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e~ PR - NEZRE) E8h THEEE GRS EREREENFURR ERE  (FEVIREEZAME -5
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BRI R — 0 R B A Y RAVER - WEYEEAEYIRBCTRAEYIRIVE > & BRSO EER 4R - H
ST B m N R T IN AR - A EYI R AT SR 2 EEREsE ItE - S tbR BRI AR 53R A
Fr#s g 34 (Oliveria et al., 2017) -

BEBNE RAVEYIR T2 RAARR ~ VTR R AER R » EPEEYY - HIRAEEGEER - BB R - ZAR0R
ELME AR EEER YR » 2020 FMERERFT RSB NI ER AR " 2B Y R ENEREERTEE, 0 2
BN — AR ALY R A B E R EFE - ELARERVIER 5 2% (V15 » 2020 ) - (BRI IE N SIS
7% - BEREEGFEHAE T s R AR R E BB RN EMRENH  TBREEZE ST
sREBFT LG 77 P (LUT BB IRE 7 AT ) I B 1 THA 200 5 2245 S MINAE R AR T T RRAL - MRIEI R SR AR R
KB~ PTRe - By 8ls - Fpe il JE R AR E B Rt I B A B A F i 1 el ( £5%
2018a ; 2018b) »

AR ALV E U B BRI - RRE PR E #HRRE - BANYMIEFF SR BT B e
JEE ~ BaEEet - BR AR E ST D Rk (FSE 0 2013 5 B 0 2015 5 Janni, 2020) - DUFERECERE
77 o R DL @S ieat A e & S e R B AVRCR - A RE M A RN &G ERANE L E
anl o (e A R B R PG ERAY 7 e A
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() FiE: B74E  FRBEESEGZER  DETHRETIRCZETRL » s25TE S8 2R T =X
(Brown, 2009) - sg{biz = a S (highest treatment temperature, HTT) &5 400 — 500°C > pfBHFfEI4Y 10 h » AKE%
HFR TR SRS » i AT UR SR B AR VS RS 2 B R R » FRRAVAEARGH LR 2= 1 -

(i) BEHE @ WESFTETAERE  RREE 2R E RS - hAESRE Z HUERREY > NaHE - s
w5 /b &P - SNE R B AR S ER RS VR SRS - EARRK &8 K 30% /o4 » e BRI
& K a BRI AR TR SR ALADRIE 27K R 15% o5 « RS TR B 0.8 em » &1 — 1.5
em (YREIRAERKE - DLERERAL 720 (b (Brown, 2009) » f & LY/ 700 — 800°CTH » SeALHFHEL 4 h o
BEAFFETIMZR 2

1. BEEFEEYR (PB) VR E
Table 1. The compositions and properties of pangolagrass biochar (PB)

pH EC C N P K Ca Mg Cu Zn Ash

mS/cm % mg/kg -------- %,

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 29 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.

T2 HHEIRIEYIR (PLB) HZHR SR
Table 2. The compositions and properties of poultry litter biochar (PLB)

pH EC C N P K Ca Mg Cu Zn Ash

mS/cm % mg/kg -------- %,

Mean 9.8 12.7 40.4 2.8 7.4 12.5 1.5 2.3 270.5 165.5 50.9
Max. 10.2 14.4 51.3 3.6 10.5 14.9 1.7 2.8 318.8 187.5 55.1
Min. 9.5 11.8 329 1.9 2.2 10.6 1.3 1.9 231.3 118.8 45.2
CV.(%) 3.8 11.0 18.4 20.2 49.6 12.9 12.7 15.3 12.3 13.4 8.7

CV. (coefficient of variation), n = 6.
EC: Electrical conductivity.
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(i) AEPISRFFE AT ¢ EFE pH E ~ BEEEE (electrical conductivity, EC) JAHR & & (B ~ &~ Bk ~ 87~ 85 £% -
8~ $¥ RS ) o pH K EC Ry AR / Z& 87K (1/1) ZEHUi% 2 ME © i DAAERR 7347 @ HIE (Analytik Jena Multi
EA 4000) o & ~ B ~ 8 ~ §5 - § ~ i - ST EZ T EF BRI X H0, > 1A 400°C S iR 2 E8E » Wik
EERRENRKFET > Foil&olNEHEBNESE - BiLUHEAE R UL HE » 3 - §5 -
8 ~ 8 ~ SFEAILUFEFEEEHNE (Enders and Lehmann, 2012) = JK53 5 600°C R 6 h Ay {FEELE

I B B TR B B PR Y 2 SR sl s SR R Y s

() FEpNINERAL (358 1) @ 5y Fy 1 BIR4HEE 3 gRHisl > pRIAH Y A RN INEEEELEE 1% ~ 2% 30 4% 2 &
[ EFREER 3 EE > FHHMAH 1.2 kg Z HAHHEERR > BEREBRNIN#HERN L AHEEEE
R R E SRS FEE JTERRE (Lx W x D, 30 x 30 x 60 cm) » & 1 2 24 h 2% Fl RAS AR H18s (GV-
1008, Gastec, Japan) L)1 |7t & A B 41 (No.105SC K No.105SD, KITAGAWA, Japan) £ 12 A & G
([ 1) - HIRA AR R > 3B 7 N &R B e A - dslEnd O iR > /A 2 ERR
RBRERRE - EZBRE % = (HIHERURE — B RERFRE ) x 100 / (HIRAARFRE ) -
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Fig. 1. The situation of experiment setting with applying PB for the absorption of volatile ammonia from chicken manure.
Left: Set-up experiment site. Right: A close photo of PB covering on the top of chicken manure.

(i) TR SR | SR st A TR 4L (ammonia oxidizing bacteria, AOB) B\ 51
KR (LA (10° — 10° cfwml) » FENTA SRS by (SCBRERR AR » BB < | mm) Me(TI6RE# =
(R R =10 S (BBRELE ) » BORAFRARERSRE ) SIS TEIA SLEIR - 1Y TR BR T A A SR
SRS -

(i) SRR (R 2) ¢ (ORISR BRI AL 1 B B A BTt B (Jar test) 371 » BEA 500 mL
ST R B AN » S 20 g BEBER (AUKOR 33.4% ) » 4R S HEORTE + HIRA CRORAN) ~ ELR
4 - BRI - 5B +AOB SR LK) +AOB 41 » FHEHE 4 B - JEHERT R o IS IEEEALRAN
RS ERBEEREL 4% - BFORITAVELSE () ) BIHE SRR SLBR AU 2 KR A A (R BB & /KR A
By 11.0% R 7.7% » TR B S B AR SUI2K R HI A 51 B 63.0% K 38.4%) + 55— kBRI R & K %8
SERIR I S AU IR AR  SAIBRSRIR A EIRA (1 ) - SIHH4E (1 @) - B +AOB 42
(2.4 g) BEHA) +AOB 41 (1.5 ) - &EtBRIEELE A BB RELRINYIA T 4R S » BLUE B BT -
7 26°C THCE 24 h %+ (EATIL) IR S RAIE ORI P B AR - EstBRal RO I S R A (3 5
BREME - EREHEER -

1L, 5 B BRI R SRR I (5488 3)

() BRBRSMALEE:  BERRMIA S = AR - 53R FINEEEE: 0.5% - 1% & 2% (PB 0.5% - PB 1% & PB
29%) + HORLEAE BRI 0.5% 2 1% “EFEHEAR (PLB 0.5% K PLB 1%) » £I84 (Control) FRAAEDIRE » 7
A AREEE R -

(i) HERRREE © BB B B LM BT % IR A0SR T (B B TR 540 ke) » {4l
SR RIIR I A AR ER &) » Pt 41 2 KoRETEE] 60% (4 » 3 AR HEAT A (L x W x D,
2% 1x 0.6 m) HEFT 42 FAFREHETLEM AR - M LAREIREE 7+ 13~ 18 » 25 J 33 FHE( TR -

(i) SBERIEHE & AR L B B R S UR S NG PR T RISk 4P L B BER
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(v) ZRK = H R REREE - BRI E RS AIE (No.105SC K No.105SD, KITAGAWA, Japan) J; = Ff#

SEBRHIE (No. 10SSE, KITAGAWA, Japan) » 577 A% HIE -

IV. BRI IIEFE S HEAC SRR L 2 (5lBR 4)
() ERUEE  DlEslirE S TS Z B BERFA S R L EAOR > TSR 2 s s - & — e

49100 kg AL - HEE RGBT ETS 38 ecm S/ 1.2 m EE P > DEFE BT THEREAL - HERDADRIERFE
FOINRABEELE 5% (wiw) Z VI ERZ 5 DUREEA R 2 SRR E 67% fih - HENDE oy Ry iide (CK
AEFR) KERAL(PB > & 5% (wiw) ) 4 - FE " EE - fEE—EA -

(i) SEWCRENE © SPRImAH AR oL B S 2B (H 508% 2% (HOBO" 4-chennel thermocouple logger) » 4 10 47

i H BhRc i ST I R R L -

(i) SeAsia Al - R TR ZURES IR (BW/GASALERT MICRO 5 PID, Mexico) E#EMIE HEAE i — S8 (EAT ~ B

b& ~ BRKERRE - FEW=" -

L

I FERHHRBN SRR E
() REFEEER (S8R 1)

TIGERBNAEREFEEN ARERN VR RBLEY - &5 RN EBRIIE R CLEIEIm
P 1 h IVEREFRENTA 103 — 46.2% Z[H > 24 h INERERENI 5.9 — 40.2% [ > BEREREARE
{REEFR ERBRHATECR - Ritz e al. (2011) {3 HRZEFL B (litter amendments) YRR T3 > e EAER B2
PR P SR A s o 45 RS MR bR BRI A YIS (pH 2.0) REFRRESRIF S H ARIERCR - mTEAR
5% (pH 9.2) B AR AV R BB IR AR S > Fon (K pH ER 2 2ERASE - 55 (2018) PRETHHIE s LR T 20 1E
FESEREEY LY P R BRI K h & B Z BRI - GERBUR > AWV & R B #EE f 0.5 — 2.2 mg/g
111 H o USR5 BRI S8OR A 4 (2.15 mg/g) » ZEAFRRR L (1.94 my/g) » BFRRAER T RE T AR (0.53 mg/g) -
Ro et al. (2015) AYBFFEEDRA FEIR AV b W& SR AVRITRETIAE 0.15 — 1.59 mg N/g fi] - Bilzs (2018) LK
SEWR Z TR RATIL  AWFoR AN R SR AR I AE T BLELEE R ARAY AV NBR (A K T A Bl (05
{EaBRE ] DURIESE IO A=) e B S RAVIR T RE ST » B nl e B R iR 1 & % B RE AL ] (acidic oxygen surface
groups) MEfIIARE © Liang er al. (2016) AIFRIRELIE 5 S HIWR B B HCER A LA5HE R 4Rl M A R - B FHEY pHL ~
EVIREIE - RRAVA/N - SEVRES GRS - SMEREESUETE b r] UE5REI T REE

#3. FEERRIRS RS EARTIEE G 1)
Table 3. Effect of PB on removal of volatile ammonia from chicken manure (experiment 1)
Duration Treatment’ Ammonia Removal rate
ppm %
Control 130.0 £ 4.1
L ke PB, 1% 116.7%6.2 10.3
PB, 2% 98.3+8.5 24.4
PB, 4% 70.0 £ 0.0 46.2
_______________________ Control 170041 T
o4 br PB, 1% 160.0 + 4.1 5.9
PB, 2% 133.31£4.7 21.6
PB, 4% 101.7+6.2 40.2

" PB: pangolagrass biochar.

(i) PREARSEALEATRCR (5 2)

T4 [ ERAT AR A CEEE R / BB F AR BRI RS — RE R A PRelBRaE R > B
BB RIPR BRI R &SR AR FRBEREAT - REH IR B MEYIRIIIRSCR - B EE R / B AR Sk R bR B
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IRV 2 /KRR > SRR R EZY R I E TR s - ERAR S SR AR SRR
AR - SR +AOB K E M +AOB BRI E SR B PRI B Ky 52.4% K 36.0% - (BHYE IR K E ffy
(23.6% }2 20.2%) E’\Jé%% ° Zhang et al. (2020) HIBFFE RGN NN AR A YA PE DI RIS AP b e (R R 2
FUERLERATRCR -

T4 IR0 4% R ERRARIBIS BRI R RN (A 2)
Table 4. Effect of adding 4% PB, PB powder and different prototype odorant on removal of volatile ammonia from chicken
manure (experiment 2)

Duration Treatment” Ammonia Removal rate
ppm %
Control 245.0%7.1
PB, 4% 196.3 £22.1 19.9
1 hr PB powder, 4% 205.0%£5.8 16.3
PB with AOB, 4% 192555 21.4
PB powder with AOB, 4% 195.0£5.8 20.4
_________________ Contol 103875 T
PB, 4% 88.816.3 14.5
24 hr PB powder, 4% 98.8%£2.5 4.8
PB with AOB, 4% 82.5+8.7 20.5
PB powder with AOB, 4% 91.3%6.3 12.1

" PB: pangolagrass biochar; AOB: ammonia oxidizing bacteria.

5 HBEMEEYIREZVET - FERAKIIEE 24 h W HBH R FRHARZE (R 2)
Table 5. Effect of adding different odorants on the removal of volatile ammonia from chicken manure in 24 hours period.
The addition was adjusted based on the same dry weight of biochar (experiment 2)

Treatment’ Ammonia Removal rate
ppm %
Control 111.3£75
PB, 4% 85.0+4.1 23.6
PB powder, 4% 88.8 +11.1 20.2
PB with AOB, 4% 53.0+3.6 52.4
PB powder with AOB, 4% 71375 36.0

" PB: pangolagrass biochar; AOB: ammonia oxidizing bacteria.

IL IRV S SR b  E
() IRDIEPIR MR E R HEA SR (U8R 3)

AEABRFIF 0.5 — 2% HYE[REL 0.5 — 1% HYFRSEL SN MR R oo THERC (L - AT DASESRMERE G 1
B 2 R TRETR - YR pE B AR AL L OTHARY TR S B IR A = - FREDUATR - WIRAEEMEIR AT
/m}iﬁixif%mz&%@%ﬂ%i% (1 2) > BURRINEY) S B A A WA B E O e S e S R AEUG B - P 3
e[ 4 SR S IR R 2OR S = R EEEERL B0 (2 ) R (H2 R “HERASHIRR I & - SRR
BUENES  BURAY) R el T LA R A 2 RS = HES - NIE S EHRCRE AR &
B SRAIR IS SIS (BRI -

(i) ARIIESTY R B 56 SR (588 4)

@ 5 RER T BEFE AL L — A AR AL - Pl EE | B > FREHEHN T IRABURE
Tb o 2 REFEER IR 69.1°C » ZRIFMiEE S0CAA  HIRHAETRE SOCELG R —H 4R > {8 |
A8 o 2 1% T 4H R BV e 2 AR Rmfﬁﬁi_ ° BURE SN ] LR HEHERE (B TR - 7 B SLE SR A
MRt ESAMEARE - SRARTTH - SR SR AN b SR PR IR K (E 6 ) - EREEESHERE
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BT 37 — 79% 2B - e WA AR REIRE R 65% § SBITLAEZHANT 40 — 87% 2 > 4
SRR E 72% » BRI ISR B R AR PR (L G 2 R -
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z
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0 6 12 18 24 30 36 42
Composting time, days
2. FrFESRIMERCCHEARTR E 8 (L& © Control © FERHIEIER ~ PB 0.5% * 0.5% LA ~ PB 1% * 1% FLFIRM
PB 2% : 2% BN ~ PLB 0.5% * 0.5% FEL SR ~ PLB 1% © 1% BB SR © FREARTINE 7~ 13
18 ~ 25 k7 33 HAEFTEIME - (5458 3)
Fig. 2. Temperature variations of different broiler litter composts treatments. Control: no additive, PB 0.5%: 0.5%
pangolagrass biochar added, PB 1%: 1% pangolagrass biochar added, PB 2%: 2% pangolagrass biochar added, PLB

0.5%: 0.5% poultry litter biochar added, PLB 1%: 1% poultry litter biochar added. Arrows indicate the turning over
on the 7th, 13th, 18th, 25th and 33rd day. (experiment 3)

275

250 —+—Control .
—a—PB 0.5%

225 PB 1%

200 | ——PB 2%
——PLB 0.5%

175 —e—PLB 1%

Ammonia, ppm
=
h

1 6 11 16 21 26 3l 36 41
Composting time, days
3. HEHEFEPEACCIHEEAREE(LE - Control @ MRS ~ PB 0.5% © 0.5% FERARIN ~ PB 1% © 1% FRIA
fl > PB 2% © 2% FFZIAAN ~ PLB 0.5% * 0.5% FEHSANN « PLB 1% * 1% F9RISARIN - (5082 3)
Fig. 3. Volatile ammonia content variations of different broiler litter composts treatments. Control: no additive, PB 0.5%: 0.5%

pangolagrass biochar added, PB 1%: 1% pangolagrass biochar added, PB 2%: 2% pangolagrass biochar added, PLB
0.5%: 0.5% poultry litter biochar added, PLB 1%: 1% poultry litter biochar added. (experiment 3)
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200
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180 } —= PBO0.5%
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f =
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E 00 |
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E
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1 6 11 16 21 26 31 36 41
Composting time, days

4. FEHEFRIMEAC IR = F R 2 (LIE - Control @ MERANEIIE ~ PB 0.5% © 0.5% FLIAAN ~ PB 1% : 1% &
BN ~ PB 2% © 2% EESRIRAN ~ PLB 0.5% © 0.5% BELEAAN ~ PLB 1% © 1% BRI » (5855 3)
Fig. 4. Trimethylamine content variations of different broiler litter composts treatments. Control: no additive, PB 0.5%: 0.5%

pangolagrass biochar added, PB 1%: 1% pangolagrass biochar added, PB 2%: 2% pangolagrass biochar added, PLB
0.5%: 0.5% poultry litter biochar added, PLB 1%: 1% poultry litter biochar added. (experiment 3)
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5. [ENRITBERFESHEAL(LIBAE 2 ORE (L o CK : #0 ~ PB © 5% BRI - (588 4)

Fig. 5. Temperature variations of solid-liquid separated pig manure composting. CK: control, PB: added 5% pangolagrass
biochar. (experiment 4)

350 4 100 -
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6. BRI BEFESIMENC(LIBIE 2 ECR B B UL - CK * I8 ~ PB © 5% SRR - (38R 4)
Fig. 6. Variation of the released ammonia and hydrogen sulfide contents in solid-liquid separated pig manure composting.
CK: control, PB: added 5% pangolagrass biochar. (experiment 4)
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Agyarko-Minta er al. (2017) ] 12% HIREEFEEEY) (green waste) 1) BCEES BYIcH A2 1) e BB S 2 —
FEHETTHERAL (co-composting) » S35 —fe AR 1 e i BE AT G (RN ) R D & AR 60% K 55% - AEEE N
R RV E S & o (R oA A M S =11 B- & WIS (B-glucosidase) 81 [ & 7 K
fi& (leucine-aminopeptidase) J& 4 » Agyarko-Minta et al. (2017) HEHJEE B 4= 957 i B 4H fi (R iy & R bR B EL
HERmmsh - el se B e Y E A RE » Janczak er al. (2017) HYERERES R EIREZEEL - DL 5% K 10%
B A ) e o PR S B A AT DU D S R I 30% Fe 44% - Duan et al. (2019) HFYFE BB R0 - £V
B A W R B AL ] R PR R SR AR 1 e BE B R B R © Akdeniz (2019) BB ZE[BIRRANS T AR A AE Y e & &
HHEALAY S TR - SRR R SRR A R A CEHE I LB RE AR - (e R A AR Y SRS B
FEARHEAEA R pH > [ I2RRIEL » TRV & ~ BRI S LEE SV HEINE « BhAL - IRIIAEYIRR A R
S EHEAL N ~ FERRENERYRUR o AR DR S N TR S R A e EAEAVES o Chen er al. (2010) HY
SBBEEUT TN 9% 17 iR T LASHZE MR B AF 50 B o A PR (KSR R SRS Bl 14 22 35% J2 39% e

Kalus ez al. (2019) FY[EIREF | HEF 26 A (G A 5 Y A L A B R R R R RASE - WA & 2 S a3
RS T e i s o HRERG R - thRmEAE SRR NS TR EE MRVES a2(LAE
B BEACRACHIRE K - W& &S o 78 PR S BLER SR VAR R BT (R 1 3k 2 ) R BB ERSS
HAH{L (Cantrell ef al., 2012; Sadaka et al., 2014) -

PRELSESD » BalPT A 43 (8% - 2014 ) ~ £ (NEDATRERER ) RIAKERERR YA RLNE
Ao EHAEAEREAREEE > HeR1 AERAE - HERESRER R SRAEE R
(appropriate technology) [ Al » EL&KAF ~ AFUAE G R B J7 (FHR VR 14 - =] AR B 3t AR 72 V- (B A A 6] 5 52 R e i
W o YIRS R - BR EHEHENEESERET - GE R LR il S B i B A S E i g
BIFEREEEYIE ~ WDI55% ~ TMEF AL R RAS BRI » (BRI s BifEA -

W A

A S IR L R S SR BRI RE ST > IR e St e B (BT AR 2 20R - =% ~ B b EF R R
ZREH > DUTHEABREE RIIRUR > NI SR eSS B B S SEHEAC R R R B IR FISCR - BRSNS IIAHBR S E PSR E
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Abstract

This report has collected several experiments conducted in recent years to evaluate the effect of pangolagrass biochar (PB)
or poultry litter biochar (PLB) on the odor removal of livestock manure compost. The first experiment was to investigate the
effect of covering PB on the release of ammonia from broiler manure. Results showed that the released amount of ammonia
decreased with the increased proportion of PB added. The ammonia removal rate in 1 hour was between 10.3 - 46.2%, and
the ammonia removal rate in 24 hours was between 5.9 - 40.2%. The second experiment aimed to evaluate the ammonia
removal rate of the prototype deodorants which combined PB/PB powder with ammonia oxidizing bacteria (AOB, strains
selected by the Livestock Research Institute). The addition was adjusted based on the same dry matter base, the ammonia
removal rate of the deodorant treatments, PB+AOB and PB powder+AOB, were 52.4% and 36%, respectively, which
performed better than the 23.6% and 20.2% of PB and PB powder. The third experiment aimed to evaluate the effect of PB
on ammonia removal from broiler litter compost. The results showed that the total amounts of ammonia and trimethylamine
released in the control (without addition) during the entire compost period were higher than those of PB and PLB treatments,
indicating that the biochar treatments could reduce the odor emission during the composting process. The effect of odor
removal increased with increased addition of biochar. The odor removals of PB treatments were slightly better than those of
PLB treatments. The forth experiment aimed to evaluate the effect of PB on the odor removal of solid-liquid separated pig
manure compost. Results showed that the total removal rate of ammonia and hydrogen sulfide of PB treatment reached 65%
and 72%, respectively. All results in this study showed that adding PB and PLB had a positive effect on the odor removal,

which could be used as a reference for livestock farm applications.
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