWEORERE 5 A% ORFRITONT
X, T NENENEFIRE 7Ky X OFZER 100 %
W= T LT 2T, HI T T TOZRu.,

T DAKRITNUH L CTIE, RIE TR X 212, &
FEREE & 6 0 OENIEFICRE V. F72, 2007 £ T
3, BRERICKY, ESEFET D2 L OIRITENDR A
bz, bbb, HEEE x FEAICHERZAEFA
MNRO BN, 2007 FITBV T, $EES KD K
ETHENED LN, TOMRITNEoT2.

KRB DFEFR A KM L, FIERIX, W& b ERRE
ETem A 3cem LIV bE<ieolz. £72, 2007 FIi2iT,
HoABEBROBREICEY, 2 ABRORFERIAEICHEL

olel, 5 HRIITWBEIC L T EmWRIERIZR - 2.
2006 FAZ DO W TIFFEFERICH T HEMAICL DA ER
PHEIIFRD Doz, ETRIERITKT HEEDOR)
B, 2006 FOER 3 BHROLIIBD BT,

T 2 B[R O HZFRIN LTI, W& b RBHERE
ERREHICHERRDEDEN. 2L, BHEEEDOD
WL, METERS ThHo7-. Thbb, Wi
F2ro 72 2006 EI20E, Tem O 3cem XY b HIER
W@ o=, —JRdigE NI B - 7= 2007 4Ei12i%, 3 cm
OFRTem L0 HHERIE N -7, FBEAIZONT
X, MRS b VBRI REWHIEFERE o7, F
72, 2006 FICITMEE & $E L OMICERRD b
23, 2007 FIZIT < BO LN o To. Fil R LE %
oG A I WIRE I LD M EFEHRIE, 2006 FiX 0.83 (6
kPa, 7cm, 0 AH), 2007 CTiX0.87 3cm, 0 H) TH-
7o 7o, FEONPNIRGE 7R ALER (OKHE) OflAE b EoR
L7ebDTHD. T OMFFHERE, SEOFEE (M
HRARR) (R K HED R LB E O (LE )
ENMETLZETHLNDS. AETIHRVWERIZONT
i, IR L.

2007 1L, X RN LD BENBO N0,
FERE 7 HIZIZB T 5 2 XN ORI L D HEFORER

A L. 723, 2006 I X R ATICE HREFITRS
Nigholz. Fig. 8ITRT LB, FRNATIZL LM T
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Fig. 5 S ERPFEAOKRDEIUZIE TR, (a) 2006, (b) 2007.

) ™ BIO*IE, ENEN1 %D, 5% OERECHERERNTHDL Z L ERT.
2) TAT7 7Ny ME, Tukey DIEIC KDL EILBOMRERT. BARDTNT 7y PP SIUTLBE TIX 5 % OfEBRFETH

BENDDZEEEWRT 5.

3) BY OSSN HEL, ABRENROONIER, AR ITHEENRD DNRPSIZER, x 137 —F QR b8BT

ZTO ONTEY LR EhIc b0z RT.

Effects of factors on water absorption by seeds.

1) ** and * denote statistical significance level of **P > 0.99 and *P > 0.95, respectively.
2) Different letters denote statistically significant (P > 0.95) differences between the series of sampling dates from the summer to the

following spring according to Tukey’s multiple comparison.

3) The filled and open symbols represents statistically significant and non-significant factors, respectively. Crosses denote data sets

inadequate for statistical analysis due to the nature of them.

ORFIL, 2007 F02mE BFoA S5 AR ICHEESH
ToRETF D 5 Bl < et S - RBRIXIC T LTHRAEL
7. BEIE, 28 AROMIFR (2 FEENER) ITHLN
W H ATV,

4. ER

41 EEEDOHME

PR O TSI, HECE oAy N LI D
ER &, TE?DDRPIKROBE ZEEST 2EHD >
DRPHFFSh D Z e H<nbmboh T (John-
son and Buchele, 1961; Johnson and Henry, 1964; Hum-
mel et al., 1981). Collis-George et al. (1966) <> Hadas et
al. (1974a, 1974b) 1%, O~ Y v I KRT ¥ b
DT OWAKIZHEE RITT O, FET&THOKET
YUXNELL DO TIIRL, L HEOM O
DOEMMERICEET 570 Th D Lm0, L
TOFERN LSED HEBEEOMRELZIEHL T D.
£70, EfED (2008) (R L EEREH TEIC BT, =
BSEEIC LY TR EE~oxkBE#in ks, L5
KATERED S TR TR % 5546 & 72
L2 L ERD. WITEEEOHBEIZIT 4em BT &
FNLEE TREBRIKSOERNAEL, KBICHEREEHR
FHETHI EEMERLTND.

MERNR+S LRtV EE o ELRE T
i, BB I VB EoKRE SOMKARBRNAZ LT
95— 7T, LHEALOBMAELS, RRKOEER
ECHF G T HEBROBEFEESE . F72, LMK

MR CIE, RUZ K 222K DOMARENIZ L D, KRR
D AT —NEI5. TOME, HFEEO+HBOR
PR WS 5. SHENE, LRt B3I 2 EHME L,
TR LoEEEBOLEBEET 5700, TRNLOK
AR OIENE & HiFTEE TOMMR A Uz kR D~
A7 —DHfNCHFET 5B b5.

AWFFETI, RIS > 72 2006 4EI2BWT,
JEDFE TR PROFEIE - HZERICE A KIE L72 (Fig. 5~
Fig. 7). %2 Fig. 6 IR S 3 A ORFERITON
TIE, MESEIE & 3 kPa COHEDRICK & e FE R =N
AU, 51T, BEROLZAEMEERT 5L, 3cm
ETITEEDOHERNBH N TNV DIZR L, 7ecm ETIE
MEHATE & 2 OO BEALIRIZZE LVEWABNLZ. Z0
Z &S, 2006 ORI LS5 TIE, #EEIX 3 em
(BTATHIR R ) L0 SOICBVWETEIY REWVE
RERBELIZZ LIS, 2006 EOFEMBLD 2.5~ 7.5
cm BB KD AT v v uid —T0kPa £ CTLMET
LTELT (Fig. 3), MilLELECHIERAET S H2
W EDHER SN TV D HEIPFAN (Heatherly et al., 1979)
ot UL, HEREHGO HHERmIE, &L < ik
WHEA TV B2 B, RE 3om fHITHE, HHA
FFIZEELE LT TH ke cEionocd
DEEZBND. @ES (2008) IZENERT, HHEO
KSRTF ¥y L E—EIZay ha—L L-EExn, +
BRAER L O TR OFE VNS K B FE T D /K W IGE FE D
FEREZFRTND. KRBT v D —10 kPa DE KLY
T, WO BHRTHEEIC LY 1 DK IR
FENEE A EZR L7=AY, —0.1 MPa X —3.2 MPa T
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2) *FBILO*IE, ENEN1%,5 % OfEBRETHERER THS Z L E2RT.
3) 777Xy M, Tukey DIEIZ L DS EIMOFERERT. RADT N7 7 Xy BTSN UEETIE 5 % OERETH

BENDD ZLEZBWTD.

4) BYOSESNLFE, AEENRDONLEHE, ARSITHTEEPBD NN LER, x 137 —Z ORED BT

ZAT O OBRRNEYE LS hicb oz RT.
Effects of factors on germination rate of seeds.
1) Days in the figure show the days after the planting

2) ** and * denote statistical significance level of **P > 0.99 and *P > 0.95, respectively.
3) Different letters denote statistically significant (P > 0.95) differences between the series of sampling dates from the summer to the

following spring according to Tukey’s multiple comparison.

4) The filled and open symbols represents statistically significant and non-significant factors, respectively. Crosses denote data sets

inadequate for statistical analysis due to the nature of them.

L, BEEICKXD2HMAREREIRD N7z, Ok
Binn, BEICK 2T OKRSRIGEE oM Bk, £
PFIEIC LIV BHEROKR Sy EEHRFTE 281X 5D
DOTHDLERERITTCND, AEROKRENL, Z0k

D BRI T D HE DI RICOVWTERTH &
IECERWR, BKG CHEIEOHRENBFHIT 5 RUo0
T, AFECTHELNRREEETD.

BETRE DEEIZHOWTIL 3, 6, 12kPa DFRET, #
BELLDFEICBNWTHARREWVIZR OGNS T2
(Fig. 5 ~Fig. 7). T72bb, SEEOHZMEIZH ST
HDHIN, FOWERLTIEIIHOWTIE, EERICEY 52
LD — e EEHN (6 kPa Aif%) THNITEE
FETLRBETIERNEEZIOND.

PER LRWEAICE, #)AShHEITEED A
WLV EMESND. #5 AShi-HEoBBEBEEE,
TRORFEROBICERELRI L. HOEE) D
13~ 1.8Mgm™> ThH-o-Z ERbhroTN5D. D8
A, BE zem ETOHEE, 0.13z ~0.18z kPa & A%
HEoNns. Bzt 3 em ETOHEEELITHRWES O
&I, 04~0.6kPa L7, H/hOREME3kPa? 1/5
~1/8 Ths. HIBEOIEMEIY, 53 X ZEMR RO %
HEIZHBIT 20T, MEENS 3kPa ETWELLE
E OEMZNEIL, 3kPa 2D 12kPa £ T4 [ZICffEZ
RKEFLEZOHMRIVRENFTTTHSE., 2o &n
5, BAEIEEEKIBICEOE, ERISENNET ST
RtEE® 5. L, MEFEEHE LRWRRE O 248

ETHE, 3~ 12kPafRIEDHENREMTH Y, $E
SREE SR & A RAFTIRIIEHE 22 V.

4.2 5 AD HIBIEE TORM

FETEH AN 5 T d o 72 2006 4E &, IR
Tdh -7 2007 FEDOFER (Fig. 5 ~Fig. 7) 76, #oA
FHEREE, BHGOBEL OERE TS &, w7l
B ESHDORMFIZRNTYH, # 9 A L FFZERET S
&L, MERICT T R T E 3R S T2, 2006 4
20X, KB EHFICELIRAT =BT,
SAMFHBENBVEE TH 7. —77, 2007 FI2iT,
BB OBROZ A I v 73 kH, #o A S BREREKX
DOFNBEFE B —RFXA OGN, LaL, K&
B 72 HH 2R LR B RRFED - 7.

2007 4D 5 A&ER CHEEENEA LR & LT
X, R ANZORAEDN, 5 HEFHEXICORR G Z
ENEFHNRS (Fig. 8). 3% S ToORkhITHHEE %O
BoMcEE Y, HHOMAREICH L LEIT S, 5P
DL T2ETICETHHEIT2~8 HEEIND (BX
o, 1987). #5 AERIZEINEND &, A4 XOEFH
ERNBOREREL VY, BREZZITICHIETE
. Lo, 2007 400 5 A®%IEREX O X 52, Wiles
HETIZE b b T HHEZIFR 2 H 1 THET S &, 3
HMOBEENEITLAEEORELZMELZbOLEEZLN
B, B, MEEOEWIFE TH RN OWEIIRAEL
TV (B, 1987) L andn, ARBRICBVNTH
RN OFAETALKIZE R LTz, Rtk
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Fig. 7 A ZERPFERE 14 AROHIFRIS LV 28 HEDOH L HRICKITTIE.

factors and treatments

(a) 2006, (b) 2007.

) *BIO*IE, TN 1 %D, 5% OERETHRRERNTHD Z L ETRT.
2) TAT7 7y M, Tukey DIEIC L AL EIEOMEEZRT. BADZT VT 7y b ENZAHEMTIE S % OEREKRTH

BENDDZEEEWRT 5.

Effects of factors on emergence and establishment rate.

1) ** and * denote statistical significance level of **P > 0.99 and *P > 0.95, respectively.
2) Different letters denote statistically significant (P > 0.95) differences between the series of sampling dates from the summer to the

following spring according to Tukey’s multiple comparison.

& OBHRIZOWT ORI, HTBRMLICLY F A XD
HENEND Z IR 2B8FIV A7 2MBICLTVWD
DEBLEZOLND. BB LEIICME, £ L THHhRO
REEE L ORRR, S5, BhRICkamEROD
FINIREREE R VD BT ST DBEHER R R ERIC O
WL, RRBRT 2005 KT DHIEIFTERY. 722
B, FANZOHEERTFUINDIEZEICIEFEST LD
TRV 2 B DIEFNC K DPRBATEETH D Z & AT
T 5.

4.3 BIERE

A XDEEIRIEREEEICHOWTIE, #HRRESNBHEIC
WWRHDLMN, 2<iE3~4em &SN TWD. =720, WV
THNOHIKTYH, [IEEHPLLEITE LT, LVEDR
BT D EAMRLTWD. AT, $ERTD
¥ MFRmE A LI L, BETOREE TOEIA 3 cm
HLIETem &2 KO ITHEREEAIT> TWDHR, HEHE
BITIF N LV EDEEICHE T AFEL T\ Z Lidk
5. ZOBWT, AABRTEHALZ3Im BL O 7em &
VO FRFRVREE I, —MRICEY ARREEEE S ShD 3~ 4
cm IZx L, KREE&tettic L2l BE ok T4
TR L7-REE L PR T X 5.

Fig. 5~ TITRENTWDEY, gt &t
T, WONITHEZERICH T 2 BRREE O RT3 R L C
BY, BEHRORBELEL CTHREELELZRDDLZLDHE
EMEZRL TS,

HBOAIORRIL, T2 0ERKY % I L IR % 1
T £ COMICRET L83 2 RN L3 & 72
WEWI RMEEM-TIREITHD. S doem ITHFMH S
NicZA O OHFERE, THOKKRT vy L%
—10 ~ —70 kPa O#i[FH T 7 BPEIZ A LTI~ 7=EBR

(Heatherly et al., 1979) (Z XZiuf, ¥E L TIX2 BT
80 % LA EDMIER L 72 BAKAT v v LVOFRIE, &40
I ChHoeoizk L, WE 1 TlE —40 ~ —60 kPa (2
Rohi-. J7bbh, FELTHE, —70kPa L EoOKR
Ty THNE, BESCHFICHEITE Z 520 E
EZONDN, KRT ¥ /L OIRTIZ L0 fFn N K
THAWELTIE, ERROL S RART Y v VEET
b, A ~OKOBHPIH SN D EE2RLTND.
HMRAETdH B 2006 LEICBWVWTH 2.5cm ~ 7.5 cm JE
SWRIOKKT vy Vix, Ty A— 22 X BEHEIR
A[HE72 —70kPa LN Tdh -7 (Fig. 3b). THkE +
ThH2DZEaBETNE, HBREEET7cm TlE, Z0F
DORBEFZ DD LT KO REOMBIZEC RN ES
Zbhb. —J5, fEMEE 3 cm T, REEMFICE-
THEDBEIREE & 72 B Z & A% O K2l
(Fig. 4) DRIBLTWA. WY 2MEORRAHR SN
2007 4ECiE, 3cm TOKRKKT > v /LDy —45 kPa %
Z7-RHiF72< (Fig. 3d), H#FERIFITem LV b 3cem D
Fm< leofe. —J, WBEM R o 72 2006 4T
1%, 3emiETOKRRT ¥ ¥ VOEREN TN =D, H
FITK L THBEE RIET HEOKRT v ¥ VO T IRE
BRI EIETEAW. LAL, Fig. 4 (@ (b) 2R
£ 91Z, 3om B TOREFKRGEIMNA, #HFE 1 HELUBET
ERLTWD O, HRENERE%E A T3 cm LRI
LD ThEEEZLNS.

BRRENENE ZOMEO —2FERETHD. &
KM, HEEEORZEECRERIC X D ERKOHERIC
T HWEM e ERRET L. K EESEE T ORBER O
Bk - BRSO EFIELE LTE, BENL TR AT
BiLDH. M (2005) 1%, Ty Ty he—2 U —IiZLd
O A - ST LR A RIFRICAT O BB v AT 2 %
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2007

Rate of damaged seeds

= ¥

Compression‘ Block ‘Tillage‘ Depth‘ Day ‘Tillage-da

Factors and treatments

Fig. 8 HHERERNZ X NTIZL D BFICKITTHE

D ™ BIO*1E, 2T 1 %, 5 % OERETHERERT
DT LERT.

2) 777Ny ML, Tukey DIEIC L 5 S EIEORK R Z R
T BT NT 7Ny PR SN TIE 5 % OfER
RCHEENDD Z L2 BT 5.

Effects of factors on damage of seeds by seed-corn flies.

1) ** and * denote statistical significance level of **P > 0.99 and
*P > 0.95, respectively.

2) Different letters denote statistically significant (P > 0.95) dif-
ferences between the series of sampling dates from the summer to
the following spring according to Tukey’s multiple comparison.

BAZE L, HEkME - BRMEOUWENREBBL TWVD. F
72, FERRREA-PIE IR K o X T A D FRAL AN H 3R O HEK
PEOWEIZE 2 ADRIZONTHLEROBERH S (H
2, A, 1994; /315, 2002).

FHEEObL 5> —HOMEE, HFETICHBEETD
72O, WP CHREFICEELEZY, HEROAEFNEL
ol T DIV R ERZDILETHD.

ARBRIT 3 em & 7Tem D2 KEDIITH> TWNDT=8,
Z OB OREREIEE TREREND EO L 9 B2 5 D5
ELTERW. L, #trEodk s R R AR
BIUFBIcBW I, B BiE, ChonY AL D
FRERNRETE 2\ MEMZR) HREE, EHERTOHE
HAEREYEL LT, 3cm & 7cm OBICHEET D & HEER S
nos.

4.4t

MtRIZHONWTIE, XA ROREICBWCEEHR S
TW2HEHTH®S. 2ecm U TFO HIOEEEHG ) 70 %
Pk, ®2WIEEELMER 1.5 cm LUF 23, —RIZA
SHHENTWLEETHD. RERTIEIT v 7 H v b
a—Z—%H\icl, BthRE, REOFREL 2o
7= (Table 1 @ 2007 FEDFT — %) . FAXTAIZAEL 2 B4F
720~5cm EIZEBNTIEED UTRT0O% (2007 4F) &
Roleid, BRETFHOHLROL T, 37 % ~ 62%
(W4E) THY, MfERTH ket idE 270,
THoOKRE & L HFEFROBEBRICOVWTIE, 5 (2004)
ARy NRBRIZ L0 R U7 RS R e R 2 328 L C
W5, ZOFEBRTIE, ZLiE20mm T, EAKITHEEELZ—
FICTH DA, BHEEMET D720 EZIL — N TH
RFEIFIPE SN, FET AROL A XOHERE, L

A 1I0mm U T TIZ80% L 72 »7-. LaL, 10 mm

PLETHE, BHIBENARE S RDITONTHIERIFKTL,
10 ~ 20 mm ® 3L CTiIH 60 % , 20 ~ 40 mm D+
TIX20% LA CTholz. T70bh, 20mm Ll Lo 3
DKL, A RXOHFILHED FHELRNWI LR
NTWD. Z4UE 20 mm BLF O BBROEIE A3 Lo
L LR FAENTWD Z EDAHEMEEZ /R L TV
B, ELITHINVRIEL VU TT v A O &

L7-%6 (Khan and Datta, 1983) T%, T3 EFIEIC
B D W & OFITITIAERBRA RSN TS, 20
EEBRTIL, HEEOL Y025 ~0.50mm, 1~ 2 mm,
2 ~4mm (2% LT, FEFICE LKL 69, 81, 120h
Tholz. Ubknd, BrFA— A —F -0
DL, HEFEONTIZ, HI VoA —F—0 RO
ZERY, RIFCELIHEICHBET L EEZONS.

FMEARIEFE ClE, Mt RpNHE L RERERE N R RZE & 72
5720, B RIIBHEEREICLERTHAEELZONS.
HEmtricYy —A g =L IV TF Ry BT EETT-
THEITIIE, BRI EBEICEELRIESRNE
FTHHRE (FBAL, 1976) HLHALINLEN, r—F U —IC
X BHETTIE, EEAEVE LICBOTEEL
TeREFRREZ R T 20IIREETH S, ZOREITEE
VFDOF—F—DLHINL N XL RS EEZD
na.

FrebtEr, LHOKSOBENC S EE L KITT. Ojeniyi
and Dexter (1984) 13, L3iff% 4 ~8mm, 8 ~ 16 mm
W L= HEiciks VT, B3R L HHIKS & oIcA
OMBERH -T2 LR LTS, Thbb, HIEN
RK&EWeE, TEPLOEEKD LRIFTEIVIZIRD
Llbiz, TR A E U KkAK O~ A7 o — R E
HEZh, HREELEO LTHK OB NE LD, &
FRTERE I FizdiiE, 3L S Z O ITEWE
BE RIS VD, BWBICE S LD & ARGTRIRUEKR
MRS 5.

DED XS, BEEOHE T, fhtk e 33 - H3E
ROBIZIIIMRBEFRI BRI TE . L, KFE
BRCix, MM/ EV TR S~ 7- (Fig. 5 ~ Fig.
7. ZORKELT, —DFFHEX 2T LizLY
BREERENLE LZZ L, “oREMLERO L IR HE
TINAHKEL Y LS, BIFEORMEIZTET DMV T
BE 7y D7Dt BN+ TR ool B2 b
5. SR BMEERON ENTRETHIIE, 2ENICE
PEDFIFGEME LD Z ERHEE SN DD, —5T, HE
TEEHUIIZ N T, Wt Em LI 2 & IEE S TR
72, EEHLE R OO L E ENE L < mWiEHEickn
TiE, BHEERESCEREO X A4 IV 7V REEICRTTT 5 2
ETHTMEDESEZ I N—THZ L bMEEFRD.

4.5 BIERE EHEKHE

AR O LHOK S A0S, TRIS D RIESEGD S
ETCEMICHEETED L) TR o/2 LT, XiEDOT
TN ARHEEMER HIVL, KRE L TRERY AT D&
F & 9. Fig. 4 ~Fig. T HR90Y, FREEED, R
HIZFIZ I THBIIRENTH Y, BEREMTS Uk
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PAF DR 21572
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