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PA X E &
SS (0-24 g) 0.2 kg
S (24-49 g) 0.5 kg
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bid, REEEICONTIE, hoETEMEERUEEICA DY TT
SN, FHTHEEEEZRHELZZD NI 7 XOBOERICE -

TELEZLOTHD, MELSLOBMIZONTIE, av T T Il E -

B 5-10 MAEMTICEISMMMEE
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(d) (e) (f)
B 5-11 MAETTHHMIER L TRICASKER

®5-4 EXEEOHBER

i AR EEHE EEEREEIS (%) ESERESE BN B

(h) (m/s) 1 BEE RS L ARSI (ha/h) (A + I /ha)
A NET 0. 439 0. 69 48.8 38.2  13.0 0.0 0. 090 55. 4
A K AELT 0. 406 0.72 50.4 38.4  11.2 0.0 0. 098 51.2
N EAT 0. 405 0. 74 49.0 37.8  10.0 3.2 0.098 40. 9

TWLINRLV A aDEICEST, RIZa 7 FICHEHT 2O HRER
BMNBRRDLEDICELDIETHY, WTFRLOETEETHLMES LE
FIZHZDHBIVRNVEERD,

WL, HAF L AFETEBMAEITERRT D&, FEXEREFRIFRLT
O, FEHREITZe AR Y MEITH 0.74 m/s THA X AFETD 0.72
m/s KO HEFEHN o, LaLl, BAETCTIIMREBEELL 32%FEAEL
iz, R UEERFICR-TEB2OND, ZOFEREILIX, ok
ALEXORIICH EICREL TCWELSXLVL—F N NI 7 X IZFED 2
HlzHI—HAZFIL LEERFE Th 5,
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b Z &nn, BAET THMB-CHHER 2 #RI121T 5 2 &0

i
/)

TE, AAETROTA X AETEREED LIFTENL EOEXEGE
TEXDAIRETHDLZ L Z2HIETDHI ENTETZ,

BT EITER 5-4 1R XD, AANEITH 554 N-Ff/ha TH b
%<, WICHA X AEFTNS51.2 N-F/ha Tholo, HANEITE A
HUAETERLRKT D E, TA X RAETIIEERER G- D
BTFHBEEIVRND, FEEAERFRLCTHLI D, SIEEETHMH
BOHIMIZITZ SRR WHERTHoTe, 22 L, A X AETIX
MEEXRFOERBENBB TITbN b7, 4L — & 0% R
ZiEHFLET L b0 L Ebn D,

— 07, A EITOR T AL 409 N -Fi/ha TR 2L, AAE
TITX LT 26 %, AKX AEITICH LT 20 %A TE 5 2 & 23
HLl, ZThik, BEORIEEE LT L —FBNHKNDLZ L THA
ETRTA X AEITEVDBABRZ 1 ANHIBTE 2O THY, B|A
EITTHL M FHBELLELTI2BERLLI LD, HAAETRON
AL AETERmUELDICINEMREELITAD Z EDNEIETE T,

Flo, EEOIMEEY T, 7L b AR LR CIFEXEANETITR
LLEFMET, EEABRIDPRVGERZ WV, £ TH 5-5 1%, AR

K55 XEABANORTHEE & AHIBE R

EIC- S
ESEs

5N (4N) 4N (BN) 3A (2N)
R afg NETT 55. 4 44.3 33.2

% TR N S 7
(- /ha) b Wi A X v AEALT 51. 2 41.0 30. 7
il N AELT 40.9 30. 7 20.4
I I8 =R alZ x4 5 HI R 26. 2 30. 7 38.6
(%) bz %42 Hil R 20. 1 25. 1 33.6

Ty alo N, BAETRHOANETH S,
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BROFREGFEETDO AN E 1 ARV EL 2 AR VWEAETOERT
THEEHBEEZRELCHERLEZOGE T 2, RET I2BEOMFEEREIX
AN LLTARBOBREZH Y, HIBEBIIAEANETETA LR
EATICR T 2Ry b hT 7 XKD EANETOET HEE O IR
Thod, REOKE, BTHBHEIISLMELE LIFEEHEO N KL
THALT 5, BITOAENETIZHXTEAETOLAOHIJEIX 1 4
WoTeHmaGN31%, 2 Ao HEIL39%E 720, EEAER D2V
EEEREMREDR M LT 22 ENHLNERD, SF% AL AT a OILKE
EEXTouRy T 7 XZDIERPRWICHFIN S,

ML LTSN RIE, BAETOLES, HMHER®ZIC N —X
FOWBOZMICEDLEDLLEOICH ETRETOBRIEEZIT > 2, JiE
B 7> HEAIC A D E TORFM AN, K 5-12 12737 X 9 ITHEN
MIZEDLTHNOHANTRETHIHY Y 2B L TLEY, #HYFEL

i HGER & B X L

B 5-12 MAETCHEDRBABELROIL
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MWELCDLZ N bolc, WEHIEEL LTI, EEZMICAD ETORE
Mix R< 320, EBITHELZ -RHHIZESL, MICADE L RKHZE
KTHZERB2ZLND, BfTorAy b 77 ZOEAX, £17#
BEERTDBICEB TERSNTLEI LD, T A—F THIET
XX TDREDY TN TORKENREEND,

5.3.2 FEREORABRER
EERKEORBRBERE2E 56 T, HXOHERTHEKET S &,
AANETHRBES 16 % TH o, RICEANETOREGRIT 3.6%T
HY, bEEMPOTEDON AL ZAEGTO44%THoT2, LrL,
THOLHEOBEERITSO0OWUF LKL, BREFREYEIY Th oz,
HA X AEITTHREBRNE P> EK & LT, MEEOFLE
MADOPLR TN TN ENEZXOND, KRB E 1T > 72 #H5 OHE (T
F1EX GNSS A X v R EAFHETICFEBH T FABIERITDOL
TWele®d, MODREHy THRENELCTLEY, ZOREITIEE
TEMMETEERBEINTLEVWRFEICRESQRBEIR T LICE
KT D, HAX L AETIERMICERREEERT 208, LELRD
ERIIAEE CTERLELEDERE TOERBBICEENELCTLE -,
ZOBREICHOWVTIE, B S-13IERT HA—_XRAXIEMIN T DIHRE

HTHOWMESV U FEZEESR LIk T, BEEA2A4A 40 cm

®5-6 EXFEOARER

e i Hiks g HE=x BEANR (%) IV FEHR K
et (%) (%) B kb T (ke)
A NEAT 98. 4 1.6 1.6 0.0 0.0 0. 024
HA K v AEST 95. 6 4.4 4.0 0.4 0.0 0. 089
N\ EAT 96. 4 3.6 2.1 1.0 0.5 0. 066
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N 7 m

“?Aﬁﬁ®ﬁr/)/&

B 5-13 fEE& OB =E

DHEHIPITHEST 22N TED, £/, s ARy VNI 7 ZITIEFT L
v N ChT7 7 2 DOEITRKEEZ 10 cm O TAEAITH ETE 2 HRE
MIEF L TD, L2rL, EFRIFIZEENLIVBRERILBAED
TLEWMELENT, MIHICEFHINTWLIXELONT 53—
WE TN LA anbliian, GRRAELEEHEZIND, HIEDOKH
HBELTIE, ERBREEZERTI2BEOMIELZ 75 cm O ThH 5 37.5
mICTAHZLICE-T, M1AICHOZX2KDHA RTA % 1ER L,
MICAD EEICREDD W ORKZEINT L2 LT, "—XR X
ENT I XAOMEBMBUNTORE CINHEEENTRICR D,
MmANETOBERIZAMEDO L HI23.6 % THAEITD 1.6 %L 0 b 2
A FPEWRERTHED -7, BERL L TFEWETSH Y HEIC
B EDRBEIER N, B, 10m Y720 OULHER KIZ oW T,
WTNDETERETSH 001kg A FTHY, MBEICR D X O RBRIEIR
AR
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5.4 XEDFLH

ARETE, NbA v alUEEEXEOEXREDOm EEE T - B ANbz A
i, vdRy P77 2Z2ZFMALERT b—_"Z2AZOHENT ALGIHE
FEOFRIMEICHOWTHIERREZITTo2, ABRTIX, Ay T 274
ZFH UM NEER BT OAR MBS KO GNSS I A 4 > 2z
LIe A2y ZEEWIZOWTR— @G THERBRZITV, N A s
INHEEZERF O/EERER, RTTEHEOHIEZE, FERKE, BIUO%X
LR LM EME L, LTIC, AEOHENZFLT,

1) fE¥EfERIT, HAEITA 0.090ha/h TH A X > AET L8 AELTH
0.098 ha/h Toh o7z, BAETIIANX L =X RN N—XZZnDH KT
JRAWCRET LD OREBEEIEDEEGN 3.2 %> 720, A AELT
RHAF v AETERASE L L FZERU EOEEERCIEETE
HITEMH L MNIZR o T,

2) MENEATIEL, M EOEMEEXEER Ry N NT7 7 XFOBERE AL
—ZEHNRNDLI LT, ENETROIAFT U AETLIVBAEN T A
DIVIRTB L R D0, TOICINEERELZITA D Z ENHEIESI N,
BT EX, AANETH 554 N-Wf/ha, A X ZETIE 51.2
AN-FKf/ha TH YV, BEANETOLAEIL 409 AN-K/ha & 720, HANE
TR LT 26%, HAHX L ZETICHLT20%HBTE D Z &0
M L, £, FEABDPARRBROEZMELY 1 ABLW 2 A7
WIEEOBRTHBEELRE LR, #5008 b AFUTHA L T
DR, HIERIEENENDRNTERGSRY, E
NETTOHIBE RN RE W &R L,

3) MAEITOREE LT, EENPOLMICAD E TORBMBNE W DI,
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4)

MAaETOBRERMICELTMNAL XA LVTCRETHY R 204k L
TLEW, VELBIELDZENDoTe, TDD, FEREHES
EEREZNRTIA—FRETHBETELLI>ICY T MU =2T OK
RBMETHDLZ EBREINT,

BAETICERT20XOHEGONMEERLHERT 272010, 1FE
FRERBRAZIT T, WA X AETTHIE O Fb & o i
ENELEZETRELEEEDNIBEEGITIR NN, WTLD
EATHRMED 5.0 %A FTRRBOVIDY ThHho7z, 10m K72 DIYL
HEHREIT, WTFNOETHRMAETS 001 kgL FTHY, MEIZRD

DR

g

EORBERP Mol Lo T, BAEMTIZERT 58
INHEBRKITIR AR EREFEI T,

Lo XH12, ey NI X2 EFEHLEANLV A v g WA

TR, AANETROTAZ o AETLERKRICNEEXEZITA D Z &N

MRS, RTEHHEICOWVWTHEAANETLHEL T 26%HIHT 5 Z

EWRENT, £, e ARy NN T 72 TARUA T a ONEEZEZAT

I LT, AN —XDOWNHEEERFORVGEY N AREIZRDI LD,

LEMEIZONWTHLHFLETE LI LN RSN, 4%, REBEMEICE

WThbrARy PN T 7 ZENMMATLZ2LT, AFAROBEBERLE L

kAN A v a I NEOEEMEGEDO R LR RWICHIFFTE 5,
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FOE B

ARG, KREBEMEMFEONL A v a AEICERT 22010, 2
ZPEEROWPICLDERD —FY70 OfEFfEBEOIER, N—_2 X
O ETRNEITOFEEEORE, a L N7 7 2R EOLFFEIEFXDH
RICKHIET D7 E, L0 mEmEREARERBRNT bN—_2 % DRI
T o EEMERER LIS T AR CTHh D, ARFRICL > THLNALE
ERERIIFEEILEICUTOEOIICELEDDL I ENTX S,

6.1 RT FN—ARREZDEFHERLICEATSIHRTHOD
MM (£2F)

RETE, BERICHAAEINRTODRT ho—_ 2% & B3 B

ThLHRT P —_"2Z 2L TEERERBR EIFEERERBR L E

i L, TEZEVEREIC oW TR 2 17 - 72,

D gAYy 0RT, 2AVERCL2EOBRERELRKRE W,
Flo, FAYEAIC Lo THER ST LA LI2Z < Eno TS
HZLl, ZTOLMELETLENOMR S NVIEERELZRTIED
TR THDHZENHBH L,

2) AV AORENBNEHEA 7y FRIT, BHA T4 KL
el U CULHE L= 0 BERIT 2.4 KA 2 MEL, T EE%RE
FHISEEVWI ENOEERE LIFXEREREFOmRMB CENL TV D &
Sx5,

3) TAEA Y T4 ROHEXEOHREGRITELO%EmWHL DD, LR

ARIT 9.6 %LEIEWVETHoT-Z D, tHAFDX 258 %
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WS 2 OBEA TR, (FEEREBICHILLTHEINTZ A —
A2 THDLI EBRRINT,

4) HEFEA 72y FRT, WSS 72y PRI IEERETIE
HELLODOEERE CITHERTI0FR A MERTE Y, Ficd
WECHE SN TV MMEICHIE TE 5 X5 ICHRERB O KRR
BREINTWVWDHZENRHERTE T,

5) WS A Ty MIEERE CIXEEMRICEH D0, EIEEGERITEE
WO 13/ ThY, MADOKRBREEN TICREEER THELAL T
D52 EDHMEIC R o T,

lbEo Xoie, EEBILOAEOANL A Y a0/ IchdbE B E
B AZEE LR THY, MARITRERCHES LS OIFEERE
EMA LR TOLZ EDHEICR T, £o, ®mMERRR KA
KT b —_"2Z2FZOBFICHIT TIX, WEOBE I & INHEE KD
BAEMHOm EETLHLAADZ L, FEREITE L OHEDOLIGE TIC
REELAESNDZZ LD, AT A —_RZAXZOEXEMEL R LS E
DD INDOEZZRAMICHM L TRFAZITHI>ILERD 5,

6.2 ENL—FaVRYOUNEBREHICETIERL
REEORKE (£ 3 F)

ARETEK, BEALA 7y P AKRT brh—_"2 22 HEInTEY,
FEABRERBUAT bN—_RZXAZICHEEHETEOE NN —F a2 X
Y2 L, ans XL L oRESR, WX 0BG, NWHEHEKIZOVT,
BEALOFHEET OB EME B/ S TEREITV, &K M3 E N L

E
RRAOCEGEXL2HEZHLNIL, TLENADOHEBIZHOW T E R R E
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B2 LI LT,

1)

2)

3)

SP i —J DAEDENIZED EHORERIT, AE 10 cOLEN
Ebm<, AENRKEIRDICLEN ST SPE— T2 > Titi
DB OEENKEL R, FLEHETIRMLELI D70,
BREFEN/NESL 2, REREADBKTTD2ZENHBALE, —7F,
EOBREGHRIL, SPr—TOMENR/NI W EHFARBHNAELS 2D,
aryR_XR7 ETcanNEREHICLENDL L THEDNZLS BAET D
ENHBM LI, SPu—TFOMETHRER/E Y 15 UL Lo T
ROBMEEPEWV IS PRERREME SR D,
AVRYOEEEDOENCLZ AN LI OBREROBKRIT, A
HWENDRKREWEL G SPr—J ZHELLEBEOERENRES DD,
THAH TR T RV LMHEREGEL 2D, £, FAHEER/NZ WY
BIXSPr—F 0 CHETHIRMAES R, arXFITko
TEBRLLTL 220 THREENEL holz, HEOHBERIT, A
HWENKRELS DL LHOBRERLES RDN, BBICK > THXE
DEEL S RDZERPLNIR o, a0 XY OJEEE ITHEE
RErBERTLHL09m/s PIRBELREEMTHLEFE R D,

SP B—F Ltar_XYORMOEWVWICLLIZANETL LM OBRERT,
MAEDORMB N REL R2FERERRIEHS LD, KM 10 mm T
473% L RbEWHEE o7, WEOHEGEIL, LILOBRERENS
WEHERLELS RLOBEMICHY, EFHELTIESPr—TF L ar
NYDOREATONHBIABRIZE VR TREZL RolbDEER D,
SP m—J L ar_XYoORKEIL, BEREOLFMETE 5% AT TH

Sl e, RBLBBREROGWEME 10 mm PiRETH D L F R
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2

4) AHREDOBRERICONVTIE, SP B—F L a XY ORMORRT
X, BE2AREWIZERERDNEGLS RDO2BERMA R ST, E0R
BIEHEH CTHIERWHEZRLTWAZ b, BN —Fa Xy |Z L
HANEOMBEE NITERWNZ & NHEL -,

5) WHEHKIZOW T, AT o 2RO L T3 o R R
HEHTH 01 %A TFTTHY, a>_XYOMERICEZELR N &N

LN o Tz,

LEDXHIC, RFFRTIZERL—Fa L _XYoRBER L 3 L
T, HEEWAMNOREHHTOXTEMEEZET L TRHREZITV, FHEFKENL
MAENICEZAEELZME L, SHICIEERL—Fa XY ok

REMERET D ENTE T,

6.3 74— RYDOUNEBEANICEHIIRRERBEED
BRE (B48&E)

ARETEK, HELA 72y PAFRT b — X2 FIZEHFINTEY,
SHBWENRBART b= RZ2AZ BT EDO T 4 H—a L XY %
R L, aherhHoRER, HEXOHREG, NHEHEKIZOWV THE
MOFBEETOREMBE B F TEREZITY, KK E D LHEE

WCHEZD2EELEHALNIL, TNNENOHEBIZOW TR EMHE %

B

KD EEBARE LT,

1) 740 H—ar_XYOHEOENICELS THOBRERT, AENK

EVWEEERY I ARXRY LT EHEPAERINDIFHRARELS 2D
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2)

3)

4)

reom<e, REBROP M ETLHZERHALLE, £, XD
BERIVWThoAETHRIHEBELE R RWI LD, 74 &
H—=—ar XY OHREDODEVWTHXIZIGEXL2BEICREREEL K
ESRNWZERHBHLE, LER-ST, 74 T—a v XYORE
A, THOBREEN 49.6% TROELS, LOBLHEEGEN 0%T
bHAE 20K ThH D,

T4 H—a s RXYOFEHENRELS D E, 700 T—ar Xy
ICE > THICHR SN DA OHEE L RERDH7DIT, BRET D
TODORMMNEL DI ENG, AN EHORERITIET L7,
REOEEGEFRITWT O EEE THAK, IWHEHE KT EEER NS
WEANL A vaRanE Ll —RIC@mY KT T <R, I
BIENEZLS D ENHP LI, LER-T, 74 T—ar Xy
OJEHEE IR LD 1 %L T CROBBRERERNDEW 0.4 m/s 23 il
Th D,

BV a XY OBERAEDNRELSRDICLEN ST, 74 H—=
PARYIZ Ko TAHNESR AP I N TSR0, AL
RCEHOBRERIKTFTLE, HEXEOBERIHEAAEICERINLT
CERWETH T2 b, HBAKEOENICL > THEICERD
BHEICRERBEWITRWI & NHB L7z, INHEHE R ITEMAE 14°
DHEBAHEIT 13 %ERbm<, TNLUNADOHETIT T %L T &KW,
L7eRoT, BV aryXvYoEBAEDT, AP HloRERN
Ebm<, BHERERSLIWHEERADEWERAAE 0 RREETH D,
T4 A= Xy kY arXYORMBMMABRKEWE, RN ME
DT HLEHOEN LS 27 OICEHHOBRERITIES o, A
NEWZONWTH, B LEFRICKHBEDPREWVEIERERPES LD
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TEDRHBI LI, LU, BMEPARELS 2D /0y @y KiT
TR D), WHEBRITEHS D, HEXOBRGEIZTHNTHLOKMET
HEWETHY, RMEAOKRESIICEBEINRNWZ EBRRBINT,
LMo T, 740 H—ar_XvLE)arXyvoREix, IXHEH
KPR 1T % U T TRLBANLERX OB ERNE W 8 mm A fi i 72 R
M Td D,

5) EOBBRIZOWVWTIL, EREZIToTL4HEOWWT O

g

N
i}
S W
=

-
i

THbIEWETH-T22 b, 7400 H—arX¥|2kD

%

N

BOFRAENRBD THLRNWT LRI R > T,

UEDXH1C, KETE 7o W —ar_XvoRBREEZMERL
T, H#HAMLORBEEFTOREMEELE L TEREZITY, SFHERE L
HENCERADRBZMRAMIZL, 74 AT —a3 XY 0O KiEZREEM
ST H 2 &N TETI,

KT b= _N2ZOEERECAFEREICHET HMEREITE 3 =Tl
REERL—Fa v RXRYRLEFEALA4EOT 4 H—a XY OREICL -
TANESR DO HERANICKRELSELSND, KA TOR R ILH
GTONELZRY RS 72O, ENTOXRCVFRERZITVWENLEND
FetE 2 B D2 c Lz, A, FEBE O S IEH TM e 080 %872
HEBONWDN, 2Thoo@&ENa r XYORMEZHLNIZTHZ & T,

%

BREMIICRT PN—_XZ2ZOMREZ N LT 2O2HMFICHORNDH O L

\
513

ET& %,
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6.4 ORYFFSVRICKDBRTEFN—RIXEZD
BATASIMEOHEEXEMERLOEEFAER (F5F)

RECTIE, N vaREEEXEDEEXEOm LB - A AN H
Wi, ey T2 Z22FHLIERT boNx—_XZXZ DO NIT ASIHE
EDOAREHEIZOVWTHEIERBRZITo, B TIE, Ay N T2 4
AR U EES AT O A MBS LU GNSS A 4 > Rz
LTc A S ZEBIZOWTHE— @G CHERBREZITY, S A s
INHEVEERE OAE 3R, BEVFMEOHIBZ R, (FERBE, BIOZL
MR EFMT L EHBE LT,

1) fE¥ERIT, HAEITH 0.090ha/h TH A X v AELT & BAEITH
0.098 ha/h Th o 7=, MEAEITIIA XL —F N NN—XZXZ/)nEH FT
JRICRESTDHTZOORBEELOEEDN 3.2 %D 720, HANET
RMAX L AETEREDL LITENU EOEERETIEETE
HZEDRHL NIRRT,

2) WENEATIE, B EOBBNEEER e Ry VT 7 FOERE AL
—F HHNRNDL LT, EANETROHTAF U AETLIVDBAENR T A
DIRVIRBE L R DD, TN EERZITRA D Z ENFEIES T,
BT EEX, AANETH 554 N-Kf/ha, WA KX ZETIEL 51.2
AN-WK/ha TH Y, BMAETOLAIX 409 A-Kf/ha & 720, HANE
ITIZH LT 26%, HAZAETITHL T2 %HIBTE 52 &N
PR Lz, £, FEANBDBPARBROEZMFLD T ABLT 2 A%
WIHEGOBRTHBELZRE LR, &5 b NI A L TR
Yo ENRIN, BIBRITEZEANERZ D2V IEEEELS D,
NEATTOHITE RN RKRE W &R LT,
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3)

4)

HEANEITORBEE LT, IEENPLMICADL ETORBNPENTZDIT,
MAETOBRENPMICEDL TN XLV RETH Y I 204 L
TLEW, #HBVERLBNELLIZERH-T2, TOH, ERFEBEC
FEEREEZNTRA—FZRETCHETEZL LY T7 M =T DK
EBRMVETHDLZ EBRRINT,

BWAETICERT2HZOBRGONEHELLHR T D010, (X
WERBRZIT o lc, WA X ZET THREIE O b & o LIk
ENMELLLZETRELLLEREDNUIBEGIZR NS, WTLD
EATHRMED 5.0 %L FTRARMBYVERDY Th o7z, 10m 2H72h DUL
MR RIL, WTHLOETERHETH 001l kgL FTHY, MEICRD
EonBERP N oT, o T, BMAEMTICERT 2 ZZOBEER

INERKLITA LN WZ ENEIEI T,

UED X2, vy T 7 22 LAV A 2 g ILH#EDEA

BT, ANETRTA L ZAEAT EFRICINEEREEZITAD Z &0

fife

e, TEHBEICONTHAE ANEIT L LT 26 %HIBT 5 Z

EWRENT, £, v ARy N T 72 TARUA T a OINEEZEZAT

FPZET, ANV —FXDOWNHEEEFORVGEY NARBIZRDLZ LD,

LZREMEICONWTERFRETELHI R RSN, 4%, REAKMBEICE

WTbrARy h T X ERMATLZ LT, ANFEARARORHELHE L

kA v a NHEEDOIEEMERO M EBRRWNICHFTE S,

6.5 &S

ARBFZETIE, KV EERERKRIEARAT b —_X 2 Z OB I [T

T, BT EDOA L RXRFVICOVWTOREREMDOIMHESLE, NFRED
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fEMELE Hfbicmidizn Ry N7 7 X OFABRICONTRT Z &
WT&ET, BIE, NbAvaoffffmfEix, AFARZLNMEIZZO
BTNV ERIENL, MOEMICE A DEF N X TX
TBUVELFEDLLTWNSE, N A vaofiiEEEFRLTEZE R,
BRREOKRECEERNLEDDL L, THOFEICEENHTLED
KRR THDLZEIEIRBREATH D, 4K, KFRETHLNTLREND
RMERBART PAN—_ZAZ PR ENDH Z LI K > TULHE D IE¥,MERR
Wi EL, NbA T aDEEICFETENETENTH 5,
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AW G SCIE, 2017 42 10 H 225 2021 4 3 A £ ¢, LR FA
ML E LT, BEFRFRFRES RSN EREDRER FHEL (A
mERY) BEREBOEZTTITOA LD TH S,

K BEOBITEH L EFE L ODITHIZY, #IKEENFREE B
FERMRERE L2 0o EBREARARICITEREZE L LT, 15
S 2N D BFIE UL, B IR A, AT H kR X OOARBEE SCOERLE T,
ERIZ DD EIERO TEIZTREENWLLEE, L EREREHOE
AR L EFET,

AR OB E T, HIESERFERE RSN EERE L
TR O RARIEBE, WERKFRTEO N EH#Z, BAEILIREZ
SN FE LA FRFERTZEHORH M — U8 5T 2042 (A 583 <06 58 o i
BRUICE LTI E2zWEEEELE, £, A XOKBICE L
T, IR FRERFAEMBFHOREMEAREO ZBE % \Wio 72 & EH
AL EF2®ETT, £z, ABREHM O %R, RBo F v, KXo
BRIEZR EZIChb 0 ZW T2 0 - # IR 3 P R BR BT R 2 i 2R
PR ERE T oW OBAREBBUCEH 2 B L i £,

[/ 355 3B T Z W S W T TS T IR T S AR BT o0 A R 2 kR R TR ER
SR I 0 W s B, A A TR BP R 0 2 2 BRI G 2 B L
EFET,

Fio, FWHMRBAOE L LT, FRBIXOEFEREICH L TN
7oM& %4 @ Sohel Adnan S AICE#M A2 H L LI £ 3, £ Ofh, INHERE
DODEGHBRETT — W0 % FEo T NTEERITZIAL, 20XY0D
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PHRRBRCHEL Floo T NemE A S A ERBHI A, ZOM
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Studies on improving work performance of

potato harvesters

Kunihiro Funabiki

Summary

In this study, in order to contribute to potato production for large-scale
farming areas, the planted area per farmer was further expanded due to the
decrease in the number of farm households, the shortage of workers for
sorting of the harvester's machine, and the consignment of the contractors.
The objective of this study is to improve work performance by the
development of advanced potato harvester to cope with the increase in area
per farm and shortage of labor.

This doctor dissertation consists of 6 chapters. Chapter 1 describes the
study. Chapter 2 describes the work performance of each model by
conducting operation accuracy and work efficiency tests by using current
potato harvesters. Chapters 3 and 4 describe the creation of bench test device
for the conveyor that processes the impurities mounted on the potato
harvester, and determine the optimum setting values for mounting on the
advance potato harvester. Chapter 5 describes the experiments in the
evaluation of operational accuracy and work efficiency while towing a potato
harvester with a robot tractor. At that period harvester use the conventional
towing harvesting work in which the operator manually runs with the robot

tractor and GNSS guidance. Compared to the operational accuracy, work
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efficiency of unmanned driving includes the case of harvesting by automatic
steering and headland turning by a robot tractor with the case of harvesting
by automatic steering only at the time of harvest using manual driving and

GNSS guidance. Finally, Chapter 6 describes the summary of this study.

Performance evaluation of the current models for
development of advanced potato harvester.

Operational accuracy and work efficiency tests were conducted by using
a potato harvester that is generally used at present and a potato harvester
which will be used in the development stage. Therefore, a comparative
evaluation was performed on the work performance. The results clearly
demonstrate that a domestic offset-type harvester is much more accurate and
efficient than an old model inline-type harvester for edible potatoes. Next,
an inline-type harvester is developed specifically for starch production and
measuring efficiency. The new domestic offset-type harvester is superior to
the overseas offset-type by 4.0 points in the potato damage rate, and the
work efficiency of the overseas harvester is 1.3 times higher than that of the
new domestic offset harvester.

In addition, the development of a high-performance advance potato
harvester, does not only prevent tuber damage and improve the operability
of the entire harvester, but also working speed is largely affected by the
processing capacity of impurities. Therefore, it is necessary to evaluate and
examine these factors comprehensively in order to improve the working

performance of the potato harvester.
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Experiment on the processing capacity of the separator
conveyor and examination of the optimum value.

The performance evaluation of the current machine shows that it is
necessary to increase the sorting capacity of the processing equipment in
order to improve the performance of the harvester. Therefore, we tried a
separator conveyor which is installed in domestic offset potato harvesters
and that will be installed in advanced potato harvesters in the future. The
influence of various settings on the processing capacity of stone and clod,
optimum setting values for each item were defined by changing the setting
values of the adjustment points of each part.

It was found that the removal rate of clod due to the difference in the angle
of the SP roller was highest when the angle was 10 °, and the removal rate
decreased as the angle increased, and the processing capacity decreased. It
was found that if the angle of the SP roller is small, the residence time
becomes long, and many damages take place because of being caught in stone
and clod on the conveyor. Therefore, it can be said that the optimum setting
value for the SP roller angle is 15 °, which has the highest removal rate
among the 15 ° or more, and it has a low damage rate.

Regarding the relationship between the removal rate of stone and clod due
to the difference in the peripheral speed of the conveyor, when the peripheral
speed is high, the impact of colliding with the SP roller is large, so the soil
lumps are easily crushed and the processing rate is high. When the peripheral
speed was slow, the time spent at the SP roller was long, and clod was
crushed by the conveyor, resulting in a high removal rate. It was clarified

that the damage rate of tubers increases due to the impact of increased
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peripheral velocity. Circumferential speed of the conveyor, 0.9 m / s when
emphasizing damage rate is said to be the optimum setting value.

The removal rate of stone and clod mass due to the difference in the gap
between the SP roller and the conveyor increased as the gap between the two
increased, and it was highest at a gap of 10 mm. As for the damage rate of
tubers, the higher the removal rate of soil mass, the higher the damage rate
tends to be. It was observed that the potatoes got caught in the gap between
the SP roller and the conveyor, resulting in more peeling. Therefore, the gap
between the SP roller and the conveyor was 5% or less under all conditions,
so it can be said that the gap of 10 mm, which has the highest removal rate,
is optimal.

As for the stone removal rate, all the test items showed low wvalues,

indicating that the separator conveyor has a low stone processing capacity.

Experiments on the processing capacity of finger
conveyors and examination of optimum values

The finger conveyor, which is install in the domestic offset type potato
harvester will be install in advanced potato harvester in the future, was
tested. The influence of various settings on the processing capacity of stone
and clod, optimum setting values for each item were defined by changing the
setting values of the adjustment points of each part.

Regarding the removal rate of clod due to the difference in the angle of
the finger conveyor, it was found that the larger the angle, the longer was
the time for the clod to be crushed by the feed conveyor, and the higher the

processing capacity. Therefore, the optimum angle for setting the finger
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conveyor is 20 °, which has the highest clod removal rate of 49.6% and a
damage rate of 0%.

The removal rate of stone and clod due to the difference in the peripheral
speed of the finger conveyor decreased as the speed of stones and soil mass
that flowed sideways increased because the peripheral speed increased and
the time required for removal became shorter. It was found that low
peripheral velocities made it easier for potatoes to pass along with stone and
clod, resulting in higher harvest loss. Therefore, the optimum peripheral
speed of the finger conveyor is 0.4 m/s, which has the highest removal rate
and harvest loss of 1% or less.

The removal rate of stone and clod due to the difference in the inclination
angle of the feed conveyor decreased as the inclination angle increased. The
reason is that the stone and clod are easily washed away through finger
conveyor. The harvest loss was highest at 1.3% for an inclination angle of
14 ° and low at 1% or less for other angles. Therefore, the optimum tilt angle
of the feed conveyor is 0 °, which has the highest removal rate of stone and
clod and at the same time low damage rate and harvest loss.

The removal rate of stone and clod due to the difference in the gap between
the finger conveyor and the feed conveyor increased as the gap increased.
Because the amount of stone and clod that passed through the gaps were
increasing. However, the larger the gap, the easier it was for small potatoes
to pass through, resulting in higher harvest loss. Therefore, the optimum
clearance between the finger conveyor and the feed conveyor is 8 mm. This
is because the harvest loss is less than 1% and the removal rate of stone and

clod is the highest.
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In addition, the damage rate of tubers was low under all setting
conditions, indicating that the finger conveyor is a device that causes less

damage.

Demonstration test of improving workability of
unmanned tow harvesting of potato harvester by robot
tractor

In the potato harvesting work, a comparative test was conducted in the
same field for unmanned driving using a robot tractor, conventional manned
driving, and guidance driving using GNSS guidance. It was aimed to
assessed the operating efficiency and reduce the rate of dropping working
hours during potato harvesting. It was verified and conducted by
comparative tests and operation accuracy together.

The work efficiency was 0.090 ha / h for manned driving and 0.098 ha / h
for guidance driving and unmanned driving. It was clarified that unmanned
driving work efficiency is equal to or higher than that of manned driving and
guidance driving.

In unmanned driving, the sorting worker on the machine performs double
of an operator who monitors the robot tractor, reduces the number of
personnel by one, compared to manned driving and guidance driving, but it
has been demonstrated that sufficient harvesting work can be performed.

It was found that the dropped labor power per hectare (number of labors °
hour /ha) for unmanned driving were reduced by 26% for manned driving
and 20% for guidance driving.

Next, as a result of confirming the tuber damage and harvest loss due to
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the driving conditions, all the running conditions were good digging at 5.0%
or less, and no tuber damage or harvest loss in unmanned driving was
observed. The harvest loss was 0.01 kg or less under all running conditions,
and there was no problematic loss.

From the results of this study, it was confirmed that unmanned driving of
potato harvesting with robot tractor can perform harvesting operation in the

same way as manned driving and guidance driving.

As described above, in this study, various setting values for the conveyor
to be mounted was established for the development of the advanced potato
harvester with higher performance. As the result, it was able to show the
effect of using robot tractors to solve labor shortages and saving labor time.
Currently, the planted area of potatoes is decreasing every year as the
farmers are replacing potato with other crops due to labor shortages and
large number of labor requirement for harvesting. We have experienced that
the supply of potatoes is not large, and if the production drops due to a
disaster such as a typhoon, the market demand will be affected. We expect
that the development of advanced potato harvesters will contribute to

increase the production of potatoes based on the results obtained in this

paper.
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