¢ Ehiils

NARO mumsms:, B &0 E LRSS

Studies on Improvement of Fermentation and
Stable Storage Method in Round-Baled Silage

&8 jpn

HARE

~FHE: 2019-03-22

F—7— K (Ja):

*—7— K (En): Chopping, Density, Fermentative
quality, Forage paddy rice, Rat damage, Round-baled
silage

ERE: AR, K&

X=ILT7 KL AR:

il

https://doi.org/10.24514/00001237




WAL EFAFEL - Bull. Natl. Agric. Res. Cent. Tohoku Reg. 111, 29-84 (2010) 29

O—=ILR=ILY A U—Y OHEEIE L L TR ITICRI T D3

LEE S S

¥ 8 u—xX—uH A L= (RBS) OFHMEE MEHRIENC BT 2 AR EERNOWHEEZ HIYE LT,
HIY) - BB OBHAREHONICT 2L LB DT v 77 4 AREHAM OGS 22
RBSOFSHE 2 5 RERHAZ W 72 2 BT &2 Mt L7z. 97, BEAFRBSIRRICB W CHIYD - 5% i s
ZWEHT 5L DI, BHASRRGHEICHIESE 5720, RBSEMYI L, [KEEOEN-Y A T IZHE
2D TR 272 ME L7ze TR, HIFRRIC X 2D - &% LB O F I BRRBSD %
e R OUGEICEMNTH LI LR H O Lz, KIS, by ET I Y ICHSE S Lz ki v — )L
N—5 % HWTRBENWEFSLEL LT VEIR A ARBSNOMIY) - 5% LB o853 2 Wit L7z,
ZORER, MIE) - S B AR A R BN e =y ) — VR R P B A B2MER40 % Al T
kISR % Bh R 3 A 72010, BEEMEOUEICIZLTLOARTIER VI L EZ WL Lz, S 5128
B A XARBSHFHEIT DA ZXINSEDT v 77 4 v AEEFEICOWTHE L. BEH R Sl #5550 LaE
BB - FER R L L WERI R A R I E R R IOR L7,

F—T— K M. FEA A AR I BEERE. BE OV XR—H A L=

Studies on Improvement of Fermentation and Stable Storage Method in Round-Baled Silage :
Hidenori KawamoTo*"

Abstract : To improve the availability, fermentative quality and stable storage of round-baled silage
(RBS), we investigated the effect of fine chopping, and a high-density treatment and and explored a
method for protecting silage wrapping film. First, to use a chopping and high-density treatment in a
conventional RBS system and adapt it to a total mixed ration feeding system, we investigated chopping
and re-ensiling in airting silos of grass RBS. We found that chopping and high-density processing by
re-ensiling was effective in improving the fermentative quality and stable storage of the silage.
Second, we examined the effect of fine chopping and a high-density treatment by the round baler for
chopped material to the RBS of forage paddy rice. We were able to clarify the applicability of the
round baler for chopped material for ensilage of the forage paddy rice. In addition, we developed an
effective method to protect the wrapping film of RBS from rat feeding damage that does not require
the use of a rodenticide or special facilities.
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BhfmdbmEroTze Lo T kA RTBVTIE.
Hilli s (2005) OWFFETHES & N d o 7 BEERFERE
DGR IR T O - ESEEMLOLEZ Y S H
T BUEND Do A FIIEFTEDSE <, AR
CERCANI R U SEEROP =R ARy /AR =3 il A )
29 B MBI B AN O MRS K & v (FH -
B 2005) /o B L7z X ). fRA R
FER OIS T, IR RIMES 5 2 & 28
FHINL, 4 L=V FEME L TIHBIKEREICZ
LW 2 Fo ik 4 A 2B VT, Ml o — N
— I &RHCTHY) - MEELEEETIEICXo
Ty ALBBEROMEZ RS RRIBIEFTE 2, L
L SR R 2B 2080 - S@f BB B % 0
RSN TEY ., ZOMERER KM KT
THBIARBITH L,

A ARBSIIMAZRICEL I &0 D, HWnT
v 77 4V W F NIRRT R R i o B At
T SN2 & BERICX 2 8EZ 213, RBS
T U S I O BER BRI L2 L5 T v
TT7ANVABRITERTRETH LI EHREINT
W7z (RS 1989, RIS 1992, ZHEE - KAY
1993, AR5  1990) . fk 4 ARBSIZHB W T,
Bz, A ZX32E>THEbOTHINE Y
Thh, WETIIHEEETL2H AL TES
2T 774 NVEAPHEG I NS Z LRI T»
%o filf A ARBSOMEEZRFFT DT v 77 4 VA
BB EIE, — I 6 BLL LSRR S . Ry
BRIZBWTH EDREREZILT S 57201213,
L ENLELIND GFlE - KA 2004), L
L. BOBRAZIOHRIIHEOSNZVWEIIITS
W37y 774 VARBEOBEINTIIFIETE 2\,
BEENI L, BISHLTRTZARBER Y M
EDORFN 3 W AAFAET A (Gaillard - Mazoyer
1998, McNamara et al. 2002). —7Ji. ¥ HRBST
E. AR IENRRINCELI LT o720
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(McNamara et al. 2001). HZ)7% & X I WK LA
L Geho7z, 6T, MiZRBSE LTI 5 2
EIFHADPHFU AT T 28 TH 5720, FH/HHE
2BV TH RBSO A X IR S T,
BUED BEFIIIBIT 5 2 X IO ELRIUTE,
BEA 2 WATT 25 FNICEEMAG bR Tl
T 50 THA (WagerPaged 1997), Al D
[Z7]) (A XIDR) ~NOARL, —EDMHIETH
TRICHET 2, T2k, AXIBWADTEL R
DHDHIHH (XA MRy 7 2) (G L TR
THEET 5% E0NENH S (I - FEE 1983) .
72720, A X I OfRA KT B IRk 2SR 72
O, RBSHPICRBAZEELTL, REAOL %
RESEL20RESHTIE RV GRS 2007), 8@
Wy BEFNIH LT 2 D00 F
K EE2L 72569 27 28> (Wager-Page
etal 1997), XoT. 20X HHEMELFWED
RN ERAEFEORIIE S SD L &L, a0
THOIDD#ITFEIRETHL, Ty FXHXAIOD
I IEBAPLT LS AR TR HEIET B
O - 3 2000)0 F X 2 IHHLT B )ik L
TH7H A4 ¥ (Mason et al. 1991, Shumake et al.
2000), XY T 8, v =— F)bF £ )V (Wager-Page
etal 1997) BXOHi&EZ D=4 1 (Burwash et al
1998, Dielenberg et al. 1999) 7z & @ 2 EHK] ASHF
FEEINTWD, LaL, INHILEWHZIES R
T 5 ROWHERE % T ORI o ik v A Lo
FR2DEFLEHOBAEET b, 720 LA LA
ZHEIDRA SN L7280 (Dielenberg et al 1999) .
A INTERIE R G 2T B o0, R &
EDHICBRA DT 2 Z T rRIE R b v, X
o T, REIM., U2od AN S 15 Sk A £
RBSNO SR OWHITEL VW EEZ OGN L, Lo
T, I O & X I EAORGE L LI HEY
B EOLFRAN O 2 M, LrbKax b
TN KD SN Do FRA A GORRRA EALRR (4211
PZRLN L o THEEP SIHER E T2, #
FEREANRBSE LCi@E 52 L% v (UM
2006) 0 Z D728, FHERENOBIE D720 IZRBS
DERBEPH T LN HHAZHMTHALN S, RBS
FERII A R I EAE LA, ERIE 3HIC
FERT A ENRESINTWE (#EES  2005)
Lo, KBBLERL TAXIENIBETLHD
E, FOEBIFLVDDOERDES S THENC

BIF DA AN L2 BIEMoORESHIE,  IHE
148300077 ~ 1 4880007 FI THERE L TV B 12§ &2
WAS (EMKES  2008). EEROILRATFHE
NBfEA FBLO Iy ERa Y R EDFR— V70
v TERHEY ORBSIZH T 5 4 X IEFIIS5HBIRL
T ZEPBashd, Doz &h b, RBSIZE
WCTIRELASHRET DT v 77 4 VADOREDOE
TR SN TV B 25 BEGE, IFICA X312k
57T T 4NV ABHER RIS B AIRIZIZE AL
LENTBLT . ZOHMAIZZLVOPIIRTH 5,

3 AHROENEHE

AWFFETIE, MRESHY SN TwRn & &K
B R MR B RBSIC B U 2 S FI I O AN g B
WThbLEZ, BELHERA A ZMEE LT, B
HFOMRRTIE S N2RBSE V4 BT 5 2
CAT X o THIYD - BB EEALRE 235 F 3 % 75 SRR M
R0 — L R— 5 TOIEIZ & 2 RBSO IS ER) 5
LM T B L L BT, R A ARBSIZBIT B
WHDORZXINODT v 7T 4V AR OMGT
%% RBSOFEFEUE A 5 2B I B £ ¢ % i
T L720 WIZERR D —FBIXEIC AR FATH 208
GATA S 2005ab. 2007ab. 2009abed) . ARG LT
WBENDICARREET =7 Z2INA. DToXHiceD
T LD,

1) FIFEAEIC X % BEAF OB ERBS TOMIY) -

T R AL B D3 P
FEAFRBSHACRIC B CTHIY) - m LB 4 16 H 5
5729, RBSEAEROEN- A1 (FT AEY
A1) ISHIY) L TR o TIPS 5 1k & i
WLz ABMBBEEOZLWASY YT VI5475
A 2 FHRBS & M) L C Rl L 728565 D FLER S
RAERE (T-1), BEGEORERA )TV
475 A 1 HHRBS% FIFH L 72556 O S B E
WM S X AN ERA~ORE (1-2).
T, PP SNI2F —F v — F 77 ARBSH
DAY - PR RN IR SR 2 N L CREETMR
L L7236 O 5B LB~ RE (1-3) %
et L7z,

2) MY - EEEREEALEIC X B fiE A A RBSO SR
Uit
FyET I YORBSILZ BRI E L CTHIBICESE &
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NI O — L X — F & fil A F DY - SR
LT, MRS MM RRBSO SR ., b
b L OCMEHE IS & R 2 HERRIRBS &
L (II-1). PHUHEARRIC BT 2 MR SR A A
RBS® £ M7 e o di B 22 5@ 1k & el (I0-2)
B L OEREHBTEADIIZB T M) - mwEE
WLBR O SR E S B8R 2 A L (I0-3). A
BRI —Z 12 X B8] - m# IO KA ARBS
HEEEANDE AR BES L 7o

3) fikA ARBSHFKH DA X INS6DT v T
RN

fi k4 ARBSOFEMBMAEICBWT, Wiz &ETS
FAXINODT v T T4 NV AREERE L X
IPEEAFEE LTV BRBSER - IR IR
54 X IMORFHMERA L RERMoBIE (V-1).
RBSORLIE )5 DA EA R ERF I RITTHEOM
i (V2) BXUOZoBMET (V-3) 217\, fi
B A ARBSHFEFOALINCE BTy 77 4 VAT
AR 1kt 3 & Bead L7z

RESLDOVEAB72 0 TBYI %5 THORE T8
B %W - 72 IR Rer il B W sl
POERHFHL LT 5,

AWFZEIE R B A 78 T S DR BRA ZE T — A
hseERys EIEORZE T (B, ST FE I RO /e
) OZHEDOL LICHBLZ2bDTH D, £DE
2N - T, JULRSENIE L > 7 — R
SR EDR RS Ml HER (B EaeTEg
BFZETF — A K). FREMRES 1 F—2 AR
WF—ak (B, hREERELY Y —) BIUR
FALEDRA AWEZET — & MEES — 2 RI2HHE
MOEH & TIRE L T2, 72, HERHIITET
e BESCGEOIZER Bl EHREREER) L
ARBEE AR R, B X ORI > & —&
PERCHLER WBOEWIRE (Bl ¥ S 7E0T &) |
FIMEWZER 2 7 — & ERERF — o & (. f
TeAE) B X UMLK R e e — 2 K%
Fe— ERERFZERICIE, WICE KA THURE THRE%E
Wio7zo FIEFHMTENT I X O UL RSEI7E £ > &
—EHRER, A E AT B S S R
FACMFTEH, HALRIT Y v & — 3% SR R
Wiges H HRFER (Bl S DR E R 7E
F—2) . FRICE R A AT — 25 ANBE—7

#1117 (2010)

=0 —, INCBAE FARAIZE R B Ry AR H
b R, MABR LU R, fEE
BFAEIIZE . BRI EREITZE . St R G
BRFgEF — & BT MR B L OHFASE
BER AR HDsREE L, BAETERICI3 SR
DOFERMIIH2D, SRETIEE T, T2 &
PEE M FERTIE R Bk E FI R 3 TR, IR
KB X OdIbEENEL Y 7 —EFEkE £
TR BHB R, FEE TR, RIGETFRIZIE
DA B VT, ZROTH NV,
IR LTRSS EHOBE L ET %,

I BEBLEICLIBEFEFOREOD—ILN—
WHAL—VHARTOMY - a%ERLED
A

1 BEEICK3MY - SEEREOEMAS R

SEICRIFTRE

1) B

RBSIZ, HHESRMYTH S 2 &, KEERTE
HERECTHLI L, BLXUOWE T v 77 4 VA
HLRTWZ LMD, MBEREEZKE. TMRN
DA BIRN 7 EREEE RV A L — DRI
DWTRMEF-> TS, £ZT, RBSE LTI
MBS NBICHIY L < AEEoEN A 1l
EERETHIE T S, X RELZIRETHEZ
THZENUEEE ). TMRNO®E Y% & O F
HAdmEdsLEZONS,

Z 2 CARHIOREBTIX, BFERBSE MY L TRH
HoBEn/H AT (FTFAEHEYAO) ([HFR L7
BB ORBENE I RIT T B R R L 72,

2) MEETB

(1) WA - B
HREEHATFEAT (W ARIRIRABRIET) Y T3
BasnhzzWilMos 2754275 A (Lolium
multiflorum Lam.. @l © =47 ¥ F) 2 FE 2t
A L7 199946 H15H, AR EE—T7 374
Yatr (Z2—FK7 ¥ FE. KM281) TAI DY,
WWIE40% (BETPEZIX) F721350% (RTPHEZX) %
H#EIZ Pz L7z, o —)V~X—35 (FERABOLItE,
Fx v - EL2my A 7, BAIX) THIX 3 M
FTOMULZe TNHEDONR=VFR=VT v I8T4
J& (FEHEFE50%) Ty Err L, EEZHELLZ
%, BMAERRNWT, 77 ATEEZPWRET
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PRI L 720 s 2 Bril4H . 30H B X 1890
HF#RIcZzhen 1ol L, X—vial
v % (Berni & Afh#., SHARKI150) THIK &
10cmAEEEICHIBT L CENEINRL N T AT A 1
(3B5L%) 3MEHT OIS L7z FT A A0
ANDFEAREEIIRBS & AR TRFHIX TR 8 %1
D450kg/m* PEEE . BT HZX TH 5 %3 D 370kg/m’
BETITo72 TS FIAEFA TIZ, wWFhd
14H B 0 R NEFE 2 1T - 72522 B E L TR E o
G ERAT o 720

(2) fbzs#r
GHTHREE LT, A u KM% brE L
2y A B B B KOV 045K
BLOHRLE» S T SRE LBICHS Y
VTN R SIS EHZ60TC TASIKE ] i E
MELL 7288122 v Y23 A4 X2 1mmdD s b\ % il
T AR L, 135T 2 BEM o Bz k12 X 5K
DERETINVT—VIEIIL A EEEERENEL
720 72, 20gDHA L —VEWEFEL, ZHIC
AR DI K EIMA T AT FT—HHRE L TrEK
L7z e <, 77 AEABEMpHA — ¥ 12
X ZpHB X OEHBTBAR A + 5 XVikIC & 5 A
Bt (KBES  1993) 7% & NI IkEiic X %
MR ILRE S (VBN) &t (HMEE R
liff7e4s  2001) %W L7z

3) R
(1) RBSOZsEEH
RBSOZEEME %2 1 IR L7z, BTHRBSOHZ

Table 1 The fermentative quality of the round-

baled silage at different storage period

Dry Lactic Acetic Butyric VBN
matter pH  acid acid acid /TN
(%) (% of DM) - (%)

Mild wilting
l4day 431 538 0.3 01 ND 10
30day 353 51 22 0.3 0.5 29
90day 356 49 2.3 0.3 0.7 75

Heavy wilting
14day 513 58 0.3 01 ND 07
30day 531 56 0.8 02 ND 07
90day 489 56 0.2 01 ND 38

VBN : Volatile basic nitrogen, DM : Dry matter, TN :
Total nitrogen, ND : not detected.

Y1335 - 43%DHPHTH V. i FZRBSORZ 3
1349 - 53% D HPHTdH > 720 W FHRBSIZ30H X &
90 H X THLEEA 2 %FEEE AL S L, pHAS 5 FEEEIC
R L7228, MR HZRBSIZZLIEAY 1 %L T LA
X, OHKXICBWTHpHIFS6F TLMETL
Loz, BEREOAR T FHRBSTKA & 205E W
FRDLNT, FEFBERIZ02-03%Th - 72, B
BRI FHZRBSO30H X DAREIC A 25780 S,
TR % 468 B 125 o THEIN$ 2801258 5 720 — 7
MR PHRBS CIAEERRIIMIN S o 7o TR E S
VERIZWTNORBS: S b SN e odz, RS
FIHDHVBNOEE (VBN/TN) 13l PRZIX &
HIOH X2 B THEAYH < 72 B 233880 H N7z,

(2) TFH%OFRNE

R LG A OO EEOY 4 L — T FER
BAaFR2IR L7z, HFEGEOLRE & I3E P
A L=V CTHEHLT%. BFFHA L — T TEH2.9%
TdH Y\ RBSIZHARTRIEIZEML 720 ZHUZtEw,
14H X & 30H X 0 Pk % 0 pHIZ P2 X T4.1
2y RPEX TIR4AREIE T Lze —. WF
W& H0H X O Pl OpHIZ R R . BTV
X T43. MPHXTIZ48TH - 72, FHIFEHEORE
P i |3 PRZIX & b FEIFEAT IS TR RN
BEMDTRD ST Wb L &Pz - 14H
KTH13%IH T - 70 PP OB &R,
THFRATNICIERTIZIZEDL S 3, TR L 2 258
HRONEho 70 TuY A VBIEFEHEZICBY
TSN h o7z, VBN/TNIZWFHZIX & D
PP IS & o TR RN 2 M 233250 5 7z 2%,

Table 2 The fermentation quality of the silage after

re-ensiling from round bale in drum silo
at different storage period by round bale

Dry Lactic Acetic Butyric VBN
matter pH  acid acid acid /TN
%) (% of DM)—— (%)

Mild wilting
14day 428 41 45 1.3 ND 41
30day 370 41 44 05 05 5.6
90day 356 43 5.2 0.6 0.9 7.8

Heavy wilting
14day 504 43 3.3 10 ND 1.6
30day 512 44 2.6 03 ND 19
90day 508 438 2.7 03 ND 39

VBN : Volatile basic nitrogen, DM : Dry matter, TN :
Total nitrogen, ND : not detected.
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WINEEPRKE»o7214H X, 30H X TIERBSDI0
E{ IZJ: k) 1&‘1\1@?5)07‘:0

4) H5

AKEBTORBSOPHAMmEEIIETEIX T
1.6%. MPHZIXT04%TdH -7z (£1), Ohmomo
et al. (2002) DFEWIFEHIA0% — 50% D i B > Y 7Y FY
RS A L — D TR T HEAR T 5 & v
WAL H T 5 (1988) DNy ¥ A aEHWTA
VTV IAT T AR WL, FURR A IR A
T2 L FLEEH6.6%4EIK S iz L OMEITHART, R
FEETORBSOILM &R IIM N &0 5, FLERIERE
AR YIFH SR TR SN L, (k2D
RBSIZAME), KHETHDATIND Z L Hh b7k
DAFREEANE |\ FERFLEE DI S 5 & s &
NTEY (BH 1994, ¥T 1999). KEBOH
RE—HT Do FIZ, AEBRTIIERARN—F %
WTR= VK& T > 72720, TTEERR=-F (&
HYFAT) BHCIZEGELD SR IVOMEEHE
AL (BT 1999). RBSTOFLMEFREEA L ) —
EHHl szt EZ NS, —J5. RBSEAMET LT
N A H A O~ L7221, X TORELX
BV TAMEEAHRML T, pHAME T L7 (&
2)o TOfERIZ, FLERFEREAHIH] S LTV 72RBS
MW L CRBEOE N A TICHIFET 5 2 &1
Lo THA LV —VREMEESIND Z L E2RIZLT
Wb,

REHS (2000) & A 5V T Y I4 7T AN
B KN E50% M E ORBS T, FLEEH AMEDR
MoOYE. ABERD 1 %M 720> 7225, #IK
SNAMBEEZRIML CTHET L L 4% BEICE T
ST LEHHELTWS, XoT, RERITREN
oIS & B FEREEE X, RBSICHFA O KA1,
R, T v 77 4V AIHEET B R lEIR
B OORHS 1995) B XOSRBOEEL Z TR
v (B - AR 1995) % EOREE LY A TN
BREEDS, ABEMORmVY A ol T 22 L1k
o TYGE S, MRRRICAHE LT 7 FLER A 255 B
TEXLRREIC 722 LT B EHREEIND, ML
Ty MERICHIY) 2 & oW BINEIED b 5 &, Al
P & oFF OB HSMR S , LBROAEFH
oMAEw L BHFMICRES L ZL2D
(Gibson et al. 1961). FHIFRMIIZ X - CTHLEEK
NOREIEOMAGIMR I NI L EZ 5D,

#1117 (2010)

RBSIZBWTIE, FEERFERE 2 52T Hfl§ 5 720
WIIM R DR & 40% DL PSS 2 BN D 5
L ENTWwD (McDonald et al. 1991). A9
BRIZB W T LR ERHIU0%LL T TH - 728 FiZRBS
D30H X B X VI0H XX pHAT 5 FEIE THEFEFERE %
FHIET 22 ERTETWARWY (K1) —H. Al
L TREEDOE N F T AE A a~\FiFE L 72300
XOMEr, FERIC X o THIRIERE 2 H§ 5 720
O HEEpHETH 5420 F (HF 1999) /R L7z
(#2). L2L. OHX TIXHIFE%1T> CbpH
DT EEGIMEA 5722 &0 5, HHHRAOWBLLT D
RBSTUE H. & O T T AL S 2 O 2 O FEIR FETE O )
HICHMTH 2 EHEREND, Lad> T RER
FERIE, FRAR R E0OEY) R BENFCE %
WEME T S NRBSZ BRI L 2 00 g% o
LW, HUIRBAR L CTHAT 20 Tid% <. Ml
LCTRBEEDOBN I 4 02 L CHHET S 2
L2 o T mEOHIP L HIfE T &, RBSOF
MDY EHEENDL L ERLTWS, L L, K
B i T30% 2 72 2 WEE B T B B I L OSEE
DENTZT A BIZBWTHEEIER S NPTV
MRS CO RIS X 2 B SER) R 3R
B ETLEELOND,

ANEFE S (1970-1972) &, mHEEICDH 2 Fdho
FIHMEZED D202, AF vy 74 az)fnT—
RBMIZH A L— V2B URNINICZA Y v 794
DICBEIA. L CRAT 2 kR L.
AT ARE RO, BEEEOHM, pHE
AnE. BEGMEMETI2Z L 2WHEL TV,
UK L TARERTIE, RBSEZLAHEESEV RS
KA T, T S 2 LISk o THERE
EOWMEPHIK FAHONTWVD, Lzd- T,
RBSOMKIC & % FLER I O MR 2 MFF 5 %
WEWE, Ay s fuenyh—HAfaokl
OZEVEDHER LI W HERRR Y 4 © O I T
7 L RBFZETHV K9 4534 0o X 9 &
WIZHBET HAENOE A DI L > THEL %
T bzw, Lol e, 12794
7T A2FEEEMBE L LZ-RBSHEIZBWT, £
ML) CTREDIARTEIMEL . Lo d Y A moREE
AL 2 ) R gV 7 DI LB A AT S N B G
HY. DX HERBSEMM L CREEDE VY
A O~NFFHT 5 2 812X o THMAR & pHIE T
PRAESND Z LD I o 720 KRR TIL,
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FHERZ VT, FrdlH 2140 & L722RRT
HBHI LMD, 1HFELED XY FEamE aEREE
M 72556 OIS YE DG B X UM 7 115 80
. BHER O AEBI TS B 2 G 5 0%
Vb b,

2 BFEICLMEY - SBEELEOFERISHE

WS LIVOFINERICRETEZE

1) BIY
HIfiCBWTIE, A2 VT V54752 2F 0%
M L L 7Z-RBSTHEIZB W T, KU TR AR
BEIML L, LA A DORBEEIMEL ) R
WD E AR SN AR H ). Zok
9 % RBS% MW L CRBEEOE W A O TS
5T LI o THRAM EpHIR FAMRE SN S 2
RO Lz, LA L, 1HFED LD AR
A BIF R4 L — VREENE S S e 3wt
B ORI - /AMIT 1966) % Hv 72356 ORI - FElEE
ROEBIZOVWTIIRRFA ThH o720 720 A L
— V&I 20T R R T ICE 5
TR DO, HRNERDEZ 5 2 &5
BEND, T TAREIORBRTIX, 415V T7 v I4
7o A1 FHEE ., BIF 2 8EME S
RBS% MM - FFiFE L. JEREE B & OCBHE & O
RAEWAN DB WG L7z,

2) FELE ik

(1) WUHE - Fa

R ZE T S L RS S R o 4 &
VT Y477 A1 HFRE (Wil =4 5F) 2t
A L720 200045 H16H, kA E—7 3741
vadr (Za2—=FKF ¥ FEH., KM281) TAIDELY,
HW40% T BEICTFR LB, U— b R=3F
(FERABOLI#L#, F % ¥ \f% - IE12m% 4 7. &
BA) TIMWMMBLLA. SNER—VIEIR—=LT v
NTANE (FEMER0%) 29y Err L, Bzl
ELf, MARRRWTT Z ATHEEZIWIZIR
RECTHAMNIE L. 30HRmmIZHE Lz, B
N72%RBSIZ. ZhZFhX—NL 2L v ¥ (Berni
& AfE#, SHARKI50) Y)W 5 10cmAR B L2 4l i
LT, % 8MO/NEI NS 2i5H A0 (3B5L%) 123
AATZ, R T A A OANOFEAREEIZRBSO -
BHEE XD K9 %\ F3432kg/ mPEEEE TIT - 726
NSO I AEFA RN L, 1. 3.

5. 7. 10, 30, 60, 90H #&i# % #LBLX 3 M5
DFHE L CUL MR 4001 & %0t L 720

(2) H4 L —Y ORI

BB SN2K KT A4 03, RiiEko % ds
MCBRE L2RIS, A4 L— Y LoD S oA wiE
AR L. YA o B P B X TR
FHRGEB L OHLEA ST L CESRA L2
WA L= VREBOMiGY v TV e Bz, b
A L —JEW10g3 D % Wi A KI0mUZ =T L
B IR 7B o WG 2 DUF IR 3798
RPHETHERM L7z, FLERIZ, MR SERE T
30T 2 HBcEE 28 UCRMll L 7zo S5 1,
Wl KR A Fvw 30T 2 H R L ¢l L
7oo SRR & BERRE, AR Z WD L CpH%Z 3512
M LR T P FE A PO — AEREHE v,
30T 2 H ¥ 28 U CRHll L7z AF&UEEMTR I, 58
FERF %2 FHVC30TC 2 HRE# L TRl L 72, 2
NOEWMAEMORBIL 3 ETEM L, FHY 1 gY
72 oau=—J K (cfu/g) TRL7.

(3) 1 apiE %O ER O E
ook (B 1979) 1#E LT, 4 api#
BOVA L —VRIROZALEZWET S LIZLoT
IR ER DA Z B L 72, T b, RBSHH
IKE & FRIFIRK60 H 32 JL ON90 H 2 04 4 L — ¥ % 58{a A
Fu— VE%ESE G8LE) IWEIHED., [z
CITRRELZENICE L., mEX Y (74
—7 ¥ 74—, TRT7IS) IZ& o TLRR O
2% 7 HERER L7z,

(4) ALt

I ESER, 7 A~ Fa—2 LI ERU SN E
B OB 2 BRI L T B CRA LIS
Y2 TN R MR O SRS AT RS &
O A L — Y O seillg & a8 R0 e,
60°C "CABME I W JAEZ S AUIR L 72 F212 R v ¥ 2 A4 X
1 mm® 55\ % i3 20 I L 72 )iz &
vy DFIRT MR Lz, Kaamix
135C 2 KeEl o BGz ., MaEE g, MR,
#e (OCW) . MRMALTEMME (Ob) B X UMK &
w2 Wi (Abe et al 1979, FI#A R i L SFA B
82 2001) 12 & o TR L 720 MEEIZ DWW T,
A7 U=, FNVIA—=ABLFT7IVT b—Z%FKI
D) (1999) 2> CH#EEfkra~ 757
(HPLC) THlEL. hs 3OO ARME%
WSCEHRE LTER L. 72, 4 L—YDpH,
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FibEER & 3 X O'VBNE RS HTEER & Rk ik
TE L7z,

(5) #ATHHT

¥4 L—TYOpH, AHEEERE, VBN/TN, V-
SCOREB & CHE DAL, HEmITic L VA&
PEZ WL, LSDEC X o TEMMER OF EHEOMR
5 (B 1996) %475 720

3) AHR

(1) ¥4 L—U5EaE

YSHE 3R LIS D L B D LA & 2% 31 TR L7z,
MR OWSCEHERIE TN A L — D CTHIF %2 5B
MEPELNRTVE SN TWREW L) 5%
(7 1999 Ly bEHro7z,

FEIEORBSOFEEEME % 2 4 |Z/R L72. RBSD
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Table 3 Chemical composition of ensiling material

Dry Crude Organic

. Ob WSC
matter protein cell wall
(%) (% Of DM) o
438 9.7 61.6 50.1 8.1

DM : Dry matter, Ob : Cellulase-degradable fraction in
organic cell wall, WSC : Water soluble carbohydrate.

Table 4 Fermentative quality of silage before re-

#1117 (2010)

VBN/TN® EHAZ X - TI10H H PRI T (P <
001) L7zdboon, firEliz@tCc [R] LiF
fili 2 4L % 8055 UL F 2 MERE L T\ 72,

(2) 4 L=Vt
RBSPHE RO W % 2% 6 1T/~ L7z, FLMEWE £
10-10%cfu/g & BV 2 7R L7zo BERE S 10-10°cfu/g
ERRHRWEEZ R L72e —J7 7 EIR 3HORBSD
N. TEPSBMIBENIZDATH -7,
FFEEOWBOZEERT IR L7z, FLEEWEE
BRI R A2 8 U T 107-10%cfu/g & il B oR
L. $FRICTlr s #30 H DRl L 72 (P < 001),
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A5, 90H R AEOWHULFIRESZ L D LTI 5
AN & o 720 BERE D WFARPERIT & [RIRR LS PRl e
AR RWINT AEMNI D - 7255, FHE%30H 2L

Table 5 Changes in fermentative quality of silage
after re-storage

Days  pu Cactc Acetic oy ScoRE
acid acid
(%DM) (%DM) (%TN)
0 437 559 086" 6294 964
1 436 613 083F 710AB  o5AB
3 437 641 092°  720AB g4AB
5 439 607  090A 705°B 4B
7 440 558 0924 722AB  g4AB
10 431 609  098A 7878C  93BC
30 430 569 1338 8078¢ 91
60 431 535  257¢ 7768¢  g7P
90 434 474 3320 88IC 83E
SEM 004 047 010 033 063
Significance NS NS Kk £33 %3k

VBN : Volatile basic nitrogen, DM : Dry matter, TN :
Total nitrogen, A, B, C, D, E : Values in the same column
with different superscripts significantly different (P<0.01),
SEM : standard error of the mean (n=3), NS : not
significant, ** : Significantly different (P<0.01).

Table 6 Microbial cells of the silage before re-

storage storage
Bale Dry 5 Lac.tic Ace.tic VBN V.SCORE Bale Lactic a'cid Aerob%c Veast Mold
No. matter acid acid No. bacteria  bacteria
(%) (%DM) (%DM) (%TN) S ( [0Y- S L0721 0 V[ ———
1 40.1 4.29 6.44 091 6.4 96 1 7.8 46 44 ND
2 469 443 4.60 0.79 58 97 2 7.3 49 49 ND
3 451 440 5.73 0.87 6.7 95 3 8.0 6.3 6.2 44

VBN : Volatile basic nitrogen, DM : Dry matter, TN :
Total nitrogen.

cfu : colony forming unit, FM : Fresh matter, ND : not
detected (<2).
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Table 7 Changes in microbial cells of the silage
after re-storage

Lactic acid Aerobic

D Yeast Mold

avs bacteria  bacteria cas ©
N (07> G {1 V423 .Y ) Je————

0 7714 52508 5.18AC 145

1 7764 6.355 6474 158

3 7.82AD 6.488 6.584 ND

5 7684 6.445 6434 ND

7 7674 5.99BCD 6.254 ND

10 7794 6.358C 6.494 ND

30 8718 47550 451B¢ ND

60 8.598C 4134 1.200 ND

) 824CD 4157 0.68P ND
SEM 0.10 0.31 040 -
Significance k% EES Kk -

cfu : colony forming unit, FM : Fresh matter, AB.CD:
Values in the same column with different superscripts
significantly different (P<0.01), ND : not detected (<2),
SEM : standard error of the mean (n=3), **: Signifi-
cantly different (P<0.01).
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Fig. 1 Changes in temperature of the silage before
(A) or after (B) re-storage during exposure

to the air.

— ambient, — silage.
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Jiv 1 FHOBEE R, FEEETMRHA K T
005% LM TH o 7205, 7L v ¥ 2 TMRFHLIF
TI12045%2F % 5720 VBNERIZIFEEDO 7L v
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=012). 2FEOV-SCOREF ML, —HLTHR (>
80) ZfR7=hTwize —J7, 1 HFFHTIZIEHPICR
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BEME 2R IIR L7z, 1 FHEE 2FWEOMIC,

Table 8 Feed compositions and fermentative characteristics of the round-baled silage of orchardgrass

used for the processing of total mixed ration

First cutting

Second cutting Significance ™

40-d 132-d

40-d 80-d

storage™  storageT storage™  storageT Cutting Storage  Interaction
Dry matter (%) 36.5 349 315 29.8 NS NS NS
Crude protein (%DM) 9.1 9.0 17.1 179 *% NS NS
Organic cell wall (%DM) 75.2 781 67.6 65.9 k% NS NS
Organic b fraction (%DM) 65.0 67.9 57.0 56.7 k% NS NS
Crude ash (%DM) 6.0 58 10.8 109 Kk NS NS
pH 4.46 447 457 4.37 NS NS NS
Lactic acid (%FM) 0.90 1.00 191 273 k% * *
Acetic acid (%FM) 0.16 0.31 043 0.78 k% dk NS
n-Butyric acid (%FM) 0.05 045 ND 0.03 * * *
VBN (%TN) 9.06 13.04 8381 744 NS NS NS
V-SCORE 88 43 90 89 ko dk %

The values shown are the means of the values for 2 or 3 round bales.
T 40-d storages were used for fermented TMR processing, and 132-d and 80-d storages were used for fresh TMR processing.

%1 p<0.05, **: P<0.01, NS : P=0.05.

DM : dry matter, FM : fresh matter, VBN : volatile basic nitrogen, TN : total nitrogen, ND : not detected.

Table 9 Feed compositions and fermentative characteristics of fermented and fresh total mixed ration

First cutting Second cutting Significance’
Fel:rml\zgted l:}r;/{s}il Fez‘ml\j:[;ted I;\ZS; Cutting TMR type Interaction

Dry matter (%) 50.4 46.3 421 426 sk NS NS
Crude protein (%DM) 10.6 9.2 16.4 146 koK NS NS
Organic cell wall (%DM) 56.9 60.1 496 45.8 %k NS *

Organic b fraction (%DM) 46.3 51.9 41.0 387 k% NS *

Crude ash (%DM) 6.0 59 91 83 dk NS NS
pH 4.05 5.34 4.06 5.02 NS %ok NS
Lactic acid (%FM) 453 0.85 5.38 2.65 dk %% NS
Acetic acid (%FM) 0.50 0.22 0.89 0.75 sk Hsk NS
n-Butyric acid (%FM) 0.18 0.27 0.03 0.04 sk NS NS
VBN (%TN) 11.24 10.38 8.76 10.1 NS NS NS
V-SCORE 68 67 85 33 k% NS NS

The values shown are the means of the results obtained for 2 repetitions.

T #*: P<0.05, **: P<0.01, NS : P=0.05.

DM : dry matter, FM : fresh matter, VBN : volatile basic nitrogen, TN : total nitrogen, ND : not detected.
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Fig. 2 Preference response of fermented TMR to
non-fermented TMR by dry cow

PRT : Preference threshold.

UDT : Upper discrimination threshold.

LDT : Lower discrimination threshold.

RET : Rejection threshold.

Data represent means +95% confidence interval of 6
animals.
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3) AR
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O HNTp o7z ALFBAEE ) FEREED &
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B FERBIRBSIZFLEE & w ASH Y 110.2% & KV 5
Zv pHBLT7EE L BT ORBAEATRD b7z
DK L MIBIAIRBS Tld FLEE & B A50.9% 12/ F 0
pHSA LT L TR O AR RO SN h o
720 7272L. VBN/TNIZWi# 4 7& % 3 —35%&
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Table10 Dry matter density, chemical composition,
fermentative quality, and of voluntary dry
matter intake in beer cattle of forage paddy
rice silage prepared using a round baler for
chopped material (Chopped) or a conven-
tional round baler (Conventional)

Conventional Chopped

Dry matter density (kg/nd) 157 193
Dry matter (%) 428 424
Crude protein (%DM) 6.2 56
Ethel extract (%DM) 25 22
Organic cell wall (%DM) 464 44.3
Ob (%DM) 41.6 39.3
Crude ash (%DM) 14.2 12.8
pH 5.7 4.1
Lactic acid (%FM) 0.18 0.87
Acetic acid (%FM) 0.12 012
Propionic acid (%FM) ND ND
n-Butyric acid (%FM) 0.02 ND
VBN/TN (%) 30 35
V-SCORE 98 100

Voluntary dry matter intake (g/W0?)" 251+22 259=+17

Mean of 2 round bales, DM : dry matter, Ob : Organic b
fraction.

TData represent means * standard error of 3 animals.
Mean values are not significantly different.
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ERITPERAL L D B RIRICHIN L Tz, FLRIN I
BEMRTA & 5272 0« ORGS0 U CHIR I R W K
PhEHLTWwS72% (Woolford 1984)., AZEER
DKM T H MW ORI T SN h o720
ThaHIHe MO — L ~N—F |2k R, FLEE
FEWEDMEAE S N pHIK F AR T - 7225, kT
O — ) R—F & HW7zill) - SE R CIL L
FEWEAVEME SN CTPpHAMUC E T T LTz, £
BA R IEDRLPZETH D 7-0IAT 5245
VLW L b, MEREREY 2SI L R W IFE
boTEBY ORI - W74 1998, £ 2001).
225 (2003) oMEICH SN D X9 I2pHAS 5 B
DFFA A RBS T (& 5 R (S AR O B 5l A2
HHNDLHE, TOMEREIIE T pHOKT
VEETHL, KEBIIOHAPLELE2 HETOM
R EI R DM T - 727230, FLEESEREDIEHE S
N o 72HERBIRBSICB W T b 7 EiEHIEEE0 5
Nipdrotze 25 (2004) 2SAFEBY; B 5 ik
A ARBSZ #iA L7231 XL, SRR A+
Gt PHEBHEO IR CIlsihf s h
HIEDPREINTWAS, LoT, pHYR6 HIEL R
<V MIBTTY & e RTHEE D IRV IERBIRBSIZ B W T

#1117 (2010)

(& DUERAR DU o w2 Rl 5 2 X9 7 RIEF
T, AL BHE RIS SN 5,

2 X 2 A IR RIS TIRBS & Al AIRBS O
B CTEIRDONL o720 MW ET -V RX=FT
FrEO I T ERBLLEA. F X NN S
2 %RENE TN D HMWIREA AT 2 2 &
MEIN TS GEBE 2003) . ARFEETIIANTIR
KEWETTBRT LT o705 byERaY
EHBRDOCCIHIALE T, FRICTFHEOBEAZL
BB L3 hhotz (F—5FmeEd), [b¥K
SEDO BT MR RBS O M i o5 &
AERI & AR TR WEINE 2 <. MIYIC & 2192
R 7 & DORHER 7 AR ER AL DR L IR B
EHHENLEEZ BN A L=V OREEZIET
SHLEREE LTI ZOMRPHEH LR OKT
BT BHNA (Steen et al. 1998) . & - T. A%
BG4 L — VI OALF R, R HE o
I EALEDR -T2 e, RERIIHT
IR OB I o2 E 2 b b, A1 L—
DIZBWT, ALEEMEDIM IR AR IS KT
FTLEZONDERE L THEMETA L 5 AR
W, BCEAEOSMRCE>THELST I VERE
FEIFSND (Clancy et al 1977) 0 ARFEERIZBIT
AR & HERBIRBSICBW T, B ERICZZEKX
ERANARLNIZH, GERET D FERER &R R
VBN/TNDME - 72D T, HAEZII LD ET S
KRBT DOSHE SO T ARG LHEL Lo
72bDLHEE S ND B (1994) 13YIWH 1 L —
D TIIEHOINCAIED L BmIER SN D MR T
b YR ORBSICHHE T 5 & FURA A5 12AT
bILT, FEERSKEIZAER SN T EHELTY
%o BEIRIZH A L — T OBIEBRE CHRHICH T 0 3
v (Woolford 1984) . FZBs. 445 (2008) Dk
FICH SN D X )12, AFER L RO RO
7 ZRBSIZBWT, Wk 4 + e RUTI SR &
WA 723 8 1 H B &K U134 H %I IS REIR &
BABIAHEIREN TV D, REBTOH R
RBSIZ % AME C pHASE W 7280, BEIR JE 1% A3
ST EE z S, RIIFEIEO KAl R PR &
HANDEREPBE S NS, —J7, MBEIRBSIZ %
BEASE <. pHIZE F L { R WAEY OB o FHLIE
AUHREE 542 (BF 1999) LY IR FLT
B, REIERICBOTH MWERENSmeE %
ZAbNb, KoT, DHEBEDEO IR % fEd



AR D 0=V N= V¥ A L — T OFEREYEE & 2B 12 B 5 % 78 49

% &9 R EMIFE Tl REBROHRBRBSO & 9
e CpHTIEH A L— VOB MREEHL <. %
AP AT TEEEL RIZTEEZON, 2
Ot MW — L X— T2 X B0 - EE AL
HAFEO LR LR R OH ML S 5128 T
DEREIND,

Pl Z &t HHY) ORE TIEALMBIERC X
% pHAK T A5 40 IR C & Zp WATEL A & ORBSH
HIZBWThH, MY ZEH T2 EATE 5
Wil O — N X—F CRET 5 2 L I2 & o TIHMRIERE
ARESETRHEEARENSEL LN TEL I L
PSP 572 F 7z, HIYILBELIC X 2 B4EE %
&L FRMER R E OR AR AT S ¢ 2 B
RO SN o720 REBIIAKG DA 3ITAT L
7B OMBEE V. OARLBE2HFTO
W E O T - 72 2 & 2 HHERRIRBSIC
BUWCTHRFLEBMEEHNEESNLILOTH -
720 L22L, RSB T X D EAKS T, EHICHE
W BB S MU WHEVWER AT — J TOIHE
BELROLNG Z & F A RERDHEIINT % I2oN,
$ ) BN RIS LBl R Tl B EEZLNS
LS. MR O — LR — F XK T o
R R R O SE RS B B Bl & L Ch HIfES
%o Gtk Al bR &R BRI E o R
B BT 2 SRR R KA ST RS L U
FERCH MR L) b B KGTORBETO
MR E MG 2D 5.

2 FERAERICHIEH HEHEO—ILN—

WY1 L= ORETEM

1) HiY

MEBICB VT, M) S NzFR A & 2 Ml o
= R=FI2 8 o TS 2 LSRR & TS
FEDOEORBSHH SN D Z L ARSI NIz T 72,
RE A GHE T B RBSIE FL IR S8 1 25 A o S MU IEH S
pHOEWH A L=V TH o7z, —H, PRk o —
W=7 TS N7k A ARBSIZ, FLEE2%IZ &
AEHER SN o 727-DIZpHS 6 B & Ed o
720 L22L. AZFIIBT 2N OE TH - 7272
B, HERBIRBSIZB VT H AN RIERER 7 E G G2
OOENLDoTz0 Lo T, M) - BEELIIZL -
THM IR e S L7 M T 8 RBS 0 S8 1 i 2T L
Wi GRNE AR T LI LD TE Lol £
T, REBRTIIHERA D OMBIRRBS & Hf Al

RBSZIHE L, i FA M2 7o BEDRET TOR
IR IS 350 2 FERE B R 7 BT e 2 Wi 5 2
Lo T, L) - mE AL & i S LA A
RBSO W & MGE L 72e F 72, THILELC
X o TR S =M FL A & ORBSALIZ B
W, BEINDZERRWL & OREEIA 0%k
FEAENTRR T 2 SRR IR I KT B A
AL 720

2) ML

(1) U - B
LRI~ 5 — NS B T AR BRI
Yo THIE N4 & (Oryza sativa L., §hiE @ &
&722%b) 2L 7z, IR L OV IZHI#IY]
TH#800 kg/10aTdH o720 TN HAEEAA F T HAE
30H % (W) 200449 H 9 HB X O HHE37H
% GEHM) 09 J16H I Z T 5720 4 F DA
DEILICIEEBER I YN, v (7 K7 HARA3) %=
v, KAES (2004) OB RUSHE- TN Y #5714
— N F = VIHE I NI ITH N — %R
ETHUEERATo TEML72. A DS 7z
B4 23, JEfEE 2T TIFAH (EPizX)
FX2 HE GRPEZX) FICHE LT FigLe
BATo 720 WHAMOA AL, BB KRESE 2 1Th
FUIPHB O PRZLE (BPZX) OAEiTol,
TR, FIZE Yy 77y T2y Mg L
VYUEFMTF L=V N=RAY (Za—=KTF U F
#Model790, #E YW E13mm) TH W L, M
Wido—n~R—35 (&HF5HMRSI0, Fx N
££0.80m - 150.85m) 12K X A A THIKT EIRBS % B
Wllzo 7272, 74 L—=IUN—=~2 % LHIKRIO
=V R=FEP A D~ T 7 IZEG SN2t
HERRTONHTH 5720 X ELThHY T4~
SO VWHET - V-5 (¥ 5 F ¥ HSR-
1230, F ¥ ¥ 3% - l@l2m. EERX) TEv s 7
v 7 UTHERBRBSZ I L7ze THH— bR —
WIER=VFT v RNTERIZT vy ¥y 7SNtk M
WEEERHEHNT 2 20ICHER, HBEEBIOES %
AR L 720 2By WOMESEIZH 72D o — b R—)
X7 v ¥ o rgAnd &b ERMERIC 20, Ei
FAOHEAE LIFIZ 2O EFF4 0, g — )b ~X—)
FY X THEN, RSB =V R—=VIFFAE
RBWT, 77 A TREZPWIRE TN
LY (YA



50 WAL ERZE Y v ¥ —RFge s

(2) AL

104 A #5814 020054 6 H I ULEE 3 537>
OR—NVEBEZWELTHE L7z, TholE#%HD
YA L= DI ARG X 2 RN ozl b
EUET B0, FWNHX D720 4HDOFEED A
*F CE¥MkETSkg) IS5 Lz, 5 RITARED
15%% H®lZ, 25 RXERMAPH VX 9 I L
720 F72 HBGMHCHL Y VX2 B ERE LTI2%IC
b EIIRFERRML 720 RBRIZ 1 EE T
ML 5 HEOFERBONE CEM L 720 2B, M
W CIUHE S 7206 R BIRBSIE, YIBrF13mmiZ %
L72HA L=V v ZI2E o THIYI L2 BRICOHAE
WZHa5- L7zo

(3) AL¥5#

IHEMESE T, w4 ¥ Fa—h 5L S h bl
HIOMFA A 2 @RI 720 SR SRS M7z
BA AT T, MBI R SR LRISH
Gy TNV ERRT, BELARBSIES EIZH SN
TWBEGZIY B 72212, R—=RIZR— 1
By B LTSRS L LA S
ML T & SRE LRSI DM 5 v 7
N&l3ize T2, HHEHKEONX—VEERILED LT E
WHR SN OEEEG L ClERE LTH
U7z SRIL72MRHA AL 4 L=V B L O3EY
VT IWAT T RTT0CA8IE R D EGZ T X - THE W=
PUMETLERIIAY Va4 X1 mmD ALV E
T BRI L CRi SR & AR VML A F-L
MU HUKS. OCWHB L 0Obg % @il & -
THE L7ze MEA RV TIEAZB—Z, 7L
TI—ABLOT7 IV b—=A%FKIL (1999) O FEE
Peo TRk o~ + 2757 (HPLC) THlsEL.

#1117 (2010)

IS 3IMBOMEOEFEELWSCERE L L TE
w7z Y4 L —TYOpH, ARBERB L UV-
SCORE# Hi %8k & Mk i THME L7z ¥4 L
— Vo7 rEZTREFZRLEIY ) - VE=RI,
B#EE F-¥y b7V E=T7BLIUF-Fv b1y
J =WV, JRA Y —F T aF ) ko THIE
L7

(4) AEEHEHT

6] U B R O [6] UAEHA A 5 & 45 5 7zl i 2
LRI OO EE Mg G5H 1992) 12X
> THMT L 720

3) AR

MEA A ORI &2 RILR Lo M4 40
BRP X DWW HIZ40% - 45%TH O . MPHZIXIE
H165%Tdh o720 TNHMEA D 2 T DORBSI
JOMEA A OMERE, HBED. HIKS B X O
WSCEEIZEIIFED NG9 o 7205, WP IXA
B A R IZBUT B B 0 OCW & Obs i A3t Sk 1
RBS & 0 MR RBSD J5 H3 8 WA D - 726
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WTIEITRTOR=VTHEDFENRD NI,
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Table11 Chemical composition of material wilted forage paddy rice for the silage prepared using a round

baler for chopped material (Chopped) or a conventional round baler (conventional)

Dough-ripe stage

Yellow-ripe stage

Light wilting

Heavy wilting Light wilting

Conventional Chopped

Conventional Chopped Conventional Chopped

Dry matter (% of FM) 44.7 404
Crude protein (% of DM) 5.6 54
Ether extracts (% of DM) 15 17
Crude ash (% of DM) 117 12.3
Organic cell wall (% of DM) 44.3 447
Organic matter b (% of DM) 384 38.7

Water-soluble carbohydrates (% of DM) 3.9 4.3

65.8 63.7 450 44.6
5.3 5.7 5.0 5.2
1.8 1.6 1.8 1.9

11.7 126 112 114

42.3 452 40.0 40.8

37.2 39.3 34.6 339
5.3 6.0 34 3.2

FM : fresh matter, DM : dry matter.
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Table12 Apparent dry matter density of round bale®, mold spoilage¥, and fermentation quality® of wilted

forage paddy rice silage prepared using a round baler for chopped material (Chopped) or a

conventional round baler (Conventional)

Dough-ripe stage

Yellow-ripe stage

Light wilting

Heavy wilting Light wilting

Conventional Chopped Conventional Chopped Conventional Chopped
Apparent dry matter density (kg/ni) 16316  195+1.2%%* 218+16  250+29%* 15616  225+20%*
Mold spoilage (% of FM) 63+35 46+25 6.7+4.0 53+29 48+14 ND
pH 48+0.0 40+00%* 5402 43+0.1%* 49+0.2 40=00*
Lactic acid (% of FM) 0.14+002 097=002**  008+004 071=003** 017003 094=0.03**
Acetic acid (% of FM) 025+0.01 0.18+0.02 0.10£0.02 020=0.02* 0.15+0.05 0.15+0.02
Butyric acid (% of FM) 0.04 +0.01 ND ND ND 0.02+0.01 ND
NH3-N/TN (%) 5001 9.7+08%* 26=0.1 44+02%* 3602 70+15
V-SCORE 96+0.5 90=2.1%* 100£00  100=0.1 98+0.6 95+24
Ethanol (% of FM) 1.8+0.1 05+0.1%* 1.1+0.1 06+0.1%* 25+0.1 03+0.2%*

Mean * standard error of six round bales, *Mean + standard error of three round bales, FM : fresh matter, NH3-N :
ammonia-nitrogen, TN : total nitrogen, ND : not detected, * P<0.05, **P<0.01.

Table13 Chemical composition’ and apparent dry matter digestibility* of wilted forage paddy rice silage

prepared using a round baler for chopped material (Chopped) or a conventional round baler

(Conventional)

Dough-ripe stage

Yellow-ripe stage

Light wilting

Heavy wilting Light wilting

Conventional Chopped Conventional Chopped Conventional Chopped
Dry matter (% of FM) 402+09 385+0.2 616+1.3 57014 389=05 402+08
Crude protein (% of DM) 56+0.2 5.7+02 56=0.1 56+0.3 51+0.2 5.7+0.2
Ether extracts (% of DM) 2401 24x01 21=0.1 20+0.1 23+0.0 24%01
Organic cell wall (% of DM) 46.7+0.1 450+ 04%* 440+0.3 469+ 1.0* 445+0.7 420+0.6
Organic matter b (% of DM) 405+0.6 388+0.7 381+03 412+08* 382=09 354+0.7
Crude ash (% of DM) 13505 126+0.2 122+02 122+02 131£0.1 123 +0.1**
Dry matter digestibility (%) 615+18 62.0+04 573%26 56.8+2.2 580+3.3 61.0+23

fMean * standard error of three round bales, Mean *
DM : dry matter : *P<0.05, **P<0.01.

standard error of four castrated sheep, FM : fresh matter,
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al. 1991) o & o T, HEBOMBARBSIZHE VT
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SNBHILIE- T, BHOEFTEIHZ Sz e
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R BIEITBWTHIAMIERIMRELIT VT
EDVWESNTWD Gk - WHAHE 1998). &
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THIENVEETH D, FURWIC X 2 FHMIEE DA
FAPEE, MEEICHS 2 WS A — T B2 ITH
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et al. 1991)c MRFREBYIY ¥ X — 2 % 21T 720K
BTHA L—TVIREING L. MWHIEAES I
KR SRR S, 2 DIRBEIC X - THERE DS
MOMAEHEREHWICESTEL LIRS
(Gibson et al. 1961). FE#i S (2005, 2006) 1% £
A AOYMELZFCTLE, AMEERPEHE ST
ALV -V MEPLETHILAMELTED, Y4
EEAERE ST D, Thbb, A £ IZBV
T H MR RBSIZIAE R IIRBSIZ AR THIBT & v ) 3
M%7 A — T 2 MPHIRIC G2 5 2 L1285 T
TSR OFEESEE ), AMBEFRLIRESE
HIEWTEDLIENWLDNE 5T,
BERIZBV T, WTINLORBSIZBWT H %
HRRIiEEL 7 = 7T REBFOA KA (K12),
INOARFEEOWHI O I LT, AR OR
HEOWHEREEEZRT I LIETE LD o72, LAL
55, HIBEIRBSIZ BT 2 S A & FLIRTs
DORAEIZ L > TR Z ERETH LY ) — VFERED
Pl STz (E12), kA A A L— I FR
Ty ) —VEEFEGELIEIEHEINTNS
GkP - U+H4 1998). SOTy ) — VIR
WiEE L EESE L E LB I (McDonald et
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al 1991), =% /7 —VHZEIZZOEWHFEED 72
DK SRR ICHRET 5 2 & 5 5 S 2 A 124K
LEZOND, Ty ) — VEEER AT O BRI
AIEMAEDISEITEELFERTH L5720 (FHH
1979), ZOHIHITLE L b DTIE R, BRI
FECH A L=V oW ER» S F 5 2 & TR )
FinbZEH»5 (McDonald et al 1991). Fiz
PA L — T CTHRICERZ I LEDPD 5, Ao
=W R=FIC L BHEE, FEARICBWTD Tk
AATA L=V B T BT ) — VIEEEOIIHIIZE)
RIWTH D Z LARENIZ,

AIFFETIX, 74 L—IN—RZ ¥ LHIHR T —
NN—F 2 BEETIHERRTI#EZ T 572, &
5Ty 74 L—=IN=RZF DML MR T — N~
— DRy N () LoMFENRTWA 72D
12y RE BT S MMl 23k v 22 A B HHSES
MENDZEPWE SNz, FRT, PERICK > T
KGAL S N7 % LA K ) £ LT Z W REMEAS
EZOND, REBRTIX, /Wy o—H2 R HE-> T
Ry RIZAL RV EDBREI NI L2 LB S,
MR L B S N2RBSOOCW 7 & D B3 D 7
S, TR E O THLROZITRD SN
ol (EI1L 13)e o T, FHARIZBWTH.,
MBI T — L R — F TOPFERF DRI X 2 H=°
HALEANO BTN S W AR S N7z,

A A DFEII P AL TH 5 72 DIGEAAR B
% EFDZENHEE LW, pHIEOIK T 254 T
BOGE. DENERHIAEFTTLIREE b (3
2001)o o T, kA AH 4 L —T OpHEDIT
IBETRIETE 7 & DA BAERE &2 W3 5 721 T/ <,
71 € DEF ORI S BETDH 5. RBSIZHE W T,
T T T A NAPSDERDBEAN N EOFAR A
ThobrEzONL (Fhd 1999), HFEI A A
PIBVTIE, B SN LK LR S5
PEHAF ASHIL ICEE N TV B AN S v, X o T,
fEA 2 FHT BB AIIREF A L= X ) b
IR < MBS RBS O & [ A58 0n 3 %
CHEREN, T T T4 NVLDTA—IVREENE
FEZONDL T T TANVIDBIT A=V %ZITH L,
EWWEREORBS & ) KW EORBSA L ) 512
HEWHERESNLZ EBHESR TS (RIS
1995) o FERAEITIZTRTHONR= VA ¥ DFEAH
RBOLNIZZEND, TYTTANLDYT X =TI
X o TRIIFERICIES IS CITHRER TV



AR D 0=V N= V¥ A L — T OFEREYEE & 2B 12 B 5 % 78 53
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GG, HEDPFEL TWIaR— VBT B RER
BRI AENEINC B o 72 AH R ETIE R D>
7o (3£12), MIBTBRBS (EA£250.85m) (&, ARFEER
THBL720ERERBS (B 12m) & < SRTHR
/NS W70 RHEHFDOED 2 HENBBE <,
HEHERPRIOAIZE EF - ThH, BEERITIELL
oTLE) TENRIBEIND, Tz, REBRTIE,
TNZENDORBSIZBITET Y T TANVEDT A=
BERZZERBCE Lo Thbb, v 7740
LADYT A=V DREDVHATH) ., TUHHEDFE
AREOE# % KE L L2720, pHER N— )V
JEE I X DWHRLE OMICAHE L MRE W2
FTIEDVTELD o720 LPLEEL, WRILHER
FEICHE SN B MIRRBS & W 2 & K5O %
BRI ONT, ¥ A=V EZTTy T T 4
VAITHR LB IN S Z e m RSN D,
Db L D MW g — L N— 5 THEA 2
iR 5 & FRARR TR S MR A AT
b FRF R R SR M TS & 5 e dHIE A
T ERBOT— L R—F L) EEEICIET IR
LT EMNRINT, 72, (ERBOT— L X—F |
LB TITFNL Y J =V EEDRD LT,
T RIRBS TUIARK 733812 B W T b LR R FEAMEHE
SENTRBMIChZY = ) — VERZIHTE S
NS R oz Ty A I X BIHRRIEIC
b —EDOREATRD b Nz RERT DRI O IR
EFKRIC, RERINZBVWTHRBEEIMES IR S
nCwizizd, ML) - mE LRI X 2% R S EA
TR IR T E B dolze Lo T TR THE
EN XD BORGEMOEEA ARBSIZBW T,
MY) - EEEELS T S ) — VR R BRI e &
DARRRFRERATTHBENET 2 LEID 5,

3 BARMRICHTIERAS ROV AL —TRE

ICRIFTHY) - SEEREOZE

1) HiW

R O FEER T AR S Nz FE A A O & RS
TRTU%LETH Y, M STV BIXIC
BOUTLHERBOEEIME NS DTH 5720 fEA S
KR R ClES 2 K THIE S b 2 &% <

THALIIZ X > TR 2T TE 2 M5&METH 5
ISR, BIES (2001) ASZEEPNTHEAL
7o BT O fE A A RBSO 352 1) 313 34%
T, AR EREORHT R &= O LB R %
bEPo7z. Lo T kA FDH A L —IFEIC
BWTIIFIRIEE O fEbihid 5 FKR RIS B T 558
IEOWEFMAEETH ). T OKGBIZBIT
BHY) - R R A A D FLIR T IR AE R e & et 3
BN D B o

Z I CAREBRTIIEREREOY 4 0 v, &
IKGF DR A AT B R B BB R A AT X
DWELGIEGE S A L — VBB RIT T HEER
L7

2) MEE T

(1) IDUHERR 2

20074F, HACEZEMZE L~ ¥ — N O 5 A
Thsb [HPH4035 ] & [RZTDHR], HETH
b [RZHBIE], BETH S [M645] D4R
Al - SRAE A BRI L 720 BLPIN40375 & M64575 138
FIZ & o T, TOMIIERHFIC X o THEE SN
BB O L~V (kg/10a) 1328 #13kg.
1) Y E25kgB X OV H ) 13kgTH - 720 F14ITRL
72X D ICHIESI3-18H £26—29H D 20, Zh
&MY (10-30a) WO 3 A& HEEH S H &S
10cm TEEX ) L 72,

SRS S N7 A A Z IR 13mm 2 3% 58
L7z A L= vy (2—78S130) I2E5T
MYT 2P EMOOFT FHA L —DITTHEL 72 Ml
PWENZAEA 2 ZEFEIZ3 OO0 5 mmBED K E
2300mIAERY =F L VEAKR P VICHEZfEoTTE

Table14 Heading and harvesting date (2007) of
forage paddy rice for whole-crop silage

Variety Heading 1st harvesting 2nd harvesting

Ouusid03

9 August 27 August 6 September
(18%' (28)

Bekogonomi 12 August 27 August 10 September
uﬁ &%

Bekoaoba 22 August 6 September 18 September
(15) &

M645 30 August 12 Segaltg)mber 25 Se&%e)mber

TDays after heading.
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(X U (250gFE ) 2V MFCHM LT 41
v RYIF L VST AN, PR - HE LA (N
K)o B, RITOABLUORZIHBIED 2 HH
AL S 728 A OMIYIX TiE, R M V~0ihD
AARBE " RIRT &I ER U EZNR 7
£ (COX). fgTMLAL (CLKX), BXUTE5%
FRYJE#HE L CaEDAATZRERDT0% % Tk AT
(CMIX)o F 7=, GIWF - B (5 = 7 O&KHR,
SWED (2o TREL, FERIZFAay - Kz
F LU VB RAES L BEX 2z 72 (LX),
C OFEM TR S BRI, YD R AT em A EE
TH DA HEHANITMA LY ZhhTniz, &
NoH A L —1325CIZHR L 72 WIZ50 H R RE
L7212 B Ly AR It L 72,
(2) {25t
MEA 2B LY A4 L — Y 0z & 707C 481
DOBGEPNZ X > TET S &, Ay vad (X
1 mm® 55\ %3 28 ISR LT, &N
. MBENG. HLK4r. OCW. Ob. WCSHB X UM
A L—YOpH, A1, VBN, V-SCORE., =%/
— VR RIERE RO T3 X - TllE L7z,
(3) #EatfEsr

HRA ROILFEG ERZTDABLORIHB
X0 2 B HANRY ¥4 L — ¥ DR E DOIFHTIE—
JCRLIE BT & 5 THIw, Tukey#lc X » T

#1117 (2010)

MEX B DL EILREZT5720 TOMHF A L—TD
FETE S B BT 2 M T IX & WX 0 P39l o 72
i AFa—F Y bO tREZHCTHRELZ, Z
S OFETLHZ1ZStatMate 1T software program
7 2 R) &AW,

3) AR

MEA A OFEEE G & SRS RLK & 215128 L
720 REEEIA1329% - 55%DHPATH > 720 VTR
DAl - RZHED A 1B H XY B OAEA 2
MHOHAEL ), RAETH S HWPEHI035 & X
CTORIMAETH LRI HBIFTEM5L D L E
B Tze HEMIHIZ24% — 39%DHPATH ). T D
BREBRWTHERG L FRKOEADID 572, RS
HBIEO 2 H ORI Y IEHTH IS L EREEDH
0. AR D 7RE Tl bz 720, ATEL
D 1 H & 2 0 H P A2 Ed > 720
WSCHEIZ, TRNT5%MA 2 VERTHY .,
M645% B CREE B4 &3 T H X ) b #4Y
HHEATE 2 B H ML 72 20255 > 72 FRICHHE
FEIRD o 72 2 HANILY) DRI ZTDATIX
LWL L b il - RIED P EL T Tdh o 726
P AL —TOFRMEERKIOITIR LIz, NIXOF,
B ErmIZ01%LL T L TH V. pHIZ44 - 580D
PEZRL7. 72720, BEfR+ 70 ¥t R, n - %
B L OVBNE®E2EH . V-SCORETAE (6041
DF) LHESNLHEEMETH o 7203
20%DRIBHBIZHA L=V DATH Y., EE)
30%LL LD ZF DDA L — Y Tid, TSI
Wi VBN & & 29K . V-SCORETH (604714
F) F7213R B0MELE) LHE SNz, MUIE

Table15 Panicle weight and chemical composition of forage paddy rice for whole-crop silage

Harves Panicle weight Dry matter

Crude protein Ether extracts Organic cell wall

Crude ash WSC

fing VMY GUDM) (% of FM) (% of DM)

Ist  Ouusi403 384=09° 349+05® 486+033° 132+005° 509120 124+025 497+0164
Bekogonomi  365+12¢4  304+08>  550+029% 134+011% 578+09% 128=03" 4080172
Bekoaoba ~ 310+23% 243+180  678+103% 117+007% 543+16%d 140=012 4920299
M645 289=19¢  311+07°  529+019% 106+005 600+23% 121+01% 363=104°

ond  Ouusi403 459+08> 392+12%  490+016> 141+004> 464+22¢ 119+03% 393+0143
Bekogonomi  547+04%  373+03%  500+010% 177+0020 458+14¢  11.8=03% 151+011°
Bekoaoba  409+12% 240+09¢  770+061% 127=004% 497+14¢d 143£03% 379026
M645 377+03¢  367+14° 544079 113+004° 529+08% 113+02°  466=003"

Each values is the mean * standard error of three replicates.

Mean values with different letters in the same column are significantly different (P<0.05).
DM : Dry matter, FM : Fresh matter, WSC : Water soluble carbohydrate.
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ZEIECTREOAAZZCHRHIX O vz B 13194 -
283 kg/m*T. MK O — N X—F THEA & %Ml
W L7286 D193-250 kg/m* & [F/] L NV OB E A
b7z, TOCHROFHERME L, NX XD bRk
GRS pHAMR T § 2 M dH - 7225, R
CTHBIEO 2\ HAELY % B TR RFSHE 2 9] 3
BICIEEST, MRBMERIRSVBNE ®#25H £ 5
TV-SCOREMMK T L7zo FhAARRIE 24 2 720U
EMRI2RIZDOHAD 2 BIHAR Y TI&, FLRE &
ZIIZALD %2 0 o 723, BEEDSHINT % 12HE > THE
. n - EEEB L OVBNE =AM L TV-SCORE
BT LT LHmICH -7z T2, LIXiZ. CH

X & WRTIHABE RSP R EHWEHITICH - 7225,
V-SCOREIZCHIX & (2D NMETH 5 720 X
CHhBIED 2 HHAHY) OMEILIEXIZ BT,
VORI O TR A= I L. KERE.
n-fEE B L OVBNE®EALT L Two 7z JFIC,
CHX Cidn - BRI S N hodz, /20 L
KIZCHX & h fLM & mA s < &2 ). pHLKL, [H
Belzn — BSOS SN oie, 2Dz, CH
X & LXTIZVSCOREDVREHE SNz =5/
—VAERIZTRTOVA L=V TRDLN, JFICN
X T082%& Hho7e CHRR LKXKOLT Y /) —)b
ERD1IUBZHBZLBEOLONALNH, NIX

Table16 Fermentation characteristics of forage paddy rice silage

DM Lactic

Acetic

Propionic n-Butyric

Harves . 1 . . K . . VBN Ethanol
. Variety Treatment” density pH acid acid acid acid V-SCORE
ting (% of TN) (% of FM)
(g/nt) (% of FM)
1st  Ouusi403 N - 569+0.16 010+0.01 0.14+0.03 ND  0.08+0.02 32+04 94+ 1 197+0.15

CH 228+ 5 463+003*% 021=001** 053+001** 002+000 067=004**

82+03** 51+ 1** 099+015*

Bekogonomi N - 469005 ND 058=0.06 ND  024%005 71409  74x 6 137005
CH 211% 6 427=008* 062%036  103+023 013003 075x020N° 114=20NS 37+ 7% 084=005*F

Bekoaoba N - 455003 ND 116+002  003+001 065+002  141%33 2512  111+021
CH 19410 433x022N 044=037  039=011% ND 069031 01=x17NS 60x16NS 060+0.19NS

M645 N —  475+005 ND 061=0.05 ND  026%002 06+09 66+ 4  146=0.09
CH 231% 8 461=003™ 008002  065+0058°  ND  073=005*F 02+02NS 48+ 1% 093=x011%

2nd Ouusid03 N — 538+019 002001  025+005 ND  007£002 38402 94 2 159+006
CH 277+ 8 466=003* 012£003% 038+006™°  ND  047=004*F 61=x03*F 60+ 4** 076=016*F

M645 N - 579+023  005+001  0.12=004 ND  003£001 2501 98+ 1  169=005
CH 269+ 8 451+015%% 022+005% 044006 001+001 051=001** 75+16%* 53+ 3** L14+017*

Bekogonomi N ~ 476005% ND 053+004 001000 017£002>  59=019 82+ 22 088=0.10

Co  89= 4% 4910032 006002  060+005 002001 024=004>  66=08°d 75+ 520 093+0.10

CL 153+ 1° 484+005°> 002£002 077004  004+000 038+0022> 80+03bd 59+ 2bc 087014

CM 207+ 1® 460=000% 002+000 078010  003+001 043+003%> 101+07%> 50+ 54 (94013

CH  283% 7% 456=004" 003002  081+010 004004 071=018%  88=06¢ 50+ 44 072+015

L — 457+014> 016008  083:014  003x001 047x000%> 113+03% 42+ 19 058006

Bekoaoba N — 442+002>  004£000° 091001 003+001 044=0022> 235+112> 9= 2bc (0g83+(132
Cco  52= 24 4530022 037+016" 085+005%P 005000 059+009 239=282 7+ 2b¢ (680,092

CL 91+ 6° 462002 014%005¢ 0712002° 006002 077£006°  250+02% 6= 0¢  056+0062"

CM  165=11> 446=006% 044+013"° 040+008¢ 001001 030+020> 158=25"¢ 46+20% (62+0.16%"

CH 232107 414+004¢  076+004> 034=£001¢ 005000 ND 114+09¢ 83+ 32 026+011P

L - 375+0019  135+008%  036=002¢ ND ND 117056 82+ 28 022+007"

DN : Ensiled no chopping material into bag silo, CO : Ensiled chopping material into bottle silo without pressure, CL : Ensiled chopping
material into bottle silo with low pressure, CM : Ensiled chopping material into bottle silo with middle pressure (70% of the amount of
CH), CH : Ensiled chopping material into bottle silo with high pressure, L : Ensiled lacerating material into bag silo. Each values is the
mean = standard error of three replicates. Mean values with different letters in the same column are significantly different (P<0.05).
DM : Dry matter, FM : Fresh matter, VBN : Volatile basic nitrogen, TN : total nitrogen, ND : not detected.
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LiawefEgshs, LoT. fRA AL <
YA L= VIR I NG, RCEIHFHMIC X
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Table17 The species and numbers of rat captured in the storage place of whole-crop rice silage

National Agricultural Research

Ichinoseki (Iwate Pref.)

Center for Tohoku Region

Adjacent to
livestock barn livestock barn

Adjacent to Adjacent to

private house

Adjacent to
woods and

Adjacent to
livestock barn

and woods  and grass land  and paddy fields paddy fields
Large Japanese Field Mouse (A. speciosus) 28 0 7 21 5
Japanese Grass Vole (M. montebelli) 5 4 0 1 0
Broun Rat (R. norvegicus) 1 0 0 1 1
Roof rat (R. rattus) 0 0 1 0 0

Oters

Weasel (M. itatsi), Cat
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LEDLOWERENERE, ZELVWHEETH- 2
(5H2),

(2) 1THBi%

M 3 (2161 ORBSHEAN D A EFEOBILR (B
7 % ET) BR L7z, B 2 B HIIE R X
I X2 EESHR SN, BEOKBIX. T3
WCODRDORBSHTH DT v 77 4 VAICARIICX
GRS, OB, EHPLPITEN S
TEFR S N72RBSTIZ A X I OILEATEE S L TRBS

JEIRD T v T 7 4 VANEEGEZ T 0 YOEIE. K
RIS BEE % 21T 72RBSUSA O THRIC S BHIZIA A5
TWVo 728, WEIE—HORBSIZEF L, TIZHE
M S N7 ORBSNOHEENIE 4 1L A TLT
SRR SNz W 7 BB DU O BERBS
R, ECERICHE 2 21 72— FBRBSN O 4
DHRE, F2C5 v 77 4 VA% %) 72RBS
DI 1 TH o 720 Wi 2 HH % ORBS T DI
BOBERFIIA A XI LB KD A X I
KRR L7 T2, DRORYMOFEHIZINS
RBSHIZBWT, F7 A XIS Nz, RIE
HRAXTTHEINFAXIOTHZM4 IR LT,
BEOAZLI (A2 X3 EBDNDLKREDOMKE)
BERPLHAY T2 ENBEIN, Z0OiTHIZ
IR STz,

4) E%

AEFFETIE, THARRAI, NFARI, 774K
IBIVFTAXIDOATEREO A X IS S

Tunnel under round-baled silage and
brown rice dragged in there

A. Two weeks after storing

B. Three weeks after storing ~ C. Four weeks after storing

Photo2 Rat feeding damage observed in the storage
place of round-baled silage

D. Seven weeks after storing

Fig. 3 3 Damage process to RBS group by rat

X : Hole of bale flank, @: Hole of bale bottom, O: Beginning of rat tunnel, Gray coating : RBS with rat tunnel formed

in bottom.
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Fig. 4 Observation of rat appearance from tunnel
between round-baled silages by the infrared
camera
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8111°% (2010)

Molze Thbb, NFAXIELTHARIEF, W
B HEIRAE 22 & (378 R 3 o0 BRI % FEE L
TWwh7:%, RBSOWHBZIZT S FEFEL RITT
CEIFEZIT v, 72720, W3O EiEE 1T -
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—

‘

Photo3 These bales suffered feeding damage by
root rats despite being placed on the top
of the grass baled silage
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Table18 Number of rat-damaged and non-damaged
round-baled silages and proportion of
damaged bales in the control and spacious
layouts

Control layout Spacious layout

Damage Nodamage  Damage No damage

First period

April 27 13 3 0 7

May 22 13 3 0 7
Second period

June 5 8 1 3 11

June 20 6 3 0 14
Total number 40 10 3 39
Proportion of 80.0 71

damaged bales (%) "

TStatistical difference was found between the control
and spacious layout (P<0.01).
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Fig. 5 The design for the wire net and capsaicin
treatment in this study
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Fig. 6 The masking effect by snow on the number
of rat-damaged round-baled silages in spa-
cious layout

} A :Onset of the snow masking between the bales.
| B :Disappearance of the snow masking between the
bales.

Table19 Observed number of feeding-dameged
round bales in the control and wire net
treatment on the assessment day and
propotion of the dameged bales
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Fig. 7 Effect of spacious layout on the number of
feeding-damaged round-bales silages by field
mouse

} A Tunnel formation by rat.
} B:Start of snowfall, } C: End of snowfall.

Table20 Observed number of feeding-dameged
round bales in the control and capsaicin
treatment on the assessment day and
propotion of the dameged bales

Control Wire net

No damage Damage  Nodamage Damage

Control Capsaicin

No damage Damage  Nodamage Damage

Feb 28 15 6 20 1
Apr 11 13 8 21 0
May 13 20 1 21 0

48 15 62 1

Proportion of

Kk
damaged bales 16

238%*

Feb 28 9 3 6 3
Apr 11 7 5 6 3
May 13 11 1 9 0
27 9 21 6
Proportion of 250 299

damaged bales

TStaeistical difference was found between the control
and spacious layout (P<0.01).
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Studies on Improvement of Fermentation and Stable Storage Method
in Round-Baled Silage.

Hidenori KAWAMOTO

Summary

The production of round-baled silage (RBS) is a technology that involves packing the forage without
fine chopping and keeping the airtight condition by enclosing it with a thin wrapping film. Since the RBS
system can achieve labor saving in harvesting of roughage, it is indispensable for a domestic livestock
industry. On the other hand, the necessity of producing finely chopped silage of a steady quality has
risen as the total mixed ration (TMR) feeding method spreads. It is expected that positive utilization of
RBS as a roughage source for TMR will contribute to an increase in feed self-sufficiency in Japan.
However, in addition to the lack of fine chopping in the RBS process, because the silage quality is unstable
as a result of its low density and because the wrapping films are easily broken, RBS is not suitable as
TMR material in comparison with the fine-chopped silage made and stored in airtight silos.

In recent years, a fine-chopping treatment has been introduced to the RBS system by the development
of the RBS shredder and the round baler for chopped material. Therefore, to improve the availability,
fermentative quality and stable storage of RBS, the following studies were conducted: (1) Examination
of the effects of chopping and high-density treatment on the conventional RBS system by re-ensiling; (2)
Evaluation of silage quality of the chopped RBS ensiled by the round baler for chopped material; (3)

Exploration of preventive measures to lessen rat damage to wrapping film during storage of RBS.

1. Improvement of silage quality of the conventional RBS system by chopping and high-density
treatment introduced by re-ensiling.
(1) Effect of chopping and re-ensiling of RBS on the subsequent silage fermentation.

The RBS was chopped and stored in highly airtight silos to improve its availability and fermentative
quality. The RBS made from 2nd cut Italian ryegrass with an average dry matter content of 38% (Mild
wilting) and 51% (Heavy wilting) was chopped to a length of about 10 cm and stored in drum silos.
The results were as follows: the concentrations of lactic acid (% dry matter) were increased by re-ensiling
from 1.6% to 46% (Mild wilting) and from 04% to 2.9% (Heavy wilting). With the increase in lactic
acid content, the silage pH value declined from 5.3 to 4.2 (Mild wilting) and from 5.7 to 45 (Heavy wilting).
The stimulation of lactic acid fermentation by re-ensiling was observed in the RBS at not only 14 days
after harvest but also at 90 days after harvest. These results indicate that lactic acid fermentation is
suppressed under the unstable fermentation conditions of conventional RBS, such as the lack of fine
chopping, low-density storage and low levels of airtightness in some cases. We found that storing
the chopped silage from a round bale in a highly airtight silo improved the fermentation condition and
accelerated lactic acid fermentation, accompanied by a decline in the pH value. Re-ensiling can help

prevent deterioration of RBS that must be preserved over a long period.
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(2) Effects of re-ensiling of RBS on fermentative quality, microflora and aerobic deterioration.

Well-preserved RBS was made from first-cut Italian ryegrass with a moisture content of 53-60%. The
RBS was stored in drum silos after chopping on day 30 of fermentation. The drum silos were opened and
fermentative quality, microflora and aerobic deterioration of the silage were examined on days 0, 1, 3, 5, 7,
10, 30, 60 and 90 of fermentation. The results were as follows: the acetic acid content in the silage
increased after re-ensiling, whereas the lactic acid content decreased slightly. However, degradation of
fermentative quality such as rise of pH value and production of butyric acid was not observed. The number
of yeasts in silage decreased gradually after re-storage, and increased silage temperature after opening of
the silos was prevented. In well-preserved RBS, chopping and re-ensiling can maintain the fermentative

quality and prevent aerobic deterioration after silos are opened.

(3) Preventing a decrease in the palatability of RBS by preserving it as fermented TMR.

Two kinds of RBS prepared from direct-cut Orchardgrass (Dactylis glomerata L.) were chopped and
mixed with concentrate and preserved in 200-L drum silos as fermented TMR on day 40 after the
harvest. The palatability of the fermented TMR was compared with that of fresh TMR, which was
prepared from the same lot of RBS a day before the palatability test was conducted for 6 Holstein dry
cows (80 d or 132 d after the harvest). The results were as follows: although both kinds of RBS had
excellent fermentative qualities when used for the fermented TMR preparation, the butyric acid and
volatile basic nitrogen contents of the RBS in experiment 1 increased while it was stored for fresh TMR
preparation. The lactic acid contents of both kinds of fermented TMR were twice as great as those of
fresh TMR, and the pH was decreased from approximately 5 in fresh TMR to approximately 4 in
fermented TMR. A difference in palatability was not detected between the fermented TMR and fresh
TMR prepared from RBS that was preserved with an excellent fermentative quality (experiment 2). In
contrast, the palatability of fermented TMR was superior to that of the fresh TMR prepared from RBS
whose fermentative quality was deteriorated during storage (experiment 1). Therefore, the palatability
of fermented TMR was more than equal to that of fresh TMR and, when the base RBS for TMR had a
drawback with regard to the fermentative quality, the decrease in palatability could be suppressed by

immediately preserving it as fermented TMR.

2. Improvement of silage quality of RBS by fine chopping and a high-density treatment introduced by
the round baler for chopped material.
(1) Fermentation quality and dry-matter intake of forage paddy rice stored as RBS ensiled by a
round baler for chopped material.

We compared the fermentative quality and voluntary dry-matter intake of forage paddy rice RBS
ensiled by a roll baler for chopped material and the conventional roll baler. The dry-matter density of
the ensiled RBS composed of chopped RBS and non-chopped RBS (conventional RBS) was 157 kg/m®
and 193 kg/m® respectively. The lactic acid production in the conventional RBS was low (041% fresh
matter), whereas that in the chopped RBS was high (2.05% fresh matter). The formation of butyric
acid was observed only in the conventional RBS. There were no significant differences in the dry-matter
intake of the two types of RBS by beef cattle. Therefore, fine chopping and high-density ensiling
performed by a round baler for chopped material is effective in promoting lactic acid fermentation of for-
age paddy rice stored as RBS. Additionally, the harvesting loss of nutrients, such as grains, that influence

the voluntary dry-matter intake at the harvesting of chopped RBS was not observed.
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(2) Ensilage of wilted forage paddy rice using a round baler for chopped material: silage quality
after long-term storage.

We examined the effects of long-term storage on the fermentation quality, chemical composition and
digestibility of wilted forage paddy rice RBS prepared using a round baler for chopped material (set
chop length, 13 mm) and compared the results with those obtained by using a conventional round baler.
The round balers were used for ensiling forage paddy rice of three types: (i) dough-ripe stage with
light wilting (45% dry matter), (ii) dough-ripe stage with heavy wilting (65% dry matter) and (iii)
yellow-ripe stage with light wilting (45% dry matter). The apparent dry-matter density was higher in
the ensiled round bales composed of chopped forage paddy rice (chopped RBS) than in those
composed of non-chopped forage paddy rice (conventional RBS) (195 —250 kg/m® versus 156 — 218 kg/m?,
respectively). The formation of volatile fatty acids and ammonia-nitrogen was low in all types of silage.
Further, no marked differences in the chemical composition or apparent dry-matter digestibility were
observed between RBS from the two types of baler. However, there were significant differences in their
lactic acid and ethanol contents. The lactic acid production in the conventional RBS was low
(0.08% — 0.14% fresh matter), whereas that in the chopped RBS was high (0.71% —0.97% fresh matter).
A lower pH value (pH 40-4.3) was retained in the chopped RBS after 10 months of storage. High
ethanol production (1.1% —25% fresh matter) was observed in the conventional RBS, whereas ethanol pro-
duction decreased to less than 1% in the chopped RBS. These results indicate that although the ethanol
fermentation is readily enhanced in the ensilage of wilted forage paddy rice performed by a convention-
al baler, the ensilage performed by a baler for chopped material encourages lactic acid fermentation and

suppresses ethanol production over a wide moisture range throughout the long-term storage.

(3) Effect of chopping and high-density ensiling on the silage fermentation of forage paddy rice in
the high-moisture range.

The forage paddy rice of 4 cultivars was mowed approximately 15 days and 28 days after heading. The
dry matter (DM) content of the forage paddy rice was within the range of 24-39%, and its water-soluble
carbohydrate content was within the range of 1.5—5%. The rice plants were packed into
polyethylene/nylon bags (270 mm X 400 mm) without chopping (control silage) or into bottle silos
(capacity, 300 ml) with high DM density (194 — 283 kg/m?®) after chopping into lengths of approximately
13 mm (chopped silage). The fermentative quality of the whole-crop rice silage was evaluated after 50
days of storage. In the control silage, lactic acid production was always low, while the butyric acid and
volatile basic nitrogen (VBN) productions were low when the DM content was 30% or higher. Ethanol
production by the chopped silage tended to be lower than that by the control silage. However, butyric
acid and VBN productions by the chopped silage were high even when the DM content was 30% or higher.
Thus, the results show that fine chopping and high-density ensiling are not effective in improving the

fermentative quality of ensiled forage paddy rice with a DM content of less than 40%.

3. Prevention of rat damage to wrapping film during storage of RBS.
The storage of forage paddy rice as RBS in fields is attractive food for rats. RBS must be discarded
because of aerobic deterioration if the wrapping film is damaged by rats, so a method for protecting

forage paddy rice RBS from feeding damage caused by rats is needed.

(1) Investigation of rat species that appear in storage places of forage paddy rice RBS.

Large Japanese field mice (A. speciosus), Japanese grass voles (M. montebelli), brown rat (R.
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norvegicus) and roof rats (R. rattus) were captured by using live traps at the five RBS storage places
of Iwate Pref. Large Japanese field mice, Japanese grass voles and brown rats dig tunnels in the ground,
and they damaged mainly the bottom of the wrapping film around RBS. On the other hand, the roof rats
damaged the upper portion of the wrapping film around RBS in stacked bales. Based on our observation
of rat behavior, we believe the usual stacking storage pattern of RBS provides rats with hiding spaces

from predators, and thus this type of layout promotes damage by rats.

(2) Reduction of rat damage to forage paddy rice RBS by modifying the storage layout.

RBS bales are usually stacked in close proximity to each other when many bales are stored together.
This type of storage layout is thought to produce a masking situation that affords many hiding places for
rats, thereby protecting them from predators. Therefore, we hypothesized that if the storage layout
could be modified so that open spaces would be produced between the bales, fewer hiding places would
be available for rats, and the damage caused by rats to these bales would be prevented or decreased. To
test the hypothesis, we divided 23 RBS bales (diameter of each bale, 50 cm) into 2 groups. In the control
layout group, the bales were placed in close proximity to each other and the top part was covered by a
blue plastic sheet in order to produce a masking effect of vertically stacked RBS. In the spacious layout
group, the RBS bales were placed 20— 30 ¢cm apart from each other. The percentage of damaged RBS by
rat feeding in the control layout was 80%, while that of damaged RBS in the spacious layout was only 7%.
Therefore, creating open spaces between the stored RBS bales (spacious layout) would increase the

predation hazard of rats and reduce the damage caused to the RBS.

(3) Reduction of rat damage to RBS by modifying the storage layout: effects of long-term storage.

Four hundred small RBS bales (diameter of each bale, 50 cm) were stored from September to April
using the spacious layout in two places, an area where roof rats had previously causde damage and an
area where field mice had previously caused damage, in Iwate Prefecture. In the roof rat damage area,
RBS damage was prevented during the non-snow period. However, RBS damage was observed when the
snowfall provided masking from December to January. In the field mouse damage area, though damage
occurred as the snowfall increased, it was then prevented by paving the bottoms of bales with wire net.
The results confirmed that rat damage can be decreased by the spacious layout of bales while noting the

snowfall and by paving bales with wire net.

4. Conclusion

The chopping and high-density condition introduced by the re-ensiling treatment was effective for
improving silage fermentation quality and stability of grass RBS. Studies indicated that the re-ensiling
treatment complemented the defects of the conventional RBS system. The effectiveness of chopping and
high-density treatment in improving the quality of forage paddy rice RBS was dependent on the silage
dry-matter content, and our studies revealed the optimum conditions for forage paddy rice ensiling by
the round baler for chopped material. Moreover, we proposed an effective method against the rat feeding
damage to RBS that requires neither chemicals nor special machines or facilities by taking advantage of
the habits of rats.



