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ABSTRACT

The present study investigated the effects of forage cutting and baler mixing on the chemical compositions, fermentation indices,
and aerobic stability of whole crop rice (WCR) haylage. The WCR (“Youngwoo”) was harvested at 48.4% dry matter and ensiled into
a 300 kg bale silo with forage cutting (whole crop without cutting vs. 5 cm of cutting length). The WCR forages were ensiled
without baler mixing process (CON) or with (MIX). The concentrations of dry matter, crude protein, ether extract, crude ash, neutral
detergent fiber, and acid detergent fiber of whole crop rice before ensiling were 48.4, 9.70, 2.57, 6.11, 41.2, and 23.5%, respectively.
The forage cutting did not affect the chemical compositions, fermentation indices, microbes, and aerobic stability of WCR haylage
(»>0.05). The CON haylages tend to be higher in NDF content (p<0.10). The MIX haylages had lower in lactate (p=0.019), and
lactate:acetate ratio (p<0.001). The MIX haylages had higher in lactic acid bacteria (LAB) (p=0.010). Therefore, this study concluded

that the fermentation quality of WCR haylage improved by baler mixing, but had no effects by forage cutting.
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10.7%) SI9ict. webA, 274 ke B9t SEHde Yol
oA, BHSAIAF RO AFAEHEA, = Bk Al
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lactatel= AJL2RIe] pHE: ASIAIA Golde] A4S oAk
2R ZARY AFAAS WAAIZITKMeDonald et al., 1991).
Ak o g, AldeA] YRFEL RAR SEA)], SRR,
Al Zol, 323 gl H7H 5ol ofsf ks WA H
(McDonald et al., 1991).

AlES AdeA] ga FE8E 7sh] St SR8 94 5
Sholth AR AL Al Z:/\}ig AlEshd, AldEfA] Wel
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(Lim et al., 2014). TESL 9714 AJAF 9 G2 Q15 =84 &
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=Y 4 ek w9k ZE0] £719F 9, oAk A Es] 4lolA
AIJE o] ¥l 37ks 2ABA AR W E714] JElE &
gro s, AldejR|e] Wi 8 7WAAZ1A ErhMcDonald
et al., 1991).
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Nabertherm, Liliental, Germany)g&- ©]-&5}o] £41519t}. Neutral
detergent fiber (NDF)%} acid detergent fiber (ADF) T2
Ankom®® fiber analyzer (Ankom Technology, Macedon, NY,
USA)E 0|85} Van Soest et al. (1991)o] &5}o] £}
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24 5 A2 Fod AU 22EL A, Az
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Switzerland)E ©]-85}c] pHE £451%t). Volatile fatty acid
(VFA) Y auto sampler (L-2200, Hitachi, Tokyo, Japan), UV
detector (L-2400, Hitachi, Tokyo, Japan) %
87H, Varian, CA, USA)o| Ax]El HPLCE o]83}o] EAI519
Om(Adesogan et al., 2004), YHUolE] AA(Ammonia-N) T+
TR v Folo] A1t Chaney and Marbach, 1962).
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PROC GLM SAS program (v. 9.4 program, 2013)2 o|-85}o]
AP 2 ) JBAG TS Bk A Sl A
742 Tukey test(p<0.05)2 AASIAICE.
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(McDonald et al., 1991). 3AJRE B Ao SAHE $2
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2 Aol e ZAE TH0.529%~0.78%)0l] oA SR
F 5 %S ZO0E AlgEh

=

Table 1. Chemical compositions of whole crop rice before ensiling (%, DM)

Whole crop rice forage SD!

Dry matter 48.4 1.127
Crude protein 9.70 0.518
Ether extract 2.57 0.040
Crude ash 6.11 0.013
Neutral detergent fiber 41.2 1.197
Acid detergent fiber 23.5 0.704

ISD, standard deviation.

Table 2. Effects of forage cutting and baler mixing on the chemical compositions of whole crop rice haylage ensiled for

150 day (% DM)

NcU! CUT
CON MIX CON MIX SEM P-value

DM 413 41.1 40.0 40.2 1.712 0.668

CP 9.15 8.53 8.23 8.35 0.766 0.369

EE 2.39 2.50 2.44 2.41 0.453 0.987

CA 7.62 7.86 7.46 7.30 0.689 0.697

NDF 42.6 423 445 39.3 2.831 0.133

ADF 253 252 26.7 244 1.905 0.452
Contrast? DM CP EE CA NDF ADF
FCUT 0.238 0.313 0.176 0.918 0.704 0.778
BMIX 0.989 0.921 0.526 0.850 0.078 0.241
FCUT x BMIX 0.808 0.568 0.347 0.775 0.112 0.292

DM, dry matter; CP, crude protein; EE, ether extract; CA, crude ash; NDF, neutral detergent fiber; ADF, acid detergent fiber; SEM, standard

error of the mean.

'NCU, whole crop without cutting; CUT, 5 cm of cutting length; CON, without baler mixing process; MIX, with baler mixing process.
FCUT, effect of forage cutting; BMIX, effect of baler mixing; FCUT x BMIX, interaction effect between forage cutting and baler mixing.
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2. 4854

YA Al T 15097 ARt FA 23 SAE]R|o]
A5G4S 2ARE 3= Table 33 230t} §Y=IRI9] pH,
ammonia-N, lactate, acetate, propionate, butyrate & lactate:
acetate &S Al W wilo] ofgt ER= UEA gl
(p>0.05). SFAJL, lactate TS CON A|FT7F MIX AlELof|
v fodos A UERECH(p=0.019; CON vs. MIX =
0.76 vs. 0.52%), ©]2 QI3] lactate:acetate H]-8°] CON A|E+
7F MIX Aol s fojAom A Uehdth(p<0.001;

CON vs. MIX = 5.45 vs. 3.01). SAHE o]-8sl] AL A S
A APATAN, S AU pHE 458486 S
o= Ugston], of= B 479] sk RAKE S20I%0 oo
et al., 2022). McDonald (1982)= AlEAME-S AldsH AdE]
A] pH, lactate, ammonia-N 5 LGaZ2o] I3k |2tk Byl
SIoH, Weise (1968)= Al Zol7} ZoRX|H pH 7ot &
7HERA AL, AR W O E STRIA aEEs /MAARIH
1 H5FHTE Sun et al. (20202 oRYSH(Leptocanna
chinensis)& ALYRAZ AZR Al, A Zo|7} 2k2E pHE=

Table 3. Effects of forage cutting and baler mixing on fermentation indices of whole crop rice haylage ensiled for 150 day

NCU' CUT
SEM P-value
CON MIX CON MIX

pH 4.29 4.39 4.30 4.54 0.220 0.370

Ammonia-N, % DM 0.10 0.07 0.08 0.08 0.015 0.146

Lactate, % DM 0.78 0.52 0.73 0.52 0.163 0.108

Acetate, % DM 0.16 0.16 0.17 0.19 0.034 0.605

Propionate, % DM ND ND ND ND N/A N/A

Butyrate, % DM 0.33 0.33 0.30 0.43 0.145 0.616

Lactate:Acetate ratio 5.02° 3.05" 5.88° 2.97° 0.751 0.002
Contrast® pH Ammonia-N Lactate Acetate Propionate Butyrate Lacta;z;ﬁ)cetate

FCUT 0.460 0.415 0.941 0.294 N/A 0.594 0.671

BMIX 0.141 0.154 0.019 0.524 N/A 0.378 <0.001

FCUT x BMIX 0.555 0.088 0.727 0.613 N/A 0.414 0.289

ND, not detected; SEM, standard error of the mean.
'NCU, whole crop without cutting; CUT, 5 cm of cutting length;

CON, without baler mixing process; MIX, with baler mixing process.

2FCUT, effect of forage cutting; BMIX, effect of baler mixing; FCUT x BMIX, interaction effect between forage cutting and baler mixing.
*®Means in the same row with different superscripts differ significantly (p<0.05).

Table 4. Effects of forage cutting and baler mixing on microbial counts and aerobic stability of whole crop rice haylage

ensiled for 150 day

NCU' CUT
SEM P-value
CON MIX CON MIX

LAB, logl0 cfu/g 7.79* 8.09° 7.70° 8.03® 0.174 0.038
Yeast, logl0 cfu/g 7.81 7.52 7.41 7.62 0.500 0.716
Mold, logl0 cfu/g ND ND ND ND N/A N/A
Aerobic stability, h 89.8 87.3 88.3 90.3 4.814 0.813
Contrast® LAB Yeast Mold Aecrobic stability
FCUT 0.147 0.557 N/A 0.717
BMIX 0.010 0.887 N/A 0.857
FCUT x BMIX 0.875 0.340 N/A 0.397

LAB, lactic acid bacteria; SEM, standard error of the mean; ND,
INCU, whole crop without cutting; CUT, 5 cm of cutting length;

not detected; N/A, not applicable.
CON, without baler mixing process; MIX, with baler mixing process.

2FCUT, effect of forage cutting; BMIX, effect of baler mixing; FCUT x BMIX, interaction effect between forage cutting and baler mixing.
*®Means in the same row with different superscripts differ significantly (p<0.05).
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THp>0.05). SEARE D& W kAl LABE= CON AJgof
Hg] MIX AJgolla] fejdod w4 UeRdom(p=0.010;
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