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fErm gy

EAFRCD BoEA #hcw® mERY BEEY

W HI - 96125 H + B2 HI : 9742 H19H

EES
AWTgEHHESRR R E I < B B LB EIN T - SABEA Rk B IR A st A B 27k
Fam e 145 5% - o> = ey N » 53 B R ALA] (SeRJUIRt —3d ) ~ MIARI] (Sedbipt—E)

ESE B o RS - B FLIETEE Lactobacillus plantarum (1 10° cfu/kg forage) -~ ZLEEH L.
buchneri (1x10° cfu/kg forage) ~ T KFHFHFRL (100 g/kg forage) Fr¥fHAHA (REEME) SEPU(FE R
B FIF R B R A% 40 KEL 180 K « RR/KIEF IFAVREBEHRDIREKRERF IR - Bt pR
B AP ORAZIRFITI 5% - IO S Wiz S R R DA R T TR R - KRB
o AAUIEIR R - BT R E R « B EEEAE A FIRGE I EL 5 BT R A7 I ] T Y SORER
—8 o BURASIN R 6 M B AR R M R G W &L g 8 - BRI S - DUERE L. plantarum
HYFRBURAT » (H HA B pR BN Y D0 AR /KRS o AL & B pH AYRICR - 5 IR AEIRE R
ims @ HEREANET IR EER MR 82 - [FIK - F17 180 RiZHEZYIEIRERESE T 40 RIE
1K - BT BML T - BRKIEE RTRLZ B2V RBE AR - M EE ~ oA - BRUERRAL
HIIFEE A R - B RFIREER - 2RISRy TR 196 0 o~ BRUCRME S SRS 2-3% -
R R S T (R o AR O IR S BRI I e e - WA el L e
REH) - AL ERTR DA BIARGE S Y 8 (HH/KS IR KL E S B E - EHRENEIFFRHE &
EbEr ZRRIEY G E R S kB E AL E -

B KA~ bRER - BiraE - EEEE -
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KRG EEENREIEY - TR R bt E St - Fausisria
16 1997 S IEFFE R A 2 B W RHUE NS H A « KFEtuE HARNEFEY - K2R > DIk
A SRR SR (WTO) EKFR - H ARG /KRS R AR TR FIE - st i A B
& » 2 H AR IGHETT S MOKTE R RTOUMIE - 75 SRR TRy 7k R 4 B R S B9 B (Cai et al,
2001 ; Cai et al., 2003) - REBRY/KTEAD 7 B AT thmEREAED » BUR R R A A s - 31
SE T /KA ~ EOESERE - HAlRBISEBCENPOE EARAARK 50% it - WK EEED
TEE TSR IR R BRI et B e B A TRk - BEAS B Z AN Sl BT o B R RO g 388 e 2 T ]
SRR A » AH 2 K Ry e i1 (K 38 B R R B BRI 2 2 = R RO BN S - [RI/k RS
FRHMEA R T B R R T m - Br— T AT #E35REE AL » 55— 5 Thl i (e s A 7
EEDUVE IR R AT SOR R - BRitbzOh - BRI ~ L @R A S RUEZR D Bk
Ho Ok R SRV A BT ASE R T PR R B e EF I E BT R RS KRR At R
Gh o SRR R EEIYIRIA - R TR E RS 2 B

BHAEYI RS ITRE - FEECGEEBITCET » K ~ B8R - R ~ /IR RFHEEFIY AL
BUS G HERSE TR E - AR N ERE RS IR - 2R FORAE B DI H BT #e
(Clayton et al., 2003 ; de Ruiter, 2004 ; Filya, 2003 ; Filya, 2004 ; Mills and Kung, 2002 ; Nadeau,
2007) o EHRBEVIHIIRLAZBYERTE - HrR k&R - KEERKCEY & 255k
> DIWECR 5 738 8% K47 (Ellinbank and Hill, 2006 ) o HyfA LU Iz 88 8 /K A S 17 B 7 AE B B
F » ARWHFERIA DU A s A MRS A /KA A 1 T3 » SRETEAN[RISORERD] ~ TR IN  B s e P
IRIEEITRYRZEL - DU REseny 2% -

MEHERTTIE

L. #8k: AT 2006 25—JH{R A MG A BRI KT R R » diiE Fesn e 145 9% < 43 AR 582
B3R (2006/6/14) ~ Fij—3 (2006/6/21 ) E5E2H (2006/6/27 ) IFE » B 10 2845 » NE]
MROKAE - AT RIS B B AT

0. HrikEs « MR U By 2-5 AN/ 0 3 B VURABREE o 3Bk B © REefE
LP : $ff Lactobacillus plantarum (1x 10° CFU/kg forage, Ecosyl/AF#2fit) ; LB : $ff L.
buchneri (1x10° CFU/kg forage, Biotal A E[#2{t) 5 CS : B~ TR (100 g/
kg forage - [RASFFTIHEL > pH = 4 » 2P ~ N ~ TR RAME S F55 50K 27 g/kg DM ~ 3 g/kg
DM - 0 g/kg DM ~ 55 g/lkg DM) - #RHE SR EE N EZZRBRN - GREEHMR 1 ke
REWR T RTE 40 REL 180 X (HMriiiifdny =R & /3 ik 22-36C ~ 16-36°C) > F—RHE
B - fER - HIEHE B RER L -

I R ME © H PRl AP PR E B 1T IR - HUER . ZAHBESELL 80°C Mt 48 /NEf - HIEHZ
Vi o BEZEER R 4°C UK RIE DAL HE « /KIS TR ARL G PIIE (water soluble
carbohydrate, WSC) : fHEFHZI AL 809 WFEZLHN =R » G OF UK FR Z SR E &
anthron 2 47EMHIE (Morris, 1948) < R HIHEIE * SELL 80% HIWKE Y 80°C NEHR 2
WSC » LI » Rz R I A B @R IMEVK g - ERBRFERLL anthron 2AERIE S
& o JHEHE (crude protein, CP) & &Ll Kjeldahl i £HIE (AOAC, 1984 ) ; MEykiEHE (acid-
detergent fiber, ADF ) K iyt (neutral-detergent fiber, NDF ) H9HI5ELL ANKOM? §#fE 4>
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Mt T (Komarek et al., 1996 ; Vogel et al., 1999) » NDFE/MTHREIN a -amylase /57 (van
Soest et al., 1991) -

V. HFHFET - BRERER 20 sefriEE IR INZRE 7k 180 ml » FTREE I8 ARG 3T HIE &
B - FLEE ~ TEE ~ PNFER K SR HE DARAHE AT 84K Jones and Kay (1976) HYJ5iEH#ETT - K%
RS I ZE AR RSB T R - Y& L 0.05N tetrabutyl ammonium hydroxide (TBAH) ¥
SEZE pH By 8 » 70°C THERZ » INAE EPIEEMGR TBAH J45E & INAJE & benzyl bromide B
B ENERGME SOE - BB SE L - LRI E ST & & « IRE IR IR - TR I
HHE 2R ~ e ~ T R RV &2 E R 4 B TRES - PR =R S B R R i
uBERESr (Fleig’s score) » §¥43 40 DANFRIREH RN ~ 40~60 43 BT #3Z ~ 60~80 73 FolFiy
BT~ 80 LA LRI Ry y (355 » 1995) - IIARERMERN - @HBIR - KL
BT ZHZYERER LTS BT R L W2 V)R RRZ P B R -

EES

AENCRERF I . PR 22 B B R R K SERUIRT B KRB ERIE T - 2R AL
BGIR > SEFMHRT B2 BRL B SR TR RRLS R IR - 58 BRI 2 AR PRI R BBt - 5 il
LEZYPPREVE RN 1> = (KR R2Y) R BRI R 27.996 SEANZE 40.7% - S UCHEINIH
AFEAE > MENE - U - BRI E A TR L SV S EIRERAVE TR - B &
RUBE R T -

ESQ WIS X/ Sy I s v E (Y

Table 1. Chemical composition of rice materials before ensilage

Harvest Neutral Acid detergent Water soluble

Dry matter ~ Crude protein Starch
date detergent fiber fiber carbohydrate
% % DM
6/14 27.9° 7.0° 64.4° 40.4° 5.8° 10.3°
6/21 37.5° 5.7° 62.5% 38.2% 4.9° 22.0°
6/27 40.7° 5.1° 524° 340° 4.9 24.6°

&b Means in the same column with different superscripts are different significantly (P<0.05).

ARG KFEFE R RN L% ~ PARR ~ T IRELZLE & SRR RIS I B R Rl PR R I 52 (% 2)
LM~ I~ T BRELZLIL S BAVEENHRE S} IR ¢ 1.9~34.1 g/kg DM ~ 0~5.9 g/kg DM ~ 2.2~34.9
g/kg DM}21.0~36.1 g/kg DM ° AR % BUR B B BLH HI FORF IRV BERGIRDL (155 > 2000 5 1
%2002 5 £5F 0 2007) o /KFEE IR BEAY FLIR B AR AE PR (K - T ELFT R RS T R
A - AR BRI EZRK > KR Fleig’s score 48 » P A2 By Fi - (AIED
R B E AP E R RAEE (R3) -

LUK RERF IR PRI S o Se BUIRT—8 (6/21) 8L FHhy B efE - H pH EHIR(E (£
3) > HBEBEVDARLE (£ 2) @ ZREERCSHIRIEEE (6/14) - fEILIED]
B 40 KPAEfZ CS RS - HAMGEE < BREAERLAT L T By L - UM =N » pH EIRRE © 583
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1 (6/27) WHERASESE - 2R B DAL BRFERE Iy L - [BH AR~ ZFRELIE: 6/21 IHER T &K
40 Rt < e RREREK (£2) -

2 2. ARISCHERS I B e i B K R e R R R B LR R & R 2

Table 2. Effect of harvest dates and inoculation treatments on volatile fatty acids of whole-crop rice silage

Duration of Acetic acid Propionic acid Butyric acid Lactic acid
Treatment™®

storage 6/14 6121  6/27 6/14 621  6/27 6/14 6121 6127 6/14 621 6/27

g/kg DM

40 days  Control 8450 248" 280 26 0.0% 0.0 26.0°  9.gBP 13 3B 9.1% 2728 52
LP 8.8 4480 poAb 1.9  0.0%  0.0% 27.3% 365 2.6 1228 474% 162%™
LB 1334 418 528 388 0.0% 0.0 3414 123% 570 14% 2334 .58
cS 27.7% 16.9%  18.4% 2.3Mb M g ghe 9.9% 56 048  388% 198 10.1%°

180 days  Control 11.4%  36% 538 2.0 0.0 0.0% 11.8%° 1245 11.9% 8.5 34.1M 1445
LP 2014 9.6% 60" 26 08% 0.0 28.9% 948 5sBb 5@ 37 gha 90 60
LB 11.9%° 558 140%  40M 270 304 3274 938 76B 1428 267% 2237
CS 22.0% 33,14 27288 34B s5eh 5 27.5% g8 348 g™ 324% 3560

AB.C Means in the same row with different superscripts are different significantly (P < 0.05).
ab.¢ Means in the same section and the same column with different superscripts are different significantly
(P <0.05).
* : Control, without inoculation; LP, inoculated with L. plantarum (1x10° cfu/kg forage ) ; LB, inoculated
with L. buchneri (1< 10°cfu/kg forage) ; CS inoculated with corn silage (100 g/kg grass).

5 3. 7 IFCHEIS SR B S AT b T B pHIE BF leig sT¥43- 2 128

Table 3. Effect of harvest dates and inoculation treatments on pH value and Fleig’s score of whole-crop rice

silage
pH Score

Storage Treatment*
6/14 6/21 6/27 6/14 6/21 6/27
40 days Control 4.64% 438 4,87 218 631" 234¢
LP 4748 3.980 4.1 2380 g34 764
LB 4.8% 438 4.6M% 14¢be 534 4480
CS 4,110 4.3M 4.4 5144 484° 4740
180 days  Control 4470 4,05 4.5M 23¢ 634 4280
LP 4.4 4,05 4 pAB® 218 6477 64"
LB 4. 448 4,08 4 pAB® 24Ba 6447 504
CS 4348 4,08 4,08 2481 464° 584

AB.C Means in the same row with different superscripts are different significantly (P < 0.05).
&b¢ Means in the same section and the same column with different superscripts are different significantly
(P<0.05).
* : Control, without inoculation; LP, inoculated with L. plantarum (1x10° cfu/kg forage) ; LB, inoculated
with L. buchneri (1% 10° cfu/kg forage) ; CS inoculated with corn silage (100 g/kg grass).
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PR G o BRSSPI RIS B IR o WS o B LP - CS BHECAME R
5 0 fH LP [REC ALIE LGRS - BT o N [R)H R R B A A (R I R H B 75 T R A7
FEE YRR —20 > 76 6/14 IHETH Y > HhY 40 RPHEKE > £ CS BE BRI > HEKE
AW ZERHERAL - (T2 rYRE S 0 (EHERTE 180 XA BHERE » CS R HFirhhE#
ST (LB 38.8 g/kg DM [&Z 18.0 g/kg DM » T HES 1 9.9 g/kg DM FHEE 27.5 g/kg
DM) - 6/21 IFEF Y 40 REF - HIFERENREE R LP > SYE I E RS - HEF 180 X
% HPEEM I LGS BT e EEHE A - (£ CS BEZ ZE ERE R - BETWE
B AR HAM BRI - 6/27 JREF Y 40 KK > [RIBELL LP WBR B RIIRIT - R H iR Fir
180 K#% » BN S I E AR R E » HAEMHEE B ARSI E 2R » (HEIFEHE -

HERERMEMS > SHEEHIERAT 40 RELRAFE 180 RIS AN » MERES
i IR AE R M Ak 2t » HopoJg Ll CS RV E SN E R - (5 RIS L~ —

(£ 2) - wYBIETH - Hi7 180 RZEZVIEIRCREEE Y 40 RIFHE > 6/27 IHEE BT 2 52910
W HAth R (E SCHE SR - 10 CS BRELZ HZYIEIBCRERR (R 4) -

P

i

2 4. AN [FI SR R T B e o L A R R ez i s

Table 4. Effect of harvest dates and inoculation treatments on dry matter recovery of whole-crop rice silage

Dry matter recovery

Duration of storage  Treatment*

6/14 6/21 6/27

40 days Control 0.924 0.93% 0.95%
LP 0.88%¢ 0.90% 0.99"
LB 0.9058 0.878 0.98"
CS 0.924B2 0.875 0.974

180 days Control 0.86" 0.87" 0.924
LP 0.87%¢ 0.88% 0.98"
LB 0.88%¢ 0.87% 0.974
Cs 0.874 0.80%° 0.847B°

AB.C Means in the same row with different superscripts are different significantly (P < 0.05).
ab.¢ Means in the same section and the same column with different superscripts are different significantly
(P <0.05).
* : Control, without inoculation; LP, inoculated with L. plantarum (1x 10° cfu/kg forage ) ; LB, inoculated
with L. buchneri (1 10° cfu/kg forage) ; CS inoculated with corn silage (100 g/kg grass).

BT T > R E R KRS L S B R MR AE IOHE 0] ~ e B 5 DR A R ] TR SR
AR o RIBEAES I 2 U303 5« BRI/KE B T 2 R 222 > BRI
IR Z HZ PRGN > TR VB ~ rhob Rl B ERE R & B TR - T S D B 8 B ol I
HFEE o HEIRREER - YR TR 1% o TofiE & S80I 2-3% -
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5. WHEH U] ~ BeRlpa Bl B T IRF ) /KR B I e ~ IR E ~ hyuhif - BLRRvLiEAE

=571
-

Table 5. Effect of harvest dates, inoculation treatments and storage periods on dry matter content, crude
protein, neutral-detergent fiber and acid-detergent fiber of whole-crop rice silage

Crude protein Neutral-detergent fiber Acid-detergent fiber

Item Dy matter %

% DM
Harvest date
6/14 24.8° 7.0° 65.9° 4521
6/21 33.0° 5.9 60.7° 41.1°
6/27 38.9% 5.5 55.4° 39.1°
Inoculation*
Control 32.5% 5.9* 59.9* 42.1*
LP 32.8* 6.0° 60.5° 41.8°
LB 32.5° 6.3" 62.2° 42.3°
CS 31.0° 6.4° 60.0° 41.1°
Storage
40 days 33.2° 6.2° 59.4° 40.1°
180 days 32.0° 6.0" 62.0° 43.5°

&5%¢ Means in the same section and the same column with different superscripts are different significantly
(P<0.05).
* 1 Control, without inoculation; LP, inoculated with L. plantarum (1< 10° cfu/kg forage) ; LB, inoculated
with L. buchneri (1 10° cfu/kg forage) ; CS inoculated with corn silage (100 g/kg grass).

SE

FIHBFEEY R 3R BT B R - FIRRY T N - SEEIFER - RENEY
FHAE ~ FIFH By e R G =G B HYRER R (Clayton et al., 2003 ; de Ruiter, 2004 ; Filya,
2003 ; Filya, 2004 ; Mills and Kung, 2002 ; Nadeau, 2007 ) - DIEFFFAMES @ K EERE
Bl ia AR B E e R 58 LTI P R £ EENEZE RN 33-50% » i By 7 =K
M (Ellinbank and Hill, 2006 ) - Nadeau (2006 ) HYRFFREER - G HEER B ZL G 5 5 I s sl G
BIREREIARZS ~ B/NES - R B NSE R BEEYIN S e - BT (early milk stage)
W IR FH I RHEIPH (dough stage) FWEds pHIEAR HALER &5 » H[RIRE=S B =B H I
B DUSIEAE IR W AR B NS TR Ry B - B/KFE 2R By IR IR REHMITSE - STk
Rt ~ PR ez kRS E (Cai et al., 2001 ; Kawamoto et al., 2007 ; Momoze et al.,
2005 ; Takahashi et al., 2005) o ZGABEHS R D58 BUHFT— @ MRIRBURE - R A EISIPE
92 FURFIRA R WA BRI« AR BRI B I O FRRY DU E R F 82 - (HATRE(I LUK G
& KSR LAY S BTN EER T LB R ES - BERPHE ko ERRE 5
EBRANMEZ E TR > TORHRIRE - R SRRy /K& BAK - R AR SR E R A &
FEIRAFIR BT o AeErhse2diai —H (6/14) WAL FHrE pH HIR S > THREEIR
FREHH K S B EAR (WS E 27.9%) - 583Ul (6/27) WHEF IrmiaasiiE R o B
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FLIE/ 2 LLAERAR, - RURTRE Ry 7k 43 & BN AR - RIAVKREIE R A K o & B RIE - B
W/ NZE T BE R AT A B 22 R A b » 4] Rotz and Muck (1994) B L% AMEHEEENE T
G FLRREE R 2 RS SIS TR -

Kawamoto et al. (2007 ) DIFZYIR 45 % - 65 9 MR/ R R bt » 21740 75 i B )R 6
BT LR - SR HIYTE bkk RS 5 i (L2 B (LR R P 2 (A B R R R
o Ehr e R e AMEE (HEEEZ 0.08-0.149% BIZE 0.71-0.97% ) ~ WG FGRS A4 B B
pH {H - ARFRESATER M EHEMY] 2 - 5 243 BRI 27.9% - 40.7% » S FEEEHAL 6 i H &1y
RIE AL FE RN 8.5 - 35.6 g/kg DM [ » it Kawamoto [GEE 2 #5I » WREBLRGER 2
KorE i E HERRE AR -

LR R FRR IR E IR IE AR T 2ok TEE T SE (Cai et al., 2001 5 Cai et al.,
2003 ; Nadeau, 2006 ; Nishino et al., 2007 ) ~ ZSER G515 R B AFE AN [G] B0HE B B B B AR A7 IRF RS N RO
JEAR— > BERESINZ W T B A SR LR R A BB A AL 2 - BBl S R AL R B 2 i
FBIRE WHLE - (B S FERSRE R AR R 52 - Hrh DISERH (6/27) IRERYDCERCR iR - #
Tl e B 2 v LI LA T BRI RCR, = e ARG =0 (6/14) HE > BRfEipR sl 2 AN i s H T BR
RARBHE - SePART— (6/21) .2 SEERIA T M & BRI S (AR KT > LR
B RIRARIE I o FHAGBRAS IR AT E H - R R 7L 1 A B AL R R R IR B ek ke
WP B 22 SRR - RIEABEE L. plantarum (FpR A8 & OB T Al 6 0k RS 5 i B e
B - SEIAIRE L. buchneri WEEHIEAL L. plantarum > ifi H 2% $0H A8/ Z B AR B
REL - B B KRG R R S ERST R 2B AL RR R 1 R B S FE » R sk 2 B 7L
BRI SY > MREE— ST -

AR B AR R PN R A WA OGS S KRR S a0 (LRI A B P AR
IRFEM L ARG B RA R (RAREEZ 2% ) » BRI 7 AMEER > A pHER
F R DN T BTG BIRIRREE - Weber et al. (2001) Bl Clostridia [& 2 /K HERAEREE NAYE AR
fE o fE(EERSAR SR IR T E A o KIAE A RSN FAKTEIE R TR S T BRI B T e B i 1M
¥ —HAMEMAZ SRR THREL - HAHBEE - BEKEETE A REERE
BICERFEA > ARG S ORI R - AL B B A RE S i > BB SRR
BAEERS ZBREEYSEREEE 2R AE FrhE -
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Abstract

The purpose of this research is to investigate the fermentation quality and factors affecting rice silage.
The whole plants of rice cultivar Kaohsiung 145 collected from an organic farm at Hengchun area were used
as materials. Crops at three maturity stages (i.e., milk, late dough, and full ripe stages) were harvested in
this experiment. Treatments included inoculation with Lactobacillus plantarum (LP, 1 X 10° cfu/g forage),
L. buchneri (LB, 1 X 10° cfu/g forage), corn silage (CS, 100 g/kg forage) and control (no inoculation). The
material was sealed up in bag silos for either 40 or 180 days before they were sampled. The results showed
that rice harvested at late dough stage had the best fermentation quality and rice harvested at milk stage was
the worst. Inoculation effects were different with maturity stage and ensilage duration, and influenced by
different ensiling environments. L. plantarum was the most effective inoculant for whole crop rice silage
and the other two inoculants also had better fermentation qualities than control. The total contents of volatile
fatty acid increased with duration of ensiling. The dry matter recovery rate of silage conserved for 180 days
was lower than that for 40 days. Nutritive constituents of silage were also examined in this experiment.
Crude protein, nutrient-detergent fiber and acid-detergent fiber decreased with maturity, while dry matter
content increased. As duration of ensiling was increased, the dry matter content decreased slightly and fiber
content increased. Inoculants had no effect on nutrient contents of rice silage. It was concluded that maturity
significantly affected fermentation quality, and stage from dough to late dough was the optimal harvest stage
for whole crop rice silage. Inoculation of lactic acid bacteria improved fermentation quality. Owing to the
insufficient water-soluble carbohydrate in whole crop rice, adding byproducts of high sugar content when

ensiling would help to improve silage quality.
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