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& (ZH) PER, v—X7 72 (BA) X1 HT
WL U O DUHEBL A AT - 7o, WHERIEIX, Y VT AT 2
FMa—N—_2H T Fua—XTT7 A%, By
77 v TR FROETE L sm) ZE0 AT L—
UN—RAR FHEE LT N T 7 Z ISR e — L —
BFABIT D HEE EoTe, Fo, = ETIE, BEE
B 90cm OHERR T —1L_—F (YIWrfkEER L) T
HIERI L, ZhaxtlXe Lz, &bicr—X77
AT, IEEEL 120em OAEZE T —/L_—F (Y]
WrHEZR L) CUUHERRSRL U CRE & il L7, kLR
R A-TITRT,
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4. 4 BHEIMABROHER
4. 4. 1 Hemitse
R—TEZHAKIL. T~ AEEROEEEETIR,
—VORER K OB & IHEVESE % hlrd=2 = & 72 <
VAN T ZENTE R, EEEETIE., @S
BEICA— T ER#E EE L Tr—F— "y MEN D
AT LR 6, RN S—VRRIEZIT O 2 L A[RET
bolz, Fio, BEBA v/ 3O FEEORIE E RO R »
MEER R O— VS & W o 7o —#HOEWEN BEL S 4
7ol AN —F ~OVEEAHITRIFICE S 117,
S HIZ, N—RRAE DD DR ZASNLE D TIHORD R
B2 52T TN & O S~ IG5 2 &
TE, FERRFOR Y MESOR EIZE D XL
EARDRIZEFOERIZITS X AERIRSERIZT N
BIRIAROR—NEE L CTRIETE 5 L 91l o Tz

(FE4-8), ZhuT kv, FBEEOX—L%E 2 BIZFEAT
P22 L b afREL 7p o7z (X4-6), MR T AT
1.2%., 7 v/ FEREOEE T A3 0. 2% L7 <
X NOIEDOEWZ L 5T R b7z (K4-7),
NV DELJE L 336kg (CEHIE AR 72%) . )
BT 183kg/m° TH Y | IFFRSVGEY D_R—)LH A X
Epolo, N—Z RO EE I, K 15kW EFYE 1
L FREChH o7z, 7ok, ARBRAZEL Tr—/L_—
JVDRTEDNRET 1, 000 {H A 2 7203, BIAEICE 2 F Cilit
IMEIZBE 2 RIBEIEAE CCnZeny,

R—TFEREO D o~ AEERF A 4-8 12, EEE
HRGR A X 4-9 12, PEEEERE A 4-10 12, T v/ VE
I OVEER R A X 4-11 1™ T,

£4-8 v FENALAIROMEA—ILOMIRDEE

E RN =l i ]

xR bk B

SEEJEAE (em) 87.4
HRR SRR 0.88
SEEJEKRHE (%) 71
AR — L 97

(2.6) 81.5**  (1.5)
(0. 075)

0.96**  (0.032)
72

93
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N— T EHEOEEREIERS L, T —2 ¥
DILFRFES) LR - T 7 # OB S DiE N K- TE
FHENTZR, MhasfEX—7% Lhlo7c, o, ~—x
ABERNT I HDFENN L > TR—F AL D~ v F
VNCRIENAE U D Z BT e o T, 1 SR N—
AR AW E55C 16a/h Rith, RFZOEED 1.3
~2.7t/h THY |, TR EALEL SHEOK) 1.8 f%, 0.7
~1LAfE L 72 o 7o, 25 N—R A X A LT85Tl
TEFERESRS 21~b2a/h, MRFEZEEEIT 2. 8~5.2t/h
Thh, ENEIRAIEL SO 2.3~5.6 5, 1.5~2.7
frlcm EL7e (& 4-9), BRERIEN—ETET L, 1
FANN—_R 2 F T 5A1359 20 {8 /h, 2 SRl n—
AL F AN 31~44 /b & e o7z, T v /XTI
DFHRHALESI T, 21~25 {#/h (FERELERAFE C 15~36a/h
FHXY) THY ., RIE1 BT LT 1L 9~2. 3/ (fBipL
HAAEC 1. 5~3.9f%) (2 kL7, £/, BEEO~N—
I BT E < AEEFETOMEIT, ~—1% 1 &
FTIZSERE T 5 L L0 & BB E TR oTe (&
4-10), —ETIX, RBRESSESEKETHY | FEREO
HIR ) DIEHE S I, VEERED BiF Heh o727,
AR— T EHEO BRI &R O b E 57z,
o, FERTIE, MADOKETNEN DRI ->T29 U
XY EEBENSTTD, N—_AZ ~OBARHDEEL 72
; o7y EEERENELS feolo 2 Linh . R— T Z Ak
B4-10 R—ZERABOEEFEERR DOIEFERERIIMOMIR LV b EVME L o7, T v/ HE
FIMSOmRPLER R S . BRI S 72 0 O_— v
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ARITIT DAL, AE BT — L ORE EH>
HRH L,

UL EDOREROFER, ~— 7 EREOIEEITE#IGT 5 b
T 7 BIE N FHAN—RRE T o~ ANEERAT DA
1% 44kW BLE, 2 X N—_2AZ T o~ AT O Y

AN
=

W20 BOKW LU B, EESEE S ONCHEEIEEETT O 8BE
WZIZ22kWEL ED b T 7 2 THEEDRRIRECTH D Z L 23
ST 72, T NERIT 22kW L ED R T 7 ZTHEE

WHRETH D Z EDbiroT,

K49 N—SERAKOEFRERATELR

e B H) YY) ERE—L
L S FON—
- — N §ez) s Bl
RBH —rizy ij e E(fo @f’_ 7“)% ”E% /Tf L
0 a a
(&%) (t/10a) (t/h) (f&/h)
(kW)
= 1 59 1.6 72 34 17 2.7 19
= 1 48 0.8 71 30 16 1.3 18
= 2 63 1.3 73 30 21 2.8 34
RS 2 73 1.5 72 30 29 4.4 44
EZN 2 73 0.6 68 35 52 3.2 31
BT IR 2 85 1.3 63 30 31 3.7 34
F4-10 S y/N\ERBOEXRERINTHER
5 FE AL
sy b ;jj P akm ESBEE 0abih RO ﬂigi‘f
EFE (K (%) (a) _R—L#K (f&/h) (a/h)
B 59 72 34 11 23 20
2L
=P 58 73 30 16 25 15
= 57 71 30 6 21 19
HY
EZN 73 68 35 6 22 36

BUTH A 0 iR & DR TIE, 2V —H%A 2 {fRmD
TERERERD 16.0a/h, BARH L T .0 & LR N
15. la/h LRI TH T3, HEAGTBFFFETIEZ U —
P O EZA 3.9 h- A/10a THHDIK LT, 1E¥
NEDI D72y BRFEHEIARRAY 1.7 h N/10a & 44%
WHERME ST, 72, N —Y A n iR T, R
BGmE RN A S VERER EARThHo722 v H Y,
VESERESEMN 26. 4a/h & BAFSHEIAR D 22. 6a/h % LA
ST (WTIHIERIEEITE £ | IEAR TR

Lk g
FERA

MClXZNE4 1.2 h- A/10a, 0.7 h- A/10a & BHFE
BEIARRDS N T —H A RSB D B8Y% (TR S vz, 72
B, AZ v 7 A B (KROIENGHBREIL, B =—/1
— N CHEBET DI ANF LRI D0, 1.5 he
N/10a Thoto, # U —H A affR & HBEHEEZ O L
LT AEZEIR R DIEGTBIRF DO i A2 X 4-12 12, N
VA=A a Kk RAY 7Y Al iX 4-13
W2,
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AL D
U EE R

BRI AR :4_1'._6'7_‘ 6.62 [E5.853

?‘J 7] ”?gb RE T

:4_ =11 59_E§E§

50— R

0 5 10 15 20 25 30 35 40 45
SEAGPBRER] (h - A/ha)

4-12 FERFEBEFD 2 T—H 4 O & DLEERIER

[ 1
w00 | B |
mféb %E}%%\ o N
Ll vt | ==
b A L ‘ ‘
1.04
RE 7 YA B _X‘Eﬁé;)i'i‘i'iﬁi

0 2 4 6 8 0 12 14 16
FE~IFEFHE (h + A/ha)

Fv MEONT 77 4 )V AOWE B A LTS5
Zv b 1A (2,000m) (20X K) 170 HON—/LAFE R
HZEWTE, v 77405 14 (1,800m) &H7-0#)
%@My%ﬂVQE6E%%)%%ﬁ#é’&ﬁf%to

ZODOEF, YA L—UEE kg HT-DITHND Ry BED
74»AﬁiL4~L8Hkﬁﬁéhto

4.4.2 HAL—UREGE
)%ﬁ%ﬁﬁ%ﬁ&ﬁr&ﬁ?%@

ik 2 4 A # DOFREESE L, pH 25 4. 0 LUF CHERER DA
Wiﬁ%ﬂﬁ\7)—7ﬁﬁﬁ$ﬁ9kvﬂmmﬁﬂ33
96 &, FORBRHICIBWTH BAFCThoTz (& 4-11),
FTo. EEME 3~12 7 AR L7258 ORBEVE D R
kv, 12 » A% ETOR, pl, 7V —Z73F88
L OV-score (FIFE A EEDLLTITHER LTz (F4-12),

4-13 ERFEEFBDOANH—, X2y o3 0ED
tEERER
x4-11 FTE2 7y AROXKEMRE
AR EHARE (%) pH — RS (EH%) VBN/TN (%) :7}Jb_ V-score
FLEE (LS /3 5
=F 69 4.0 0.78 0.13 0. 00 7.1 - 96
i 72 3.7 1.68 0. 42 0. 00 — 97 —
Fit 72 3.8 1. 64 0.38 0.00 5.7 98 99
= 72 3.8 1.57 0.47 0. 00 7.5 84 93
fi] 111 70 3.7 2. 66 0. 60 0. 00 7.6 98 —
REA 69 3.5 2.30 0. 26 0.00 7.8 — 92
=y 74 3.7 1. 39 0. 23 0. 00 4.5 - 100
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=412 FTE3~12 v BRORESRE

37 H 47 H 547 H 6 7~ H 8 » H 10 » A 12 » A
pH
A& — — 3.7 — 3.7 3.8 —
= F 4.0 3.9 — — 3.8 4.0 —
& ke 3.8 3.8 — 3.9 3.9 3.9 3.9
fi] (L1 3.6 3.8 — — 3.7 3.8 3.7
=15 - 3.7 - 3.7 — — 3.7
V-score
At — 100 — 100 100 —
=F 96 96 — — 95 93 —
B IR — 89 - 85 — - 97
7 ) =7 R
At - 100 — 100 97 —
i ke 99 100 — 99 99 98 96
[ 111 98 97 — — 98 99 93

w3 WICHHBEENEL B> TV b DD,
2) TONBEIFEEREICRITTEE V-score 1L 79 TH 1  REFEEL 13580 Heh o7 (&
TOfIHE LTS OSERJERE O~ — /L R RERII T 5 4-13), F7z, LHMHE LTE & 2N LIS ORI RN
FIE134. 6% AHEEIT T HHFEICLT0.3% Th otz LIZBROMEIL, MIRE LR LT7 U —7 364 &
T OFFE Uiz oiE, SRRIXIZ AT pH 235 <, SRS KA > 7223, V-score |3 96 &iRtan /2o Tz,

®A4-13 LTORBENEBICRIETTEE

RIS B EIS (FM%) VBN/TN 77—
pH — ” . V-score
(%) FLIR ({373 [ (%) A A
I35y 75 4.1 0.72 1.02 0. 00 10.7 54 79
Ak 72 3.9 0.97 0.57 0. 00 5.4 64 96

X HR 2 3.8 1.55 0. 47 0. 00 7.5 84 93
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0 —L_—Z DB I ST 35
3) Sy Y4 OOy A L—ImMY B LIS FhtiH ORIERNL, BIR TS ERE IR 30 B, AR 26

#F5REBEREDEL ETHY . WE T RERIE 28 . THIKIR 24

B UBOBORE S % 18em & L7ziBROFERIT, &
R, BHEF3 BHHETIEpH, ARG R HICA
Ao, 4 BENS pH OF T 0 57 & LoD R
HIT=03V-score (£ 5 HH 90 UL Z#ERF U=, 85 Tl
5 HiH, SEOZLIIRONT, BAFREEHR L (&
4-14), 728, BT, A L—UFEDD Sem DR S
TOREZRE LT ZAH, 30~40CTHR LT, R

ThHol,

B HUEOBOESZ 9en & LIZRABR I8 HAE T
B DOZEER R ST 7 VU — 7 FE0390 L L Ek e
THERE L. 9 HADDS pH & L& L HEEOR, BisoE
AR BT (F4-15), Z ORERHIM R ORIRIL,

AR 21 BE, PSR 18 FETh - Tz,

x4-14 5 BEERRY H LEROXEELEDHR

Sk (%) oH SiEIG (FM%) 7?~7 V-score ﬁ4V~V
FLME HE it i AF AR 1 & (°C)
f kS
1HH 59 3.9 1.70 0.38 0. 00 99 - -
2 HHA 60 3.9 1. 69 0.33 0. 00 99 - -
3HHA 62 3.9 1.70 0.27 0. 00 100 - -
4 HH 65 3.9 1. 89 0.33 0. 00 100 - -
5HH 67 3.9 1.74 0.37 0. 00 99 - -
21
LHA 70 3.7 1. 20 0.33 0.08 - 90 30.0
2 AR 71 3.7 1. 04 0.22 0. 00 - 98 29.0
3HA 73 3.7 1. 12 0.36 0. 00 - 96 35.5
4 HHA 77 3.8 0.71 0.35 0. 02 - 94 40.0
5HHA 76 4.0 0.53 0.22 0. 00 - 94 40.0
& 4-15 10 BREGEIY H LEOXBREOKS (BS)

Sk (%) o HEIS (FM%) 7?—7

FLME s Pt e AT

1AHA 60 3.9 1.73 0.39 0. 00 98

2 HH 60 3.9 1. 61 0. 36 0. 00 98

3HH 61 3.9 1.71 0.34 0. 00 99

40H 62 3.9 1. 74 0.32 0. 00 99

5 HH 63 3.9 1. 66 0.32 0. 00 99

6 HH 63 3.9 1.54 0.24 0. 00 100

7HH 63 3.9 1. 34 0.31 0. 00 97

8 HH 65 3.9 1.71 0.32 0. 00 99

9 HH 68 4.1 1. 17 0.47 0. 02 77

10 HH 71 4.4 0.72 0. 70 0. 05 42
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4) BKDMEES Y THREL-BORELE
HWELZZ v TV A anblid, 7 v 77 /L AORMD
DANHA~HEF D LA L, Ty YA aORNEICH b
F0 AV OHERPRKEITHE > TS, NEBOHETIC
IFRENEL DNed o7, FBEEWEIT, SR

PRI 7= A L— (F4-11) LHERLTHIFEALE
o, BarLflrcxs ER4a-16), F72. 2 4 ARET
LD L 6 7 HRTE L7 b DICKE 22T R 6
Tpinot=,

K416 MHEKELNGVHOEERE

Ao 7 %IA FM% B
AR RORE W) g o) 70—
(%) Lk 317 7
T 2 » A 14 77 3.8 3. 70 0.65 0.00 13.30 100
Tk 6 » H 1% 79 3.8 2.33 0.76 0. 00 6. 47 93
- AT LR LTI-EBF T o7, Mo —iz k591
4.4.3 EBERHMLOFHE i

BRI SN U T2 SR Z O T~ ORI A s 7
72o /MBI C O CiE, TEEREROE S & AT
L DVEENR L Tp o e Z LI X DB S R~ DR I3
Molz, FHCPERHE CIZ, /A by T TIEENRT
X B0 v AR T DRI R o T, NI
Tk, N—T FERAEOEBEIEEN Y N—2EED DT
AN E U Z 12 2 IHEV 3 & HE BAFIC ~ > T
VT DI LR S (K 4-14) | R OEA~DEH
DR IR & T, R CIE, KB X 2 85
VEREDONHEME 2GS LD ICESEN CEREIEET S
DOPEHTIIRND, L ORBEG-, Ziu, Ea&ff
PCHIBTR 7 — L _— T DEBIEELZITH 2 LT, ~_—

VT 2SO — VRN & il A UALEATEE L,

R—=/L Ty SOBENFR N D72 72D Z L2 LD, ~—
Z LT o ROVEEREEZ DT H T ERH SN D720
Thod, LU, KEFREICHEIGT DL, Rerxy
IR —F— "y FED b I BICHEHRAROKR
XRTH L=V IARF T N T 7S BTN
FT27ODF TRy 7 A7 Ea—F LIFRNCHE
THMERDY | Flo, KEBREIZRG > Te—t
A RYERT D72 EOWBPMENZ 2D b D EEZ D,
P A L= DOIEIZOWT HEZEN L ORI E < |
RERCBI LT 21 FOBEFEDH H 12 FRBIEFEHA LT
WHYA 0 TR LY A L—Y U EOE TH D &
BTz, FRY 9 FORFZLBUTERETHD L L, BifT

L— U RIS B LG (B~ TbH. ek
DA O TRHE LI A L= B0 el TREE,
FLEE HITHEBTR LN o T, BEND O
4-17 \ZR T,

® 411 BRHODEREHE

TEZEMEIZ SN T
® o uEdlEEN LIRS, BT Tz,
®  HBUTOIEIEEFENOBAT LIV,
O UL IANEED ) ARy IEENEERL,
PA L—TEIZ DN T
o  ENE TREHIOMRLFED LUy,
0 R EL AT ANITE A E TR,

X 4-14 NEEEXIVER & ORERIC K DEENEF
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4.4. 4 HEBEB~OBEATLK

1) URFERREMESR

FRELIo VT A (B REEHIR Y v — I E
1.3t/10a, E/KE 73%) OWHEEEIT, bvEmat &
FEE, m—2rmy T T HyF A NeE L7+ 1—
UN—RRAFTTH ZENTE T2, ZOROME R AT
0. 5%, FEE e AT 0. 1% E DT THD, _—
JVOOMER IS I XA 176kg/m® Tdho 7=, FEEE I, pH
73 3.8, V-score 7% 94 L EWETH -T2, Lol Bk
LTz YT BIE, 7 L=V AoN—_ A H CIHET 5 LB
BV, ZO%E. MEIOUIRIED 20~30cm £ &< 725
I ZAT, MEDSHEIRICZUT D7D, N—T EREOR
Y NIZH DT VT — HZITHBIEIRDOE  IBEA~D
MEWEG L BE N E & 72 (X 4-15), F/-, X—LD
AV BIRS 225728, LTV U &2 50N
T IA BA = NVROUW G Do —_2 %
DHONREE LV,

I

4-15 TP OF—HRIEAHADU-#E

MELD %, BKEB2%ICTR L Tcn—X 7T A (RE
HIHAILE 1. 8kg/m) ZFW ETIE 1.om DY 7 7 v
TRYF A NEHE LT+ L—IN—_AZ & T4k
kT 77 4 Z RV TR U 7= REDVESERE X 0. Tm/s TH Y |
4. 2t/h OFIEE L 7 o7, FT0, BKER 65%IZTHE
L= EESEINE 1. 3keg/m) 235\ EIE 1. 2m

B 4-16 N—FERAWICES0—XT 7 ADINERR

DEITT I TTEIF AL MEET 3 L —U N — R
Z % 5TkW 7 27 ZITHE LT U~ ARETIELT-
REOVEEREIX 0.6m/s THY, LB EIX, 2.5t/h
Th-oT,

=T FERHEOr — X7 T 2O % [ 4-16 1 TR
7

e

2) Y4 L—TRE

VIVHAD 1 EELL, V-score 28 90 LA EDESE Y
A L=V tleolz, FHARTIEEKEN 19% & @iz
D, 1R L R EIX R CTh o T,

T T TR BB E Do T2 728, pH 3
4.2 LXETED E TR o708, V-score T 94 O REHEE L
HE SN, TEROERR D —/L_—F THRE S L=
— LV EHET D &L R — L ORI 2 (5L
VME & 7o o728, FEEEE CIIFRCRE ISEVITR b
IRinoTz,

n—X7'7 A%, T a A UBOARNE TR BN
HDD, V-score N 87 & &<, MDA T —/L~
— T CIE STz —)L & il U C, RS 17%5
<, FEEWED pH, AMEEE, YAV BERETHE
RFEDR RO (BN 1%KHE) DL EORER 27 4-18
R,
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£4-18 VYILAHL, ToFE, O—XTSRAOHKERE
¥ q:@iuA FMY
aAE whEE R () oo BN
p _ o v —score
(%) (kg/m?) He e P& I " (%)
/3
YV IVH A 71 176 3.8 2.29 0.47 0. 00 — 8. 30 92
A IVH A 79 122 3.7 1.25 0.28 0. 00 — 5. 30 99
T 78 214 4.2 1.65 0.43 0.01 — 7.60 94
T
xfHR 76 121 4.2 2.36 0.34 0. 00 — 5.90 97
o—X 59 255 4.0 3.24 0.27 0. 00 0.41 0. 00 87
75 A %THR 59 218 5.3 1.54 0.19 0.05 0. 60 0.05 73

4.5 IHEIABOEED
4.5. 1 SERAOHE

FGERBR @ LT, "= AL T v AR,

RE e 2 a2 RX—/VRIROLEN:, EEREER,
Bl & T _XTICB W TRIEN—7 . 3YET v 3% BlF
D BRI R A2, A L—UWE L B TEZEND
HEOEHME 2T, TAMEICOWT Y, BIEICED £ T
MREIFAE T TRV, F, Do AEECERBEIEEL
WO T VEEFEORIUC L 0 | RO R 2 M~ i
FATRETH 0 | FEGHBIRFI AT TERMAR & bl LT
T Dm0, ATHEERREIT /e 5 Z LI L 28971k
BN T DRHMI b E -T2, THUS OFSEN D LA
WEERAL~UZELTZ DD ST 7,

7 o X FEREOEERERE R OB &L, A _L—H D
FHREN ERNXES I ETH D EEZ LN, F,
BN T kT 7 212 X o TH D BRI E S =T
bIUX, FERINEEZON— NV EZE 2L HTE,
BB OB b IIFCE 5, L L, N— T A 2
FAN—_RRAZ LKA N T 7 B E LT v~ AR
THEGFINENGEID Y 21T o2 856, T > NEHKEIE
VEWE 2 A T2 B O R 2457 UG~ — /L &2 B
AT CER 6T, BEIEEEN R 2572, 1E¥
E AR 72D, AEIOBERRER I D . EEER e I
& (1.5t/10a Aifh) OMBFIZIBWNT, ~—7 TN 2
FMN—_RRAF L TINT T AD N7 X EFH LT
~ ANEE (BSEIMUD S DEID XY O5E) 24T T2k
DFHREAR— VR 40 f8/h 58 & HEE S4L, 7 v/ VE

PRSI, N—VEERE AR LI L7258 Tk
20 fEl/h TR EHEE SHL D, N—T DIFEERER AR L TE
ERTOTANE, 7 o3k 2 BIERTO0ERD DA,
VESEH 2 4 CUIHED BB ENE TOMERELT O 2 L 2 H
TH72BIE, T v OEERERICE bR TR 2/
T ENHFFE LV, N—UREBICEET 20088 mE
YA L=V DJFRITH 573, N—/L Dk
%, BEFE CHE SN D R ORI & SRR
BT A L— D3R E RS S DT L C 6 REH]
Lol ZOHD D BICES L TEBLERH D, H
DYEFNEEN DS I OVEFNEEE £ COMICEISEEZAE
24 TER 6 BRTTY 2 & &L, =T A% 30a/h i
BCIEETDEMET D L, BEEEZZOHD S HIT
2 DT2DITITN—FEE%E 3 Rl (R— Uz LT
130 fllf%) FTICMA 2MERHDH, S HITT v/ DE
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Summary
Developmental Study on Roll Baler for Maize and Sorghum

Hirokatsu SHITO, Nobuki YAMANA, Yukinori SHIBUYA, Masahiro KAMEI,
Kimiyasu TAKAHASHI, Masanobu OKUMURA, Mikihiko SHODA,
Koichi FUKUMORI, Yuji UEMURA, Katsunori TADANO, Yukio TAMAMORI,
Masato TAKATA

The purpose of this research is to develop a new maize harvesting and ensiling operation
system which minimizes the work force and secures high-quality ensilage. In order to
achieve this purpose, we investigated, first of all, the present status of dairy farming
management, roughage production, and production technology for maize and sorghum,
through which to set forth our development objective. Based on the knowledge acquired
through thorough investigation of existing technical reports and our preliminary
examinations, we constructed prototypes of roll-baler and wrapper, and found that they
could pick up and wrap shortly cut roughage(cutting length was approx. lem). From the
test results of the prototypes, we found how they should be improved, and developed
practical models. With a view to verify the practicality of these new machines, on-site
proof tests were carried out at ten different fields throughout Japan under various
weather conditions, field scales and work conditions. Here, machine performance and
fermentation quality of silage were surveyed. Adaptability of the machines for grass was
also surveyed.

The accomplishment of this research was accredited by the Ministry of Agriculture,
Forestry and Fisheries as a key-technology: the Ministry authorizes such technology as a
key-technology, that is evaluated to be effective for the implementation of the plans based
on “The Basic Law on Food, Agriculture and Rural Areas”, and that was developed under
cooperation of the administration, public research institutions, concerning organizations
and private companies. The developed machines were commercialized in the spring of

2004.

1. Status and development objective of dairy farming management and roughage
production

1) In Japanese dairy farming, the number of livestock tends to increase while the
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number of farming families is decreasing in recent years. Furthermore, the productivity
of milking from cows has been improved to internationally high level. Dairy farmers now
spend longer hours on raising livestock and hence do not have enough time for fodder
production and excreta disposal. As a result, the resource cycle of soil-grass-cow has been
interrupted. Many farmers are forced to rely on purchased feed and spend a large
amount of money on excreta disposal, which is a rather unnatural style of management.
A farmer must obtain high-quality roughage in order to maintain milk productivity.
Self-sufficient production costs less, ensures high-quality roughage and also enables to
put back the composted excreta into his field, which will improve the management.
Labor saving in livestock raising is essential to re-establish the resource cycle.
Automated transport system of milking units for stall-type cowsheds, which was
co-developed by IAM-BRAIN and a private company and has been on the market since
2003, enables one person to milk fifty cows in one hour, and is expected to gain
popularity in the future. On the other hand, labor saving in fodder production is also
essential. Though fodder maize is regarded as one of the most suitable fodder crops in
Japan because of its high nutrition, high yield and good absorption of nitrogen, there
exist several difficulties in maize production such as: five to six people are required to
carry out harvesting and ensiling works efficiently, and silo stacking is a very hard work
because it has to be done by hand and often in hot whether. In addition, harvesting and
ensiling efficiency is low in most prefectures except Hokkaido because fields are small
and scattered. Thus, the planted acreage of maize has been decreasing in recent years;
some 35,000 ha have been lost in the last ten years. Increasing self-sufficiency in feed
will not be easy without increased maize planting, and therefore labor saving in

harvesting and ensiling is urgently required.

2) In grass production, the introduction of roll balers and bale wrappers has enabled just
two workers to perform the work efficiently. Moreover, roll balers and bale wrappers
have eliminated the need for manual silo stacking and have become very popular in
Japan. After their usefulness in grass ensiling was widely recognized, we were often
asked about the possibility of utilizing them in harvesting and ensiling of shortly cut
maize. In response to such demand, we decided to develop a new roll baler and
corresponding bale wrapper. The roll baler is to wrap maize, which is cut into pieces of
about lcm by a forage harvester, into high-density roll bales. We had also a plan to

develop a related labor-saving harvesting and ensiling work system for maize.

2. Investigating production technology for maize and sorghum
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In order to investigate ways to form roll bales which produce high-quality ensilage
with less losses, we examined existing research reports on harvesting and ensiling
technology for maize and sorghum. Using thus acquired knowledge, we designed a
forming chamber of so-called bar-chain type; the functioning elements inside the
chamber are a set of two circular chains connected to each other by tight-bars and a wide
belt at inside of the tight-bars to prevent fodder chips from falling out. We made a
stationary test device converting a mini-roll baler with 50cm bale diameter, and carried
out preliminary examinations on baling grass. The results clarified that this forming
chamber would enable to form roll bales of cut grass without much losses. And we found
also that if roll bales were bound with twine, the losses, which caused when roll bales
were released, clearly increased as the cut pieces became shorter. Therefore, net binding

was employed.

3. Developing the test chamber

1) Based on the knowledge acquired through the investigation of existing reports and
the preliminary examinations, we constructed a prototype baler, which consisted of a
90cm diameter bale forming chamber, a hopper to receive materials from forage
harvester, a feeding conveyer to feed materials inside the hopper to the forming chamber,
and a net binding device. This was pulled by a tractor equipped with a forage harvester
to harvest maize, and more sheets for distributing grass were installed so that materials
inside the hopper were fed to the forming chamber more evenly. With such improvements,
the prototype baler worked well on the whole. The required power for the prototype
baler was about 16kW, and the average production loss was 1.6%, which verified the
effectiveness of net binding. The average mass of the bales was 422kg, and the average
dry matter density was as high as 208kg/m3. Furthermore, it became clear that the
baler could be applied to harvesting wilting herbage by using a forage harvester

equipped with a pick-up device.

2)  We developed a prototype wrapper that could pick up and wrap bales of shortly cut
roughage so that harvesting and ensiling work could be done efficiently by just two
people, and evaluated its performance. We found that the prototype wrapper could
wrap the bales promptly with quite low wrapping loss of 0.3% on average, using side
arms that pinched both ends of the bales. Required power was only 1.6kW for picking up
and only 0.7kW for wrapping. This was low enough for a 22kW class tractor.

3) We conducted a test on maize harvesting and wrapping in a 25a field using the
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prototype baler and wrapper together. Here, the baler was pulled by a 44kW
four-wheel tractor with a single-row forage harvester and the wrapper was connected to
the rear three-point hitch of a 22kW four-wheel tractor. With this combination of
machines, two workers could sufficiently manage almost all works from harvesting to

wrapping. The work rate of both the prototype baler and wrapper was 9.3a/h.

4) To make the baler more practicable, the prototype was to be improved in its
maneuverability, strength and work efficiency, and some additional improvements were
found necessary to form better bales with more consistency. For the compatibility of the
baler with conventional harvesting works, in which a forage harvester is attached to the
rear and a covered wagon or a loader bucket is attached to the front of the tractor, it is
necessary to enlarge its hopper so as to be able to receive the packs from the hood wagon
or the loader bucket. These improvements are necessary for widespread application of
the new machine. It also became clear that the wrapping time of the prototype wrapper

should be shortened.

4. Developing the practical machine; on-site proof tests

1) Practical models of baler and wrapper were developed and submitted to proof tests at
ten different fields throughout Japan under various weather conditions, field scales and
work conditions in cooperation with public experiment stations and farmers. These
machines exhibited better performance than the prototypes with regard to production
loss, wrapping loss and work efficiency. For example, total labor time of the work system
with these machines (one-man operation) was about half of that of such conventional
work systems as with tower silos, bunker silos, or stack silos. The baler was clearly
quite practicable, and especially its high adaptability to local needs was made clear. This
was demonstrated by the fact that the work style of the baler could be selected among
stationary work, one-man operation or escort driving, according to the differences in field
scales or work conditions and that it could be applied also to harvesting grass by using a

harvester with a pick up device.

2) The silage had good fermentation quality, could be stored satisfactorily for a long time,
and could be used little by little; even a high moisture content did not influence the

fermentation quality. Soil on the bales did not seem to present practical problems.

3) The silage quality of some other fodder crops, baled and wrapped by our machines,
was investigated. Sorghum silage exhibited good results in both fermentation quality

and long-term storage. The bales of cut rhodesgrass had higher density than the roll



ERE - g - e - B - BIE - BA - EW - fEmAR - BAY - RE - B W BERAEEHED IR LT
2 — L _—Z OB 49

bales formed by a currently marketed roll baler which bales without cutting grass, and
the fermentation quality of our bales was good. Concerning oats, the density of bales
made by our machine was as high as twice of those made by the commercial baler, but no
differences was observed between the fermentation quality of both bales. More test

examples might be necessary.

4) The performance and functions of our machines were sufficient for practical
application, and the fermentation quality of the silage was good enough; these facts
prove our machines to be highly promising so it is anticipated that these machines will

prevail in fodder crop farms in the near future.

Tech. Rep., Inst. of Agric. Mach. 35: 1-49 (2007)
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