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CK (8 » A0 ) ~ CCK ORNIIP#rERe - 5 ghkg 5 “PHTELSR  INIIFLEE 2 E52 » 0.02 g/g) ~ T (BERERGERA »
&P E I > Lactobacillus plantarum, L. casei » 2 x 10° cfu/kg) ~ CI ( [FIRFRNNIE o 5ohie K BAEpg £ 57 > LLEIE
A7) ~ LA ORINELEE > 0.1 gikg ) » FiF 458 H - SBBER - HENSAMEZYR > BRIETEZEHRELE 2N
2 MARMBENRIEANEMAE S EEEYET » AFITEHEIRFENE S R 4315 384% 8293 - 1 K& CI
R FHTEEST (Flieg’s score) £y "B R | HaR 3 I 2 BN > 15 44.2% 8295 T > 1 R CLEH Z FHilriE
PRk TER ) HEREM A T UIEET | AR 26 TERZYIFR 415 )2 50.0% 0 FrA AR Fir a8 REraE Tl
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AW (biochar) & AEY)HE (biomass) [EREAIREE T SRR (pyrolysis) FYEIREEY) o EVIE FHIRE &) (4
e PR NEZRES) Eeh § 0 REBRESEPRSERERENIUREERE  EYREA S
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sequestration) Z %Y » AR P IRBRTE L — o R - STAFEAE 4R 2 BRI LR E M HE T YR AV FERATH 5T EL
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BB BB RS S EAEAE Y — » SR T » SIS E S G R AR R IR
W BT TS A RS RRIT » S BRAT R G (DA T AR 5 AT ) FIFT (17 B S e e T 2
(b > A AEERLRE (LU FATIELS » PB ) - BLR 0T HE P HAK S ST B IR B » B L U 72 25
Wt S EAEGKRIER ( F5F > 2018¢ 5 T » 2018d ; 2=F » 2019 ; 5 > 2021 ) -

FA B R E TR R RS > EBHOR SRR - EIAHEZE  R EEE HRO - B

BB FE 1979 AERIE A LB A AR FITE AR 1 3% - oM a R BRI (B > 1984) - I
@’nm%wgﬁm%m%w 8% % B/ NEBORI R L% B BN P 2 (5 > 2013 5 5 5 2018a 3 T2 »
2018b 5 JE% 5 2018 ; B » 2021 ) - 2015 4 B 53 T 9L 5 8 KL PR BRER 20 & (FHE (T 451308 2 18 4 F Quaker
International Oat Nursery (QION) 3 A 71 {H#E4S 2 » AABA Fi% 43 % 26 HISCE AL » S0 BRI A ELM
Ml FL RIS - 5% 43 R - BrpavE  BEH S - SRS A 26 KEEE > BIGEVE - B Esss
Y - bk -

ARETFE LR SRR R 2 43 J 26 MEFTIRIIEL AT ISR - — TR I A L 2 R B S > 53
IR SRR BRI R - (e s .
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() HeZEanE 26~ 4352 109 £F 11 H 19 HFEER & ARl - 5URin g 43 0605 2 A 23 B (HFEH) k3
H 3 H () Wk > fZa 26 ATRY 3 A 9 B (AFEHT ) & 3 H 17 B (HIZ ) ke - R R Ry I
2 [ 23 HUREZMBHE Y B =105 » — iRV ILEVET B IR ER - 55 AR IR 2= 19 J 24 /1N
‘MR XETEIEHE -3 A3 H >3 H9HK3 H 17 HIHEZMRIERS T B =10 > —(nidlit]
BB T AR - S5 Ao AR BITAZE T 24 J2 48 /NI 1% DIMH EIY 5 U TR P B - S R B A
HUBEIE SR RAERG BB AR (R 1) »

1. FirslBRATEHEEZY) R S BB AR

Table 1. Dry matter content and chemical compositions of forage used in ensiling experiments

Line HZ:;ZSt Maturity Wilting D:ty Crude protein Neutraé;i:rtergent Acid ggzrgent \Z:rtgroﬁgiil;t‘ie Starch
h % % dry base
43 2/23 Head 0 17.8 9.4 60.4 39.8 52 3.9
43 2/23 Head 16 24.7 9.5 59.3 39.2 3.5 6.5
43 2/23 Head 24 28.4 9.6 59.3 39.2 3.4 6.0
43 3/3 Dough 0 27.0 7.7 54.7 36.1 29 16.1
43 3/3 Dough 24 384 9.1 53.9 37.1 2.7 13.0
43 3/3 Dough 48 44.2 9.8 54.2 36.7 2.1 17.5
26 3/9 Head 0 24.5 7.4 62.0 41.6 4.8 3.6
26 3/9 Head 24 37.8 7.2 64.9 44.9 2.1 32
26 3/9 Head 48 39.8 7.6 64.5 42.5 33 4.2
26 3/17  Dough 0 29.4 7.4 62.2 40.6 4.2 8.1
26 3/17  Dough 24 41.6 8.0 61.4 41.1 3.6 7.3
26 3/17  Dough 48 50.0 6.8 63.6 42.4 3.3 9.7

(i) Fpe - BT4E  FER R E N ENS EEGZ R  DEfTRETII (B2 TR » Rbi = RE (HTT,
highest treatment temperature) 4 400 — 500°C > [RALHFEIZY 10 /NF o BERRAVECAGTMA0TR 2 - B A A1E L
£ PR By < 1 mm ISR 0 & 100 g B AIA 20 mL 10% AR S1945 (AR INE A 2% ) » IR0
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(i) AEVIPRFFIEIAT ¢ ELFE pH E - BEEE (electrical conductivity, EC) JR&HRC & & (B ~ &~ Bk ~ §7 - §5 ~ £ -
il ~ FEFIK I ) © pH Je BC RyFfe / & 87K (1/1) Z2HU% 2 JHHE © b DLAERR 77 M7 I 7E (Analytik Jena Multi
EA 4000 » 78B4 ) - & ~ Bk ~ #7 - 85 $% - 8 - SFEFIRE O ITEAHRREE & H0, » 12 400°C &R R EE
B WREE BRIMENIKFET - Ho &K EHE BAEMRSE - BELSHEDAZ BB DI OLEETIIE »
0~ §5 ~ $E -~ g~ $ERIDUE OB EE 45 ( Hitachi ZA3300 » H &) JHI%E (Enders and Lehmann, 2012) » JK 47 By
600°C T 6 h HYSE{FEELL

* 2. BEEAYRAVHBRE

Table 2. The compositions and properties of pangolagrass biochar

*

pH EC C N P K Ca Mg Cu Zn Ash

mScm’ % mgkg" ------ %
Mean 9.6 5.0 64.2 1.7 2.0 3.8 0.2 0.4 15.7 8.7 12.9
Max. 9.9 7.5 73.0 2.3 2.3 4.8 0.3 0.5 20.8 10.8 14.1
Min. 8.7 2.9 54.2 1.0 1.5 2.7 0.1 0.3 10.8 7.5 12.1
CV. (%) 54 38.9 20.0 11.3 20.4 19.7 9.3 24.5 14.6 9.0 5.0

" CV. (coefficient of variation), n = 13.
" EC: Electrical conductivity.

IIL.

III.

Iv.

slEE AR AH B A

i s B AR R AT 2 B HUEE - 7 80°C HtaZIR BNy » L& 7T < #H&EH'E (crude protein, CP) & &
fXHE AOAC (1984) 2 J57AMI%E + BB a4 (aciddetergent fiber, ADF) ~ Hii4fi4f (neutraldetergent fiber, NDF) Hij{f¢
& van Soest (1991) J77EDUESSEHAIE (Ankom 2000) ;5 7K MERE/K(EEY) (water soluble carbohydrates, WSC) & &
HITE R LA 80% HYJEHE S 80°C T2 HUUZR » & 70°C HEFE h EFRIENE - & 02 HUR I E & ik Morris (1948) J57% »
£X anthrone 2 AJA#ETT 5 BADHVHIE © JolL 80% HYERETS 80°C TEEHFRZE WSC » TEEZEHUK » B itiz 12
MBS INEUKE - 8% EfELL anthrone 20EHIESE - B—EmEE 2 ] -
Hirm i

B2 H 23 HUGHE Z #HkHE LA R B 46 - HAIgH - FHTEE - MORMKEE BT 5 903 - 3 hlH#ETT T 5
B CK (B AN ~ CCK (RN FLRR » 5 ghe) ~ T (MR E A &l & o0 it R stk
Lactobacillus plantarum, L. casei > 2 x 10° cfu/kg) ~ CI ( [SIFF7 1Sy Sip K g £ 58 EEFIERT ) ~ LA OFR
AL - 0.1 g/kg ) - MEMRIEHURE G4 » DEZEREEFT &8 1 kg - SIPRENRER T IF 45 @H%
EPRRES 2 28 HIERZY)ER - pH (B R &M #HE S EREfR 2 & - e HE ST (Flieg’s score) MEZVIEIEL
>__Zf_§ o
HrmE T

HZWVIZE R 70°C T HkeZ 48 /NI 2 HZSFEELE - pH (E Ry 20 g Frfe A IrRhinzE /K 180 mL » FTHE 8 1% DA
FEEtMIEZE - g - THE - NEE & Sl 2 M€ DLRAE @R (K Jones and Kay (1976) Y7 7A#ETT » BFRTHILH T
FEHUR ST > EHURLL 0.05 N tetrabutyl ammonium hydroxide (TBAH) &% pH £ 8 » 70°C it
TIAEENELEME > Ak TBAH JEE & » A& benzyl bromide B 28 4 FSiHE K FE » LB 52 > FLL
S HFHJE AT (Shimadzu, GC-2014, Japan) 73 f1 & & © BHIEE 120 — 180°C » K WAHE T (5025 (Flame ionization
detector, FID) )i [& 250°C » E 1 2E 3.8 ml/min - #77 FHE Ry E R » DA HEE (Crotonic acid) fyANREAE i o fF
frith AL ~ TR A E 550 5HE 2 ~ Wi ~ TR AU EEE &2 830t ETay - i 3 1HEE
IIPRASEN R Flieg’s score » 557 40 LUNFoR TR FAM, ~ 40 — 60 73/ " al82 , ~ 60 — 80 73/ "4 | WY
7~ 80 7y DA Rodsls TE R ) IEHT - HINEZEEEFIr2REL » iYL RABEUFRiR 28R
EHE -
it

s ERAE SR DL SAS #1HS (2002) 2 GLM procedure #ETT 8 J7 73 Afr » £ U FE RNV ~ S HAR TS K5 I i
B B TRES BEER > DIEREIZ (Duncan’s test) JHIER & B AV 722 BBV « —ih e 3 HHET T 0T -
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B S 43 BTSRRI N 17.8 — 44.2% » KEMERKILEVEENIN 2.1 — 52% (% 1) -
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HAAURIOE R B A A 3 AL EE = B AVRCR -

T3 EAVE - ZEEE IR R 43 Firm B R BT R

Table 3. Analysis of variance for the silage qualities of oat line 43 silage in different maturities, wilting levels and ensiling

treatments

Source DF* : Mean square”

pH Score A P B L TA DM loss
Maturity (M) 1 1.78" 8,988.5"  21.04" 3.117 58.4" 23.8" 83.0" 99.2
Wilting (W) 2 0.06 3,713.8" 437" 0.05 16.6™ 8.8" 11.87 111.9°
Treatment (T) 4  0.327 932.2" 0.27" 0.40" 0.4 2.9 0.2 112.9"
M x W 2 1.017 1966.0” 1.98" 1.07" 11.97 58" 8.9" 269.9”
MxT 4 027" 823.7" 0.55" 0.03 1.0" 23" 1.77 2.4
WxT 8  0.09 229.7" 0.22" 0.11" 0.9" 1.0” 02" 62.3
Error 38 0.03 43.7 0.07 0.02 0.2 0.2 0.4 29.7

" DF: degree of freedom.
" Significant at 5% level, ~ Significant at 1% level.

* Score: Flieg’s score, A: acetic acid content, P: propionic acid content, B: butyric acid content, L: lactic acid content, TA:

total acid content, DM loss: dry matter loss.

F4 AERGVE - ZEEERETEHEEEE G R 43 FirmE 28
Table 4. The effects of different maturities, wilting levels and ensiling treatments on silage quality of oat line 43

Item pH Score” A P B L TA DM loss
% dry base

Head 5.4° 17.5° 1.97* 0.89" 4.05° 0.09" 7.00* 6.12
Dough 5.0° 43.6" 0.70° 0.40° 1.95° 1.43° 4.48° 8.87
No wilting 5.1 16.8° 1.83 0.66 4.00* 0.04° 6.51° 10.5°
Low wilting 5.2 34.3° 0.94° 0.62 2.32° 1.14* 5.02° 6.6
High wilting 5.2 44.9° 1.03° 0.57 237 1.31° 5.30° 5.7°
CK’ 5.3° 21.8° 1.62* 0.85° 3.11° 0.35°¢ 5.92° 10.8%
CCK 5.3 25.8™ 1.42° 0.80°" 2.92° 0.40" 5.55° 8.3%¢
I 5.0° 39.3* 1.20° 0.48" 2.88° 1.27° 5.83" 3.3
CI 5.0° 39.7° 1.17° 0.42° 2.98 1.26" 5.85 5.9
LA 5.2° 31.0° 0.68° 0.51° 235 0.77° 431° 12.5°

* The same as table 2.
"¢ Means with different superscripts in the same column and section are significantly different (P < 0.05).
": CK: control, CCK: balanced PB, I: inoculant, CI: inoculant + balanced PB, LA: lactic acid.
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AL i 1 26 AN [FIUCRES B 22 RF TR BT ATEZYIR AL 24.5 — 50.0% - KFMEMEBOK &S B 2.1 —
4.8% (F 1) HEHOWER (F5) > FAREURAE B BB IR RNWER > HETA BRI B
& AR Bk pH ESN - HALS BN RIS EHREE © FIrmE AR Il s ik & B R B
BN AR o SCRCSUE T T PARRNE B A R B R 0 Bk pH {ES » B S TR E IR R B
EOREEE RSB T E E S RSUE - A BIE R S RSB R pHE ~ LBk ~ SRS E )
HiEK 470 - R 6 GERBUR - BIGUEZ BIrRIBE ENER R 2 ZRRETET mEERE ER

HI#FE Bl R D RS E iR - HAURIEE 2 Ak S B9 it s E 2 A EE -

5. PGAE - ZEEE G TR R R 26 HiT I ER B BT ok
Table 5. Analysis of variance for the silage qualities of oat line 26 silage in different maturities, wilting and levels ensiling
treatments

Source DF* : Mean square

pH Score A P B L TA DM loss
Maturity M) 1 3267  11,42647  10.82" 4.14" 292" 31.47 26.3" 4,154.0"
Wilting (W) 2 056 2,872.1" 4.46" 0.59" 27.6" 6.3" 34.77 406.3"
Treatment (T) 4  0.11 610.9 0.04 0.12" 0.2 0.6 1.0” 52
Mx W 2 1.02 2,414.8" 1.197 0.23" 1.1° 49" 44" 473.9"
MxT 4 0.03 579.8 0.05 0.01 0.5 0.7 0.2 18.4
WxT 8 0.2 1,854.7 021" 0.31 0.4 1.3 0.9” 43.5"
Error 38 0.04 5,384.0 0.03 0.79 0.2 0.7 0.2 10.5

"DF: degree of freedom.

": Significant at 5% level, : Significant at 1% level.
" The same as table 2.

6. AEIPGENE - ZEREE SGF IR R 26 FliymE 2 %
Table 6. The effects of different maturities, wilting levels and ensiling treatments on silage quality of oat line 26
Item pH Score” A P B L TA DM loss
% dry base
Head 5.6° 21.4° 1.38° 0.85° 2.88° 0.27° 537 22.4
Dough 5.1° 49.0° 0.53° 0.32° 1.48° 1.72° 4.05° 5.7°
No wilting 5.3 21.6 1.41° 0.75* 3.48" 0.35° 5.99* 13.1°
Low wilting 53 40.0° 0.97° 0.59" 1.87° 1.35° 4.78° 19.0°
High wilting 5.4 44.1° 0.47° 0.41° 1.19° 1.29° 3.36° 10.1¢
CK’ 5.47° 31.3 0.92* 0.72° 2.17 0.65 4.46 12.9
CCK 536" 37.4 0.89" 0.61° 1.95 1.14 459 14.6
I 531" 31.7 0.93* 0.49° 2.23 0.89 4.53° 14.2
CI 523 36.4 0.98* 0.49° 222 1.13 4.81° 14.3
LA 5.26° 39.3 1.05° 0.62° 233 1.19 517 14.3

" The same as table 2.
"¢ Means with different superscripts in the same column and section are significantly different (P < 0.05).
" The same as table 4.
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T MRV REBAEE R 2 28k ~ T g ~ A S BLIRFIET O HEFEY - NRmARREERIIR
HRfol - ZFEELT B & BREEARIEZY)RE hm R - SF RN R BUREREE (M) Ay MR
e Bt SRR ARV ERN T - Al BAVEBAIN BB 282V ER - RS e AR
HfE 1> fnZ 43 FEEYIREEEL T - SErRE AR S 9K - EEREZYIH 38.4 K 44.2% (3/3 18

&> ZH 24 ) 48 h) fR(E T > FlraH 1R CLAYALEE S B M BT REE © dh % 26 HYRI & 43 B R
[ EFEREREYIROGRET - FrAE a2 AR S 2R > TP 28.2% D ERIHERE AT E A=
H

2o HERHERAA K - ATMEHRESTEURZYPREF BRI ENEREAN T > AASE > ik 43
£ 38.4% FZR T - 1 R CLR B FITebor s TBR - HeR 3 EH Y WEANE - /£ M2% VR T > RS
BRI R T AR ) DL KA LR CLEEE R "BR ) - dhk 26 fEEZYIR 41.5 J 50.0% T - FrAHHT
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Fig. 1. Variations between dry matter content and fermentation acid production, and between dry matter content and Flieg’s
scores in oat lines 43 and 26 under different ensiling treatments. CK: control, CCK: balanced PB, I: inoculant, CI:

inoculant + balanced PB, LA: lactic acid.
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M2 3 ~ & 5 RE | ARSI R HEN R AR EHN T EYRERAEIL T - B 4.5 (8 H rusk
ZIGRBEAE > BRERI TRAL > ARSEREK - EEMREZYPREE SR T - AEETRESE
BRI ZE M - FBERRT S » 2 mAFTA BN IIRHE Z ALk & B Rt S R R A iR Ry - B
an%x 43 Z 1~ CL R LA BRI A B & 8 MaPr &S HiE (R4~ 6) - B 2 RIBUREHE CCK A¥ CK DU R
B CUAHEIN T AV - FORARIIE SRR BRI B i S W A A HIH B RIS -

4 .
Line 43 [1Head & Line 26 O Head
3.5 3.5 # Dough
= 39 _ 3
2 z
825 4 22,5
T T
] 2 g 2
L =
§1.5 i §1.5 1
< 1. <
0.5 4 0.5 -
0 o0 -

IS
1

N

Butyric acid (DW)
w

Butyric acid (%dw)
w

1 1 -
0 T : 0 -
CK CCK | Cl LA
59 . 5 -
Line 43 O Head
# Dough
4 - 4 -
2 g
£ 3 23
he] o
? 5
Q2 22 4
E g
- -
D T 7
iz o
0 PRl Adﬁ 0 - T
CK CCK Cl LA CK | cl

2. MAE A3 K 26 TEAREUNERGVE BRI E TR T 2% ~ T AR S E 2 IR -
Fig. 2. Average contents of acetic acid, butyric acid and lactic acid in oat lines 43 and 26 at different harvest maturity and
silage treatments. CK: control, CCK: balanced PB, I: inoculant, CI: inoculant + balanced PB, LA: lactic acid.

IV. &

Ry R R 5508 - JEFIAEY) AR RS 5 - 38 B B HseE AR FE VI h » H IR AR A AR ~ ZRELL
Kt R UL O 1R B AR il - EREt I 2B P iy LI Bk © Pereira ef al. (2014) DUBGSMEE RN
AEYI R BFE e B FR G RN B SR E - SREUNMER G EIVEEG - (BRI Rt ST RE
AT R A AT PO R A 32 2 P AR PSR RO 704 - 2012 SN —( 53 N HAVESBANET —HAR T E -
AV R EEER AR EERE S ARESEREE - Y RREYIE ARG - HERFE=FHIRE
HVEE(L > G RBURRZ RIS AR IR B NI IR R JT AV A 2UHY (Joseph ef al., 2015) © Bai et al. (2021)
B BRI R BT EE A B L R EYIR - WA AE Ry 3okt m s Z BRI (4% dw) - GEREUR - VISR IR
Bz AMeE AR/ ZRRIEBREEEHIE CRRN) RS rEVMREBRBRINE.Z &S] - BAFEFRR
ININAEP) 52 A AR — e ) LB B R S 2R IR A {EK © Guo er al. (2021) HEFTE BRAR R 2 (REZVIRETE (30%)
HVAEVISR NI AT > G55 > TR0 2% BRBAE 15 ~ 30 REHFZ pH H ~ AR BEHEZEHRE > AL 2% K
B Z EBUEF AT 15 RGBT EIR > 30 RAIEE GBI M(E > FIRRINEYI SR AEVIHEL B I A ] -
Eriksson, ez al. (2022) sEa 2 A RAV VISR TR > LLO, 2, 4, 6% dw YAV REEBIRIT Z= HELA Z
FIRB4L 5L (Timothy) S AL =2EF (red clover) - EEREMBAVERETT - EEAEAZ HHEZ BNFTREA —
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YIRS NN ZEEEF  BEAIIEM AR EREE - TERENI - BN - RINEYIRAIREE
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Abstract

This study investigated the use of forage oat as the ensiling material to evaluate the effects of adding pangolagrass-
derived biochar (hereinafter referred to as PB) on silage quality. The objective was to assess the feasibility of PB as a silage
additive and to explore its potential multifunctional benefits in both animal feed and environmental applications. Two forage
oat lines, Line 43 and Line 26, developed by the Southern Region Branch of the Livestock Research Institute (hereinafter
referred to as SBLRI), were used as experimental materials. A total of six ensiling trials were conducted for each line, using
laboratory-scale vacuum bag silage. Five ensiling treatments were tested: CK (Control, no additive); CCK (Addition of
balanced PB at 5 g/kg fresh weight; balanced PB: lactic acid—supplemented PB at 0.02 g/g); I (Inoculation with a commercial
silage inoculant, transferred strain from SBLRI; Lactobacillus plantarum, L. casei, at 2x108 cfu/kg); CI (Combined treatment
of balanced PB and inoculant (same proportions as above); LA (Addition of lactic acid, 0.1 g/kg fresh weight). The silages
were stored for 4.5 months. The results showed that, compared to the effects of oat line and dry matter (DM) content, the
addition of PB was not a major factor affecting silage fermentation quality. Significant differences were observed between
the two lines. Under low DM content, all treatments exhibited poor fermentation quality. For Line 43 at 38.4% DM, silage
quality of Flieg’s score for treatments I and CI reached “good” level, while the other three treatments were rated as “poor.” At
44.2% DM, treatments I and CI again received “good” rating, whereas the remaining treatments were considered “acceptable”.
For Line 26, at both 41.5% and 50.0% DM, all treatments were rated “acceptable” or better. In particular, treatment LA
as well as some CI and CCK treatments achieved “good” ratings. Overall, the addition of PB at 0.5% of fresh weight did
not have adverse effect on silage fermentation, suggesting its potential feasibility as a silage additive. These results may
provide a useful reference for the development of biochar applications in animal husbandry. Furthermore, a DM content of

approximately 40% may represent a critical threshold affecting the fermentation quality of oat silage.
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