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EERIER P9 BEpgE ©

WelbFH - 109429 A 11 H : #22 0 - 11047 H 16 H

W B

FEITOR B EE S B RMEY) > ERZIRAGEN R O e g - ERREETORZEEM - AT EEHR
s RN - FEIIOREA F 4 5 RS SRR G - AN E SR A R e - DITBlee
KEZ BT REABATINGE D ATEENEE FOKE T —5E (Kenting no.1, KT 1) ~ S ERIZIRE2RM & (A 5T FSH
01 ) BOYERRUBYR m 2 n & (& SR FSM 02) 22 3 (B anfil £ R sl Bt - o0 nl T & F R R EF R E 5
REGERE - 25U EETE IR - BlEsBeies - Bl skiasd  REEF T RS
e R RORME A B TR S A k= 225 S A F 5 - RIEEH - HEEEEGET RE S 2B ERET - Wk—ik
BRSNS TE - EFR0EEH - BIERERERERES - NEET - REMEFES AR A RER
S TREERRIARIFYIsFHIR 8 - TUMEREE R R > BEEERSE SR 865.5 g i HE » IRIEFHI K
Zor BT S 5 363.3 ¢ B o FHEITOREBR SR RIERGY - TORAREARES > B EREETEZHEE
ToRFE  REFHIORZ ST SR AR EE 4273 ¢ - HIFRUERERER - MR SR 5
TORIEAEE & 62.0 mvha - B &I E A S RS H FORRME 41.5 mt/ha (P < 0.05) - figbg i S22 R BN -
{E FH R K AR PR A FIR > SO IRERCRIIR - RIEH  REMEREENY > 8 - REGHSBHESES
E/TH8.53 — 9.81% » B~ JRIEFHHSRNVEE OKEESESE 7.82 — 9.28% > Bla Bk s REEE X
Ky 9.28% firs - HEEE N EEEFEITOK 7.82% (P <0.05) - BIESHHIHE - AawE - REMEEZE > Fraslr
o B RF oI EE R (93.0 — 98.0) - E/ESSR SR E R AR AE REUR - fEMEARIFE -~ S2E - &/ i YE
ELEdEZYPREMIR - bR EE2BEER - EREIRSEER - DURHSEM B SREE 784 mtha i > BES
MHER RIERHEHE (P<0.05) - REFBEERLUREB S TORBIEMISR 52 124.8 mvha s HEERE (F
{EELE (EYLE 5171 62.0 81 62.8 mt/ha) - LREslBRes R - F &I ORISR SR RER RS - "R R EFLRE
BHRH S TR R -

REds « HEITOK - BpkhmsE - RiEE - R - B -

4

FHEIFoREEMTEE OMEE - HEZEARLERMEY) - BRG - E RS 58 2 M pk 8K &[4 5 i F
R BEFEFOREEEZEL » R E R & E R &S E FORBIEEME » e Rk 4 Bl tfE
MR 2R E&IVE - B985 (Sorghum bicolor L. Moench) EARAFHEY) » B &RIIE » Bl 5B 55 25 A
A ERE - HEAERET T - IEiREEE FOB & KRS TR - G B 2 250 Rk A 505 56 B SR R 5 LA A
(Getachew et al., 2016) -

FIFHRIRELL_EA R TR BRI < BB = IRREFY A - Wil 8 PR E -~ iR e =384
FA B M2 5 2 f 4 (Malezieux et al., 2009; Gebru, 2015) - N[EPEFAMEYEEA & T - IR ERNEIERSE
FEERENTEYAE B BE R ES (Ndakidemi, 2006; Ayub and Shoaib, 2009; Malezieux et al., 2009) » HAEESERE %
T {EEYfE LM (Loreau and Hectorn, 2001) ~ FE &=fEE (Swift ef al., 2004) ~ {EYIULFE LS {3 (Muschler, 2001) ~ 14
SRR R E AW (Hauggard-Nielsen and Jansen, 2005) ~ & Z=3 555515 (Brussard et al., 2007; Lithourgidis et al., 2011)
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() TTEb e Z B B A B AT Je E s 55 2671 55 -
Q) TEbtREZ E g T EABTNE T -

(3) BT s AT KA YR & -

(4) #EN/EE > E-mail: mlchang@mail.tlri.gov.tw °



B IR B s AR S s A 75

B[R AR A 2 &0 Fll 25 (Perfecto er al., 2003) 5218 %4 o [E B REHEYLEMERETHAERA 5T /D B 35 A IR
(Elemo, 2010) > Bulson et al. (1997) W5E8REGRHEYIE SR IREDRME RS - SRR GRS - NPT RE 5
TR IEFIEL AR - SRR EYIR RS T (EEEBEYNEN P AR e E RS B AH
ZE(E(E (Bulson et al., 1997) -

BihE R B RIS 7 - EEE UG RMEY) R R B - nTBHEESE = e 2 B4E T E (Sankaranarayanan
et al., 2005; Ayub and Shoaib, 2009; Lithourgidis et al., 2011; Kadam et al., 2017) ~ ¥ h1E56EE /& E & BL 3L (Pal et
al., 2014) - ZiRtE L B A H FOR A2 Fh TR AR EE 770 AR ERZ R ER W EB ARG KB EESE
A BRI SR S i E 84 (Elemo, 2010; Samarappuli and Berti, 2018) « BAZEMETHIRIR A A » 25
POER R - HE AN BN SRR E - G - BRI BITE & RoREEkh a5 (Hhe s eid= i
SRIEEY) ) RS T — 8 HREIE Ut RERURENE - N R RS R P T S SR IR A AR R RS
BLIERTRR 8515 (Kihara er al., 1991; Kobayashi et al., 2004; 2008) - [Hif# 7 & £ oK BLER & 22 R AE AR B AT
EENEFRISE -

M A

L sEphR
AMFRLITEI TR T B g & EAR T & TSN E & FORZE T—9% (Kenting no.1, KT 1) ~ mEERIZHK}
SR (M Z 5 FSH 01) BL7r8e I gkl Egim & (A% FSM 02) 55 3 (i £ - HEEER R -
L. 5Eg777%
AORAE SR B A s B P I & 7y Pt FH & 61T o FH I &I 1% i FH S PE - EPE S FoRMEE A &
N-P,05-K,0 % 120 — 80 — 60 kg/ha » 7y EEHEEBLEN A - BREAEHAESRE R 12 HE » BilfeE - S/
& o BRI RN ATEEY 25 — 30 K (4hiE bR ) P #kss + R AR (E S B A - AT E SRR BRI 12
& - NERBRSERE - FTOoRBLSRE  RMEEE T BB BTTIREE 70 x 20 cm » HIEERSETER
# T 2@ EEREET (Randomized complete block design) » 3 &% » 5 fEEZH - R[EpRE A EIEHEEFE TR - B
HEEA e - BN SR  REE S RS AR &R - BEFE TR il akls52
E SR FEEEENE 61T 0 /TR 5 m o (R—ARETESE T UE TR EE > A E M RIECEE  JRHE
TEVIE v e 38 AR B TP PR E AR FEEYIE 2 R B CREERUR - INAEH 40 REFTREMRAIMkS ~ 75 ~ LRe
TR EERE o WX FTHE & LR EY) R B AR A R B (28 - SCBflff e S AR ER ) B2 AR
T HANE A B R B E BBV B A o RS NEAEF IR R th BT E o BB EIEXE
TERETEF SRS R ERE AR - HESEERE KK ERERE o M SRS 2 HEE A& N-P,05-K,0 &
100 — 60 — 50 kg/ha » 7 ELAEEBLEAN G - BIEAEHAERZR 12 AR > BilteE > fifeE - BIEET A
RAEFE) 25 — 30 K (HHEEHA) HR#s T R AR EPS L A - AEAEEE AFER 12 HE - £ 5
SUER RS R ARERESE R aE R A - Wk ER L ERIHR SRR 2 B - XBSGERTHE %
BtE R R EIRE R E - R E -~ &/ ERZYE LY R E B EMEIR o PO B TN I A
HEEBEER I
L HEASH o B AT i A
(i) FHZEEE (crude protein, CP) & & 574T ¢ B Kjeldahl J% (A.O0.A.C., 1995) HIEMEAS =R & EE > TLL6.25 2 H
SERIGHENESE -
(ii) %484 (acid detergent fiber, ADF) ~ H1 /48 4 (neutral detergent fiber, NDF) & & HI| & ¢ I ANKOM 200 %,
HEMTEEHETT (Komarek ef al., 1996; Vogel et al., 1999) » NDF £ a-amylase 22 7572 817E (Van Soest ef al.,
1991) -
(i) FHHFELE ST - P UCREREER (B EHITEBLY 15 — 20 K ) NE] » BRRAAYIAL 2 — 3 cm » FI FHE 29SS IE %
AT/ ST IR MR E A &BHEDIE F i E - 0 AlHE pHE ~ ABE - ZEK T B8 - IEHE
Flieg’s score * 2EER N E (Kim et al., 1992) -
IV. &t &Rt i
SERFTIS BRI SAS (2004) R =TT HET T 018 DL/ NEE 25 B £ (least significance difference
test, LSD) & A 5] R B ] S E PEAR A 22 A -
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I HEFHFRER S RE RS

FHIER 103 453 H 28 HEMHE > 4 F 40 RiFE KL A B FoRELE R S 52 B ~ JRIE A Mk R B M R 2 2
(F 1) HE1HE  REFS TR EESEIT 402 — 46.7 cm > FEAREEEL 8.2 — 8.5 mm » fEMREEE /A
58.8 — 68.5 g B RIS A LIRS FSH 01 Sh & > RS EN L 66.8 — 68.5 cm » FEMREERR 11.2 — 12.5
mm - FERREEEE /M 98.8 — 112.5 g 5 B ~ JRAE /TR E L FSM 02 fh & @ HEIRSE Y 40.2 — 41.5 cm > 47
BEH 15 — 1.8 fHAREERE 9.2 — 10.8 mm - FHFREEE /MY 95.2 — 105.7 g - slBpss REUR - 45 40 RIEMRSE >
DURE ~ JRM &SR S5 FSH 01 iAo s s @it et BT H R A & - (EAE BV M RN [E RS
FRIMEELEE - FEI TR EERI PR E52 FSM 02 S Ak S I R - LLEREYIRIAE S 40 KIERkE
fEEE > REE RS T RIEF B ORI S &AM E RIS A EE - Sy R gkl S 59 8E
ENEEIFOR o £F 40 REEMRILEGTEER » 2 R EE SN SRR A VIHE SRS S R ER
J ,’E o

S

® 1. BEIIOREZRIS RN BIEA FREE T UEER 40 K2 REMEIREEEL
Table 1. Comparison of the agronomic traits of forage corn and forage sorghum with different planting methods 40 days
after planting in spring crop

Crop Variety /line  Planting method Plant height Tiller number  Stem diameter ~ Fresh weight
cm Tiller no./ plant mm g/plant
Forage corn Pure stand 45.5° 0° 8.5" 68.5
KT 1"  Mixed with FSH 01 46.7° 0° 8.2° 60.2°
Mixed with FSM 02 40.2° 0° 8.2 58.8"
Forage sorghum  FSH 01  Pure stand 68.5" 0° 12.5° 112.5°
FSHO01  Mixed with KT 1 66.8" 0° 11.2° 98.8"
FSM02  Pure stand 40.2° 1.5° 10.8° 105.7°
FSM 02  Mixed with KT 1 41.5° 1.8° 9.2° 95.2°

" Means in the same column with different superscripts differ significantly, P < 0.05.
¥ KT1: Kenting no.1; FSH 01: high stem type line; FSM 02: tillering type line.

ST B TR LR 55 — 65 RPATE » DAL BRI SR P FERATE  BOIOR T BTk 81 0
RIRIER » WIH A B R —B o MR 75 KT A B TR B S5 R0 AR R 45 B (BT B P Lo
(R2) - SR FREPIRAE SR  DARARREE IR AT - 72 A BRSO B R e B
865.5 ¢ e - BEF NI  RISIER AT (P <005)  SUHHHMEHFR FSH 01 S RIANHE
TOREREFE R 682.8 ¢ 0 BERM A HIN - BRI S REIR FSM 02 S5 RMATRI R E R (P
<0.05) » EAHHTRABRTRRERE T2 2 BRI E AR ST ERIGRPE - i
— ST ~ AL PR 25 R » DR 5 ST R AT 0K » SOE - i B
0 BRI BT SR R B R R TR ITOK AR A S - IR - R BRI
SRR IR  EREHNTREERE - A SEBEITR FSM 02 SR8 SRR
5 HABNHEE NI RPE - A EER I R R R 2 FRITOK 237.6 ¢ R
R R 2322 ¢ M » B EITORRIL Y SRR 1219 ¢ RETEETORRLI 5 SRR
108.3 & B - S EBRBRAE U U HITORRILY TR BB SR B TR LRI -

. HESRE R R A R

BIERERBRIOUBISE - (FERMK - REIERIENE » BT HRRRTERFARE - PRIEEE 82
BT KR AR A RELLR (£3) « B8 3 FRREERET AN RYE BT
LRGSR R SRR - R RIS RS R E R S B
B R - SRR L R D LA ST BRI FSH 01 Sh ARl BRI SRR R
% (P<0.05) « BT A B BRERAAIER - BRI EM RN AR | MRS R &
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SO GBRHER FSH 01 ARl BEERIRIELLE R BRERR A (P < 0.05) - EBoR FAE BB BRI
W SRR BRI R R 2 SR ILL - DA AR 9.9 — 10.5 B - B
RIEL - SRR BRER 3.5 — 37 MUEAIRBEER 35 RIS (Y RLURIEAEIToK 2 8 S
34.6% B - EETINE RHIEHHTOR 2 BT R I SRR (P < 0.05) - HIFHRELERA
R R BT 2 TR R M S AL -

2. HEFORBEER SN B FERGE T 2B R 75 K2 BRI & B A o S BR YRR
Table 2. Comparison of fresh weights and dry matter percentages of forage corn and forage sorghum with different planting
methods 75 days after planting in spring crop

Crop Variety /line Planting Leaf fresh Stem fresh Spike fresh Total fresh Dry matter ~ Dry
method weight weight weight weight percentage weight
g/plant g/plant g/plant g/plant % g/plant
Forage corn Pure stand 83.3¢ 216.7¢ 238.9° 538.9¢ 32.5° 175.1°

KT1®  Mixed with FSH 01 130.6"  291.1° 261.1° 682.8" 34.8° 237.6°
Mixed with FSM 02 88.9° 200.0° 211.9* 500.8° 33.2° 166.3°

Forage sorghum  FSHO1  Pure stand 131.1° 672.2° 62.2° 865.5° 26.8° 232.0°
FSH 01 Mixed with KT 1 72.2° 327.8™ 27.8° 427.8° 28.5 121.9°
FSM 02  Pure stand 100.1°  377.8° 61.1° 540.0° 30.2° 163.1°
FSM 02  Mixed with KT 1 522° 2833 27.8° 363.3° 29.8° 108.3¢

" Means in the same column with different superscripts differ significantly, P < 0.05.
¥ As shown in Table 1.

%3, GRERARERE G EAEL AR A 82 REMRAFE Bl B LT
Table 3. Comparison of fresh weights and dry weights of forage sorghum with different planting method reforming 82 days
after cutting

Crop Variety /line Planting method Fresh weight Dry weight Stem/leaf dry weight Dry matter percentage
g/plant g/plant %
Forage sorghum  FSH 01' Pure stand 3,517.3" 949.7* 10.5° 27.0°
FSHO1 MixedwithKT1  2,197.7° 608.0° 9.9 27.7°
FSM 02 Pure stand 1,807.3° 578.3¢ 3.5° 32.0°
FSM 02 Mixed withKT1  1,686.7 583.6" 3.7 34.6'

" Means in the same column with different superscripts differ significantly, P < 0.05.
¥ As shown in Table 1.

ML HERE TR B S (F R A A N B e S P

FIERRSEL 82 HETFIWHEHERTAM (R 4) - R 4 ATRIE AL HE B DURE S § TORE 7y BEAY
SRR B RO (62.0 muha) - BUE RS EOR I BRI (55.0 muha) - KRR ELMEE  SRMLR
& (P <0.05) - HHEIOKRIEEERZHRNESHEE - FHHT0K 25.5 miha > SEAEHR 2 16.0 miha » FHEITOR
SRAE BRI Rl m S 2 B E FRHCEULE 37.2 mt/ha o SYEERIESIL =52 24.8 mt/ha > DUEEAE FHE| R oK B
BRAE Sy EERUBT S R e B IR (40.2 £ 39.8 mt/ha) - BAEELEE R - RFEKERR - EEEEFE ok
LB e AUl S R B A BN R > SEMBRERM AL F A ZE 2 - Getachew ef al. (2016)
BHEEERBUR - INERACRIEEE | RIS R B L P 2~ R SRS R T = s
SREZFHYSRA: > B7KELN S 5R Y S SR (E Y E v U8 R IORAVER UIEPEETH - Rt & 2 FYIbR n] e = R 5
BIEIN N EERARENWTER - AplBREEREUR > BRI E RV S T B SURME RS
&SR H Getachew et al. (2016) BH9E—20 > BURAIAEEE & A ME 228 2 MY A IR IEHYA £ M550 m 2 anfd - HI
ARIBHEEAIERTET] - ARESR = SR RE SR F A IR T A - RELAA RV ERHEY) B E20RE
FESH - AR & E = BIE S (Sankaranarayanan et al., 2005; Ayub and Shoaib, 2009; Lithourgidis et al., 2011;
Kadam et al., 2017) FIEAIE5RE A HEBUDFULS (Pal ef al., 2014) S38Es < B RAATRHEYLRIERGE ZAHEISL
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F HI IR B s AR e s A

RkEL) © Elemo (2010) BFFEES AT » =52 (ROl ) BLFORIEAE SURERTRSE T30 Ui B IR 2 i A e
FAIREHENRTE > FduEEAFNE i EEE SN E - Wit - AERIL - AU R e 7
H{2% Elemo (2010) 5ERJTA#EST » DR IL R ARG EE B DA RERIEHRE 2 2%  APeaE R
Samarappuli and Berti (2018) W& R—2 - iz (Fof A ) fEPRAY A B NIHEZ faf TR 4 R B IR -

T4 BEIOREBRSRA RS A Z S RIE R EE R

Table 4. The fresh yields of forage corn and forage sorghum with different planting methods for each harvest and total

production
Plant method  Crop Variety/line Main fresh yield First ratoon harvest  Total fresh yield
mt/ha mt/ha mt/ha
Pure stand Forage corn KT 1’ 40.2° — 40.2°
Forage sorghum FSH 01 55.0" 63.1° 118.1°
FSM 02 39.8° 55.8° 95.6"
Mixed plating Forage corn with forage KT 1 and FSH 01 41.5° 78.4° 119.9°
sorghum
Forage corn KT 1 (25.5) — —
Forage sorghum FSH 01 (16.0) 78.4 —
Forage corn with forage KT I and FSM 02 62.0° 62.8" 124.8°
sorghum
Forage corn KT 1 (37.2)
Forage sorghum FSM 02 (24.8) 62.8

" Means in the same column with different superscripts differ significantly, P < 0.05.
¥ As shown in Table 1.

Iv.

B ks R E RN ALY 80 HAETT BB UL E TG (£ 4) - BALEBETHM E 2 DURTE & A5k
S BRRIUEAFE (78.4 mtha) > RS S ORI D SIS RLS RAF FAE 2 (62.8 mtha) - Rt& ~ EFSEH R
TERGE A S ERF R - IR B SR SRR 124.8 mtha ~ JRIE S SRR SR EEIE A 1199
mt/ha > FEEERAE = EER BRI SR PO R 2 1181 mt/ha AHYT H MRS 2 8 > BAE TS ] oK 40.2 mt/ha HUELY
BRI - HEHNEFESHSRZEREESHER - RERBGEERES - FERES HAFDE - [Nt > Bk
EPREFERCRFIHEE I > BOSZ8MEH S > BEWNES - (GUERETERE - g - EZEMIRRAEEE
RIBTE SR m AR, - AT e R S R R -

BRI
%5 BBl RIESERF B TORBLER S22 E RS T 2 BB p o TRE - DRI RS Z AR R DU TN B A
FITOREAZG R SRR 1 1 BRI GRGUAUIR - HR BBV - ARE  REZSHNSZHEAES

F5R8.53 B 9.81% « B STLBHERMEE S R 981% - WS TOR Y ST REOES
£ 9.29% I LA EITORR IO R BRERMEA TR 8.53% RS - B - RHBREROH IR
MR CE &R AH 7.82 — 9.28% » BRSSPI I RRALAT BT B 9.28% M - BB A 7 Ok
7.82%  thYEARAETTTE + LUBUIAS R BRI 1 59.16% e + BUEL LB - SRABAT & Skl e R S S - B
LS BB D PR 53.46% RIS - BRI T - a0 RMIEIIOR X BRERG A B
BRI 39.21 — 39.87% i » DA RIS BERLGIRHET 2 A LA A B TR T (IR 29.34 2
29.02% ) BURREE - SRS RITRMIEEE A » BUrH TR VRN - SHTATR
SR > B B R R © AR R SRR RO R R ER -
AT ROV BRI 5 LT -
RIS

B REAREAEIE R TEL NS FTPRREE o TSI HTASRAIR 6 - % 6 41> pH 1
B23.65 — 377 0 DIHLEES TR BENESE pH 3.65 R BLEFFEIOK pH 378 s - BRI S AT RE
pH i &5 RHRE 2 Sk > ZBE R 083 — 137% » BAHFITK 1.37% s » BAH SRR 528
FHRHEA FSM 02 5 LA R Z I 0.83% el  PIBE & RTE 0.01% SRLAT + THRERATHL 0.02 — 0.04%
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M BB RMEMHATZEEAK AW 5.52 — 8.23% 2 [ » DURME Y BERI Sk =57 FSM 02 i/ - sAERs4S
REUR > AmE - RIERSEE G > FrAEIT L E R B R R (93.0 — 98.0)

TS5, BEIIOREZRISEN B FREE = EE &'/ sy

Table 5. Nutrient contents of forage corn and forage sorghum with different planting methods in spring crop (% DM basis)

Crop Variety /line Planting method Cp’ NDF ADF

Forage corn KT 1’ Pure stand 7.82+0.19°  57.93+1.06° 29.34+2.67°
Mixed with FSH 01 928+ 1.57"  58.11%1.26™ 31.41+231°

Mixed with FSM 02 8491083  57.93+1.07°  29.02+0.46°

Forage sorghum FSH 01° Pure stand 8.58 £ 0.42° 59.16 £ 0.77° 39.87+0.41°
FSH 01 Mixed with KT 1 8.53+1.20°  57.17+291°  3921+1.13"

FSM 02 Pure stand 9.81+1.54™  53.46+1.99°  39.84+2.65°

FSM 02 Mixed with KT 1 929+ 1.52®  57.18+291* 39.38+1.69"

Forage corn with KT1 and FSH 01  Mixed with KT I and FSH 01 9.02+1.17° 57.65+3.21" 34241203
forage sorghum 11y 2 1 FSM 02 Mixed with KT 1 and FSM 02 8.85+0.98° 5745+ 1.05°  34.08 + 1.46"

" Means in the same column with different superscripts differ significantly, P < 0.05.
¥ As shown in Table 1.
* CP: crude protein, NDF: neutral detergent fiber, ADF: acid detergent fiber.

* 6. FHEITOREFR SRR T2 B S

Table 6. The silage quality of forage corn and forage sorghum with different planting methods

Planting method Variety/line pH Acetic acid Propionic acid Butyric acid  Lactic acid  Flieg’s score
% DW
Pure stand KTI? 3.78" 1.37° 0.01 0.02° 5.09¢ 96.5
FSH 01 3.65° 0.85°¢ 0.01 0.04° 7.81° 96.5
FSM 02 3.69° 1.05° 0.00 0.04° 8.23" 96.5
Mix planting ~ KTIwith FSHO01  3.77° 1.02° 0.01 0.04" 5.52¢ 93.0
KTIwith FSM 02  3.76° 0.83° 0.01 0.02° 6.66° 98.0

" Means in the same column with different superscripts differ significantly, P < 0.05.
¥ As shown in Table 1.
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Abstract

Forage corn is an important forage crop in Taiwan. The production of forage corn was short due to climatic factors in
the summer. The objectives of this study were mainly to explore the advantages of mixed planting of forage corn with the
different growth types of forage sorghums, which can improve the forage production and supplement the shortage of forage
corn production in the summer. Forage corn Kenting No.1 (KT 1), forage sorghum (FSH 01) with high stem and forage
sorghum (FSM 02) with tillering type selected by the Hengchun Branch, Livestock Research Institute, Council of Agriculture
were used. There were 5 different treatments, including forage corn with pure stand, high-stem forage sorghum with pure
stand, tillerng type forage sorghum with pure stand, forage corn mixed with high-stem forage sorghum, and forage corn
mixed with tillering type forage sorghum. The field experiment design was a Randomized Complete Block Design (RCBD)
with 3 replications per treatment, with the cultivation management in compliance with the general cultivation practice. The
results showed that significant growth differences were observed between crop species and among entry variety and lines
in middle and late growth stage in spring crop. The growth competition was also observed in mixed planting, especially
with the visible fresh weight of the plant. When forage corn was the mixed planting with forage sorghum, forage corn
exhibited better growth and influence on the growth of forage sorghum. The fresh yield of tillering type forge sorghum mixed
planting with forage corn was 62.0 mt/ha, which was significantly higher than that of high-stem forage sorghum mixed
planting with forage corn (41.5 mt/ha) in spring crop. No lodging was observed in mixed planting between forage corn and
forage sorghum. The two crop species could protect each other in mixed planting. In terms of the quality of forage silage
of pure stand and mixed planting in spring crop, all silage quality scores reached the grade of ecellence (93.0-98.0). For the
regrowth of forage sorghum in summer, it showed that both fresh and dry weights per plant, stem/leaf ratio and dry matter
percentage were significantly different between the lines. The fresh weight of forage sorghum with high-stem was 78.4 mt/ha,
significantly higher than those of the others. The total fresh yield combined two harvests for forage corn mixed planting with
tillering type forage sorghum, which was 124.8 mt/ha and the highest among all the treatments. It was suggested that forage
corn mixed planting with tillering type forage sorghum might provide an alternative cultivation system that will increase

forage production and supplement in the summer.

Key words: Forage corn, Forage sorghum, Climate change, Mixed planting, Pure stand.
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BSEFARTFTETERZHELES - 0 — 3 AR HLHFREENEHESN > Helph T2 EB880k
CP 18.91% ~ ME 2,892 kcal/kg ~ #5 0.74% ~ F %405 0.37% ~ Biepals 1.12% BLERGRRE 0.70% - 420 & — i ff %
S (AFENS x BEAEERS ) i 3 iR ANSNEEE L 12 88 > BTN 4 EEEEE > 2l hsNEg A
SNREE L 1528025 &5 4 @RI > BRI 3 B - AREE > &M 20 m* > FHEEE 12 5 o sERIR
IeSERE ZEE - UK KRS ER e > K40 B F ARG - - HEIEREeRMKISE 2 ' JEETM Ok
1988 ) HEEE 2 = EATAEARET (F= 1) > fik 2020 4 12 A galiet B (EEL R U5 (i A e B e A T By 13.28 JT « &4
EESAEHEBREANE BE RS0 em ~ TWEA30em -~ FEE A 1S5ecm - &AM £60.1m- 153 m- 5
4.7 m e R A 1096 H 11 HZE 109 49 H 2 H - ¥IRIKHE & — 1 5 8l 495K IR E #E BC — F R
[ > HERAT - AR~ A MAa € £ 0.5 cm ~ §4H £ 5.0 x 1.5 cm ; ¥RBIRA 2 & FH BRBEE K 90
em ~ TRy 30 em ~ [EFER 3 om ; AWIUE K B Es N T BT R T B g B AR E M S P T - 81
ZHA -~ g R ERANE S RITER R EZ B g & AR B o FrE e EE Z B gt 2 0Bt
RIELT

1. THESEEEEEEE3 — 12 AR BRI

Table 1. Composition of diets for mule ducks stocking density during 3-12 weeks of age

Ingredients 3 — 12 weeks
Yellow corn, ground 66.3
Soybean meal, 43% CP 20.6
Wheat bran 8.71
Soybean oil 1.1
Pulverized limestone 1.44
Dicalcium phosphate 0.9
lodized salt 0.3
L-Lysine « HCL, 99% 0.13
DL-Methionine, 98% 0.02
Vit-premix® 0.3
Min-premix” 0.2
Total 100.00
Calculated values
CP, % 15.40
ME, kcal/kg 2,890
Ca, % 0.72
Available P, % 0.36
Lysine, % 0.90
Methionine + Cystine, % 0.57

* Supplied per kilogram of diet: vitamin A, 24,000 IU; vitamin D, 5,000 IU; vitamin E, 50 IU; vitamin K, 6 mg; thiamin, 6
mg; riboflavin, 18 mg; pyridoxine, 14 mg; vitamin B,,, 0.06 mg; Ca-pantothenate, 30 mg; niacin, 120 mg; biotin (1.0%), 0.12
mg; and folic acid, 2 mg.

® Supplied per kilogram of diet: Mn (MnSO,), 100 mg; Zn (ZnSO, * H,0), 90 mg; Cu (CuSO, * 5H,0), 8 mg; Se (Na,SeO,),
0.2 mg; Fe (FeSO,), 100 mg; I (KIO,), 0.5 mg; and Co (CoCO,), 0.1 mg.

IL HIET A
() WEERNRRESENE
SRR ZHIE © HRDRREET (FOURTEC, LITES032L-RH, U.S.A.) AatbaiAfE &R E =K » HIER
Ry B9 B AIEHNBEE RASERTTT ~ RREEETT > WK =R BRI - Estbai - R R 9
BRSPS £y 33.9 1 1.0C ~ SEIEENRE R 75.2£4.8% ([E 1)
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Fig. 1. Changes in temperature and relative humidity in the duck house at 9 am during the experiment period of stocking
density(3-12 weeks of age).
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Fig. 2. The illustration of different damage scores of foot pad for experimental duck (0 to 5 points from top left, top right.,
middle left, middle right, bottom left to bottom right).
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Table 2. Effects of stocking density on the growth performance of the mule duck

Stocking density, bird/m’

Weeks of age 1 1.5 2 2.5
Body weight, g/ bird
4969 49518 48617 48717
7 2,145£26 2,119+21 2,069 £ 20 2,074% 16
10 3,048 £ 34 3,063 £ 23° 2,954 +22° 2,950 + 24°
12 3,195+30° 3,174 £24° 3,083 £23° 3,086 +22°
Body weight gain, g/bird
37 1,649 £ 21 1,623 £70 1,583 £43 1,586 £ 18
7 — 10 904 + 58 944 + 49 886 + 82 876 £ 98
10 — 12 148%9 112£19 129 £ 20 1352
312 2,700 + 44 2,679 +42 2,597 + 89 2,597+ 95
Feed consumption, g/bird/day
37 137+0.3 124+ 1.7 123+6.4 126+ 1.5
7 — 10 161£3.5 151£6.8 158% 1.5 14722
10 — 12 182 +3.8 182+6.2 188+2.9 180 +4.0
3—-12 155+£1.3° 146 £3.0 149 £2.3% 145£0.9°
Feed conversion ratio, feed/gain

37 2.32£0.02 2.15%£0.07 2.18%£0.17 2.22+0.03
7 —10 3.76 £0.21 3.37%0.16 3.81£0.32 3.60 £ 0.42
10 — 12 11.93 £ 0.80 13.97£1.26 11.39+£2.51 12.81%£0.14
3—-12 3.61£0.04 3.431£0.06 3.62%0.14 3.521+0.12

" Means in the same row without a common superscript differ significantly (P < 0.05).
Mean * SE.

FEEFDIRETH » SR 7 « 10 81 12 Fifels ERPIRE 7RI 4.80 — 5.57 ~ 16.88 — 17.46 }2 20.43 —
21.03 cm > HAHR SRR 2R (£ 3) - HEBRERGH > 117 — 10 B2 L HIN P # iR reg - &%
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BRI 2 RV AR 11 A LLE - hslBRaEReA - BT R R At e % L H ISR e manz g -
BV AREELES 2.5 EHAVINE > RN RBEEEEES @ ISEA-PIReERE - ERLGESNIEH
BRI - M (2019) fEH GBS FESARAE 12 8l D EINEFPIRE MR 19.0 — 21.1 cm - HEUEREIE
R ERPHRE R 19.0 cm FREERHAL = AR 23S - [LaHRIREESS -

*3. EEEENIEISERDRE M e RIREG 2R
Table 3. Effects of stocking density on the length of 8th primary feather and footpad damage of the mule duck

Stocking density, bird/m’

Weeks of age 1 1.5 2 2.5
Length of 8" primary feather, cm

7 5.57£0.19 5.33£0.26 4801028 4.88+0.25
10 16.88 £0.42 17.13£0.19 17.00 £0.28 17.46£0.23
12 21.03£0.29 20.93£0.23 20.43£0.19 20.47%0.30

Footpad damage, Score

7 1.25+0.17° 1.62+0.15° 2.33+0.14° 2.25+0.12°
10 1.97+0.21° 23110.16 3.47+0.12° 3.15+0.12°
12 3.07+0.23° 3.07£0.15° 4.09%0.11° 420%£0.10°

" Means in the same row without a common superscript differ significantly (P < 0.05).
Mean * SE. (n = 60 each group)

FERBIREITH > SR 7 Bt PR BARER T 1.25 — 2.25 57 - LB PAREE | B 1.5 4
R BIRGET Sy By 1.25 J 1.62 43 » B 2 81 2.5 € 4HH 7 2.33 J 2.25 53 Fefd: (P < 0.05) (R 3 ) « & FEEAH 10
i PR FBBGSF Y 1.97 — 3.47 53 - HUEP AR EE | 8 LS SH VR BRESF T K 1.97 K 231 57>
RRER 2 B12.5 U 347 K 3.15 73 JyfE (P < 0.05) - RpgHAH 12 Wi P R BHBE ik 3.07 — 4.20 93>
BLIEP AR E S | 8 1S SV R BIREHF0 B Ry 3.07 77 > BHEEL 2 81 2.5 BAHE 7 4.09 k2 4.20 53 FyfE (P
<0.05) - LA EEBREEIRIGH - SNEBERE VAR 2 S BETEnE e el AR SRiE
W& EUNEfE e - TAF A RETOTERR > FRENR T RINED - (TR EE s Z S 53 4
B MERERERZE L ENEhNE - EAmEeElFE DT -

TEEBE MR T T - S pEFEA 12 I BB E /0 2,584 — 2,726 g > RAAMIMEEE =R (£ 4) - HEBERT
> Hra A 12 B E RS 81.8 — 82.8% > HAHHIGMAIE A2 R - M (2020) f5 B S AR HE 12
s - A IS B RAL 81.4 — 81.9% ¢ AGUERGEREL ML - FEHINETTH > SR 12 BiRHgAETHL 523 —
584 g - HAHRNGHAE AR - 65 (2018) fE IR E IS B RIS & 12 18H LB ISHAg A =7k 538 —
607 g A EREERE AL -

x4 EEEEHIENEEMIN R

Table 4. Effects of stocking density on the carcass traits of the mule duck

Stocking density, bird/m’

Items 1 1.5 2 2.5
Body weight, g 3,295 66 3,222 69 3,140 £ 108 3,235+ 88
Carcass weight, g 2,726 £ 62 2,628 £ 52 2,584 71 2,683 £ 87
Dressing percentage, % 82.8%+1.0 81.8+2.3 823+1.0 82.7+0.9
Breast weight, g 563128 557+27 523%35 584 £ 31

Mean * SE. (n = 6 each group)

i 2020 4F 12 F 4L (E SR B S BR BTG A T B 13,28 9T » 48826 2 bR A B & AP 75
AR 1~ 15~ 2 R 2.5 B4 > H L BUBEEA PR 2 TR A S R B 47.94 - 45.55 ~ 48.07 F 46,747 (%5 ) -
EMELEETH > SNEEFAREGEE 1152 K25 €4 HMELFEE 7 H 5 2.70 ~ 401 ~ 5.19 X 6.49
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kg/m’ > ELUEBMEBFATEE 70T AIENEFTAREE 1~ 15 2 %25 €H  HMBEEFESEET IR
189.0 ~ 280.7 ~ 363.3 & 454.3 JT - HIILH[H > Ll P AR ELEEREE > ML FIARERE 25 €2
LEBRS

x5 EEBEN T HISN EER AR EE R
Table 5. Effects of stocking density on body weight gain feed cost and body weight gain produce of the mule duck

Stocking density, bird/m’

Items 1 1.5 2 2.5
Body weight gain

Feed cost, NT$ / kg meat 47.94 45.55 48.07 46.74

Meat production, kg / m* 2.70 4.01 5.19 6.49

Value, NT$ / m” 189.0 280.7 363.3 4543

" The price of mule duck body weight on Dec. 21", 2020 was 70 NT$ per kg.
-+ =A
:%n Aff

FEVERGER T > Y 12 iR DA T A RETE | B 1.5 EHYPIERaE R 3,195 813,174 g » BAEE 28125 &
HERE P <005) - [ 12 ﬁ’@%ﬁfulﬂzﬁ AREE 18 15 S P e BBERF T &R 3.07 77 > BREE2 2.5
CHFERE (P <0.05) : HLGH - SRGESEEREHERBEENR > SNLEREARELLUEFTARNE
1S ERRERENRE - B EFRINEZINEAER - RSNV AREE 2.5 & » MR EE EEmEn
IS AYES -

ZEXR

TR - I8R5 - Ffnle - AEE - EERE - 2015 - EEREHNTEK A RIERE 2 - WEENTIT 48 1 258-264 ¢
JURE - 1988 - I5& **%ﬁaﬁggiﬂﬁ Bl EEREENEE % > 2L -
PREERT ~ BRI - MEZ - BEE - WEH - 255 - 2019 - ARISHRME R L EISERMIRE BRI 2 -
BEEWTSE 52 1 114-121 -
RO ~ B % - BEE ~ B - SIFEN - S - 2020 - S RIRA S —anfl - FI6 4 RIEEEER IR
B o ZENTSE 53 1 187-194 ©
SR ~ Rk - TEUE - 1999 - REHEISZEE I AHEIRAERIEREMRIE - FEVTE 32 63-70 -
EARE « LIRS - SRR - REEEER ~ 2558 - R - 2009 - BRMEAE O ESIEERIEEZZE - BEVT
42 1 163-169
SRR ~ THmE - SHRRE « R6EEER - EHEAE - 2010 - SRIGSEEREHNIBERMEZZE - BEVIE 43 1 51-
58 -
wIRTT ~ ks MEERE - BRORES - EEUE - 1993 - AEfEREN = aE B ERMER ZPZE - BETE
26 203-211 -
Bif5 3 - 2008 - EEEIRET - GAfRAE B o BEUMIDURIMARY O 2R USRI MERMIN 228 - BIrfEAs
BEAEm S B e
RO - MEZ - BEE -~ B =IRTT - BN ~ PR - 2018 © AEIEEREE L RIS A R E R IR
B o BEEMST 51 1 68-74 o
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The effects of stocking density on the growth performance and

carcass traits of the mule ducks indoor "
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Abstract

The aim of this experiment was to investigate the effects of stocking density on the growth, carcass traits, feather
growth condition, and foot pad injury score in mule ducks, and establish a suitable model for rearing mule ducks indoors.
Two hundred and ten male and female each of the two-way crossbred mule ducks, 3 weeks of age, were selected for the
experiment. Mule ducks were randomly allocated into four feeding densities (1, 1.5, 2 and 2.5 duck/m’, respectively). Each
treatment contained three pens of 20 m2 area as the replicates, with a total of 12 pens used in the experiment. The growth
and carcass traits, feather growth condition, and foot pad injury score were determined in the experiment. One male and
one female duck from each pen, at 12 weeks of age, were chosen randomly and sacrificed for carcass traits determination.
The results of duck’s body weights revealed that the average of all treatments fell in the range of 3,083 to 3,174 g. Ducks
reared under density 1 and 1.5 duck/m’ resulted in significantly heavier body weight (P < 0.05), namely 3,195g and 3,174
g respectively, compared with the 3,083g and 3,086g of ducks reared under density 2 and 2.5 duck/m’ respectively. The
average foot pad injury score among the treatments fell between 3.07 to 4.20, the score of density 1 and 1.5 duck/m’ were
both 3.07 and significantly better than the score 4.09 and 4.20, of density 2 and 2.5 duck/m” (P < 0.05) respectively. The
average feed conversion ratio for ducks aged 3-12 weeks, the primary feather length, carcass weight and dressing percentage
of ducks aged 12 weeks did not show significant difference between the treatments. Based on the results of this experiment, it
is recommended to rear mule ducks with area density of 1.5 duck/m” when duck body weight, feed conversion ratio and foot
pad injury were taken into account concurrently. . When assessed by increased production, the area density of 2.5 duck/m’ is

recommended for maximum production capacity.
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L g PR s b B ez sz O

FEEREDC gigREY MEH© BmEY RO MmEEY S

WefFEEE : 1094 12 H 18 H 5 B2 HE - 11048 H 6 H

W B

AW EH H Y Ry 1L RE R e DN BRI A PR EE Rl > A AT SN Fr LN T U TR - SUBR(E =B
LR dn 2 KSR 2 10 B o (ISEONRAIARIN PRER TR » BRI THRIMEN ~ BRI IG S i s Mg LA 22 O
BEAIARAR AR ~ ONZER ~ BEARR K BERR AR - ARSI RER Z R4S REUR - fam (RO BRI ER B2 07 0% - OREE
HHREAL 24 /NFFEGS NG TR - AHIARAX AT RN 38 B S AL S5 — IS 3¢ I (Metaphase 11, MIT) 4 #8572
(74.88 1 2.00% vs. 81.14 £ 7.00%) - #25MZIFEEE 24 /NRHR Z SEABONGEHET T 48 /NEFREE (R A DIBZEIONZE - A DN
BERECER 72 (AN vs. HERESETE ) UNZER (73.93 £ 1.90% vs. 68.30  3.99%) JeZIE1&SE 7 K2 BHRR (42.87
T 1.26% vs. 42.65 + 3.83%) SMEREE A= 1 HIRAIES DN FHIEREE S 1 IERESDE (76.41 £ 1.29 vs. 69.00 *
8.91, P < 0.05) - AABFEREEIL T HEME ST U EFMIRUR SRR - R EIRT N BRI AR S M B R 2 IR HRE I A R
FRAREFilicSe - HERESE DN B PR SRS o i m] A LSRN BRI AR -

R ¢ (U5 - RERESONBRCIAEU S - JEARR -

4

8 FE 87 1 JEE FH 2 DL AT 3R N T B AR FE R i e | vl Eh R s R - R D e B Eh (5 R Ay 5L
& HEHEEREE - TERIETEMATRGE - BiHEIN & = iS5 225 (Baldassarre, et al., 2003; 2018; Luo ef
al., 2019) o A2 N FESMRFF- i A AR e 85 UN BRI AR ER 65 75 =X (Laparoscopic oocytes pick up, LOPU) g ] §# i -
N EYIE 2 SN ERARE SR R AR B T s NS 0 - 2R (1% FE R R B B i s B R ity R S N2 e Bl >
(Menchaca et al., 2016)  FEZ 117 R ARFANEE Y MEEE RGN - ONRRAHREATER SR 88l — (8% REMEAVERTE - DUERRSD
IR A EEV U SEHRE AR B B B 52— R N AR A & & R S BUS AV ESL - B2 ArERL i 2k
TR HEABREEM 2 B - N2l 2 ONRHHREES T 20« So— (e R v 5 AR E 1Y T AR RSN
i - SHEERSEAETTON SR e - 2RI MR- TR e s ~ SEIIRSHE EEK ~ ik IRERECREIFFE ST -
HTEFE TG T =M - UVESONER A EEEERHEREE » #E2A TR R &R 2 U R4
Hfl > (EAEE BEMEREEAYIRIE T » 53EERF] > J55% (de Souza-Fabjan et al., 2014; Paramio and Izquierdo, 2016) - jE &)
VIRE SR UN BRI R 8 By — D7 (F HL PR 7572 » FilraSfi2 88 Pt - 12 ON ERAMAEER G2 A8 A2 b 45 28 i B8y O L ] 2
AT E B N SR 1 2 B0 (Stangl et al., 1999) - iEIE R HEIYIREEE /N o #RFEH 2 — 3{EAF] 1 cm BYEL -
TR ENYAE T E R - AMBERER IR S A BLEL > A HER (RS =5 - WSS - BS 2 UNR4IRE R E
BERE IR E DU R E N BRI -

AT E BB LSRR UN REARREER EE R iy - B = B NE He SR B B R i e B PR B R BP0 - Bed
ARG CLLEAR A FE R 7 T 2 A

|

() TR R B G am BT e H s 2673 5% -
() TR Z By s S PT I  Fr -

(3) TR B G B BT AR R -

@ TEIEEH#Z B g EmEA R T = EE Y -

(5) BTL R RS RSB IR EREA E A A o

(6) #EA/EZE » E-mail: tckang@mail.npust.edu.tw ©
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VL

VIL

U= RE S D AT PR R R 2 T
M A

AekEpA i 2 S&ETTER R (Z B g T E B E R R R/ NMIEERE - AESEE
=25 109007 -
B & 3B R HA bR
AL A 20 BHEE TN 1.5 — 3 it 2 2B BRI EMZH (10 §1) &2BEhEE (10 58) 815 - X
AR EE S SRR FELEIE S8R REM R LS » e A2 383 12 &
Eprh ONBIAHBE IR G 7 A 2 A0k - B —ROBREREEA 3 BE > MRl A 2 BH > RN — R BR BRI R AE R SR VA 2
GE > AMRFF oA 3 UE o &5 5 HA (L BE B {8 B CIDR” (Controlled internal drug release, CIDR”, EAZI-breed,
Rydalmere, Australia) $& 0022 5 11758 4R 2 (Pregnant mare's serum gonadotropin, PMSG, Prospec-Tany, Israel) & Fij
FIiE 2 F2a (Prostaglandin F20, PGF2a, analogue cloprostenol, Estrumate, Vet Pharma Friesoythe Gmbh) #:{7 - CIDR
HAJ2IE B 0 K » 55 9 RPLAES PGF2a (5.3 mg/0.5 mL) K PMSG 500 IU » &5 11 K%K CIDR - i CIDR
TR 1% 12 /NEF LMl B R e B A 1 7 O RRAHAEI S A
HE e a5 1
stBE R O 2 A s B R ERFT R AR - B A% - LR R - B - e KN $H 9 R g
KARL STORZ /\E| 7 JFE Tk ©
EULY)|ii
FEEREEMTETHLALESS 0.2 mg/kg xylazine (Rompun”, Bayer, Leverkusen, Germany) Eil 0.025 mg/kg f7 fif o]
i (Atropine sulfate » (EERAFMLNAIRAE] » 28 ) » SefTAESERF 10 775E% - BLEFAEST 0.75 mg/kg 2
£7 2% 50" (Zoletil 50, Zolazepam base, 25 mg/mL, Virbac, French) #7174 E i i » 1% LLE & Jit (Isoflurane, Piramal
Healthcare, India) #{T R A -
GRSl e R e 5 U R 4R R £
(i) SMHHE
R EFiTEIE ( Flr USROS MER BUREY 15 — 20 cm #i[# ) Z BB HIFREZF - WA
1% DUBHEL 75% IR AP REE o PIER RV (RELY 10 cm) 2ROV EGEE - B 21G $1EERE
it 3.5 mL $H{E S EEAN 3 mm JE TR DU REATAE -
(i) PERESRE
R E T T I RSB RIREZ T - TR OHHE ARSI ITE  OETTREBEZER 2 @R T
5T 20 mg/mL 7 F[#-RA (Lidocaine » ZAA{LE2BEERHE (T AIRAE] » 28 ) 2 — 3 mL > FRFLY 5 7riE%
DAFAa JJABEZE A ALTERT 2 — 3 em R A IE =M THEM B RE R A7 &5 1 om & ~ FREENAR Z Al
L (REZEERERE ) - G DAREREZERIZS (Trocar) RIZERERA o =(ElmBEAVAI L » 43 B AR ERIE K 2 S TSHEER
U$t (Robertson standard pipette, Minitube, Germany) » {&U#2 2L 3.5 mL $f{&4HEE AR &8 DT EH [E 2 FE FE A
ZONETE > UREEE LR 3 mm JEIE N 2 JIERAHAE -
UM PO RF4AREE & 8e (Cumulus oocytes complexes, COCs) 434K
WeEEZ 1115 COCs » T LUBEITAE 434k « —4&) © ONRI4HRESMNEI A Wi g DA F 2 Se R 0N e 4 > H A8 3 Amte
5] ko UNRHHRESNEI A R g DL B2 SERE N R A 0 = 4R - ONERAHAEET S £ EE o ST RE N e 4T AR B I R
& - ONERAHRESE 2 EREE - AIGRERFTE A 2 UNEHARAEIT B 3 DA B ORGEE ) » G S BRIV RHAHAE o3 4R
&SR ON R R 5 B Re ) -
YN RHATREAS SN ZR (In vitro maturation, IVM) BF3&
() WO RHAHREAS S PP R
it 7514227 Joanna et al. (2014) > L M-199 (Invitrogen 12340-030) & AL 22K » A 10 ng/mL EGF
(Sigma-Aldrich, E5036) B 100 mM cysteamine (Sigma-Aldrich, 30070) fiZ 81k -
(i) HEIhicER
COCs JeLI B MIGAEFRRA L 4 X K2 R FU LA (Nunc, Roskilde, Denmark) » 4 500 uL/ FLj3%
FEEERTHCE 40 — 50 {[f§ COCs - COCs FERIE 38.8°C ~ 5% CO, K 100% JRFE ({4 2 B BRI METT 24 /NIF
HIRCH & -

i AL

=i} 2
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VIL N REAHRE R AR E R Al

LG 24 /NI B S % 2 COCs » B 4885 20% 2 COCs iZ A& 0.1% hyaluronidase (Sigma-Aldrich, H-3506)
Z DPBS JERE = B » B A @ E I 2B E - DI gk 77 =058 £ BRI MNE f# 2 oY
ARl - SRR EIRIE &S A& 10 ng/mL 2 Hoechst 33342 (Sigma-Aldrich, 382061) 2 M-199 i
HOEFTLE (10 738 ) - e Z INREIREY RIDE NEIZE - BN 2 a8 2 5RO - HaRIR
R EITP 451 2 iR - RIHE &y GV 8 5 B INRHARE AN 2 L8 2 BURMEIRAES - B — A8 T BRI MIH]
JE By MILEH - $84M & 1238 5 10 (FRBIZE 515 —MAS ) AYUN RF4HRE S AR R 7R (L (Degenerated) HYUI R}
HHAE > TRECERZ -

IX. #1265 B U RFATREEE M4 (In vitro fertilization, IVF)

72 SR (BB e LN R an A [F] 2 BT AR 2 AU TR ) AR A& LA 2 mL 2 45%/90% Percoll (Pharmacia,
Uppsala, Sweden) §1 L4 700 x g B0y 15 5788 o DUBESNZFE 528 K B T2 S 59 %4 5] 30 x 10° spermatozoa/mL ©
RAER B2 COCs B 2 2B RNE B IRBIIR N BRI MR RS - B EEER e
H 10% g 2 LU=EMME (Goat serum, Invitrogen, 16210-064) Kz 4 ng/mL & K 2 (Gentamicin, Sigma-Aldrich,
G1272) 7 & pkiig N A % (Synthetic oviduct fluid, SOF) o & Rl UH 4 % > BL & 75742+ °% Souza et al. (2013) 2757
% o BT 2 BSIMZ B RSB TE%E pH 2 7.3 » (2IAE Ry 280 mOsm - 5 R R ECEL T AR RS - (H%
0T 5 pg/mL 2 (Calbiochem, 375095) « % 45 — 50 {iil COCs JRE M EFFLEH 450 uL 5 EaeRiyuFLEEH
FHICA 50 uL &K FHIRSIMZ ISR - (05 T RABE K 6 x 10° spermatozoa/mL « KR FE T84 COCs
PUFLEERS A 38.8°C ~ 5% CO, Sz 100% JRRE R 2 B FEETT 24 /NFHVRG MRS -

X. WEEESNEEE (In vitro culture, IVC) B5&

UN B4R RS 2500 24 /NG5S % 0 L& 3 mg/mL ZR1)E H & [ (Bovine serum albumin, BSA, Sigma-
Aldrich, A7030) i SOF #84M& S8 RHE R BR AR L2 8RAVIE T o I IUFLAR HR THSCEUE 75 uL 59/N% » 67
% 700 uL AYEEY)H (Mineral oil, Sigma-Aldrich M-8410) < JEJEAFHYSZAK UM 25 18 (BI04 25 uL B/ M B RFEIR)
BB/ N o A7 38.8°C ~ 5% O, ~ 5% CO, . 90% N, VRSB F#ETT 7 R ZAGIMNEFEE - 2fi1& 48 /)
BS o fERSYNE B E R/ INE I 10% BaZE1M5% (Fetal bovine serum, FCS, Sigma-Aldrich, F7524) - <7 #&% 48 /)
BRETTONZLRGTE > 2R 7 — 8 RETEZELRIN L H33342 (Sigma-Aldrich, 382065) JLtai%AE SRIME N i T3
AR TS -

XL Bkigest

LA SAS (Statistical analysis system, SAS, 2012) E4E#k g8 TEER T (One way) 855747 (Analysis of variance,
ANOVA) » F57RZE7KAE » B DLBRE 2 88 73 #7174 (Duncan’s multiple range test) L £ 4H -39 {HE ] 2 72 SR EHE
T AL P <0.05 FsBAE/KHE -

e

AT 5 H Y Ry 2 L L= RE R SR N R AR ER SR Rl » BB &S MR Ala P B 2 O SRR TR - R R
12 2 UNRHHRARAS B RS SN ~ BRAMZIE KB IME B 18 2 UNEFAIAR A PR ~ DN~ BEpRe i BEfR AR S 2 A= 5L -
1 SRR > MmO IV ER G777 > ONRRAHAEAS 24 /NEFAS VM P B 1% - AEZEE B 25 IR ET
ZUTH (Metaphase T1, MIT) & ( 7] SSEIZZEIH— SRk ) JEREE2 R (7488 £ 2.00% vs. 8114 £ 7.00%) - GIFH4IAE
KESINR BB R e ELT 24 /NIF 2 BBV B E - SUBRINIIEET R R 2B INEETTRMEE - BBIMZIER
48 /NPT DU RO - iR 2 245 RBUR - NEIUIEHAAULEE 7704 (YMRFFlr vs. BERESRIE ) FrfS 2 N ER4REAE
GUZLA (73.93 £ 1.90% vs. 68.30 +3.99%) K k145 7 K2 BEIEAR (42.87 + 1.26% vs. 42.65 * 3.83%) HIfiEREE 725 |
(BB AHREE A DAY MR A B R SR 4 (76.41 £ 1.29 vs. 69.00 £ 6.23, P < 0.05) ©

Jarostaw et al. (2020) 55515 S E 2 PMSG (1,000 1U) 25 555 318G ST B 20 25 Mg 2 JEfz (Baril er
al., 1993; Ucar et al., 2005) - HERESRER NG Y E IR/ NF - DR AL N R4 R 6 O R 2 A i KAV R 1T > 825 5 Y
EAEONRATAE R B 0 ON AR o s BRI ARG E R B RE ST - (H A 18G WS IH T UV CRAM AU &I 2 (o] i
i 19G J 21G WS Ry (Bols er al., 1997) « $HREEEEE » HIE R4 Z $HE R0V EEEEEE - It
DT RO R ) SR R E B R EE > SR IR E o FER IR > —REZE R HVE B YR
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25 — 70 mmHg » EZZEE{KA 25 mmHg BE[EeEE M - &4 100 mmHg HIE IV EIHAESE T % - (HAHIEHE
72 FEAE 30 mmHg B3 7] 22 5] 84% YU E4TEE Y% (Baldassarre ef al., 2003; Koeman et al., 2003)  FE(1PE 4R > 45
FRERIERIERA M F = NREE % A LSRR EZZ B2 (Morton et al., 2008) - A5 (82 (5 IG5
ANTHIEE (SHEELE 21 G 155 ) 1257 3.5 mL SIUE#ETTONRAMARTHIL (1 1 K08 2 ) - WA T E 22 S
IR o FEMHERTEB T - BRIV EE N > RIR RS - —fE S > RERIVHE A AR5y 8 0] UK S
DEFHN/KIRETEL (mL/min) » FE4RFEEER P IR - IR EUR AR - [ SIRRATRE SRR EE (=R A 2 T
2 7 — 7.5 mL/min I 7] 55§ (£ 2 OV RRHRESLE (Avelar er al., 2012) » AT 0120 T RERESRER URCAMT - Wil 1% F
FE— I pt S TS R 2 TR T DUBE = U R ARG E S %R R S

# 1. REURE TS I EHRREER 24 /NS S kA B R B R 2

Table 1. Effects of different collection methods on the maturation rate of oocytes after 24 hours of in vitro maturation

cultures
Oocytes origin Total oocytes retrieved” GV (%) MII (%) Degenerated (%)
Surgical 159 30 (18.53 £0.02%)" 119 (74.88 £2.00%) 10 (6.21 £ 1.29%)"
Laparoscopy 44 4(5.70 £ 0.03%)" 35 (81.14 £7.00%) 5(11.12 £2.27%)"

* 4 replications of collection.

Means * SE.

GV: germinal vesicle; MII: metaphase II; Degenerated: no first polar body observed.
" Means in the same column with different superscripts differ (P < 0.05).

1. L)L Robertson Standard Pipette &8 =GR EEFTUN 2. L)L Robertson Standard Pipette B 3 JE UL EE TN
REAHAEEE - REAHAE -

Fig. 1. Useing Robertson Standard Pipette collocation with Fig. 2. Collect oocytes directly from follicles with
laparoscope for oocyte collection. Robertson Standard Pipette.

DI SR 75 BG B 2 UN BRI BE 2 2 A1 F B RE T i s 2 (18 O SR P 1 P 0 B i = o Fl O R B 2 i U B2 O
BEATIAE > DAL DT AR O BRATAE - BEER A — TR LN BRI 2 i - FPRONERAY RS - TR AR R b
RIEEEME MR EZHREIK o AT b FEREA SN F-ilo T B RERE - MEAR [F 2 b K N A ON S T - T2 L2
LL21G $tBAFEHC 3.5 mL $t & i VSR b2 0800 (B 3 fe[E 4 ) - UNER4HALIEI U AR T 22 88.51 £2.2% o Al fEGA §
Z YN BRI AR IR - R R AR (50 % (L ON E ) (SBe th B oy SR T 2 UL E 2 R UV BRI PR &R ) - MBI
RTBREBYEMAEE - BRERINSARIER 2R REHBGERT G EER  REHZERAER/ TR
M EESA SR ESER B G g FME B FE R - BRIt 2SN > SGEABLTGH Z P i B R 2T
B TR A B AT I RS TR (R AR -

ASERAT YN BRI AR S MR B R Ry M-199 #5TC 10 ng/mL EGF #1100 mM cysteamine > DARERESTAHUG 2 U EE
AMREALHS 24 /NRFRES NS B 1R Z IR By 81.14 £7.00% » HE&EREL Joanna et al. (2014) [FIBEA I RERESEEHUSUN
BRIAEIR 7 B HETT 18 Ko 22 /NRFRS S M Z PR 87 £3.2% K2 90 + 0.4% FHEL N ALERTZEE - [RINFR T HESMK
PR BB T ARSI - Asn 2 R 53 U BRI AU SR R R R B R R % & 2 OPREAIAE - BB ERE 3 mm) HY
FOREHE (—f& Ry S mm DLEERME) - AMEEECEZENSAREEREEE > BEEK2 —3mm 3.1 -5
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mm Kz A 5 mm # o HIIRIAIIREEEE B RE T BB 70% ~ 83% K2 97% (Crozet et al., 1995) » Ak Ei 4Nl Kz
HEESR A FTEL Z ONRFHRE E A T IRAE 3 — 5 mm 2 - iR Fy 74.88 £2.00% fz 81.14 £7.00% » Ib—45RIE% T
Crozet et al. (1995) HFZ¢H 2 — 3 mm ~ 3.1 — 5 mm JEEFTE > BREE [ -

3. HEFEHUNE G R - 4. HRSERR IS 2 IUEEIREE
Fig. 3. Collecting oocytes directly from follicles on the ovary.  Fig. 4. After suction is completed, the follicle appears
collapsed.

B RES A IS 2 DN RHHRAR RS I M2AE 1% 2 UNBER Ky 68.30 £3.99% » [ —&5 SR B[R LIRS IE SEER MR T TRE SN
R 72 T 7% JNRERGESRAEAT (Baldassarre er al., 2007) 5 S5AMHFEAEE BZ R 60 /NIFAESTHERE 55 O RF4H
R EE - 2 DL +71 AUZ (Intracytoplasmic sperm injection, ICSI) #i% » FTfe-Z UNZLA T 70.9 £ 8.4% » fth—
GESL TN AFTAHAT (Abdullah et al., 2008) -

HoAth 2 G e 85 ON BRI SE ARV IR R JMB & 25 - B T S E LRSI - [ERSAVAS RS ST (Cognié er
al., 2004) ~ fufd fF#¢ (Paramio, 2010; Romaguera et al., 2011) H1/:4 T [EIZHYINRHAEEE B E - BE - S5
FHIERE R E S B EH IR R E R E 2 — - A4S L ERAEEFEINERR% - RIEEREFT AU
EFZ ONRIHAECE L 0 B 128 {5 Z[H (Pontes er al., 2011) 5 I=ELEEREREI 2T 2 JROHEORy 4 21 33 {1 - UIREH
Al A 7 2 22 12 [E (Gibbons er al., 2008) - (L3RG H T (E S R ERY 22 FMERHE K > 1 H 22— D e ARAVIE
51 (Pontes et al., 2011) o LLIFFEFHCEREZE T IRBHIAV/N - HHE ARG ZCEUER T RAV I REAEAR - 283 AR
JTEEHLE MR & Ry (Paramio, 2010) © FEA1 - HHZEHS ARG ERY N R RO B A IS 1/ S DhRE 39
il (Paramio, 2010) » (R HARSIN RS E1R 2 8 B RE TR T - Baldassarre er al. (2007) #5245 - BER
PERE - (E R AR A\ TR B AR i 2eny 2 REUI=E - JRO] (A LOPU R EE N REAR 33 (8 B8
ARV ORFECER « IR BIEZRETERLTE - MR &IN5 NEUS 2 O BRI A B i P T R b - (2
B —(EA®OIRE - FIFETEEETT - FIH LOPU HUS 3K H B SE 5 2 45UV CF4HAE - &S pa iz Els » H
B SHIE T2 (Vazquez ef al., 2010) « {E/KARYBHZERIFEHT - INRREREA 21518 2 DN R BRIk g
EINEZE - ME T AFHIIN AR E BT bk B2 2 i (Francesco et al., 2011) 5 45 T HARFSN » (EEL
SO RHAHAE S E N £ (Takuma ef al., 2010) © FE4F7F - AR MEARRRIME » 7T ASCE IV RHAAE N IR ST =R AR
BHEREST - BNV E  HATAT R0l DUE A e iRt — IR > B0 > 4850 T A R 60 FI A 2 i s
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f]  (F ] DUA RN R ET = 380 KON RFHRESLE (Vazquez er al., 2010) -

AEAFERC T T RE 85 U RHAHRE U SRl - WGBS ML 7 A HUS 2 DN RHAHARAET TRE S NN - BRAMZAE Bhs
G AR SR L  PLHETA - 45 REUR - SSHIERESR )7 ARUS 2 LI IN R ARSI ME B R R E R » BER
B EEsT EEEE RN R AUREE S - B DUEF 8 S Z80E - H BRI F AT AR &AL
ELGEEFHE R R IR 5E

# 2. AEMET TS Z MR RR I MR R R BN - BIRR R BRI o8
Table 2. Effects of different collection methods on the cleavage rate, blastocyst rate and cell number of blastocyst after in
vitro fertilization culture of oocytes

Oocytes origin Total oocytes retrieved” Cleavage (%) Day 7 blastocysts (%) Total cell no.
Surgical 165 105 (73.93 £ 1.90%) 61 (42.87+1.26%) 76.41£1.29°
Laparoscopy 46 32 (68.30 £3.99%) 20 (42.65 £3.83%) 69.00 + 6.23°

" 4 replications of collection.
Means * SE.
" Means in the same column with different superscripts differ (P < 0.05).
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Abstract

The aims of this study were to establish the technique of laparoscopic oocytes pick-up and compare the techniques with
the traditional surgical oocytes collection methods of goat. Twenty goats were used in this study (10 Hengchun line of Taiwan
Black Goat and 10 Nubian goat), followed by conducting in vitro maturation, insemination, and maturation rate to observe
cleavage rate, blastocyst rate and total cell number of blastocysts, after oocyte collection The results showed no significant
differences observed in maturation rate with the nuclear development arrested in the MII stage (74.88 = 2.00% vs. 81.144
* 7.00%), after the culture for maturation. After insemination, the fertilized zygotes were continuously developed in the in
vitro culture system, and cleavage were observed 48 hours after insemination. The two different oocyte collection methods
(surgical vs. laparoscopic method), showed no difference in the cleavage rate (73.93 £ 1.90% vs. 68.30 £ 3.99%) and the
blastocyst rate on the 7th day after fertilization (42.87 £ 1.26% vs. 42.65 £ 3.83%); however the surgical method had a higher
total cell number of blastocysts (76.41 £ 1.29 vs. 69.00 £ 8.91). In this study, a laparoscopic oocyte pick-up technology was
established with success. The blastocyst development capacity of the collected oocytes after in vitro culture was similar to

that of surgical collect group. The laparoscopic oocyte pick-up technology can indeed be used for goat oocytes collection.

Key words: Goat, Laparoscopic oocytes pickup, Blastocyst rate.
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Fig. 2. Web version of the anti-epidemic plan setting framework.
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Fig. 3. APP version of the reminder function framework.
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Table 1. Function description of smart epidemic prevention system

Function description

Web background-basic information management
¢ Pig Management Standard Setting-Epidemic Prevention Plan: Provide the management function to view/edit the
management standard data of boars, sows and piglets.
Web background-system management function
e Symptom Information: Provides the default function setting of viewing/adding/editing/deleting [Medicine
Management].
e Scheduling information: Provides the ability to view/edit the default settings of [Pig Management Standard Settings]
and [Epidemic Prevention Plan].
APP function
e Maintenance reminders with mobile devices: Users use mobile devices (i0S or Android platforms) to process non-
routine reminders (epidemic prevention plans) generated by the system based on relevant information settings and
actual breeding conditions.
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Table 2. Comparison of “Pig Farm e-catch” and PigCHAMP function

Items Pig Farm e-catch’ PigCHAMP

Charge Free NTD 38,000/year (varies according to
different scales)

Management unit Council of Agriculture Information Center PigCHAMP

Business Company

System environment Internet connection is ready to use Have to install PC program

Work list (Full function) (Rely on reports)

Reminders (Full function) (Rely on reports)

System advantages Work management Data collection and analysis

Expert counseling method Data can be viewed remotely for coaching Needs to be provided by the pig farmers

manually export the data

Function correction or adjustment ~ Comply with the characteristics of Foreign software cannot be adjusted
domestic pig farmers and carry out system according to the needs of specific countries
planning

The “Pig Farm e-catch” system can automatically adjust the rear acupoint work and reminders based on the recent pig
breeding records, and can use real-time information to avoid inputting incorrect data without updating the pig information
when reporting.
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Table 3. Statistics of the number of registered pigs in each county of “Pig Farm e-catch” users

Location Boars Sows Piglets
Taoyuan 10 217 3,130
Hsinchu — — 493
Miaoli 118 665 7,228
Taichung 16 408 5,576
Changhua 189 4,606 57,437
Nantou 10 150 1,340
Yunlin 427 8,819 72,613
Chiayi 103 1,475 33,759
Tainan 331 8,600 70,884
Kaohsiung 73 1,563 11,585
Pingtung 428 7,852 109,126
Taitung 32 518 4,670
Total 1,737 34,873 377,841

Statistics until April 29, 2021

Web filz -
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REEE 33 (67.3%)
T{Ei&EE 19 (38.8%)
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Fig. 4. The most important functions when using the Web and APP versions.
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Fig. 5. Analysis of individual learning status.
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Abstract

In this research, LRI cooperated with the “Pig Farm e-catch” system, established by the COA, to develop the “Pig Farm
smart epidemic prevention action management system” in a cross-platform approach, between the web version and the APP
version. The system can be set up with multiple users as the administrators. In accordance with the epidemic prevention
plan, the necessary epidemic prevention measures are reminded to provide pig farmers with more convenient and efficient
management measures, which will help them achieve the goal of preventing epidemics without loopholes. The system can
adjust the epidemic prevention plan and the management of medical materials according to the built-in epidemic prevention
plan or the feedback data from the counselor and the pig farmers. This will automatically generate preset vaccine information
and the epidemic prevention plan schedule set up from the backend to achieve user friendliness. The user reminder interface
meets the process and requirements of on-site management, promoting the professionalization of epidemic prevention
management in pig farms, and introducing corporate business models to achieve the comprehensive effect of improvement

on production efficiency.
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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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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.
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SEWR Z TR RATIL  AWFoR AN R SR AR I AE T BLELEE R ARAY AV NBR (A K T A Bl (05
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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



=]

110 HE | B2 R ) e B SRR A P PR e s SRR SRR R PRI 7T

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

Key words: Pangolagrass biochar, Poultry litter biochar, Livestock manure compost, Odor removal.
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2017/2/21) Z & 8EE1L » FHIRFTRZHIEAVERE S

Fig. 1. The contents of crude protein, acid detergent fiber, and neutral detergent fiber of oat varieties Saia (upper) and Swan
(lower) harvested at different dates (2016/12/27-2017/2/21). Bar indicates standard deviation.

FE o e 4B 4 71 » Saia £ 60 K (12/27) 1) 48.6% _EF+ % 85 K (1/21) (Y 63.4% » FF[% % 100 K1 58.9% :
Swan 7 60 K (12/27) i 47.9% FFZ 110 K (2/15) Y1585 64.0% » FEFEE] 116 K (2/21) fY 54.4% © BE S48 4108
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ShEch B4R DL > Saia fi 60 K (12/27) B 27.5% $E 1% 37.7% (1/31) » FEFEE 109 X (2/14) (9 33.0% ; Swan
7 60 K (12/27) 1Y 27.4% F+E 40.0% (2/14) > Fl#E s 116 K (2/21) 7 30.3% (& 1) -
II. ZFfslede WSC ~ ity ~ NSC 88k (& 1)
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2. HZRALAE Saia (_LE ) K Swan (TNE ) ZAKEMEMRAKLEY) - Bty BIIRGE R MR KL & Y B8 O H 1
(2016/12/27 — 2017/2/21) 7 & &84k - WSCT : 7 Ff X FIH AOS b /KL &9) ~ WSCIS = /KA MR KIL &
Py ~ Starch : 15 BRUIEIHYEAD ~ NSC 15 BRAIFIRYIEG IR KL EY) - AIRERZAIE AR -

Fig. 2. The contents of water-soluble carbohydrate, starch, and nonstructural carbohydrate of oat varieties Saia (upper) and
Swan (lower) harvested at different dates (2016/12/27-2017/2/21). WSC7: water-soluble carbohydrate harvested at

7:00; WSC15: water-soluble carbohydrate harvested at 15:00; Starch: starch harvested at 15:00; NSC: non-structural
carbohydrate harvested at 15:00. Bar indicates standard deviation.
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Fig. 3. The diurnal changes of contents of water-soluble carbohydrate for oat varieties Saia (upper) and Swan (lower)
determined on two different dates. Bar indicates standard deviation.
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AR  S5IATE ADF RURIHERS B 5% /K3 - ADF S20BAHT F (8 BUSIBSRIEIRGS (19.5 vs. 2.74) )
FERIE (8.67 vs. 3.20) » BTHZIEAE ADF (IR SHL EWERAD B -

# 1. B TPNE R A FEEE G U S5 Saia & Swan E& I8 7342 FHBZ N5

Table 1. F-test of analysis of variance for nutrient components of oat varieties Saia and Swan harvested in the morning or

afternoon and dried by sunshine or oven

F-value
Variety Source of variance
CP NDF ADF WSC Starch
Saia  Cutting time 0.00 0.2 2.74 22.07 3.20
Drying method 0.56 24.8" 19.5" 68.4" 8.67
Interaction 0.07 2.8 1.05 0.2 0.43
Swan  Cutting time 15.6" 0.1 1.5 209.9" 8.8
Drying method 17.9° 72.4" 45.0" 571.8" 27.4"
Interaction 0.9 33.4° 16.0 65.3" 7.7

" The F-test are significant at 5% and 1%, respectively.
CP: crude protein, NDF: neutral-detergent fiber, ADF: acid-detergent fiber, WSC: water soluble carbohydrate.

2. BHRHEES Saia J Swan BRI ENIBIRFE R EARE T E 2 P EELE

Table 2. Means of the main effect of cutting time and drying method for nutrient components of oat varieties Saia and Swan

Variety Main effect CP NDF ADF WSC Starch
% dry base

Saia 9" 22.9 55.2 32.0 4.03° 273
14 229 54.8 30.5 5.92° 3.14

Sun 23.2 57.7* 33.3° 3.30° 2.60°

Artificial 22.6 52.3° 29.2° 6.64° 327

Swan 9 14.6" 58.2 35.3 5.96" 4.57°
14 12.2° 58.0 34.4 9.66" 3.78

Sun 14.6" 61.1° 37.2° 7.76° 3.48°

Artificial 12.2° 55.1° 32.5° 10.86" 4.88°

" 9: Mowed at 9 am., 14: Mowed at 14 pm., Arificial: Drying in oven at 60°C for two days, Sun: Drying outdoors for 5 days.
“® Means with different superscripts between the main effect are significantly different (P < 0.05).
CP: crude protein, NDF: neutral-detergent fiber, ADF: acid-detergent fiber, WSC: water soluble carbohydrate.

Swan J7[H * “R[E]JA Saia » CP 8877 43 Hr 1 X 1 R BARZ )0 AHY FAHIT%E 5% B3 17 L X 0]
155 2.4% > N TRZIRE HIERZER(EK 2.4%  XF(FFE R 7228 NDF - 5208507 F BRI Bt - HIERZ R NDF &2
NTHZEERR S T 6.0% 5 ADF JREZME AR F {2 5% BE/KAE - HIERZEEHY ADF 8 \ TRz 4.7% 5 WSC
N EIE R B AN F {E MK » NS 3.7% » A THEZERFR S 3.1% 5 Bk BV ZIE R F {E 5 5% 5
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TEERINACREE - R EEEEEE A=A -

Gy bt > XIEIEEE 12522 WSC o R AnfE [ ANEE: B3 RlEE 1.9 K 3.7% > JRgZ2E Swan fnfdfy CP
BBty 5 5207 20 R HR 4y 3 A i o0 B AT B R 2 ({4 Saia Y CP 41 ) » Saia ~ Swan ff{ fhfé A T 52 EH) NDF
Sy R 5.4 2 6.0% > ADF [ 4.1 K 4.7% » WSC 2755 3.3 12 2.9% » J&IEE= 0.6 K 1.4% -

& &

TEYI B AL HIR Y & B AR IO » MR - (HRIARERERE (% (source-sink relationship) BEEZE AR S
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Abstract

Forage oats are suitable for cultivation in winters and springs, which can also be incorporated with annual cropping
farmland in Taiwan. Its development merits attention. Two oat varieties were used to determine 3 subjects, as shown in
the follows: 1. The continuous changes of plant composition with the growth period in 60 days after sowing (DAS); 2.
The diurnal changes of water-soluble carbohydrate; 3. The influence of cutting in the morning or afternoon as well as the
drying method (sun-curing vs. artificial drying). The purpose aimed to understand the changes of nutrient composition of
oats in the local environment (Hengchun area). The crude protein (CP) contents of the two varieties decreased during the
growth days in the early period, but both showed increase in the later growth stage. In terms of neutral detergent fibers
(NDF), both varieties increased steadily from 60 DAS, where Saia decreased 85 DAS, and Swan declined 110 DAS. The
trend of acid detergent fibers (ADF) was similar to those of NDF. The accumulation speed and range of starch contents
of the two varieties were quite different, as both decreased after reaching a high point, while the contents of water soluble
carbohydrate (WSC) continued to rise. The above-mentioned components showed discontinuous increase or decrease in
the later period of investigation, which could have been caused by the production of new tillers. Although the main tillers
grew with advancement, the emergence of new tillers changed the ingredient ratio of the whole plant. In terms of the diurnal
variation of WSC, basically the contents of WSC were accumulated with photosynthesis after sunrise, and then gradually
decreased after sunset. The daily variation was about 2-4%, and there were difference in different varieties and growth dates.
The third experiment explored the effects of cutting in the morning or afternoon, as well as the drying speed (method). From
the analytical results of variance, the cutting time mainly affected WSC. Sais and Swan both increased in WSC contents by
1.9% and 3.7% cut in the afternoon respectively, compared to those cut in the morning. The cutting time also affected both
CP and starch of Swan. Drying speed had a significant impact on all the investigated ingredients (except CP of Saia). The
NDF of Saia and Swan decreased by 5.4% and 6.0%, respectively, with artificial drying. ADF decreased by 4.1% and 4.7%,
respectively. WSC increased by 3.3% and 2.9%, respectively and the starch increased by 0.6% and 1.4%, respectively. From
the results of this experiment, we might recognize the relative impact of harvesting and processing. Artificial drying not
only reduced the risk of rain, but also significantly improved the quality of hay. The results could provide information for

production management and further researches of forage oats.

Key words: Forage oat, Harvest date, Diurnal change, Drying method, Nutrient Compositions.
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Tamaki, 2007; Gemayel et al., 2010) » [&5Z &Y% BRIE & (#EFSE > 40 Sultana et al. (2017) JEFT 24 4A w200
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Table 1. Information of Muscovy duck populations using Tsaiya duck-derived microsatellite markers for genetic analysis

Population' Generation No. of drake No. of duck
BM 9 16 16

13 15 15

16 15 15
MD 12 8 20
L302 23 25 25
L304 23 14 13

BM: Wuyjie Black Muscovy; MD: minimal disease Muscovy duck; L302: White Muscovy LRI 1 L302 population; L304:
White Muscovy LRI 1 L304 population.
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1L fefd EAEEC i

BEE Rt EREhY) 2 SRR SR - (K EasyPure Genomic DNA mini kit (Bioman, Taiwan) £t &5
RGEEE (5REE 0 2016 ) HEFTENAH DNA 7 Z5HY » Frfq-AER4H DNA B A -20°C fR{EFHH -

{5 Pt B AR SO B 28 E #2306 (Hsiao er al., 2008) » FE{EH i Bk SE0G R BIS B A SR ENR 2
£ 5 APT001 - APT004 - APT008 ~ APT010 ~ APT012 ~ APT017 ~ APT020 ~ APT025 ~ APT026 ~ APT032 K7
APTO033 » 3% 11 4 - ST AT EREn 22 BT is 2 B4 DNA #17 PCR » H 2 fEAERSTE &y 10 pL » HpfE 50
ng TR ESR4H DNA ~ TEZ5[F% 0.2 uM ~ 1 X PCR buffer ~ 1.5 mM MgCl, ~ 0.2 mM dNTP & 0.375 U Tug DNA
polymerase (TAKARA Co., Japan) o Z JEf&{: Ry 94 CE M 10 5388 - FEZMEITLUTEIR 30 2K - A48 94°C 14 20
b~ 60°CE#RE 30 F0 fe 72°C A 30 70 » Fef% FELL 72°C ZEf 10 73 8% - PCR [ZfE{% » DA TBE &N ELH 1% HH5
BT T BB AEY) - POR FEIAC R R FEAE T, (GeneScan 500 Liz size standard) S8 & LA R HEAL -
[ o7 BL R BE BE E2 147 0y (National Center for Genome Medicine) 48 ABI 3730 241534713 (Applied Biosystems,
USA) 3 M HER] PCR EW R B A/ » BUS T R 4648 1% » F3 DA Peak Scanner v1.0 software (Applied Biosystems,
USA) A\ THEES M B sC 2 BEAA -

2. 11 43NS BARRCS [ Fe7 ~ SRERE AT EIR RS &S
Table 2. Primer sequences, annealing temperature and orthologous microsatellites in the duck genome scaffold of the 11
Tsaiya duck-derived microsatellite markers

Locus' Primer sequences (5' — 3") Ta (°C)* Duck genome scaffold no.’

F: GTCCCACTGGTTTGCTGTCC
APTO0I R: ACTACGCATGGCAGTGAGGTT 60 1,509

F: GGGCAGGAAAATCTCCTGAAT
APTO04 R: TCTCAGTGGCTGAGCGGTC 60 192

F: CAAAGAAATCCTAGAACATCATTCAAAT
APTO08 R: TCTTCTGGCTTTTCACCTTAGTTTAGTA 60 358

F: CACTCAGGCTTTTAGGTCCATTAATA
APTOI0 R: CATCTGAGAATGCACTTACTGTCAAA 60 1,199

APTO12 F: TTGAGCCTCAGGTTCTAAACTCCTA 60 S
R: TCATAACATTTCAGACCAGTTTTCAGA

F: TGGATGGACAGACGGGTGA
APTOTT R: TGGAAGTTTTGATTTCTAGTGCTTACA 60 481

F: TTCCAAGTTTGTCATGCCAATAGA
APTO20 R: CTGACCATGTTAGGGCGTTTTAG 60 197

F: TCCTAAGAAACGTTGCTTCATAGACC
APTO25 R: GAGTTAAGCTTCATCACTCTGTGACTG 60 121

F: CCCTGAAAGGCTGTTTTATATATCCA
APTO26 R: ATGTAAATAAAGTAGCCTTGCACGGT 60 477

F: TCACTTTCTTGACTCTCCTTGGTTT
APT032 R: TGACTTGAATTCTGTTCAGGATAAATG 60 45

APTO033 F: CTTCACCCTACCTCATAAGGAACTG 60 4
R: ATTCCAAATCTGCAAGGTGAGTATTA

! Hsiao et al. (2008), developed from Tsaiya duck.
* Annealing temperature.
’ The orthologous microsatellites in the duck genome scaffold.

1. 38 (8 BB R (A st b
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FRAE R ER AR E H (Number of alleles, N,) ~ #H] (Observed heterozygosity, H,) B1HI Y B/E & (Expected
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heterozygosity, Hp) (Nei, 1978) R etz 2 &5 (Polymorphic information content, PIC) (Botstein ef al., 1980) » ifi
2L POPGENE 1.32 #%EE (Yeh et al., 1997) sTE A BN E H (Number of effective alleles, N,) 2575 {5588 B K7 3k
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B ESYREEED « SURTE It s 22 R M A Al nT RE R ES IR P 71 55 ik g [ FRh S @ I 2 28 8 B AE - ISR
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HEHEISE T RO EREIS AT 11 45580 2250+ APT001 ~ APT004 5z APTO10 fif 25581 » 11 4%
S A =4HFEC (APTO08 ~ APT025 Jz APT026) H 3 {E DL EACE AN - tEIE & 1 952 302 K 304 R
A APTO01 JRfm25 a1 » 11 4HAEEC 4 B 4 45 (APT00S ~ APTO12 ~ APT025 £ APT026) K 2 4HfE 0 (APT008
Je APT026) H 3 {E DL FAZEER - s/ VR EIS Ao aBEEsl 1958 13 (0K - Br APT001 AT5E
o BEERTENAE 26 REM: - T APT004 f2 APTO10 JER{E iR/ VR EIR R A G - /D EREIREa e
FEWSEE 1 9% 302 ~ 304 ERF A BN A0 S BERAER B REHEE - ERDEREBEIEN APT025 HA 136 ~ 140
bp MFFAREER - LR AR OFRHEOOER > TEI LR OERERRNTEERMESR KA
EEIS SRR B A& EE —EHAER - REFTYIITHOME 2ACHESGETHE O OHIRIER - 7
Mrig » ARl — P HERR A= RS AR OHEISHE O ORISR Z BB FEBEIE SR - 590 - BEEEIBH
[ BB =(EEEIRN APTO12 HEREEDURRCCE AR » BB — D & P -

R4 BR6 A TEROERS 16 - RV BmEIRE 12 oeEIBEE 198 302 K 304 JHEEEZE
R 7 QIR SRR 2 P B - I AR AR 9~ 13 R 16 U IS RREE 32 F 2
3.0 [ ~ B FE LR 9 (U5 0.406 [F 255 16 X 0.340 ~ “FIHIE BB ETRES 9 U= 0.466 [F 25
16 £ 0.420 » FIFSHE G T FERVEES » BIRET-CHESRE 7 - 58 16 A — 4 fmkna m F e - (2
BROEEREIE =BT L 2.1 i - BURRTCACE BRI b o] g fH i (F S e R AR R B R B AR
R TERREREENER T o thi A BN =5 PSS EREA 22 £ 24 - PIHARREE
HEE 1.6 £ 1.7 » PIEUN RE [ i 5 f 0.358 (L304g23) ~ £z {5y 0.287 (MDg12) - I HIS SH i = £y 0.352
(L304g23) » {5 0.315 (L302g23) » SEHg % aaMEa B &8 i a B 0.282 (L304g23) » fxfK 5 0.263 (L302g23) > T
EFI =R L, 28 2B E)N - Bl Ahmadi er al. (2007) 737G EAREIRAEES » ZOFE6E A 2 12 40T
o 3 4HE 4 B ERE R SRR R R R 2.4 ] - ARCEEREUR 2.2 {E - BUNISREE 95 0.44
ARBTG5 0.41 > TR RN AR 2 BEFES - M0 OFRET - ARCCEERE - BUA I
& BUE FEHIBET ~ (HIS S A AT B AEIE o [ Wu e al. (2008) Ef Maak et al. (2000) & Maak et al. (2003) j*

ISBHE 2 20 S8 EAEECIE YT DENSIRES - I ARCOE AN EUE 5.7 i - H[F 0 (41 AJ515883 £

4. JFER 11 dHEERIE R

T ISR EOEISSE 16 U EEER

Table 4. Genetic variations of the 16" generation of Wujie Black Muscovy (BMg16) with the 11 Tsaiya duck-derived

microsatellite markers

Locus Fragment (bp) N,' N/ H,’ H.' PIC’ F¢

APTO001 228 — 260 2 1.9 0.267 0.472 0.357 0.434
APT004 289 — 297 2 1.4 0.233 0.305 0.255 0.236
APT008" 164 — 176 3 2.4 0.333 0.597 0.509 0.442
APTO10 184 1 1.0 0.000 0.000 0.000 NA

APTO12 157 — 161 2 1.0 0.040 0.040 0.038 0.000
APTO17 169 — 177 2 1.2 0.133 0.183 0.164 0.273
APT020 169 — 201 6 4.0 0.700 0.764 0.713 0.084
APTO025 120 — 136 5 32 0.733 0.702 0.646 -0.044
APT026 134 — 142 3 2.2 0.467 0.554 0.486 0.157
APT032 201 — 237 4 33 0.700 0.709 0.639 0.013
APTO033 217 — 229 3 1.4 0.133 0.294 0.267 0.548
Average 3.0 2.1 0.340 0.420 0.370 0.214
SD 1.5 1.0 0.272 0.272 0.247 0.208

" Number of alleles.

? Expective number of alleles.

* Observed heterozygosity.
* Expected heterozygosity.

* Polymorphic information content.
° Wright’s fixation index, within population inbreeding estimate.
" Represented significant (P < 0.05) departure from Hardy-Weinberg equilibrium.

NA: not available.
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APHO02) f£ Maak et al. (2003) o 2 SR BNy 5 flEl - ££ Wu er al. (2008) HYF AR N R AN EE 9 (H 2L E > H
20 4HfECRR 1 AR AR - HERBUHIEEE H 0.6757 & 09118 > SPHIBUHIRE L2 0.8079 » S B AMATE
BEEE > AR BECE A (False allele) 2 & (Hoffman and Amos, 2005) » [Elf> IR 7 & sl ba i REE
SEAIE E R R BofEEN > i ER e 0 R -

RS EA 11 NS BRSO IR D R BTSSR 12 RZIBEE R
Table 5. Genetic variations of the 12" generation of minimal disease Muscovy duck (MDg12) with the 11 Tsaiya duck-
derived microsatellite markers

Locus Fragment (bp) N,' N/ H,’ H.' PIC’ Fi’

APTO01 228 1 1.0 0.000 0.000 0.000 NA

APT004 289 1 1.0 0.000 0.000 0.000 NA

APT008 164 — 180 3 2.0 0.667 0.498 0.429 -0.339
APTO10 184 1 1.0 0.000 0.000 0.000 NA

APTO12 161 — 177 2 1.4 0.048 0.285 0.239 0.832
APTO17 165 — 169 2 1.2 0.148 0.201 0.178 0.264
APTO020 169 — 185 2 1.7 0.407 0.409 0.321 0.005
APTO025 116 — 140 5 3.0 0.667 0.677 0.601 0.015
APTO026 134 — 150 4 3.5 0.630 0.729 0.665 0.136
APTO032 201 — 209 2 1.8 0.444 0.453 0.346 0.020
APTO033 221 — 225 2 1.6 0.148 0.391 0.310 0.621
Average 2.3 1.7 0.287 0.331 0.281 0.194
SD 1.3 0.8 0.281 0.260 0.230 0.374

' Number of alleles.

* Expective number of alleles.

® Observed heterozygosity.

* Expected heterozygosity.

* Polymorphic information content.

® Wright’s fixation index, within population inbreeding estimate.
NA: not available.

R RN E A BN ER 198 302 K 304 JEEE AT SR BUB RN A4S B O FBIS R/ D &S - i
F 7 WIS 302 Fr 304 WERESY B 5 41 7 AREEC AR AR B B RIS (Fs < 0) - KEHOFES
a1 SR S R AR BIE 1y 39.6% S E IR &R 9% (19.6%) ~ 1R EH =57 (24.9%) 1 N85
9.1% > NPMEEEINER 9% (13.7%) ~ BEFERERA =R (5.9%) 2 (TR REEZ A HE 5T > 2005 ;
2007 ; 2008 ) - H B EEHHH S B FEIREEEE R THORE - SRR RIS > DI 2l 2 %
FEMEER - (E BB RAVERRI SIS - Ma/ VR EIRER e pl R R R E O - 855 12K BRI TER
BRGRE - daiEMe oy RVUE G  BltRETIRERCHE > AR aEBBRES 15 IR PYaE SRS - B
% 2 WO AR o IRETELAL B R AL RREDEF B RN - W INENe o] F LR R E A R E
Z RS EE - T AT DUESEE B HE NS R © R 2SS ERN - s E R fE R %
HOUE o EE AT R -

L B HEERE T

HE— LA AEREER LA OERGRE 2 ERAER > FIFH4ETH0EE R (1Y adegenet E{FHETTHERE LR
ST BE LR 2 BRELLEIXY 0.24 0 EE = ERTIMERE 0.30 0 HHEE— B T preeE (18 1) 0 45
R 11 40 ENe i B T 2 ey AAS R EaBIS & A aFSEE - SR EHRBIS » WEFER 4R
ARG ER AR ~ R ER AT E S = AR EE N R A O R T 0 JCDAES 13 4K
F 16 (REFE 2308 - HEFRE Y —(EEREEI 308 - WRE206 - Hp R/ EREBGEE
EHEIEEH 1 9% 304 BRI AET - A EHEIEEH 1 5% 302 81 304 R BEER X » BURHBGRHIGE
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7. FEA 1 AEENS S 2 O T A R EINES 9 ~ 13 J2 16 £ (BMg9 ~ BMgl3 » BMgl6) ~ /MR &H IS
12 & (MDg12) ~ (B8 % 50 1 5 302 & 304 JEEF (L302g23 ~ L304g23) 7 T4l (252
Table 7. The average of genetic variations of the 9", 13" and 16" generation of Wujie Black Muscovy (BMg9, BMg13,

BMgl6), the 12" generation of minimal disease Muscovy duck (MDg12), the 23rd generation of White Muscovy
LRI 1 302 and 304 population (L302g23 and L304g23) with the 11 Tsaiya duck-derived microsatellite markers

Population” N' N, N/ H,' H’ PIC® dHWE’ F'

BMg9 32 32 2.1 0.406 0.466 0.403 0 0.133+0.236
BMg13 30 32 2.1 0.376 0.423 0.369 0 0.150 £ 0.299
BMg16 30 3.0 2.1 0.340 0.420 0.370 1 0.214 +0.208
MDgl2 28 2.3 1.7 0.287 0.331 0.281 0 0.194+0.374
L302g23 50 2.4 1.6 0.294 0.315 0.263 0 0.062+0.174
L304g23 27 2.2 1.6 0.358 0.352 0.282 0 -0.015 +0.302

" Sample size.

* Number of alleles.

* Number of effective alleles.

* Observed heterozygosity.

* Expected heterozygosity.

¢ Polymorphic information content.

7 Number of markers departed from Hardy-Weinberg equilibrium.

* Wright’s fixation indice, within population inbreeding estimate and standard deviations.

" BMg9 and BMg13 were conducted in Chang ef al. (2015, in Chinese), and MDg12 was genotyped in Chang et al. (2018b,
in Chinese), and the other populations were conducted in this study.
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L A 11 dfdf EARRC T TAE B B 28 9 ~ 13 K2 16 fU (BMg9 ~ BMgl3 ~ BMgl6) ~ f/W i ise: 12 U
(MDgl12) ~ H eI ESL 1 97 302 K 304 JEEf (L302g23 ~ L304g23) 2 E ko3 AflE - Ml s fedi o nl s —
B Rl oy B PR R B SR LR

Fig. 1. The results of principal component analysis of the 9", 13" and 16" generation of Wujie Black Muscovy (BMg9,
BMg13, BMgl6), the 12" generation of minimal disease Muscovy duck (MDgl2), the 23rd generation of White
Muscovy LRI 1 302 and 304 population (L302g23 and L304g23) from the 11 Tsaiya duck-derived microsatellite
markers. The horizontal and vertical axis are the ratio of the first and second principal components to the explained
variance, respectively.

fi#% STRUCTURE #E% (Pritchard et al., 2000) 437455 (& 2 ) 4% Evanno j£{5 & (Evanno et al., 2005) » i
KAER 2 0 il R AsE R ORREOOES - 850 B SEIH RS AT 2B - A&
REEDH > 0K =3 > R ERR/VERFIRIE O EBENESL 1 9% 302 K 304 JEEFHHSEE R - SOafFnEsR
1 SERI(E R 2 B EAHENVE SR [E]
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135

13 Jz 16 £ (BMg9 - BMgl13 ~ BMgl6) ~ /DB #HIeEE 12 f (MDgl12) ~ H A

15 302 F2 304 JEREE (L302g23 ~ L304g23) L STRUCTURE $REGHETT /0 B o3 AT Z &5 51 » mIRE 0 BB (K) 3 Fy
2 34 il KAER 2 Q & (HEEEKRIFEZESE LD - ARBELAFEB TR - GtiE R —(E

B o

Fig. 2. Genetic cluster analysis for the 9”, 13" and 16" generation of Wujie Black Muscovy (BMg9, BMg13, BMgl6), the
12" generation of minimal disease Muscovy duck (MDg12), the 23" generation of White Muscovy LRI 1 302 and
304 population (L302g23 and L304g23) using STRUCTURE software. K: possible number of subpopulation from
2 to 4, the optimal K value in this study is 2. Q: proportional membership of Brown Tsaiya ducks to genetic clusters.
Colors correspond to different genetic clusters. Each vertical bar represents a single individual.

TSR OEE A ORI 2GR L EE R AR 8 Fon > AREE Wright(1965) Al » EHREE 3 {EfE 8
/INFY 0.05 FAEF IR ¢ /R 0.05 2 0.25 RARE P REE ¢ AR 0.25 FFREE b - SHREERI M HECZ
T AR EOEG I RE S (Fyg = -0.0001 — 0.0211) - 5 EFWR = & BEEFES L - @R
PSR B 0 RIS Tt 1 98 302 RBE Z HBIEE i) (Fyr = 0.1381) > &S TS 1 9t 302 JREEHL 304
REE T EREE AR K (For = 0.0576) » BEESERTER T 5347 + STRUCTURE $AG AT 4ER —2K

8. FIF 1 AR TSRO BIE 9 -

13 J2 16 {X (BMg9 ~ BMgl3 ~ BMgl6) ~ i/ DIRi e st 12 {4

(MDgl12) ~ Ha&ISE 1 5t 302 K 304 AT (L302g23 ~ L304g23) ZiEEH{LIEH (Emaa L)
Table 8. The Fg; value based on 11 microsatellite markers for the 9", 13" and 16" generations of Wujie Black Muscovy
(BMg9, BMg13, BMg16), the 12" generations of minimal disease Muscovy duck (MDg12), the 23rd generation of
White Muscovy LRI 1 302 and 304 population (L302g23 and L304g23)

Population BMg9 BMgl3 BMgl6 MDgl2 L302g23 L304g23
BMg9 - 0.0145" 0.0211" 0.2977" 0.2912° 0.2864"
BMgl3 — -0.0001 0.3476 0.3248" 0.3217"
BMgl6 — 0.3524° 0.3395° 0.3350°
MDg12 — 0.1381 0.0994"
L302g23 — 0.0576"
L304g23 —

" Fg; with significant differentiation (P < 0.05).

SRBIETIS B AT - REAEIRHEAM S IR T AR AV LLEE (Ahmadi er al., 2007) » EZH R TIE %
W E(ER—REER S HEIT /34T (Zhang et al., 2019b) - A[EIFEISHELEAIHTFEA0 Oguntunji and Ayorinde (2014) > /3
IRE KR HEFER B - B ERARE & A R AERRACREISERE - US4 o (41 Paramasivam
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et al. (2017) F| Genbank BORHEEELHEA H EIFEE ~ TARI R HEA il £ 2 315 69 &(#AS - 3% 13 1 D-loop Fr¥I|Ei{H

0.7295) » ENFEEER T ENELARAVEE HMERIE T (Fe = 0.2098 — 0.3655) » FETANIL R OEIRE O (G 2 8
THEFEEL (For = 0.2864 — 0.3524) > HERAYEZolS P EURK A F IS A BLABE IS FI5e &80 7 {biRE
Es 00 PEATREAIR 4784 DNA fE38 &N L= %4 DNASE(EER > HARESAR R - Sus s e IS F
B BT Z BT5E (Wan et al., 2004) - DL EEERBUR - AWTFUE AR MIE 2RI S B INREE 2 BE SRR
BN (A EIS R 7T 2 BTS2 - RARDEE MRS ISREHE EYE - WAV RIEANE
GUEEEN ~ Bl - DU BN R S E A A -

w A

AWTFERI 11 dHNG N AR ETT DS R RIS I U (SRR - R OIS SRR 2 B E SR
MEE > EARERRET > 25F 6 £ 8 L AT ZE&E S RN - BURHEIESY RS i FE A H S S
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Abstract

The aim of this study was to investigate the feasibility of Brown Tsaiya duck-derived microsatellite markers as a tool
for genetic-structure research and across-generation genetic monitoring in different Muscovy duck populations. We applied
eleven Brown Tsaiya duck-derived microsatellite markers to conduct genetic analysis in three generations of Wujie Black
Muscovy (BMg9, BMg13 and BMg16) and three white Muscovy duck populations, including the 23" generation of White
Muscovy LRI 1 302 and 304 populations (L302g23 and L304g23), and minimal disease Muscovy duck (MDgl12). The
results showed that there were 6 to 8 Tsaiya duck-derived microsatellite markers with intermediate to high PIC (polymorphism
information content) in different Muscovy duck populations. The average number of alleles in Wujie black Muscovy
decreased from 3.2 (BMg9) to 3.0 (BMgl6), the average observed heterozygosity decreased from 0.406 (BMg9) to 0.340
(BMgl6), and the average expected heterozygosity also decreased from 0.466 (BMg9) to 0.420 (BMgl16). There was a slight
decrease in the genetic diversity of Wujie Black Muscovy, as the number of generations increased; however, the number of
effective allele remained constant across generations while there was no differentiation or only slight differentiation between
generations. On the other hand, the three white Muscovy duck populations had an average number of alleles ranging from 2.2
to 2.4 and an average number of effective alleles ranging from 1.6 to 1.7. The highest average observed heterozygosity was
0.358 (L304g23), the lowest was 0.287 (MDgl2), and the highest average expected heterozygosity was 0.352 (L304g23),
the lowest was 0.315 (L302g23). The 11 Tsaiya duck-derived microsatellite markers showed lower genetic diversities in all
three white Muscovy duck populations, when compared with Wujie black Muscovy. However, most of the other markers,
except for APTO12 and APT033, showed outbreeding trends in the two populations of White Muscovy LRI 1, while three
markers remained fixed in MDg12. The results of this study may apply to subsequent and regular genetic monitoring, as well

as reference for other conservation research in promoting the sustainable management of Muscovy duck populations.

Key words: Tsaiya duck-dervied microsatellite markers, Genetic diversity, Genetic structure, Muscovy duck.
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Fig. 1. The day temperatures, night temperatures, and daily mean temperatures in the greenhouse for each week.
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Table 1. The agronomic traits of different napiergrass varieties grown under high temperature environment

) Plant height” Changing rate of plant height Fresh forage yield

Variety

cm % kg/pot/cut
NPcv. TS 1¢ 87.8£16.3 111.5£41.8 0.42%0.20
NPcv. TS 2 129.9 £38.7 78.0+64.3 0.29£0.11
NP cv. TS 3 94.318.7 91.0£29.5 0.5410.01
NPcv. TS 4 168.9£29.5 1443+ 17.7 0.44+0.20
NP cv. TS 5 181.9124.6 12591756 0.50%£0.18
NPcv. TS 6 149.1+14.3 220.21£46.0 0.54%0.11
NPcv. TS 7 120.41+9.7 83.4126.9 0.49£0.08
NP cv. TS 8 1245+ 11.8 67.1£16.6 0.66 £ 0.11
" Mean * SD.

* Plant height: plant height at the 8" week; Changing rate of plant height: changing rate of plant height for the period from

the 1" week to the 8" week; Fresh forage yield: fresh yield cut at the 10" week.
“NP cv. TS 1 - 8: Napiergrass Taishu No. 1 to No. 8.
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Fig. 2. Changing rates of plant height of different napiergrass varieties grown under high temperature environment for each
week. TS1 to TS8 indicate NP cv. TS 1 to NP cv. TS 8.

Il SPAD [H 8 R E s

FE25 8 45 » HlEefg —#2 SPAD HEURRE G &S 6 ~ 7 9100 > 1fi 4+ 5 Hif (K (Kruskal-Wallis test - H =
59.73 > P <0.001 » 3 2) - Aulfat A RIREEmER SR AR N2 SPAD HEMZE ZR - SURBEET 8 {#
IR E AR R 8 #A SPAD {HAFHZ VHAIE 3 Aivr - SPAD {EREL b 2 FRMEE 2L RGN R 2 8
B o ZEE (2019) ZHFERUR 32 [T EESLRAE Se » Fy AR S REEE TER 7 Hi% - H SPAD (€A MEAVHES, -
BRSE (2013) BEAH TO5%E ) B T EHR ) WanfE 2 B CSE RakBatft - ChicH s iR B 4 H 2 BRI - 383
oo B SRR B R A R - SESR S ERE M - MERNIER AL N 2 HIRHAIRE R E A 2 -
AHFEERLL B2 SRR E IR — B4R > SPAD EEEEER NERZIFREE R - aTREaR SR SR i
fl B E SR T CATERIZEI 2 > 1] SPAD (B2 TS - BEE 4 & SN iR mess -

*2 EOREEE NAEPREFEMEES 8 8 SPAD (HEAEME 2R
Table 2. SPAD values and electrolyte leakage rates of different napiergrass varieties grown under high temperature
environment at the 8" week

. SPAD value’ Electrolyte leakage rate
Variety o
NPcv. TS 1¢ 36.3 £3.3" 257+0.5
NP cv. TS 2 34.4 +2.6™ 223+%35
NP cv. TS 3 32.6£4.9™ 23.9+0.2
NP cv. TS 4 31.3+1.7° 28.614.5
NPcv. TS 5 31.8+4.6% 249+1.1
NPcv. TS 6 40.9 + 8.0 23.1+42
NPcv. TS 7 36.8 1 4.0° 23.5+3.6
NPcv. TS 8 35.6152" 22.6+2.7
" Mean * SD.

* SPAD value: Soil-Plant Analysis Development value.

"4 \eans in the same column with different superscripts differ (P < 0.05).

“NP cv. TS 1 - 8: Napiergrass Taishu No. 1 to No. 8.
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Fig. 3. Averages of SPAD values of different napiergrass varieties grown under high temperature environment for each week.

Iv.

TS1 to TS8 indicate NP cv. TS 1 to NP cv. TS 8.
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2016) ~ FEAREER S &&= (Shukla et al., 2004; Netto et al., 2005; Spaner et al., 2005) ~ fEFFE & (Dong et al., 2002) &
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Fig. 4. Electrolyte leakage rates of different napiergrass varieties grown under high temperature environment for each week.
TS1 to TS8 indicate NP cv. TS 1 to NP cv. TS 8.

* 3. ERIRET MRS G AR B SPAD (B K B E 2R AN R AT
Table 3. Correlation analysis between changing rates of plant height and SPAD values, and between changing rates of plant
height and electrolyte leakage rate of the napiergrass grown under high temperature environment

Changing rate of plant height - SPAD value”  Changing rate of plant height - Electrolyte leakage rate

Variety

Pearson’s r Significant test Pearson’s r Significant test
NPcv. TS 1¢ 0.429 NS’ 0.270 NS
NPcv. TS 2 0.395 NS 0.093 NS
NPcv. TS 3 0.580 0.006 0.644 0.002
NPcv. TS 4 0.716 <0.001 -0.197 NS
NPcv. TS 5 0.457 0.037 0.257 NS
NPcv. TS 6 0.509 0.019 0.208 NS
NPcv. TS 7 0.527 0.014 -0.063 NS
NPcv. TS 8 0.643 0.002 0.175 NS

" NS: not significant.
* SPAD value: Soil-Plant Analysis Development value.
@NP cv. TS 1 - 8: Napiergrass Taishu No. 1 to No. 8.
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Abstract

The aim of this research was to analyze the growth status of domestic napiergrass and determine the correlation
relationship with SPAD values Soil-Plant Analysis Development) under high summer temperature. The napiergrass
varieties Taishu No. 1 to No. 8 (NP cv. TS 1 - 8) were planted in the greenhouse in the summer for eight weeks to simulate
the environment of summer heat stress. SPAD (Soil-Plant Analysis Development) values, electrolyte leakage (EL) rates,
PHL, and forage yield per pot were determined. Results showed that the changing rate of PHL for Taishu No. 6 was the
highest. Taishu No. 6 and No. 7 had the highest SPAD values, whereas Taishu No. 4 and No. 5 had the lowest. There was no
significant difference in electrolyte leakage rates among the varieties. Pearson correlation analysis showed that there were
positive relationships between SPAD values and PHL changing rates; while those between EL and changing rates of PHL
were insignificant. The correlation coefficients between SPAD values and PHL changing rates for Taishu No. 3, No. 5, No.
6, No. 7, and No. 8 ranged between 0.3 and 0.7, and the highest was Taishu No. 4 with 0.716. This research showed that the
relationship between SPAD value and PHL changing rate was positive. Such information could be applied to future breeding

of napiergrass varieties.

Key words: High temperature, Napiergrass, SPAD value, Electrolyte leakage rate.

(1) Contribution No. 2678 from Livestock Research Institute, Council of Agriculture, Executive Yuan.
(2) Forage Crops Division, COA-LRI, Tainan 71246, Taiwan, R. O. C.
(3) Corresponding author, E-mail: humanspider123(@ tlri.gov.tw.



Fro R AR 6 AWK THAFT 9

(REY 944 3 AEET)
(KT 108 4 12 H{EET)

114

L AT REMMETIY) - FEE R & ER SRR SRS -

L AFIRFER - 8F3H 6 H 9 Hk 12 AR -

IL S0 2 HE1) IIEF?%TE%E CHEE - S - MRELDTE (SRR R S ) ~ SR - BhEw (SEREEER T S R —
Bi1) ~ 4w (ATHE ) ~ EEH (AT ) RS2 H OB o DL SRR > JAINTOOME (Abstract) - DISSCERES # - R
PSR - EP?@Z%%MXE BAETRIFEA > B HIHSHEEZ 3 £ 6 {EEH5# -

IV. fsEER » FES Journal of Animal Science :

() S35 Word £ A4 4RFRASE » NSCRL 12 SRFRILEST » SR ARG » 2508k Times New Roman
RENANLZ% - (TIERAETRHE - lREsEPFER (LT 254 cm > 7275 1.91 cm) » W 4RESHETT
%}tu °

(i) CFRELZ SRIRMTF R L~ ()~ Lo~ (1)~ A~ (2) » BEFRBUE 1~ R 1VERFFRR o Podaf 2 B & E
st ag PRSI o H%Wiﬁ“—ﬁuﬁj@fﬁ o MFRUILA S - BT P E TR -

(i) AT LA R AR A - B BSORENRIE AR RS » a5 AERG4E R » DIFIHERR -

(v) B HE% -
LB EF A - Rt AR N S 5L - BTG S R -
2. DU 2 455 m] E S R AR N H S EE R ¢

() £ ‘km > >m~cm > mm -~ pm °

oA R B M A

(DE%-kg‘g‘mg‘ugc
() B4fE L mL - puL -
@) B cwk~d~h->min~s-e
(5) HAMh : °C ~ pH ~ cal ~ rpm »
V) HEtofrEEE 2R AL T F MEEDR > AR T R -
(V) 275 3CRK -
L IESX RSB SHE R P R B
(1) PSRk EEE— N F— NZ 440 (Johnson, 1991) 5 {EE & A% » &~ AZ#40 (Johnson and
Hobbs, 1991) 5 {EE R = ANELL B3 » FHE— AN Z#E1% 3 et al. W (Johnson et al., 1991) ¢

Q) FITEZ EHE— NE - E— AR (850 1990) 5 EE B ANE » E AR (B8
1990) ; fEE B = AN DL EBS » AUFASE— AZER I FI—S540 (855 > 1990) -

2. 2B YIRS B RIR > FRYIRF BB ~ 00 - BEH - SRTIWH - B8 HEERKE

= i
(1) BAHIH
FEE - RBEHK - 1991 - LHEBREY - B N - BEEFEEBZRE 2T - BFENTI 24 ¢ 133-
140 -

EREE ~ IR ~ BHEAIE ~ 7BE/K - 1991 » i8S A BB E L RRAIE 2 4 & KB E 2
Wy o ZEEMFST 24 ¢ 141-148 -

Ayub, M. and M. Shoaib. 2009. Studies on fodder yield and quality of sorghum alone and in mixture with
guara under different planting techniques. Pak. J. Agri. Sci. 46: 25-29.

Hsu, F. H., C. J. Nelson, and A. G. Matches. 1985. Temperature effects on germination of perennial warm-
season forage grasses. Crop Sci. 25: 215-220.



(2) FAXHE
SRAQHE < 2001 - KSR/ MR FEER B AR 2 70 T B FE S PUR AT » BIL IR AR % - 15w
S0 ST
PETT 1979 - AR - EERGFENERE > 2407 > 55300-322 H -
American Oil Chemists Society (AOCS). 1980. Official and Tentative Methods of the American Oil chemists
Society. 3rd ed. Am. Oil Chem. Soc., Champaign, IL, USA.

Association of Official Agricultural Chemists (AOAC). 1990. Official Methods of Analysis. 15th ed. Assoc.
Off. Anal. Chem., Arlington, VA, USA.
Tai C. 1985. Duck breeding and artificial insemination in Taiwan. Duck Production Science and World

Practice, pp. 193-203. University of New England, Armidale, Australia.

Wang, Y. C. 1985. Regrowth ability of Napier grass (Pennisetum purpureum Schamach) in the dry, cold
season in Taiwan. Proceedings of the XV International Grassland Congress, pp. 1239-1241. Kyoto,

Japan.
(3) HAIH
TEIREEZE D - 2018 - EIEGETEE - https://agrstat.coa.gov.tw/sdweb/public/book/Book.aspx e
THREEZRE &-2017 B R o B ¥ E R 4T & 5 - http://agrstat.coa.gov.tw/sdweb/public/
maintenance/Announce.aspx ©
SAS. 2015. SAS/STAT® 14.1. SAS Institute Inc., Cary, NC. USA.
SPSS. 2008. SPSS Statistics for Windows, Version 17.0. SPSS Inc., Chicago, IL. USA.
3. HRR A S —EEHIREE LD R I E—EEER ZPFESREPEY] > Wighs - H3C- 7
RS
4. FECHIA R 4SS » 4R A2 HER R R B E E R4 L& RHE (NLM Catalog) 2 10S (Information
and documentation) 45%5 °
5. ZERLE R -
AVRIEE B G IRA BN R R - IREEATIRE2Z% - (FEET R TIRRER » AEEE EANE
% o
- AFIIFEZ Fa# (short communication) BZE (rapid report) - HEDEINEIIATRLY 2 HUE - TeREIERE - % - M
2 EEA R 4 {EENHE -
BHEAT Z B GG EREE - FHZATREBEERFEERBINERA - BEFZTE - SURESIER ]
L - At iting -
MR EATIREZ1% - ZalE 2 2EEE ) » AR EM T » DIAERE AR E M TR ASE - ATIEE
JBIHE - TSR TR EESEMMTE » JREARMEREE - MEEEESMERE - WA LillESE
MHEERBREEFEEA - ATAESREZH IR R -
. REEEEET 71246 R T LEESS 11258 - TR R (R R g EE AR S EEHAREEZ S S
W o R4S EEEE © 06-5911211 - #hEaE L A4 dRAINE] - WU AR - SRS EF1E -
B RE 93 FhanE i < 5t - Ham (U8 I E Y ETREZ A EE - SERE Rzt S8 S
HEEY B RE s NMEE R T 2 S



Vol. 54 No. 2

JOURNAL OF TAIWAN LIVESTOCK RESEARCH

CONTENTS

Evaluation of the advantages of mixed planting of forage corn with forage
sorghum
Min-Lang Chang and Li-Jen LiQo ..................cccccccouieiiioiiiiniiiiiieieeseee e

The effects of stocking density on the growth performance and carcass traits of
the mule ducks indoor

Jung-Hsin Lin, Yu-An Lin, T5ai-Fuh Tseng, Chih-Hsiang Cheng, Hsiu-Chou Liu
ANA CRIN-HUT SU ...t

Establishment of goat laparoscopic oocytes pick-up technology
Ting-Chieh Kang, Kai-Fei Tseng, Yen-Chun Lin, Yu-Hsin Chen, Fung-Hsiang Chu,
Hsin-Hung Lin and Perng-Chilh SRen...................ccccooiiioiiiiiiiiiiiiiieeeee

Development of smart epidemic prevention action management system for pig
farms
Bin-Yong Wang, Yui-1 Lai and Ming-Yang T5Qi..................ccccocevviioieniiiiiiiniancnn,

Study on the odor removal of livestock manure compost by pangolagrass biochar
or poultry litter biochar

Shu-Min Wang, Hsin-Hung Liu, Tsui-Huang Yu, Cheng-Hsun Chung and Hsiu-
e —

Study on the variation of nutrient compositions of forage oats
Chia-Sheng Chen, Yung-Fen Huang, Tsui-Huang Yu and Shu-Min Wang...............

Study on the genetic diversities in different Muscovy duck populations with the
microsatellite markers derived from Tsaiya duck
Yi-Ying Chang, Liang-Yuan Wei, Yi-Chen Chen and Hsiu-Chou Liu.......................

Evaluation of growth status of napiergrass under high temperature environment
using SPAD values and electrolyte leakage rates
Li-Chung Tsai, Tzu-Rung Li and Ping CRUNG..................ccccoeevvieiiieiiiieecieeeieene,

ISSN 0253-9209

June 2021

Page

74

82

91

99

106

116

126

DOI: 10.6991/JTLR

53

920004
GPN:2005200015
EE #HERE-OOR



	00-54-2封面-初排-轉外框
	01-54-2編審委員與版權頁-
	02-54-2目錄-初排
	03-2671-三校
	03-2672-三校
	03-2673-三校(無修改)
	03-2674-三校
	03-2675-三校(無修改)
	03-2676-三校(無修改)
	03-2677-三校
	03-2678-三校
	04-54-2稿約

