ISSN 0253-9209
DOI: 10.6991/JTLR

JOURNAL OF TAIWAN LIVESTOCK RESEARCH

2
Vol. 55 No. 4 December 2022 E
CONTENTS i
1. Effects of bacitracin, nosiheptide and oxytetracycline on intestinal epithelial g5
permeability, intestinal flora and bacterial translocation in broilers # gﬁ
Ching-Chi Hung, Bao-Ji Chen, Ching-Yi chen, Ying-An Chu, I-Nung Huang and L ] = v = cws ) _
CHit-Bin It e i e 230 R $AtEE HOB  FERE-——F tZ4  F W
%
2. Effects of an intelligent fan system on the growth performance and blood F }g‘
biochemical and hematological parameters of nursery Lanyu pigs # % z J O U R N A L
Yi-Long Chen, Han-Sheng Wang, Yu-Ling Huang, Shih-Hsin Li and Chia-Chieh + jﬁ z O F
CRANG ...t 239 N ¥
T TAIWAN LIVESTOCK
3. Effects of different treatments on the quality of pangolagrass haylage in medium- AR 5
size bales covered with plastic membranes oS :‘f
Shu-Min Wang, Tsui-Huang Yu and Chia-Sheng Chen................ccccccccvvieniiivencannnn 249 if;:t S R E S E A R C H
4 =
4. Production of profit-basis forage crops — Sweet Sorghum and Avena: I1I. %5 8
Economic benefit evaluation and SWOT analysis of regional rotation production ’:ﬁ = VO | . 5 5 N 0. 4 D ecem b er 2 O 2 2
modes i
Po-Yu Chen and Shyh-Rong CRANG ................cccooovieieiiiiieiieeeiieeeieeeee e 256 K

5. Callus induction and plant regeneration from the immature inflorescences of
digitgrass Survenola (Digitaria X umfolozi Hall)
YiR-MIR SRY ..o 267

6. Study on the physiological index of drought tolerance for napiergrass
Li-Chung Tsai, Tzu-Rung Li and Ping CRUNG...............cccccoemviiniiiaiiiiiiaiieiie e, 275

7. The effects of providing perch and foot sterilization equipment on white
Muscovy duck’s growth and animal welfare traits
Chin-Hui Su, Jung-Hsin Lin, Hsiu-Chou Liu and Chih-Hsiang Cheng .................. 283

8. Asurvey of the effect of different milking systems on milk yield and milk
component of Holstein milking cows in Taiwan
Szu-Han Wang, Hsiao-Han Liao, Tsung-Yi Lin and Jen-Wen Shiau........................ 300

ISSN 0253-9209
DOI: 10.6991/JTLR

THREREESEEMEMA
LIVESTOCK RESEARCH INSTITUTE,
COUNCIL OF AGRICULTURE, EXECUTIVE YUAN

=R £E57 = K EY mED M0 ¥HH e Rie 5§ S N

2531920004
GPN:2005200015
ERE HEB=0OO0R




BENTHR

F{E

ZE
EAELR

E%}
.

gz 8

LRy
T

RHEH
JOE
it
R
Gl

PasHoR
LIS

HEH
R4
i =
SEEfE
s
%4
BERE

BEEE

T
&
JEBH &
i
AFRE
Bk A 35
B E
BERS

(PAEREE )

DR MEE Ik

(LAEREE )

EHiie
& B
phes
e
HTiE
b —
PR
]

TAFRK
REE
MR
TR
FOIHIEE
FRX W
BITE
AR

S

I
HH

PRIZA

Fh5E
5 E)
MWERE
E;LE/‘%‘%U
B )%
T
BHREs
HEE SR

D9l
2 [l 72
Fetat i
PUSE
PR

S o

LS

ElkeR

JOURNAL OF TAIWAN LIVESTOCK RESEARCH

J. F. HUANG, EDITOR-IN-CHIEF,
DIRECTOR GENERAL,

LIVESTOCK RESEARCH INSTITUTE, COUNCIL OF AGRICULTURE
HSINHUA, TAINAN, TATWAN

EDITORIAL ADVISORY BOARD:

S. T. DING
S. Y. WANG
YU

LI
LIN

. SHY

CHANG
HSU

C.
S.

L. FANG
D. WANG

=<
c

SHEN
LIN
TANG

. LIANG
KUO

LAEIO0TO<K000!
Y EHTIZICZ O

LIU

J W. SHIAU

EDITORS:

Y. C. LIN

L. R. CHEN

CHEN
CHEN
LIAW

A<XOE00NEI<™®D
TYECC<Z0mO

w

CHEN
HUANG

. LIAO

CHENG
HSIEH

LIN
LIAW

w

WANG
CHENG

. ROAN
LIN
HSU
CHANG
KUO

TZOTZZ2Qprp0nD <
TP O3 30N <KsEsORE

CHEN
HWANG
LIU
LUR
HSIEH

WANG

C.

WANG
JU

wu
CHOU
CHIANG
HSU
CHUANG
CHEN

OE-Z-P0PZ<<y
mom-EZoSSZzZodc

CHEN
YANG
LIU
LU

. HUNG

HrzHsEs0X0zTO®
o I A R =T~ O B«

. WANG

CHU

LIN
SHIH
CHANG
HSU
CHAN
CHEN
YEH
LIOU
HSIAO

KUO



& =
% 11T A
% 1T Pr:
H, ik -
A B
el gk
S \ 1
& B -
ke H O BH -
JE & :
R

TTHb RS EZR B g &t
HIRTT

THPt R B g wE\BRAT
i EEYCS 112 57

1 (06) 5911211

www.tlri.gov.tw

AAERETT

0985-187287

FEEREY 111 4 12 A kR
e 200 7T

R EE L - 2 IUERATTES 209 5% 1 14
g AL B 5 2R dLEEERE 7 B 600 57
F 44 I E JE - www.govbook.com.tw

GPN : 2005200015

ISSN : 0253-9209
DOI:10.6991/JTLR



BES55&5F 48 mIERRE 111 E12 8

B

1. AHEEEE N BEEKNRHERHANHEBE EEZEEM - BEEMEREEE

B2

....................................... SIS « FR(RE - fRESE « ET « SEME  HEE 230
2. HFHENBREFEHRESHRBEEE R ERMREIEEEtECEE

................................................... PELSPE ~ TBE « 259 1A =52 239
3. TRREBEHEEEFXZESITEPIRBESSITRECTE

........................................................................... TR HEE - EEE 249
4. BIUEBRMEYHE R REREZEE L th[EiFEER ZSERELE SWOT 247

....................................................................................... pEEhZE « BEHHER 256
5. 35X Survenola (Digitaria X umfolozi Hall ) Ry CiEE2MHEMEBES

................................................................................................... TSR 267
6. REEMEMEIREEZHRE

........................................................................... WY ERE B 275
7. #ETHEEBEREEIMESH REES REAFEN IR £

............................................................... FRIERE « FRAKERT TSN ~ ERERY) 283

8. A RIEBARMHEEREWIFHZEILERIAANITERE
............................................................... FREGH B - MR IR 300



230 AW 55(4) © 230-238, 2022
DOI : 10.6991/JTLR.202212_55(4).0001

Fote T EE 2 Rk 2 e A HE R A
=Y ARl OE R ,fémﬁﬁgggi%;%rg(l)

Atvfie @ BRIRESC BREE Y RELY SRR FrEE Y

WelEE s 11 E7 H 13 5 5 B2 0 2 11410 H 20

W B

KiBpiatei@ ORI A EiAE R E ARG E D ROEENE - BBEEAE R EES 2 22 - B 192 & 1 Hilg
F s A B > 217 R ¥ B 4H (control, CON) ~ fili BL[H 2% (bacitracin) 55 ppm ~ /XK f# 2 (nosiheptide) 2.5 ppm
S FEUUEE il 2 (oxytetracycline, OTC) 55 ppm VU4H - SR H4H 4 S - FEE 12 € - 7RI 3 H K 6 B > #
TR B A M KRG e BE T ME - SRR INII=TE A Z S N g 25 B4 8% E L 2 (potential
difference, PD) ~ ¥+ 257 (short-circuit current, Isc) & 8821455 (conductance, G) - GalfgE RN 3 fEfiEZ > HiGE
hRBGIRE - ALBEE MAGFRE VA RS2 2 - B 3 ARSI 3 Bl S RV G B EES 2 EN B E
(P <0.05) » [ A/ R 8 2= A B SR i i - AR ¥ HGAH - 0 8 Ko 3 A4 R iEis S Bl SR s 8= ik 6 28 (P = 0.13 »
0.08) » HURMAZEAE 3 FHle 2 RifGEFIEIIRE I RlETg - &% LRl > NEREIER AR R R ~ SINEZEEGCIUIREER
REfIRIAE =R A » B/ VRS AR IS - R oAb AE 2SR CIRYE - FEREMRE 5 BRI E T
AR IIILIERITAZE -

BESEEE - PUAER - BB LAY - BEEAM - AEE - AR -

i

TEEBHE L ZUARME - BT - FEEBiET » RERRKER - VB EE RSN - B E
REFEEEFRIPTAER - IS EEERT - REPRHORIEEE RAZ AR » $ErHIHI R S5 E R 2 i
4 B REE(E I RIS R R AR RV BETE AL - ISR A AR SR ME R Y H 25 B EE - BRER TSI 2006 FE 2 HZE (1
FEBIEEEEEYER T R (e AR A Z B4 2R (Cook, 1999; Taylor, 1999) » HiBhfEhi 4= e E TR IR H
B o ZERITE 2000 FE - AR D SEYIEIRDAIIYI Z R - Rt - SHETAERIERm LU DB S A e
HHAEZAE - TR TR A EZ T EE -

B e B AR R o - B BYERUKAVSEM - DU FH 48 4 i 55 Z A0 R 38 A E J7 2 8 A A
(Rescigno, 2011) ° [5 78 58 BEVERYE2 L 80 T FE Rl A PERTR 0 - PRl Ry B BBV R El - RE MRS R AL R
FEMYIE R (Connell et al., 2013; Chelakkot et al., 2018) o H it tR il 17245 2R Y 88 L B 2y T U Y 82 (L AH B8 (Dubreuil,
2017) - Na" 7 Bl i 48 35 $9 45 2 b8 i 35 A 88 25 19 -1 (sodium glucose-linked transporter-1) I U 5 % % (Amat et al.,
1999; Daniel and Zietek, 2015) » [G]0% » Cl- [ B5 F2E 09 48 [ 45 0 & ZE 20 8 78 (Ahrens et al., 2003) - ZEE G2 E. coli,
Campylobacter jejuni F1 Salmonella enteritidis &2 E 22 5015 R B+ 88 B [E K (Awad ef al., 2012; 2014; 2015) »
AR T S R E R YIRS - I ORe/ Nl NS R BB PR R ) (Knarreborg et al., 2002; Lee et al., 2011;
Brandt ez al., 2017) < ZAMMT » BAASIAE R HZERS RV ERE - ER R B R 2 HD

R B AR RS s B rE TR A - S BRI e AR BE E R - ARG - BE LA
90% HHEA oA B 55 22 43 Ble e i HAT I (Apajalahti er al., 2004) - {EHEERTERG S » FATGEFREH 10" CFU 4157
& Hrp /DA 38 FEAFEIE A « A [ESm &IV (Barnes ef al., 1972; Barnes, 1979) - Hi/E R E Rl f & 2 fEHA

|

() TTEb e e Z B B A B ATt Je E s 55 2719 55 -
Q) fTEltREZE g T EARITEES -

(3) BT EEE R EEYIRIERR G %

(4) #EN/E¥ > E-mail: cbhsu@mail.tlri.gov.tw °
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TOER - TS ER R TP AV E AR AR (R BN E & o Collier et al. (2003) 5 HSIIZEZL (tylosin) BEJR D HEE
{5 iEH Clostridium perfringens FN{FAE > HEMECDEESEM:REG 3% (necrotic enteritis) > NIFEVUIREIZX (oxytetracycline) Ji
D E B HIGERES (Enterococcus spp.) ~ KIGHEE B (Fairchild ef al., 2005) » JRIIFEEE 2 (bacitracin) €5/ i 5
KIGHRE (Engberg et al., 2000) ° 7A Van Lunen (2003) f5i} - EAREZME 2 SRR - S IIRGE b R 4HAHAY
N T EREDRE - R E DA RN EZH N SEREFEERIEES B 20grEmER
FEIIRE » Mia s E S 218 TREMER « Rt » Al L RRARIE 2 AR HTAE R G E A YRR
5 R H A B B AL R (%

Mt 75k
| W ) LS g

H MBS A HEE A AHE 192 & > SEE45r AVUAH - 43 31 A3 EE4H (control, CON) ~ ffi L[ 2 (bacitracin)
NINZE (55 ppm) ~ NAREEZ (nosiheptide) 7A50%H (2.5 ppm) ~ FETUERAZR (oxytetracycline, OTC) J7¥/1ZH (55 ppm)
ANEEREE > FREEAN 4 EE > FEE 128 SBAHSE (555 BIFE% ) sBREARTTAE RN e - X
K BLAERR} B (T > BB ARANZR 1 o ZEEERY 5 H DIOFEE VA E R 5.8 m” #EiH - B I EE A 27.5 £ 1°C & 68
3% o FHERET IR 0 (1 Hifle) ~ 378 (21 HER ) & 6 8 (42 Hilk ) sBasli s - 4t 8 &4 - &%
S BRI TR AT - BT EREIE S EII 28 AEEREYEHBEFERZ B gis - TS 96 £
EEEYRRRLNINY)(E IR

® 1 RSy

Table 1. Composition of basal diets

Ingredients 0 — 3wk 3 — 6wk
%

Yellow corn, grain 48.70 57.30
Soybean meal, 44% 34.88 29.64
Fish meal, 65% 5.00 2.80
Soybean oil 7.65 6.40
Dicalcium phosphate 1.10 1.38
Calcium carbonate 1.30 1.31
DL-methionine 0.30 0.32
Choline-chleride, 50% 0.07 0.05
Vitamin premix” 0.30 0.30
Mineral premix” 0.20 0.20
Salt 0.50 0.30
Total 100 100
Calculated analysis

Crude protein, % 23.00 20.05
ME, kcal/kg 3,202 3,205
Calcium, % 1.03 1.00
Available phosphorus, % 0.46 0.45

* Vitamin premix supplied per kilogram of diet: Vitamin A, 12,000 IU; Vitamin D;, 3,125 ICU; Vitamin E, 37.5 IU; Vitamin
K,, 6.25 mg; Vitamin B,, 3.75 mg; Vitamin B,, 12.5 mg; Vitamin By, 10.0 mg; Ca-pantothenate, 18.8 mg; Niacin, 50 mg;
Biotin, 0.06 mg; Folic acid, 1.25 mg; Vitamin B,,, 0.05 mg.

" Mineral premix supplied per kilogram of diet: Cu (CuSO, * 5H,0, 25.45% Cu), 6 mg; Fe (FeSO, + 7H,0, 20.09% Fe), 50
mg; Mn (MnSO, * H,0, 32.49% Mn), 40 mg; Zn (ZnO, 80.35% Zn), 60 mg; Se (NaSeO3, 45.56% Se), 0.075 mg.

IL HEIEHE K IT7E
() B b primidE sl [ b 4R R A H 047 2.4 (ussing chamber) » £ Ussing and Zerahn (1951) 2 J5
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TEHETT O o Y 3 K 6 4 > G4HEN 8 R > H 5T urethan (FILRAEE - UIFARERE - SeiSERAT R R e > 1%
FFHCERSGIBCETS kreb buffer H - RIAHER ISR VIR - BEFRMKTESS - $T 2R ER LZE L JCEFY chamber
22 F o A luminal [[j B A 5 mL mannitol kreb buffer » J7* serosal [ il A glucose kreb buffer » pH £y 7.33 —
7.37 0 JRIE Fs 41°C 0 FHE 95% O, 5% CO, - AR ER > & 5 /3845 T 1 mV FE > 30 J78Et% - &4
4kFE (77 (potential difference, PD) » #fT-2&7i (short-circuit current, Isc) » FHAH Ohm = JEH (V =1 x R) 5E&
HEE[H (electric resistance, R) F185 2 {48 (conductance, G) - BEZE 48 Ry ERAH 2 [F8] -

(i) BEEEEL - REEEALPILL 75% EEEE - ZERALFIO 2 5Y) - DURE BRI RDSHEE - WS4
EGHE R R G A 50 mL BELE T - BRVKAFIZRIET 8T - Bl g AR RmZEEE A 10
B R B R R - ETIRESE - HELOEEL BB » DU B L 4 R P Y T 10 554
T o HUFE FEMRER - #9525k Chromocult” Coliform Agar (Merk, USA) | » 54 37°C R RE 46 i 24
INEF > SHECEEE R RIGRRE & E o 5500 A HUREIRES 5] B 5K bile esculin agar (Difco » USA) J rogosa agar
I (Difco » USA) F - Jj& 37°C RS EFE T EE 48 /NIF » STHEFETIGIKFE 2B RARF & & - &t fHLA
HeYE BHETIRAE © BEJ77AMHEE Shu er al. (2001) JE Z ©

(i) FEE A FEEE RS NG B Al ¢ R 048 ~ 3 6 7 » Ig4HEL 8 EHE » FREIR DU 48 2 59 7 A1+ H
HER Rt s HT B » A0 FLEE B DU ERT R B SR B DA 11 10 (1 /10 mL) SRNHIRZ SRR © FIBHRIAKFF A 75% Bk ~
WA 2R S e Bl e B SR RO AR 8 1% - 4 B R B RO A Bt A2k 10 %) ~ 2814 3 RV 7 =URFAEAS T E 1% - FHEH
LA 75% g a2 E R R & 10 ) - KSE Se e VA SR I A SRR 2 R AE - o0 il & BUAH 480
MO SR BB S AR (fresh blood agar plate) » Z 12 B A 37 CHFEFEIEE 24 /NIF > ST RAE S PR AL
(colony forming unit, CFU) #{H - i ERFEEEEF SR B 777 AR SR E S 1F FIEAE(L -

(v) et Mr © BEEFTES 2 &R H SAS 45515 FTH S (statistical analysis system, Ver. 9.1.3 for Windows,
XP) » PA—fi& 4R MEZL (GLM, general linear models procedure) #E1T 4 J5 o34t » 5 LB B R 2 S350 2 0%
(Duncan's new multiple range test) » #E{TFHELELER - MR 2 BIE 1 - B E DOPIE £ R AR
T~ o AEEE L2 EREME (Mann-Whitney test) U g #1704 ©

L

W5 B B A T O] A S i B T B RIS B e e - SSREUR » NI = U RGBSR E L 2 ~ BT
B R EE GRS MEE TR (R 2) - HEE T EREGEANNHE E U T EE K 45 4 KA (Castro, 1990; Yu
et al., 2001) - 7 & ST YW OA B f & S e BRI R U - T 8Bl B9 50 & (E 7K oy i B s R > DARECR
BB ZE A/ EIBEE (Bern ef al., 1989; Barrett and Dharmsathaphorn, 1991) o 58 PN S8 F-1Y 55 b Kz SR ST HY 1
W > REARGER T ERFEN T ERT - B8 TVEAE > EREEER  BERETERESR > BAKSH
R EHEHEORHIGIEA - EEEER FAT R 2 S8R TRHEAR o 28 E R R R EGER - THRA IR
TEEREE 0 (HEE N R E SRS BTN SE T (Castro er al., 1979; Bridges and Rummel, 1986) < Z8AIT1AE
ZIHEENGE A AR EGER - KRG EE A [ 258 (ussing chamber systems) & #5357 > #EERGE FAYEET
B R AHARIE ) A R i R - NI RN R E R ~ SIEEASTBREE N g E IR G E L
THAVEET BT AE -

o B R AR VB E T I SRR (e T DS Y BER R R 78 T8 E[EF s R P E
S E B (Hedde and Lindsey, 1986) » 74— AR FIHYCEHEY (Alvares et al., 1964) - Hi4 2R G (EHEMEE)
W)~ 4 (Forbes and Park, 1959) » S EEEMNE B HRIE—EE REATEAYEEED T 10 — 15% (Coates et al., 1963) >
At - BB BB AR - AU EREMEY B ARSEEHISIRER » REEVIIAER - HAEREERE -
G EMAEY BN AE - Bl PiAEZHNEENEANEE » REEEEE R TRENHEEE © 1 (AFENHiE
ZoEr HIEIE o Al A & (Fairchild et al., 2005) » ffj 78 Lo 4N B & B0 Y58 222 () (Buenrostro and Kratzer, 1983; Pryde
et al., 1999) « 2. JUAEZININE B IR E - FRRE & B B PR sl 8 58 LS (Collier er al., 2003) - 3. B E4HEH
HABPIERERN - BIAEZRIIRE RIS E A RISNE - ILZEIAE e £ EHE A s
BZ (Pryde et al., 1999) - 4 (KA E0TPTA ZREANH 0] AR E SUEREHIMEEH - FAEANRZNGE L - 415
BB F R ES Y MNTTR D (Gaskins er al., 2002) « 5. 5/ DA APz A= 15 324 RAYVAGE#T (Yeo and Kim, 1997) -

ARt R » BN AR S SE B R EL IR - AR IVE A RRR (Prescott and Baggot,
1993) ; JREEFEERIGETE [ » INIIZEERNFEEAER - HHEAE R HEFTRER T (Van Lunen, 2003) » {HA5H45 T
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IR kR - Al RAVRUR )R (CAFA, 1997) » #EsmDUAEREEAR - Al RER TR0 I R E Y EE
FiTs2 2% (JETACAR, 1999) ° Fairchild et al. (2005) f5HHERVUR M= & /D # & 515 TG EKEE (Enterococcus spp.) K
SRS (Campylobacter spp.) HY# & » Lev and Forbes (1959) {5 E FHYAEFE C. perfringens Gl EA &
FI - IEEHEEFEE Streptococcus faecalis WEHIHIAER - PUAEZGREHEING] S. faecalis FRATHEHEE L £ (Eyssen and
De Somer, 1965; Eyssen and De Somer, 1967) o Knarreborg et al. (2002) 15 & RAREIEE (C. perfiingens) ZHiEERY
FERN o BB 2 (Tylosin) MM FAEN C. perfringens TEAAACR/VIRIEMERG 3% o #EAAT AR =PI Z A AR E AR
FHIRIGIRE ~ BPKE KA EAAR (£ 3) - B HMAZFEINNE - AiE 1% -

*2. ERETURIIDUERH ARG ERE T ER - ASE S RERE GRS T
Table 2. Effects of different supplemental antibiotics on the short-circuit current (Isc), transmural potential difference (PD)
and electrical tissue resistance (G) across the isolated ileum mucosa of broilers at age of 3 and 6 weeks

Control OTC Bacitracin Nosiheptide
3 wk
Isc (uA/cm?) 11.8+1.75 9.59%1.26 10.6+1.44 7.75+1.48
G (mS/cm’) 2.92+0.54 3.54%0.70 4.07+1.09 4.6510.76
PD (mV) 11.6 £4.68 7.99£2.73 11.1+4.47 2.6310.64
6 wk
Isc (uA/cm?) 10.2£2.08 126 £1.50 12.1£1.09 9.03£1.07
G (mS/cm?) 5.07%1.36 2.74%0.57 3.76 £ 1.17 526 £1.08
PD (mV) 4.64%1.83 12.4£4.00 13.4+5.30 6.75+3.53

Data represented by means * standard error.

3. BRI R AL EM AV Z 2 (n=8)

Table 3. Effects of different supplemental antibiotics on tthe intestinal he bacterial population of broilers at age of 3 and 6

weeks
Control OTC Bacitracin Nosiheptide
3wk
Coliform, cfu x 107 /g 6.49 £0.28" 589 +2.18 6.68 £ 0.43° 7.06 £ 0.47°
Enterococcus, cfu x 10 /g 7.43£0.36 7.12%1.84 7.62 £0.54 7.79 £0.47
Lactobacillus, cfu x 107 /g 6.76 £0.70 6.8411.97 6.64£1.89 6.03+1.70
6 wk
Coliform, cfux 10" /g 6.34£0.78 6.3£0.35 6.09 £ 0.44 5.66 £ 1.62
Enterococcus, cfu x 10" /g 7.2510.55 7.03+1.92 6.6912.55 7.7910.29
Lactobacillus, cfu x 10" /g 7.32%£0.55 7.2410.84 6.78 £2.60 7.73£0.40

“® Means in the same row with the different superscripts were significantly different (P < 0.05).

AN B A P A R ~ Rk B PR 2 3R R e 0 B B R 1 RS b R B e S5 1 o I 3G 0 RS 2B AT B B 2 (bacterial
translocation) Y (Conn, 1998; Magnotti and Deitch, 2005) < Awad et al. (2014) $5 BB HEFRIEEUR M NI E E
PRI T ARG 1B b 7BV imia - B EL TR EFFIETIAE (Shifflett e al., 2005) « 78 AT H[HTT (colistin) 4
R EZ T RGIERPEN NS REA E M - W RS B E T KGR EFIGEKE (enterococei) » A
BE O Anisnk E RS2 (Torrallardona et al., 2003) » Huang ef al. (2015) 5578 0] FI R TAIIL B f# 2 (kitasamycin) (g
Ty 58 B RE 28 1 725 PR R R R 8 B84 1 (occludin) FRZEME NN - AEBREUREINIIIA R Z HI4H - 0 B K 3 A
A EIRFE =Y 6 #8 (P = 0.13 > 0.08) - FREANHEME 3 2 gl HE b B ANRE bR T AERE 55 BB e R Th AR 8
& M{ERG E AN & RS BRI TR R 2 B > WA AT B P 4R E Ry RS » MM E T TR - HIREHEETR
RN - N R Ei e sl EmF R - MR 2HA (B 1) - GPRHRIN 3 AR - R = 8RN
ANEHER RS 22 AT AR B S IR D ([ 2 ) - s8I T A R MR E R ~ SIEER - R EER AR
RSN - HE T PUSIEE R AT - M SERFH - fin A EENAPE ZERE RS -
FEAR T HFREAIE S U V3R 4R - REE ] RE B NG B IR DI AE se B M A IR AR R - 75 e S ME B R s R AL e B
A RIS ECE AR -
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Fig. 1. Enteric bacterial translocation to the internal organs of control broiler chickens at age of 0, 3, and 6 weeks.

Homogenates of (A) liver (B)spleen were used for bacterial culturing. (n = 8) * p < 0.05.
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(A) Liver
| I
| |
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0l —erpeet ey
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2. RPN R 3 Bl A B E A S AT R S R 2 - (A) APHR (B) HEA -
Fig. 2. Effects of different supplemental antibiotics on enteric bacterial translocation to the internal organs of broiler chickens
at age of 3 weeks. Homogenates of (A) liver (B) spleen were used for bacterial culturing. (n = 8). * p <0.05.

A
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Abstract

This study aimed to investigate the effect of adding supplemental antibiotics to intestinal bacterial composition,
bacterial translocation to organs and intestinal permeability. One hundred and ninety-two broilers were randomly allocated
to 4 treatments with 4 replicates of 12 birds each. The 4 treatments were: control (CON), dietary supplementation with
bacitracin (55 ppm), nosiheptide (2.5 ppm), and oxytetracycline (55 ppm). The intestinal bacterial composition, bacterial
translocation to organs, and intestinal permeability were measured at 3-wks and 6-wks of age. Results showed that adding
the three antibiotics did not affect the potential difference (PD), short-circuit current (Isc) and conductance of intestines, not
did it have any significant impact on the bacterial composition in Coliform, Enterococcus, and Lactobacilli. However, all
supplemental antibiotics decreased total bacteria count in the liver of birds at age of 3 wks (P < 0.05), while nosiheptide had
the best bacteriostatic effect. In the control group, the total bacteria transferred to the liver at 0 and 3 wks was higher than
that at 6 wks (P = 0.13, 0.08), suggesting that intestinal barrier function was vulnerable in broilers during younger ages. Our
findings indicated that supplementation of the 3 different types of antibiotics reduced the incidence of bacterial invasion and
translocation into the liver to a great extent due to their beneficial effects on the improvement of intestinal barrier integrity.
Because these three growth-promoting antibiotics have been banned after this study, feed additives with similar antibacterial

functions should be developed to replace antibiotics.

Key words: Antibiotics, Intestinal epithelial permeability, Intestinal flora, Bacterial translocation, Broilers.

(1) Contribution No. 2719 from Livestock Research Institute, Council of Agriculture, Executive Yuan.

(2) Livestock Management Division, COA-LRI, Tainan 71246, Taiwan, R. O. C.

(3) Department of Animal Science and Technology, National Taiwan University, No. 50, Lanel55, Sec. 3, Keelung Road, Taipei 106, Taiwan, R. O. C.
(4) Corresponding author, E-mail: cbhsu@tlri.gov.tw.



HEEWIZE 55(4) 1 239-248,2022 239
DOI : 10.6991/JTLR.202212_55(4).0002

TEAER X EHFETHH e AL E e s
iS5

iy . 1
g it Ll

bRashE OO FERC BN F4m© sEEm©

WelFH - 111 E8 H 24 H 5 B2 HIH - L1410 H 21 [

W B

Kallhs B B PO S RE R - R E AR ~ 4 R MRS IR A B B A L 8 -
A& A IREDRE HEIREAER - I RIER EDR AT EGZ®RYS - USRS E SRS KRS - 5587 5
fie R = S HAAH A B B R PR S BB S et 2 s Bl - (EF 10 JEfeRiisE 4t 32 5 > BRI E 24+ - &
BERE N7 29 HHET R 8 el - SR EURIRE N B R A R - (HUEE RO RS FE 8 (temperature
humidity index, THI) 5{Eg4H FISEEKTY (P < 0.05) B84 5 A RMARE 7 - sUndi a9 g H Ra 8853
RN EHRAHSE & (P < 0.05) » M EPRISEREE S B IG4E (P < 0.05) » HerMoRAeE 25 fEfR A3 EE ™
4H I B R 2 5 5 (H MR AR AL (E MR MEBEBZES (alkaline phosphatase, ALP) k¢ %] (glucose, GLU) FIHE » $LL
HHIEAH B s B4 (P < 0.05) » 4EZEE [ (total protein, TP) ~ fJLH&%f# (creatine kinase, CK) K fll;5EK [ (globulin,
GLB) IHH » RIS HRAH S S s bagd (P < 0.05) » &5 LA » Aalbands S8R BB EUSa i o] A 3 RIREDR S
¢ THLEE > FIFAR/VEVESE - [EIRHRFA-Ra RS -

B RS - it BRERRTE - BRI - R4 -
- T
BESOHEYIEERCR ~ BFE BN TREIA A2 (Renaudeau et al., 2012) - 3R EBET 2 ERERAL - 40
PR REMIEEO R MER B - CHUEAEEE - INPR BRIV EE RN, » AL RIS R BLER= TR - IRBLE L

FOH R HUEL (Dallaire et al., 1996)  WIFTE6EH (E4E & A AR T (5 AR & Bizeastt > nIARCCE s EMRE  1ROLEF
BIRIERISCEEYIRTTENE > JE(EE I FIAER (Sarubbi ef al., 2008; 2010) - HH Y FEE A EIREER 4 » 7 A
RUEH E SRS ARG E « R - BUERNZERI574Y) (Brown-Brand et al., 2014) - HAIEA/KEAIREFEE H B8R
PERSHIMBATZE - A8 08 TR rT IR RIS - BRERE ~ /KBRS RS - JR ] R BIRF HYRE) (Chiu
et al., 2019) » HRIEBIBWMEDLE ~ EFRFERGE - WHETHREFAERISCR (8% > 2002 ) « ZREHATHRE]T/N R
15855 > FES RIS RSP VRS - KiESCE A S I K R SRR ERRER - 25k B R E =
Be\fm > DIAIEE e e LMK kG s A SRVEEERDUAIREA > A RN ROt R - MEEA
JIHREJUHFERD S © Stender et al. (2003) WIFEEEEAERCR BAVE F - Sl R A58 S ELRE B AN RIS S >
B RS EHVETRICRBE RS © SAWIERUR - KRS ol A /K BRAIB AR A8 - BEZAFR(R T 5 RHY THI
BB BN - SR SRS IO BT (E R (Wiegert ef al., 2017) - [ HEHLRT R A\ TRV E M
Koo RS E R EMER B HCE - RIEREA IR > IREEm A ERes - 1 an'E BiFE 2 (Yongqiang et al,
2019) - H Al i - ER R (R 2 BB ME L] - BB R s BB IR a B IR I MAORHE T - 5 H BEhy - B
BFRa B © A T FESIRETER A M pa i ss - HEFEn i - RIErH i S - SR {RIEE
JRERBHEE L MR LE - ASTER T REH SR E S B AR RS BB R R - RS AT s
B PR (S E B A RS R fe s - (RIS RS O s B & MU AR B A 2% -

) TTEb e EZ B g BT IR B 55 2720 55 -
Q) TTBIR R EZE B g E s\ 2 i & L -
(3) #EN/EE > E-mail: 18077606@mail.tlri.gov.tw ©



240

IL.

1.

A R O BRI E A R MERe R U A TR B (B = 52
M A

sl e T B R R R
AN EEARITE RN EECEEGIR S EET > S0 RS 2 SR A SR R S R E RS
St SABRAH - % A R e 1] [ B2 B B B MR IR S BN E R e E S 2 > 7 H S B 4F
EERMEEFINERERN - *E%E%fiﬁéﬁgsﬂﬁﬁﬁfﬁﬁf?ﬁﬁ%ﬁEP BIIHEE 5 [ - $% A LoRaWan 47 38 51 FL
fli > RPFRIBIEHIES ~ JEUR Fa (L = B SIS 24 T 4SS - SRS WM 2 B A EUKEREE » /2
H Ry SE 2 ER 2 /KEASHE Lﬁu$<<<fﬂz<%?€ffﬁ%1‘% A& B R PSSR B I 9 - o] [ 5l o o 8 2 el 1K
N RS R 9.5 m () x6.2m (E ) x 2.1 m (5 ) #7FER 123.69 m’ > 1??%‘5!5%?@1%%&%?%%%
JVMEREGr > EHEMAFEZEM A3 S m (E)x 12m (H)=42m’ - b BRBEEEE - bR RN E
& 28°C DA BB HEIBARGE — B R - Ry 2,000 rmp o GEEE Fy 1,878.6 CFM » SEEEfIEZR%Y 0.5 m/s 5 30°C
DL BEELES B » dE# R 4,000 rmp » EEE A 3,757.2 CFM » SEEgREIEGRLY 1 m/s 5 32°C DL FBAREE = EL »
#Fy 6,000 rmp LHE% 5,635.87 CFM » SEEgBEIERLY 1.5 m/s » & 28°C AN EBhRAEA - 5B Gom A i
Mﬂm 729 FE(T > WIAHIEE S AR BRI DS - UGS 2 Sy EEiek 1 O PRS0 - BE
ERH{ Zumbach et al. (2008) AFHAERY THI » DISFLERI R FE BT R RS & it pl > ZAELO R -
THI A5 :
THI (°C) =T (°C ) — [0.55 — (0.55 x RH) ] x [T (°C) — 14.5]

AT T ReZEREEIORE > RH BHERE H 3 -

e 4 RIEREHE

sERER ] 10 HE RIS 32 UH - 2 Bl % 2 dHalEs - /\!%i HEAT 8 A RMRENE - 6RE7 720
BAE RIS RIS RIUTK » GRERIT | - EER ﬂ—% SRR E R T A ER
BEIRCE -
FEEMR A A LEZHE

TR e BBt A Fe 48 A tﬂELfTHUH%H%*HJfG%JE R 3 mL B A SHUEER| EDTA - K, REERMEF ~ 55 3 mL
BASEER 2 SBERME F - MR T R A4 B R AL fRlE - R4 bhellTE B EFE KA R
It & L HE A fiff (aspartate transaminase, AST) ~ W%Eﬁ%%ﬁ@*ﬁ@ (alanine transaminase, ALT) ~ FJLF% %[ (creatine
kinase, CK) ~ figif4tgk el (alkaline phosphatase, ALP) ~ %% (glucose, GLU) ~ F &l &G (lactate dehydrogenase,
LDH) ~ [M&EEKEH (globulin, GLB) ~ 44& H (total protein, TP) ~ £ (potassium, K) ~ §# (sodium, Na) ~ & (chlorine,

Cl) ~ $5 (calcium, Ca) ~ 4 #4 i (phosphorus, P) ~ F7 & [ig (cortisol) &£ 14 I » £ M 4 B ) 4 (b % (automatic

biochemical analyzer, Hitachi 7020, Japan) #7743 47 » T (& 4= 38 AR IE B B RS O M EK 5185 (white blood count,
WBC) ~ 4L [ Bk 51 %5 (red blood count, RBC) ~ [fil/Nk (platelet, PLT) ~ 215 [f1 Bk &5 F& (mean corpuscular volume,
MCV) ~ [MERAEFELL (hematocrit, HCT) ~ SE[MEKR M4 2 & (mean corpuscular haemoglobin, MCH) ~ 5 EK4L
Z B (mean corpuscular hemoglobin concentration, MCHC) K [f4[ 2 (hemoglobin, HGB) % 8 JE » &£ 5L & EHH)
& 31T (sysmex XT-20001V, Japen) #E{THzH] -

ECQ U3t 1D

Table 1. The composition of experimental diets

Ingredients %
Corn 32.83
Husked rice 32.82
Soybean meal, 43.5% 18
Wheat bran 10
Limestone 1

Dicalcium phosphate 1.4
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Table 1. The composition of experimental diets (continued)

Ingredients %
Choline 0.2
Molasses 3
Salt 0.5
Vitamin premix* 0.1
Mineral premix® 0.15
Total 100

Analyzed value

Crude protein, % 15.11
Crude fiber, % 2.47
Crude fat, % 2.87
ADF*, % 3.65
NDF, % 9.97
Lys®, % 0.77
GE', kcal/kg 3,792

Calcium, % 1.27

* Vitamin was supplied the following per kilogram of diet: vitamin A, 6,000 1U; vitamin D;, 400 IU; vitamin E, 20 IU;
vitamin K;, 2 mg; vitamin B,, 2.6 mg; vitamin B,, 2 mg; Niacin, 30 mg; Pantothenic acid, 30 mg; Pyridoxine, 3 mg; vitamin
B,,, 0.6 mg; Biotin, 0.2 mg.

® Mineral supplied the following per kilogram of diet: Fe (FeSO, + 7H,0 » 20.09% Fe), 80 mg; Cu (CuSO, * 5H,0 » 25.45%
Cu), 5 mg; Mn (MnSO, * H,O > 32.49% Mn), 6 mg; Zn (ZnSO, » 80.35% Zn), 45 mg; I (KI), 0.2 mg; Se (NaSeO, °
45.56% Se), 0.1 mg; Co (CoSO, * H,0 > 32% Co), 0.35 mg.

¢ Acid detergent fiber.

¢ Neutral detergent fiber.

¢ Lysine.

" Gross energy.
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Fig. 1. Typical daily temperature (a), relative humidity (b), THI (c) changes of the nursery pig houses.
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2. R R E e B TR S 58 P A RUR S K THI
Table 2. Average temperatures, relative humidities and THI in the nursery pig house with an automatic control fan system
(test group) or under no fan (control group) conditions

Items Control Test
Temperature (°C) 29.1£3.2 29.0£3.1
RH (%) 82.6+10.9° 71.0+11.9°
THI 27.6+2.1° 26.6+1.7°

“® Means within the same row without the same superscripts are significantly different (P < 0.05).

THI (°C) =T (°C) — [0.55 — (0.55 x RH)] x [T (°C) — 14.5], T = dry bulb temperature in Celsius and RH = relative humidity
percentage.

Data are presented as mean + SD.

3. BB IR IR ESEE N THI S
Table 3. THI distribution between the nursery pig house with an automatic control fan system (test group) or under and no
fan (control group) conditions

Items Very severe heat stress Severe heat stress Moderate heat stress ~ Absence of heat stress
THI > 30 28.9 <THI <30.0 27.8 <THI <289 THI <27.8

Test 0% 0% 11.6% 88.4%

Control 0% 17.1% 26.1% 56.8%

THI (°C) =T (°C) — [0.55 — (0.55 x RH)] x [T (°C) — 14.5], T = dry bulb temperature in Celsius and RH = relative humidity
percentage.
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BEFE RO - A ReE S B R - BRI A EERERLE 30 A E EETHIE » FEn RS
90 73 H - HIEFTEMAEREES - S 75 v H > HEGEEEZS > MGE 3 SR > TR ILEEL
AERAHAE SNV B B AR RIEEHIIE(K © 1fi Otten ef al. (2004) W7EH5 HFEERETY 90 7 HHY RIS RS a4 &
oo B RAEREE - RILTEER S A AR 1 E R ERINEE  MAEGRRCE FRE DR 83
BN EIELE (P < 0.05) - AT EER R ENVE R - 485G iAYFE & TEAL B B Ve & - HEssaEn
FARPR A EfE = (Stender et al., 2003) - FLEFFREBLAMITAE R —EL - Lambert (2008) HIF5 HAEEVEARRE N 254
€ REIFEVGHERRIDEEN I > MBS BIURER/D - FEEFHAEEE REERE - EREA AR
5t [RRGHEE R (Pearce et al., 2012; 2014) » RS2 E05E S = B YEHHBRUL - BEETRIERAYF(R -

ML & &1k AR B AR 2 HIE

I AE PRAG TR R e ([ S (R R IR RS R A= B S Y B B2k 8 (Ohaeri and Eluwa, 2011) » ARSI HITEEUER
WBC ~ RBC ~ HGB ~ HCT » MCV » MCH ~ MCHC &2 PLT % 8 IF » H45H415% 5 1FelEnwia B sl as i s &%
TE H A W AH s e fre i 22 B2 H BB TE 5 IR RE T 2 Mo B B e s B — 2 (TR R E g E el
2010 ; =2 FE > 2018a; 2018b; 2019 ) 5 FEMIEAE(LEE 53 0F 6 - GERBUREAEWIEES » AST ~ ALT ~ ALP ~
LDH -~ CK - Cortisol ~ TP ~ GLB ~ GLU ~ Na ~ K ~ Cl ~ Ca ~ P } Mg jAR4HEIgfEdE 2 7= 5 » At Enss s »
ALP J GLU DUstBpaH 3 R ¥ HG4H (P < 0.05) » CK ~ TB K GLB DU HRAHSE ezt (P < 0.05) 5 HERTE
AST ~ ALT ~ LDH ~ Cortisol ~ Na ~ K ~ Cl ~ Ca ~ P Fz Mg RIJft8HE 7= 5% -

Wen et al. (2019) 5 HFEETEEGEIREET » & ALP AUEMERE » 11 ALP BY[F(K T B2 M 7 FFTheERy
[#{K (Abeni et al., 2007) » 7FEXER4E RIS S ETHAAH > ALP BEEEASERAH » L0 4 o HE RIS BRAHFE i s
ENZOHIRAE - [FIF/REAE | G4 THI 625 2 4551 W) &  Fh4h > 7E Yanjun er al. (2019) WHFTH4EH - F6E 0
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BETYATRERAE ARG MEREIARIRAE T » MR ER - HIRBREESE © (B SREN HAER FHAIREE -
BEE GLU SR T - 2870 > AstBi e 2 $ IR 4 Bl BRdl 2 BRBOR S B4 PI9FE 29°C s » TR B RIS I
Som. [~ #EEL EAOHTSE 30°CLAM(T - (ERBIRH (1,098.8 mg/L) FEEATZE 2 MEUARRTE N Ehvalbasl (1,268.0
mg/L) » RILERGHIRAHAE S 2 GLU R 54 - 1T Mendoza er al. (2017) f5HIFEERR T FAGIDIRN T
RPEZEALNERE > FlRT CKRE BT AU R SR 2 CK B AR alinat - #HENEUERE R R
AR BRI - RERSH RGO - IR MUk CKORFEEYE ; 1£ TP #i5) - AR R s gl
RRE T FEEREGNG ISP > FEUMR T S bR M - SRR pH ERK - B RS 2R
Mg 3 > MR T ESE TBAKEYEREIMR pH E > SCEARSRARGRIHFEE e EaR
TP JR[E (Aberle et al., 1974) - BIAGUERGE R —2 - PRV IRAH ARG E /A R RV EHIREE -
SO M HE = Y TP > DU AR R pH ES2 L > Pearce ef al. (2013) RIFSHEAGIO E G RIGH S5 HE LR A4
HUIRDUEE - HEGRR e B2 1R - WIS ENBERAZEN - I AT RE B SCE R EE I - ST RAe
BRI S (ERG B RE S T - BNER N EMARE S S ARSE > HE GLB RE BT} - TREAGER
&R GLB I H B IRAHBE AN s R A5 R — 20 -

x4 B RAEREF AR

Table 4. Growth performance of nursery pigs with an automatic control fan system (test group) or under no fan (control

group) conditions

Items Control Test

Body weight, kg

Initial 9.05+2.18 9.58+3.04

8 week 27251411 26.62+5.15
Whole period average daily gain, kg 0.3210.05 0.30%0.07
Whole period feed intake, kg 54.68£11.11° 47.82 +12.00°
Whole period feed efficiency (Gain/Feed) 0.33£0.04° 0.3610.07°
THI 27.6+2.1° 266+ 1.7°

“® Means within the same row without the same superscripts are significantly different (P < 0.05).
Data are presented as mean £ SD.

5. olbedl R IR R E A MR A FE R AR PR

Table 5. Comparison of hematological parameters of nursery pigs with an automatic control fan system (test group) or

under no fan (control group) conditions

Items Lanyu pig Reference* Initial 8 week

Control Test Control Test
WBC (10°/L) 18 — 26.8 24.6%9.6 233%11.9 18.81+4.8 18.6 6.0
RBC (10"/L) 690 — 890 787.0 £ 156.9 784.6 £ 198.1 766.5£107.0 766.0 £ 136.4
HGB (g/L) 120.7 — 153.5 1249+21.7 129.9+34.9 138.3£20.7 141.2%£21.4
HCT (%) 389 — 499 46.6 £8.2 48.7+14.3 45.0%7.0 453*6.1
M.C.V. (fl) 53.6 — 64.6 59.4%57 62.11+10.7 58.8%6.5 593169
M.C.H. (pg) 14.6 — 19.1 164+13 160+ 1.4 18.1+1.5 185+ 1.7
M.C.H.C. (g/L) 263 — 3199 268.21+26.0 267.8+22.6 307.5%£22.6 311.9%£17.0
PLT (10°/L) 112.9 — 448.5 195.2+205.0 196.6 +281.8 4199+ 146.2 393.0£149.0

“® Means within the same row without the same superscripts are significantly different (P < 0.05).
¢ Lanyu pig Reference ( {TE(PtEEZT B & EaEEAT > 2010 5 %K > 2018a; 2018b; 2019)
Data are presented as mean + SD.



sl EER EBY FLF =53

F 6. SR RS PR B FAIMIR A LIS ARELEL
Table 6. Comparison of biochemical parameters of nursery pigs with an automatic control fan system (test group) or under
no fan (control group) conditions
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Items Lanyu pig Initial 8 week

Reference’

Control Test Control Test

AST (U/L) 30 — 68 35.7%£325 43.4+357 51.6 £48.6 46.21+18.4
ALT (U/L) 50 — 84 50.5+21.4 50.5+20.4 65.3130.1 64.8+18.5
ALP (U/L) 124 — 228 163.91£67.5 146.3 £ 66.9 115.8 £55.5° 142.7 £69.9°
LDH (U/L) 386 — 670 515.8£153.5 560.5 +209.1 565.9+257.3 539.0+102.3
CK (U/L) 1 — 1,832 793.0£1,553.4 1,099.2 £ 1,882.7 1,566.1 £ 1,467.6 929.9 +759.7°
GLB (mg/L) 284 — 324 27.1%£73 26.0£6.9 329+9.7° 28.814.2°
GLU (mg/L) 910 — 1,730 1,350.6 + 520.4 1,471.9+871.0 1,098.8 £42.8" 1,268.0 + 43.4°
TP (mg/L) 55 —173 6291738 643174 73.219.6 70.0 £5.7°
Cortisol (ug/L) 37 — 194 72.9+39.7 65.6+54.4 102.7£78.8 104.1 £50.5
Na (mmol/L) 139 — 149 1452152 1448 +4.1 139.0+6.7 140.0+ 6.8
K (mmol/L) 51 —179 54109 53108 6.7t1.5 6.411.6
Cl (mEq/L) 97 — 107 103.1£8.4 100.9 £ 6.6 98.0+5.0 983155
Ca (mg/L) 72 — 112 89.7137.2 92.61+12.3 101.2+12.1 100.2+11.4
P (mg/L) 87 — 115 107.9£25.5 110.5+49.7 90.1£26.0 90.4+28.0

“® Means within the same row without the same superscripts are significantly different (P < 0.05).
¢ Lanyu pig Reference ( {TEiEE L E @ s ma\ERiT > 2010 5 B k2 » 2018a; 2018b; 2019)
Data are presented as mean £ SD.

Cortisol &% 58 & W1 Fy HIEN 56 €A i BVEEHIIEEE Y E - 1546 €A VAR I HOR S & S5 1
(Antonio et al., 2008; Yu et al., 2010) - {HERENEGASN » {575 H M B T F I R a] SEZEL Cortisol JE[E T} » Otten
et al. (2004) WH3ERIAFEEFETY 90 77 YR IR B - JRNEEEL Cortisol HYRFEZZERE N - ARG s
GETRI R AH MR A2 5 (RS BB WIG BHEAEEE & BTt PTRER RyalBpaH BERc AL R0E - HIER
S E L Cortisol B F- - 11 IRAH A S ZAEE M Cortisol JRENE NN - (HFRIAHAYZE R AEE -
TR EARE 5 > Mongin (1981) $5 H ¥ e g~ 7 5 B2 ZELAVAEY)E /& Na ~ K Al Cl > A0 M fig b 3R
JE i B B KA EE S CL B BRI N - sAEndHAE AR ENEEIEAR - (E 0 A PR 14
HREEIEAR » DR e SRR (E A 4 S 72 52 1T Henry er al. (2019) 5 HITEAYIREAN Ca A1 P TR 2EA%
TEHERE > DIMECRERSIR(L ~ sEEFIA - K& RS9 EE ] DUEFEST - SRS EERCT Rl feid
il Ca J¢ P HYERZ » HFEE R FIFZE  Malbads REURMAHATE Ca f P I fEE 7252  AIRERURH IGAHFE
ERNEEEER R ERERTE -

A

A B T I B 800 T A S (A W B BOA B 52 0 2 e B S0 - [ AT (5 €2 BB B AH A F5 AR 40
CK ~ TP } GLB Z#H » BURMERFHFREE0 R e RBCR A IR ERCR -

ZENRK

TE R EESR BB - 2010 « &8 A/ NE%E 4 FEBLALE - http:/minipigs.angrin.tlri.gov.tw /modules/tinyd0/
index.php?id=20 -

AL ~ R - 2018a o /NEIFEIMR A FRIEATAGON] o AT 51(1) © 1-7 -

S ~ FEEE o 2018b o BHEFE IR AALMARZ 531 « BEEWST 51(3) & 157-165 -
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Effects of an intelligent fan system on the growth performance
and blood biochemical and hematological parameters of
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Abstract

The purpose of this study was to investigate the effects of an intelligent temperature monitoring and control fan system
in barn on the growth performance and blood biochemical parameters of Lanyu pigs during the nursery period. The system is
capable of automatically control the fans, and adjusting the strength according to temperatures, which can be used to improve
the ambient temperature and air quality of the barn. A total of thirty-two ten-week-old Lanyu pigs (sixteen male and sixteen
female) were randomly allocated into the control group (without fans in the barn) and the test group (with an intelligence
temperature monitoring and control fan system). The pigs were raised for 8 weeks in the hot season from July to September.
The results showed that the average ambient temperatures were not significantly different between the control and test barn,
however, the humidity and Temperature Humidity Index (THI) in the test barn were significantly lower (P < 0.05) than that
in the control. Pigs raised in the control or test barn during the test period did not show differences in body weight gain,
while pigs under the test barn showed significantly lower feed intake (P<0.05) and thereby better feed efficiency (P <0.05).
With regards to hematological parameters, there were no significant differences between the two groups. However, in blood
biochemical parameters, pigs under the control condition showed a significantly lower (P<0.05) serum alkaline phosphatase
(ALP) activity and glucose (GLU), but a higher total protein (TP), globulin (GLB) level, and Creatine kinase (CK) activity
levels, compare with the test groups. The higher values of TP, CK, and GLB may indicate higher heat stress. In summary,
the intelligent fan system significantly reduced the ambient humidity and THI value, relieved heat stress, and improved feed

efficiency of pigs in hot seasons.

Key words: Lanyu Pig, Fan system, Intelligent sensing, Thermal stress, Blood biochemical parameters.
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sERAE S DL SAS #EE (2002) 2 GLM procedure #E7 T8 775341 » $RAEHF CRD #0047 » ERUER/EZIZ
( BAERsE BRI TRMEE REZYR ) - BE KR (2 AR E BEREEE - 6 MARE S
RIFREINTT ) > & 2R BEER - Spa P E P DUR NEE 72252 (least significance difference, LSD) #7171
JE > EEI S RS E 2 e A s R -

e RN

L 5T

AR ATEZYIE A 26 — 65% [ pHAEA 3.9 — 5.0 SREAERLISRE B - S AT0.79 — 5.54%
(DM) B ~ SRR ZHE - &8I 0.15 — 197% (DM) [ « TR R 0.01 — 0.82% (DM) [ - Pl & /17
0 — 0.28% (DM) i - F¥aF47bk 180 KBAEHEazTE BHIGHETE (B) W0y T RE5E - HOREMENT B B2 R -
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AREHISRE (R 1) » MATATEEREZYE ~ SRS ER E =N T S RSB A B -

1 AR E A S B E BT o 2 FEBE R

Table 1. F-test of analysis of variance for haylage fermentation quality of pangolagrass ensiled in different treatment

Source of variance Dry matter content ~ pH A P B L Score  Total VFA L/A
Dry matter (D) 145.73" 094 56237 11.167  4.64 624" 1036 18207 14.197
Inoculation (T) 2.97 19.08"  16.66"  12.04 495" 7.88"  17.49" 2.65 5587°
Storage pe-riod (S) 4.84 0.65 34067  7.99 3.39 0.96 431 572" 9.20°
DxI 0.29 1.63 9.51° 7.28" 327 1.57 7.49" 0.11 0.20
IxS 0.03 045  10.08 3.72 2.45 0.06 1.83 1.22 1.61
SxD 0.80 0.05 16427 423 2.03 0.57 3.37 0.06 6.35"

*acetic acid, P: propionic acid, B: butyric acid, L: lactic acid, Total VFA: total volatile fatty acids L/A: lactic acid/acetic acid.
" The F-test are significant at 5% and 1%, respectively.

1L B EE AR AR 60 KRBT mE

BRI 60 RIVENT S E TR 2 - iE &7 - (REZY/EH (A vs. B) HEEEEZR > &5
PYELH (C vs. D) FEMERE 22 > WHRERIABE 22 - pH 5 - DLA 8 3.9 ffK - SEARREEE (A - C)
EEEHR (B ~ D) & » RS pa B B A 2 2L - ARES B 5 > A g 4.17% DM 5 > A ~ B 8 C g B H
BE AR DB 1.17% DM (i - BLHEREEFAEEZR - ZBREEJ7H » DA B EH 0.62% DM K5 - #i
A R R R > 1 C & D B A BIE 25 > C 8l D BRI 2 2 - k&R J7m » B jaH 0.06%
DM fyrs » B A K C Bl EBAE =R - THBE S 871 © B R 0.11% DM fizs > BLH AR A B 25
AR R 2 R AL IR R (A ~ ©) BEEHIR(E (B ~ D) - BiyaF/y 7 > B ERH 80.5 A& -
HERmHE R B E 90 /7Ll L - RSB B B E 22 R « SNDL EEER - ARREIR IS RS E e B A IR
R MY e B A RTSCR

2. AIE B EE R AR LS 60 RATF R EITmE 2 2
Table 2. Effects of different treatments on the quality of pangolagrass hayalge in medium-size bales covered with plastic
membranes after 60 days of storage

Treatment Dry matter content pH Score Acetic acid Propionic acid Butyric acid  Lactic acid
% %DM

A 37.1° 3.9 96.5 0.47% 0.00° 0.02° 4.17°

B 32.0° 4.6 80.5 0.62° 0.06° 0.11° 2.74*

C 62.4° 42 98.0 0.26" 0.00° 0.01° 2.63%®

D 60.7° 4.6 90.5 0.26" 0.01* 0.02" 1.17°

LSD 9.4 0.9 18.9 0.22 0.05 0.05 2.61

" A: low dry matter inoculated, B: low dry matter control, C: high dry matter inoculated, D: high dry matter control.
" Means in the same column with different superscripts differ (P < 0.05).

ML A EE P AR AR F 180 KRBT aE

BRI 180 REVE AT E T EE R AR 3 - i2E G B 5 H - [KEZYVELH (A vs. B) Bm82Y/H4H (C vs. D)
HAmEEE R > WAHRAIEBEER - pH J7H > DL A JRHE 3.9 f (X - BLHEREEFABEEER - HXR CE
H 42> BB K D aHAREER > IMIARREH SRS REE - HAREER - ARSETE > AH 4.77%
DM f75 » B Jim# 2.34% DM feff  IRIIFLEREH (A vs. C) BELEHEEH (B vs. D) {& ?’&%%JZ%IEF'EEJ EmAE AR
ZEESEJTH > B IS 1.88% DM HELHERREFAREZR > C i 0.33% DM (K - 73 C B D s
FAER NN EH S LR - WEEEEJ7H - B REE 0.22% DM figrs  BLHEREHEABEZR > CiE
H 0.01% DM f (% » B A K D R BRI ERAE 22 5 RN AL B S 4H B LRSS IREAR - TR S B 51 U\BJ@'@O 55%

DM fizr5 > C R 0.02% DM il - IRINFL L 4H B LB IR - AR R g 2 52 - Bt v
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R T LS B 4 o R B S
B pa# 51.5 SriR(R > SLHEREIARE AR - HEREH RS L 90 7Ll E - pRE I REE 22 5 o SONIDL EgE

o &L 180 Kirfy - ALREAIIE PRV E l B A HETCR - Sz BRI R -

3. FEFREREHE EE AU RRE AL 180 RITH &R E T mlE 2 8

Table 3. Effects of different treatments on the quality of pangolagrass hayalge in medium-size bales covered with plastic

membranes after 180 days of storage

Treatment’ Dry matter content pH Score Acetic acid Propionic acid Butyric acid  Lactic acid
% %DM

A 34.0° 3.9° 93.0° 0.84° 0.03° 0.06 4.77

B 29.6° 4.5 51.5° 1.88" 0.22° 0.55 2.34

C 57.1° 4.2° 95.5* 0.33° 0.01° 0.02 2.73

D 53.4° 4.4 91.0° 0.49" 0.03° 0.07 2.72

LSD 14.6 0.16 21.9 0.42 0.13 0.54 2.44

" As shown in table 2.
"¢ Means in the same column with different superscripts differ (P < 0.05).

Iv.

ArrrieIemg - PRk / ZIEtE R T RS B SRR EE T 0tEEL

ABRE R S IR P 180 Kk - (REZVVE ALBLE I (A) EEHIR (B) & » iz E AL (C)
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AR RS TR

VN
oY o

AUTTEH IRy T IRRZY)R (R EBWMAEYRKEN ) ~ AREHEE (IEeA B ) BT (e
DU EAH A AR VI S ELAF FH IR el RAT ) =R BE s EIN T-E [ S a2 B iy h AU B B 34 I E 32
8o RNVER > wZPPR - BB R = ERA T H 2 EE I B R EE - RN REELEE
BT Ko ZBRAERTA 28T R N TR EBE R - 15 (2017 © 2020) S5l E S/ BERE
S~ A R B REEEAFEMRERERIEEN - RS KM N T FR ER0ERE I -
£ 2 TR R B A BAE SR - Rotz and Muck (1994) ~ Kung (2010) £z Muck (2011) S35 f7 e (EH#E
SR iBRE - SREEIAEN SN THIREIER - BOEIRRE - SRR E A L E TR EN T -

H% 2 ~ 3% 3 HUSFIELLEL - f7 60 REFESE - 28k ~ Nl ~ TR ARG BES R HEMARE SR &
RYVE IR (B) HYLRE ~ AR T Be= 857 A Ry 0.62 ~ 0.06 K 0.11% (DM) » By &M 25 > ALEERILUEFZY)
PEMEERTHAY 4.17% (DM) 25 > S5z P)/EHIREHE (D) £Y 1.17% (DM) (& o SRR R EIZYR B 5 E )
HEMER N SRR E o A REEE SN R E LRS- EEAKREE - B pH BERFIE
HERHERERE AR > ERZHIREEB R R (R2) - IFRFHEERE 180 REFE - Kazf/E HIE
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Fig. 1. Changes of total volatile fatty acid (VFA) content, lactic acid/acetic acid ratios and percentages of equivalent butyric
acid in the total VFA of pangolagrass hayalge in medium-size bales covered with plastic membranes stored after

short-term (60 days) and long-term (180 days) with different treatments. A: low dry matter inoculated, B: low dry
matter control, C: high dry matter inoculated, D: high dry matter control.
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Abstract

The purpose of this study was to investigate the effects of dry matter content, inoculation and storage period on the
quality of pangolagrass haylage in medium-size baled covered with plastic membranes. Each factor had two levels as fellows:
low dry matter content (below 40%, haylage processing in the morning) vs. high dry matter content (above 40%, haylage
processing in the afternoon); control (no inoculation) vs. inoculation (commercial inoculum, Lactobacillus plantarum,
Lactobacillus casei, 2 x 10° cfu/kg), and short-term storage (within 2 months) vs. long-term storage (6 months and above),
for the comparison of fermentation performance. Each treatment processes 4 plastic membranes. The results showed that
there was major significant effect regardless of the inoculation, the level of dry matter content, and storge time. There was
no significantly individual interaction effect other than the acetic acid content. The inoculation treatment could increase the
ratios of lactic acid/acetic acid and reduce the butyric acid contents of pangolagrass haylage. The lactic acid/acetic acid ratios
of inoculation treatment increased from 2.8 to 7.3 and from 5.2 to 9.2, and the percentages of equivalent butyric acid in the
total volatile fatty acid (VFA) decreased from 6.4% to 0.7% and from 1.4% to 0.5% under low dry matter and high dry matter
rates, respectively. The inoculation treatment could achieve better preservation effect. From the comparison of storage period,
the results showed that the lactic acid/acetic acid ratios of the control treatment (without inoculation) decreased from 4.3 to
1.3, and the percentages of equivalent butyric acid in the total VFA increased from 3.4% to 9.3% at low dry matter content
6 months after storage, respectively. The results indicated that the fermentation quality was reduced, while the inoculation
treatment could reduce the degree of poor fermentation. According to the results, the fermentation quality of pangolagrass
haylage in medium-size bale covered with plastic memberane was better when the dry matter content was adjusted to 35
- 65% after a short period of wilting. However, considering the changes of weather and the flexibility of hay processing,
the grass could be wrapped directly after cutting. The lactic acid bacteria inoculation was recommended and used as soon
as possible. The diameter of the medium-size haylage bale was 90 c¢cm, and the weight of the whole bale was 160 - 200 kg,
which was 30 - 40% of the original hay bales with diameter 120 cm. Haylage bales with such size were easier to be operated

on small herbivore such as goat or deer farm for less lose on less feeding.

Key words: Pangolagrass, Haylage, Fermentation quality.
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B~ BIERi R SRR RS AR AR E - i S S & A SR E Yl {F AR EE A P20 (BRAE - 2021 ) - AW
et AR LAY - Zr /K& e SRR RE RPN S 3 (& A BRI EY i (F A2 AU T OB Ram At » IGEE
SR E YR e R AU B S5 B8 S A2 SR - DAL A S BUN B 2 275 -

MR T A

L s
At o AERA AR AT ~ 2R 7 B /KIE K SR RE R AT S — (R i 1T - S athls SR e (F A R
ASHREGR (2021) #3% > SFINER | - SAEASIFERIE (ERIF R BRI R 2 K8 1 - SHER(E
A | FEEMIE R 2017 27 A2 20186 H » B2 F LR 2018 £ 7 HE 20196 H -

*® 1 EE=HIEA SR EY R

Table 1. The different modes of crop rotation for forage production in different locations in Taiwan

Location Crop rotation mode Growing period (days)
Spring Fall Winter Total
A. Rice-Sweet sorghum-Oat ‘Saia’ 120 90 75 285
Changhua
B. Soybean-Sweet sorghum-Oat ‘Swan’ 80 90 120 290
) C. Sweet sorghum-Soybean-Forage corn 90 80 120 290
Tainan
D. Soybean-Sweet sorghum-Oat ‘Swan’ 80 90 120 290
) E. Soybean-Rice-Oat ‘Saia’ 80 120 75 275
Taitung
F. Soybean-Sweet sorghum-Oat ‘Swan’ 80 90 120 290

1L EAERATRE
AReBRIETE (&) il Bl SR ER 158 TP (4vena strigosa Schreb.) Saia ~ #Z8 Swan » ALK
2R 498 REANEE | FEEAKAESEBE T 194 58 - 55 2 F B2 AE 2 9% BEEFAMEE AV KEmTE 2 48
BRI 33 9% BUKEEMEAN S E ok S B 3 58 - KRS HFRHERETEELE - Bl =R
WS - AeZefal i H BB S1T  SIE KSR B SR Z @R EHDE > SHe R A E T -
1. 585 7774
MR - ZHEAEEA AR EE S B 1,000 m® - FiE 5 BEE AR © HRE (B> B8 120
kg/ha ) > G5 (f6ERE > 17HE 75 cm > #£1E 10 cm ) > B KRS (% » FET & 25 kg/ha ) - FHATEHGEIEE 5755
N : 120 kg/ha ~ P,O; : 30 kg/ha ~ K,O : 60 kg/ha » (4 A ARG A HEAT -
B MRS R S E (B 8 EHE ) BEHEE 1 m* > RPN Saia HAEME 75 HIRHUEESH - Ml
2% Swan R Ry 120 H - @0 R4 & (5 4 H1E ) > SEEEE 3.75 m® > FAEIER 90 HERE - DUEYIFIREJ5
NETEERE > HERAFE RN SRS > MEREE SR E > KERAEERE > 4R R fEE
A -
IV. fEYEE
TEVIEE « 2B REFRTFEH (2018) - MEIEANPEAFESG RTGERE (2E8EENE > GEEM) &
ko ZKAFLL 2018 S —HARERE R ML 25 / BE ARSI EE & > SRS kg FH{E Ky 22.2 JTTH 2% (New Taiwan Dollar,
NTD) » FE| FORIAHE SR EF R B DL 1.5 NTD/kg 518 - i B EE AIEL IR =& E f 10 NTD/g -
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V. BURF i< (Subvention) Fzizmat B

TR RS RO RS | I MBS | (RIRE 2018 ) BUE & | 4EiB) 2 1M - B0
PR A B &y 35,000 NTD/ha » [ (R #HAEAE &% AEAE ) FIl By 45,000 NTD/ha 55 C #Y 3 FE{EY) & 77 & Bh #
GE o T A & E W ELEY) (VKIS ) B3RS MERD - BOARH S 92 Gk K T E R H AU B & 2 TEY) -

EE{E (Value of output) = FE & x BE{E

U S (Net income) = FE{H — AEFEERA

4EUT A (Total income) = JFUi 7 + BUF B4

VL &SR 7

HFH SWOT 734t (SWOT analysis) ER&NEI P BFIHEP)HESHIESY (strengths, S) BL558% (weaknesses, W) [AZX
KRERINEC R E NS (opportunities, O) FIZ# (threats, T) [NZK » &EFERHERIEHAAKL = HRHE -

VIL 4515747

IIL.

A B = (B A T R (E RV EAL - REET A EREHE (WEFESEAEEN ZEEET ) 2R
TTE P& 4R 82 7 737 (combined analysis of variance) » 371 Fe Jiz BH 35y ] 2 BURGME - A7 A0 Ry 22 AU AY
JE& - BB &R DL SAS-EGT.1 &iet ik gg #EAT 45t i » BT dE R EE R H U R/NEEZ EME (least
significant difference test, LSD) JHIEGELE R FHAHEIAYZEEE » DA P < 0.05 fiAE 7= B KCE -

R

FRHEYmEE 0 B E R

AREER 2017 457 A 2 2019 5 6 BAEEALRA - Zrh 2= R BRHETT 2 238 6 BATEUTEE ~ IR T(F > 3K
BRE IR 2 - B LB R & A R (FRE T | RIS » 2855 2 4% (2018) #Y 7 ~ 8 AR
ETREA R (8 1) > (FE LR s M AR > BEE SR (H=UA K B) E%E 9 A 3 HA 0fEE » 85 1
SEREGE 27 H o NILUERAIER 12 H 1 H - GHERAVERSHER Saia (B A) EEHIERE 12 H 10H - 11
1£2019 42 H 22 HULHE - 55 2 /KRS (0 A ) FEMER R A5 3 H 25 H (7 H 3 HUHE ) » B Saia UiFE
HEAREEE 31 H > it &SR AV i g B 2R E R ERRE SR K « 1EF 2 SR RY#EZE Swan (15 B ) 7E 2018 4F
12 5 10 HFEE - 122019 542 4 A 8 HULHE > MRENAIEKZHI 4 B 24 HIEHE - R ASIERZ BN GRIEEY) -
AL R B > S AR R )

EEZFE T E/KHIEES | FEEHIZE] 3 ~ 4 Ay (2018) HEZ F YA (8 1) » BECEE 4 A T AIEEAVEH
ER (B C)EERE RS H 22 HENEE > f£8 A 17 HUTE (2 2) - MMFEENSAEAE 8 H 22 H (56
2 GEFE ) FEAE 0 10 A 31 HEIEL > 258 2 EEHIE S EoRERE 11 H 2 HATEME > CLES 1 FFEHEE 25 H - if
IR E| FoRAYMEME H HHELREET H AR A LR - (BT E S EER R 2N - 25 i /K i {E 4 25 D
SO RBGRERP IR E ~ F 5550 B AE 2 (AR 2 IRV I » WA B a4 -

AT (1985) f HEY)E ERF e 2R M5 - B - UTE R RBERZZE > AifEYRBEIIEE - NMEgE
ZHIIEVIN AR - FIRFINEZE T BATEMIAR BB 5 « 37 SOl (1984) WFT4E SREUR » il e s 2
TEYIN BB iE i R - I H EEEYEERR o HeliRss BEH » JEYITEET AR R B g 2 2R E R 2
TR > R SR AE 2 R TR A ER HE > TTARFRERERZNTE > A 2R EE8 R EH=N
AEE > (EBR KGR (2021) FUBFE MG A AR &S am © BRaNimam - B R AR I prasat oVl (EIE Ui E o] LR E
AR -

il ERE U AT

2 BSEIR 2 SR TR E RSB, - TE T4y BUKTGHG 137,529 NTD/ha 4% » #62 Swan 1]
87,033 NTD/ha (7 » BH 221 76,909 NTD/ha FEZ0 » [fi#E2% Saia (Y FHEE (E (B 45,120 NTD/ha » (K455 2
FORAY 45,533 NTD/ha » 2R EYIELE[E AR  Ih4E R Eai AHSeAHEEVRIA - & LUK EE A
TEY) Formn (55 > 19865 B 5 2012) AL SEYIE94EUR AER 7y DLEHEI52 (65,009 NTD/ha) fz s > 7KAF (41,328
NTD/ha) 20 » #:%6 Swan (41,033 NTD/ha) FEZ0 » (758 T K R 2 Saia 5 & {E (53511 -5,268 NTD/ha K2 -1,760
NTD/ha) o AIHFERIEUN BN R G s R ERIE R R A B TR Z 98U A R STEYIHE AR - T3S
TERFBU R BEERN A S ok - RIELAR AR IE R #28 Swan © 4 (2017) $5H > FEMEURHIORE U K
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EIEIED S E - EE ORISR KR E R S - BIORBRZF B R BB - RIS EH & EATH
sk SRR o R RAVEE SRR -

NTD/ha
160,000 - [ ] Value of output
140,000 - M Total income
120,000 A
100,000
80,000 ~
60,000 -

40,000 A
20,000 -+
0

-20,000 -

SS Swan Rice Saia FC

2. 2017/07 — 2019/06 EAEHI I EEE BLEUTA -
Fig. 2. The averaged values of output and total incomes for different crops in different years (2017/07-2019/06). The data

were from Table 3. Crops: SS: Sweet sorghum; SB: Soybean; FC: Forage corn; Swan and Saia are oat varieties.

TEE BB ER I EE R (£ 3) 0 DUKRE (1820 A K& E 53508 171,828 J 103,230 NTD/ha ) i 5
AEAMAEY) (P < 0.05) 5 #EZR Swan A5 D ~ B J F AV EE (K25 71 By 92,910 ~ 89,480 ~ 78,710 NTD/ha
FERTAKREEE 5 S Es2 P EE TR 44,684 — 91,254 NTD/ha » =31 X C F &I KA (45,533 NTD/ha) ;
e E 2R Saia AU EE(E fy 39,750 NTD/ha » 2 &R A EYHEE E R KA « HhEEREESE (2012)
HIE > B AEEKIERE R o

E S B ZEMITE U AT 57 (3 ) > DI C AYEH S 52 (79,354 NTD/ha) B A Y/KHE (75,627
NTD/ha) ~ 55 B 27 & = %2 (74,433 NTD/ha) » DL R = A (9 EH = %2 (72,759 NTD/ha) 858 5 = (P < 0.05) ; f&
= D ZEH S SR EI4EUL A (65,716 NTD/ha) 2 5 #5X D ~ B Jt F 2 #48 Swan FYFF8EU AR Z (5301 B
46,910 NTD/ha ~ 43,480 NTD/ha F7 32,710 NTD/ha )  #Ef55 B ~ C ~ D ~ E & F AY4RRE A 2 44U A E5 £ 34,000
NTD/ha » = A B 2 #e 28 Saia (4,590 NTD/ha) ~ 55X E 22 /KH5 (7,029 NTD/ha) & 5= F 2 &t 5 22 (32,784
NTD/ha) ; FrATEYEERZ C 2 FEIEK (-5,268 NTD/ha) iz E 7 2% Saia (-6,250 NTD/ha) HYEIRA R &
1B - 2018 fEE S C (2 F & FoRAVIEME HARM 5 M B 52 52 > (R EEE & H 2017 £69 37,990 kg/ha KiE T E 2
22,720 kg/ha (EHEAR EHN RS ) - NIBEREFEANSE FORRYFEIE SR (46,397 kgha) (ITHIREEZES »
2018) » DAFR iR C Z B EH FORMNABEUL BN ERA -

i (2017) $5 HEEE BUF SENEE A M E R KRS (EEFEE KRS E A ENERL T > &
B RE(EEMEMEREIT LA EREEE - Fit - AR A 2 KBRS ATEEUE Fy 100% F R EiE
ETATA RS EY B A TS B LhlE (% 3) - B3 C B S S2aV U AT RUZ 105% » B & A S EYH
=Y o BREH e F AVHEEL (43%) (RIEST - EerAUEEEE Tt 87 — 98% » HHE BT /KIFHVEEULA - EAh
HeZE Swan IVAEUL AFEBHETE 43 — 62% 2 [ (HERBUN S0 A&ET > RiIFHEZE Swan IYLEUL AR AR 58 1A
EH S SR BOKRG - % (2012) IAZR4E SRR - SEY) 2 SaU A DLEIE K g = > ek Bk R B B FoR R R A B
IRFEN AR UL S BRI » B AVARUR AR B IE/KRE « 10 2017) $5H > FSSEEUR I (B S s EEaE) 552
5 FEMENE FORMUGEE E/K RS ZEE S » A0SR FHAY H o] DUREAE /KRG > 48~ g ni s £oK - Bkl %l
BRI B E 5 B E AU A SR R E B RRN —THE R R - /KIEA BUR I CRE IS EE 2
Fra BV R0y o i EH S s BRI SER IR TS ERETR S - Rl ER KA E 2 &5
EEtE > HHEBIHE R R A EEEUKHE (X CEER) -

4 BT EEYRIERIE (A ~ C - E) L RHEY iR EIE={ (B ~ D ~ F) (YR F LRI A - FREALEEE
AR B AYZEUL A (151,913 NTD/ha) /MR R A (152,876 NTD/ha) 2 4h » H e & & AR E Yt (F (A
B VAU o 120 D BVAEUR A SR B E 136% » T = F 5T /S22 286% » BE /AR = B Y5 81 (99%) (KA =X
A(100%) > {H - FH AL - FUREFIEESEYREE AR SER - B (2012) ¥EEEAE
BHGEKABREEGUKRET » 24 " KE—HEF -k Tk ) &k T&IERE —FE TRk, mEmTERE T
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RERZFEM - BUNEESREYRER BRI - IREAEI/KER - & il ifmRaless  YAE
TRV A R T e g IR R e - TR PR AR e i (S U B s = T B SR R A =

3. 2017/07 — 2019/06 A [Fw{EIE N BB EYIFHYES ~ Wis RAEERA

Table 3. The averaged yields, income and production costs of crops for different modes in different years (2017/7-2019/6)

Mode and crop Yield'  Value of output Production cost’ Netincome Subsidy Total income Index’
(period) kg/ha NTD/ha %
A*. Rice (Spring) 7,740 171,828 96,201 75,627 0 75627 100
A. Sweet sorghum (Fall) 56,439 84,659 46,900 37,759 35,000  72,759% 96
A. Oat “Saia’(inter) 5,049 50,490° 46,000 4,490 0 4,490° 6
B. Soybean (Spring) - 0 11,000 -11,000 45,000  34,000% 45
B. Sweet sorghum (Fall) 57,555 86,333 46,900 39,433 35,000 74,433 98
B. Oat ‘Swan’ (Winter) 8,948 89,480 46,000 43,480 0 43,480 57
C. Sweet sorghum (Spring) 60,836 91,254 46,900 44,354 35,000 79,354 105
C. Soybean (Fall) - 0 11,000 -11,000 45,000 34,0007 45
C. Forage corn (Winter) 30,355 45,533¢ 50,800 -5,268 0 -5,268" 0
D. Soybean (Spring) - 0 11,000 -11,000 45,000 34,0007 45
D. Sweet sorghum (Fall) 51,744 77,616 46,900 30,716 35,000 65,716 87
D. Oat ‘Swan’ (Winter) 9,291 92,910 46,000 46,910 0  46,910% 62
E. Soybean (Spring) - 0 11,000 -11,000 45,000 34,0007 45
E. Rice (Fall) 4,650 103,230 96,201 7,029 0 7,029°

E. Oat “Saia’ (Winter) 3,975 39,750° 46,000 -6,250 0 -6,250"

F. Soybean (Spring) - 0 11,000 -11,000 45,000  34,000% 45
F. Sweet sorghum (Fall) 29,789 44,684° 46,900 2,217 35,000 32,784 43
F. Oat ‘Swan’ (Winter) 7,871 78,710% 46,000 32,710 0 32,710 43

a,b,c,d, e,

" Means with the different superscripts differ significantly (P < 0.05).

' Rice was paddy; sweet sorghum and forage corn were fresh weights; oat was hay; soybean was green manure.
* From table 5.

* Total income of spring rice (A) was set to be 100%.

* Different forage cropping systems at different locations, as shown in Table 1.

F 4. 2017/07 — 2019/06 A [Fim{ FEAZHFHILEULA
Table 4. The averaged total incomes of different rotation modes in different years (2017/7-2019/6)

Total income’

Location Mode — - Index
Spring Fall Winter Total
NTD/ha
A* 75,627 72,759 4,490 152,876 100
Changhua
B 34,000 74,433 43,480 151,913 99
] C 79,354 34,000 -5,268 108,087 100
Tainan
D 34,000 65,716 46,910 146,626 136
] E 34,000 7,029 -6,250 34,729 100
Taitung
F 34,000 32,784 32,710 99,494 286
' From Table 3.

> Planting period.
* Total incomes of mode A ~ C ~ E were set to be 100%.
* Different forage cropping systems at different locations as shown in Table 1.
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UL {EYIE AT AT

RS FEEGETER (2018) KT E » #IT S EE b S EMIVEER A SN > FFFINES -
ZAEVLIAKIER AR E A s > =2 96,201 NTD/ha > 75 & £ K Y 50,800 NTD/ha X7 - ffiiEH 5 52 AR EE A By
46,900 NTD/ha > EEFE| FRAVRART > PRIFG & P A 2Rk s s 1 7 =0 ] > AR ROA T B AT T
BINER o AV ERA S 46,000 NTD/ha » FEUZHECFE TR » (G484 AR 26% © &RIEKEZAY4:
FER A By 11,000 NTD/ha » Z2EiATEVI R AR o« SAEVIRBABIESE (2012) FHAT > RILFEAEEH &3 - A&l Fok
Je AR B FEL/KAENY 50% » BB KRR RS AR - HSBRIEEEESEEEEUET - &
B~ B REAKF & HEZRBUN I CrRas (EAS U S 0 B e G 5 U B TR AN g e A R R R R At
TR AR E KR ZAEY) (BT REE - 1984 ) - 5 (2017) $5i » FEMEAERS I/ NE ~ TE4E ~ KROE ~ BN ~
HEE%E > Jasifins - HRBEBR(CEERNE  EEARERBE T £ AJIGEHZ WER - BIfEEFE -
TRAKEBTIBA S - BRI T KW RS ORI LR i Rl AN > HAEYIRIRIR A ERER E ~ A
TR S > MM T R ENTE AR - A ATHEE S5 - HE R R ERHEY)
HMsRE (4R A EE R ARNIEE RIS (SR 77% ~ T1% K 48% ) » T ATIERAIEHR » B reefI RS T4
ENERHEYI RS BRAERERXK -

xS BEVHIEERA

Table 5. Production costs of different crops

Crop Seed or seeding Fertilizer Pesticide Labor Mechanization  Total cost
NTD/ha/period

Rice 10,328 12,618 10,007 11,330 51,918 96,201

Sweet sorghum 900 8,000 0 2,000 36,000 46,900

Forage corn 4,800 8,000 0 2,000 36,000 50,800

Oat hay 12,000 8,000 0 4,000 22,000 46,000

Soybean 4,000 0 0 1,000 6,000 11,000

Production cost of rice was from 2018 agricultural statistics yearbook. The other crops were estimated by this research.

S S R 28 Swan WY EEAE 53 A1 By 76,909 K2 87,033 NTD/ha » B¢ AR HAEERA (8 2) - & HEA &
TEVIRY 5w » (EH S C BYF B EOK (-5,268 NTD/ha) ~ #85X E AY#EZE “Saia’ (-6,250 NTD/ha) Sz F AT
=52 (2,217 NTD/ha) 2FUE51E (£ 3 ) - HErE AR (EESEARE A UEEREHL » PG MEA RS
B EREEEEE R ) - BUFE 2009 FIEFHEEETE » IRE32FE 0K ~ FE R KREEREEFSGN - 808
B R AR A AR E Y B RHEY) » DU (AR5 5 2013 ) » EECE R IER B2 BN 2 Tk A fE i
T 2010 4E/Y 5,154 ha BEANZE 2018 4EA 7,959 ha » FY & 54.4% > [MEEE EoROVMEME ST A 7,154 ha IERE
14,562 ha > #2751 5D L (EESEGTETAERR > 2018 ) « FF A0 (1984) F5H - /KAg#E(E A EY 2SR R AU AR
A EYEREY 2 Wam AN 7KEE - BRA TIREREZE ERV R - i = (2017) 5 - NIEIREUEEL
FEEREEEEKEN TIERZE - JHit > BUFSBEE RN ES 5T 7 s eEY
D H B KRS s 72 - B AR = B RAE D RHEYI ERE -

IV. BER#ERAEEZ SWOT 73#T

PR A R A 75 /R A s &Rt ([ 3 ) > B #E IO R B R B S Il > H 2008 4EHY 161,255 ton
BEHIE 2019 FEAY 272,719 ton > A 69% o T #E T4 ELAY FEHE RS B 3.41 NTD/kg & 9.21 NTD/kg » R 5 2
270% o PRI > #ECI4 % 549,883,174 NTD 1 £ % 2,511,558,000 NTD - 8 fj[Iiig /8 5 /= 328 357%  JT4EF A h
HEmPEEHEA - B R ALK 2R AR &2 25 (& > 2008 ) » NILEHCENEEEBRIEN I - 2
HEY - WEHEOEHMEZNEYNE - Frbl > 280k T 0B PP BEYCE A EENECAE 2 /b > B 5061
MR B E TSR 0 A ReERBINCR E O BE RN BUEE: - BN #E DR T ZVE ER R BER K
TN 2 B o T E AV HE CIE H B S 5 (Cynodon dactylon L. Pers.) 875 ~ 5715 (Medicago sativa L.) §7EE J
MR E (MBETRSE ) - BREZESERZSFEARARMCE > DIAEERZE /T - TEBN T Z0065 3 5 R A
(Digitaria decumbens Stent.) « Efgaz 5 BIEEGREE - REESRZINVIRE - NEGHAE - BENRE
EfEiZ AR - BN A RER R EEL E  H—BENINEEEEENSFEARE » 55—
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RIFEE N AL IRV ERMCE - B3 BN OB IRHE BRI o Bk IR (2021) BlERssE REnE
2% saia J7 2R swan B EERZ Y E BB S Y/ NER (Triticum aestivum L)) » W EX R ZLRMEY) DR R Ry &
T PR R 3 (2022) SEHRFEC 4 Al (F A EE X T 2 B R B R TAL - BORMT ST Rk B e AR s S Ry 8
AEETH = SRS I ATRE T 3 7 -

A EFIH SWOT ot Aa Al B N 9kt 2R Ay AR UM - Heth B il e 2 2 A 2 A R A (B B B 55 BT
B o WS B R B E SRR AR - DU B SRR R A s - K4 aahifa it e R R ESH
W& (22 6 ) - B R S E OB EENBEEANE  SOBEEF RN BN S & TE R - FHREENLERIE
WG ERHRN A E (BREER > 2021 ) o B AR AR g A E SR » B B AUE R SRR
o PRI AR g B A TS (EAG 2SS 2 12.57 NTD/kg ( FREES ) - LEAIHIEAYERETHY 10 NTD/kg ( ZH#
ANEEE) S 25.7% » KGR E ARSI ER R R AT 0 o SER 2SR T HAREE AR - A
RBUTHRA R RORIRR A RENE - EEENAR L EG D T H AV REZR (&2 - 2020 ) » R LEEEZE
PSR E - BREENEERNZEORRER KBS 5 REENEREME  RAETELIES
BoT KA E A E - Frll - BINEFAZREE AR KMEREE —NENEENE - (LERTE - M
MRZERERREMLE - HmBEER - BUME - EEEIAESE S 2SR o 280N BIPEHR R R
Rk o KIEHSINES R = A ERA - BT FEZENR - EHEERFMEIEEME - s [EEYEmiE @ &%
TIRE S [ BN BT B BB KRG

LRy BHLT - SRR EE R EAEEB IR TTSEESN » FHGA [ EiaEIRESN | 500 /Nt
FREER | FRUNHERSE - AR REE B Y NS mE LR E £ - A EBUR S il a1
SRR R S SR B FE 0 DU E (LI > TRl 7E §8 B FE S A R A St e 2R S S T DARRHE RIS R =
HItE B fEt -

ton Thousand NTD

300,000 A - 3,000,000
EJamount
250,000 - -a-value - 2,500,000
200,000 -~ - 2,000,000
150,000 - 1,500,000
100,000 ~ 1,000,000
50,000 F 500,000
0 -0

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

3. 2008 — 2019 FAYEIET R f e H ( BRER © MBEIRHE ) -
Fig 3. Forage import volumes and amounts from 2008 to 2019.
The data from the customs administration.
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6. BESRHRELE S SWOT 73t
Table 6. SWOT analysis of forage oat production in Taiwan

BB s SRR S 5 R e 2 A e TN s i R 8753582 SWOT 43477

B34 Advantage

2,84 Disadvantage

ARG TR L.

It is suitable for planting in winter.

B KVATL e

It is high yield per unit area.
BrEfEEERAR - BARGS

It is low production cost per unit area and beniticial.

AR BRI E IR S SRR RS

Cultivation mechanization is suitable for the current 4.

development trend of Taiwan agriculture.

- BUR BRSO

Policies supports the import substitution 5.

BRI - R

No unsalable and overstocking problems occur

domestically. 6.

CEEEEONER . BAEFET)

The price of domestic forage is lower than that of imported 7.

forage, which is competitive.

FZ B O ] 72
The hay quality is worse than that imported.

2. PRUIZ SR B A

Poor post-harvest modulation techniques is bad.

3. B KERHE - IR FEE

Lack of large-scale cultivated field increases the difficulty
of operation.

WEERE » SESFREME

Insufficient total yield is unable to stabilize supplyment for
throughout the year.

HARBITEEY) - miEEEEE D

Oat is a newer crop with few options on varieties in
Taiwan.

R R EE SR EY) 2 B2 A &

Acceptance to grow forage crops are poor for farmers.

PR SRR RN/ NR TS - OB RN » SRS [
FERA

The domestic forage industry is a minori market with small
economic scale, which is difficult to attract investment
from enterprises.

M ARIOEE B R S R S S

The upstream and downstream of industry chain for
producing forages has not yet been integrated.

BN A SRR E R B AR BRI E

SRR

The machinery for domestic forage production is too
insufficient to provide professional farming services like
rice.

& Opportunity

&7 Threat

PEFERS AR RKEAN  HHEIESEAE a8 - 1

FE IR A A 1 S

The huge increases in demand in China and other countries 2.

have led to the tightening of the international supplyment
of forages, increasing the difficulty of domestic import.

- BB SR o I PR P AR AR 3.

International forage prices are soaring, resulting in
increasing the production cost of domestic dairy farmers.
BRI Ry EEER 5 - NS IR IEE G H
The United States and Australia are the main supplying
countries, and the freight is expensive due to the long
distance.
CENEERE R BEBRRES  FHMESZY
280
The forage quality is susceptible under high humidity
circumstance during the long term transportation shipping.
- SRR BRSBTS [ B
S VER)
Sudden international events will affect cross-border
transportation and trigger the domestic out-of-stock crisis
temporarily.

HEOPEMEREHER

The quality of imported forage is stable and excellent.

PR EIR T e iR HEERs 2 P A RR

Sufficient supplyment of imported forage can provide dairy
farmers stably.

HOREABAL - PRt EREESHEM

The imported forage is normalized and standardized, which
is easy for dairy farmers to use.
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i SRV EE s AU AR SRR > B a i RS EEY) - SR E L TEELE - oI
Bk AR BN A EEE R - A EEE - SRMEYREAESES - GIEAT e - P A
A e G » ERERE HBORSCRHE R R BN 2 - KA B B R M R Y e SR 3 e -

ZEXR

TGHVE - 2017 - R KRG R TR B B LB B R 2 WIS - SR R0k EBF A 3 69 © 69-
95 -

TBIREEZE S - 2018 - ESEMETFH 107 F - (TBIREEZRGHITT -

PRIEHE ~ LRI - BEGE - 2013 - REELRENE 247 1 6-11 -

SHEER ~ HURHE - 2004 o FRIGEACERHFHAVASEA - ErRERRER 50 ¢ 8-12 -

ALHGER ~ GRS ~ AKED - 1985 o [REMSHEEE 2 7% - 2R EEELESIIEEER 10 © 96-100 -

MEEE ~ BT © 2017 < JE(LRFF 2 BB R A fn s 2R S SR 2 W 9% - FAERAST 50 ¢ 70-77 -

B ~ 2% - 2020 - EIEILEL IS SR AR A LR F 2 W 9% - B EERAST 53 244-252 -

B AP EE - https://www.naif.org.tw °

BN RS - https://portal.sw.nat.gov.tw ©

BRI - 2017 - SRl EFL 4.0 ZBE - BEHN 99 1 12-13

PREENZE ~ GRULER - 2021 - HRGEREPEHEVIE =28 SR 2 AR e 1 ISR (A= ek - SEIIE 54 ¢ 198-205 -

PPN ~ SRAERR - 2022 - AR gRHEYIE S R 2 A2 g 11 @ dm{ER 2 A 8 S B BT Ah - FEEWTFE 55 ¢
56-67 -

SFERHE ~ BREETE o 1984  FEHE/EREBIEY AT R < 9% - PhEE R RISt 2 © 1-11 -

M5 ~ RED ~ BSR4 - 1986 - EHUtEEEHIE K HBHERIE 21851 - 2 EEEG RS ER 12 1 11-18 -

R - R - B - 2012 o SEREEEEPHERIE AT - EREEEL RS ek 59  15-25

B&5 - 2008 - £IKEEMTEZ BRI KAKEE - BEERSEER 56 ¢ 80-98 -

FEIEE - 2018 < 107 4F " & (OBRIGAATatE , -
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Production of profit-basis forage crops — Sweet Sorghum and
Avena: III. Economic benefit evaluation and SWOT analysis

of regional rotation production modes ‘"

Po-Yu Chen ® and Shyh-Rong Chang ®®

Received: Jan. 21, 2022; Accepted: May 25, 2022

Abstract

The objective of this experiment was to evaluate the economic benefits of different crop rotation production modes
in various regions in Taiwan, and to analyze the management strategies of domestic forage production. These six forage
rotation production modes were proposed as follows: Fuxing Township of Changhua County, A. Paddy rice (Oryza sativa
L.)- sweet sorghum (Sorghum bicolor (L) Moench)- precocious oat (Avena strigosa Schreb.) and B. manure soybean (Glycine
max L.)- sweet sorghum- late maturing oat (Avena sativa L.); Yenshui District of Tainan City, C. sweet sorghum- manure
soybean- silage corn (Zea mays L.) and D. manure soybean- sweet sorghum- late maturing oat.; Luye Township of Taitung
County, E. manure soybean- rice- precocious oat and F. manure soybean- sweet sorghum- late maturing oat. After two years
of successful operation and investigation research, the results showed that the six crop rotation modes could indeed be
applied to various regions for implementation.In terms of the average output values, the highest value was paddy rice with
137,529 NTD (New Taiwan Dollars)/ha, followed by oat Swan with 87,033 NTD/ha, and then followed by sweet sorghum
with 76,909 NTD/ha, while oat Saia with 45,120 NTD/ha was the lowest output value among all crops. In terms of average
total income, sweet sorghum yielded the highest with 65,009 NTD/ha, followed by rice with 41,328 NTD/ha, and oat Swan
with 41,033 NTD/ha, indicating that the cultivation of sweet sorghum and oat Swan might be possible to increase revenue.
Except for Mode B (151,913 NTD/ha) in Fuxing Township, Changhua County, which had lower annual average total income
than that of Mode A (152,876 NTD/ha). All other regions adopting the crop rotation mode specializing in the production of
forage crops (Mode D and F) had higher annual averaged total income. It indicated that the economic benefits of forage crops
production were higher. On the other hand, the analysis of this report suggested that domestic forage oats had the economic
potential and market advantages. It was suggested that forage oats could be included into the forage production rotation

modes to produce forages, which might help improve the short age of domestic forage in winter.

Key words: Forage, Production, Economic, Benefits.
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(2) Forage Crops Division, COA-LRI, Tainan 71246, Taiwan, R. O. C.
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in ¥ Survenola (Digitaria x umfolozi Hall) & = 3 =78
sk ek 4

B@%Q 2)3)

Wb H s NTES H2 H s 2 HTFE 1L H9H

W B

Survenola (Digitaria x umfolozi Hall) FsfEEFECHYIE )@ Al - ZYyEOf8 Ny 6 (58 FLORSHUN 54 FHLIEE
SOETERYE - RibEEENIVTEESEERNANLE Y — o ARuF5E T2 L Survenola HYA R ERE Ay B HE
B IR G HASR SR AR J7E » BT R R B i BB AR A 2 BT < & Survenola HYARBEAEAEAS
EOHE%  ENRITEY 4 EFHEE 1.0 ~ 2.0 mg L' 2,4-D (2,4-dichlorophenoxyacetic acid) #1 0.0 ~ 0.1 ~ 0.5 -
1.0 ~ 2.0 ~ 4.0 mg L' BA (N6-benzyladenine) R [F] & & 4H & 22 MS (Murashige and Skoog) ¥ & £ » #£5f 2,4-D & BA
¥t Survenola i & 4H @S5 B3 AR £ R 2 288 - SBRGEREUR > BPEEININ 2,4-D & BA HARHIEIE & 4H
W R FRER B T RSUEREE o Hop 2.0 mg L 2,4-D @ A 4H AR BRI T AUESFHIE B 93.1% H
Z @ 1.0 mg L' 2,4-D 9 88.1% (P < 0.05) = 2,4-D £ BA R [F] [ 4H & 5% Vi S 4H B8 2R 0.5 mg L' NAA
(a-naphthaleneacetic acid) 5z 0.1 mg L' TDZ (N-phenyl-N'-1,2,3-thiadiazol-5-yl urea) FYfE#E 5 {LEE &AL » 2,4-D 1 BA
SHERE A R YR - IR 2 mg L 2,4-D B 1.0 mg L BA 5B & 4H4%A 60.0% oL stk » B
R EA R G (P < 0.05) o MBS 2 SHERTERAE - KFA BN Survenola & i A &% E AR IER 4Y)
FefittonBhie @ s R Z 9T -

RRgHER] - F55 ~ e eHeR - PR -

i

5 A254 (Digitaria decumbens Stent) Fy 1935 4F {3 4% B 2 K B2 (University of Florida) #fF 5% B % - 7> JE M
Transvala 57 WEE SRV [E AR - Digitaria B0 FH57RE I IRAVIEFF ABTE 5 (digitgrass) » decumbens &
Ry ER - TP H A EERAYAE L (stolon) » FIKE M &4 & - Hab ek 137 (P1299601) - ZythfgaH fy = &4 -
FeEReH 27 - HEELUE | 2%V (Schank er al., 1990a) - {TEPiREZ BT & ER BT EHIEEE#% > BEE
A254 Z R Ry ETEME TS A VIR B i & o SE[EE A254 READURMETE » fohkEAEEE R - i REEEN
s Rk > BEENESHEIEMAPEE -

bR T ES S B A YRl 2 JER A - 5[t 2 SR E HAY SRS © §5 5 Survenola (Digitaria X umfolozi
Hall) B2 [ 55 A254 [5] Bf5 5 & - 2 EE sk H N BV E TS5 — ([ ay 3408 8 5 BB AEAS anid - 514
SRHE s PL 421785 > 5 fERFEAS (D. setivalva x D. valida) 1) F1 1&7%5 - JL (0888 54 > R/ (88 > BE5 10 — 13 mm #5
HMEE@NER A EOFAEEE  RESHEREEEEY - FRESERMEINGEPTHEZH (Pangola stunt
virus, PSV) Z5514: (Schank er al., 1990b) « &z ER AT IRA 7T 1992 4F H 35BS [#EF5 5L Survenola 1% » 73 BIHSHTT
Sy PTEATCETE B B E S A TE (B > 1998 ) © Survenola A 527 K2 EMEAE IR - & & SN EEE A254 I B S HYE
ZAHREE (kg dw/kg N applied) ( B155 - 1996 ) Fe#e s 0 S 829 E LS (s > 2000 ) -

|

) fTEbE R EZ B BT Ie B 55 2723 5% -
Q) TR EZ B G & s T3 AT -
(3) #EN/EE > E-mail: emshy@mail.tlri.gov.tw °
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B E o BB AT Y PR A R AT SR AT BT BR A o A PR I Y B (R S EE 0 1987 ) B4 BE (K
1984 ) » IRAITE YA = 5 ) 55 20 [ 5 A24 B0 A254 i S AH SR AV TP iR PR A: - J 078 ] B S A e B
(% > 1993) B P4 20k (£55 > 1997) » W PUEEREEEER] EMS (ethyl-methanesulfonate) Ja i - 354 A254 )
HEIAEZE s T THR G5 A254 MBS an 2 AREE (1255 0 1999a) - HATCSEpdE R A254 SfERT R (S > 2007 )
ELA R R Rl (FE5E > 2008 ) » AETTHR IR A254 FLINEEIE 2 BRENTST (it > 2008 ) - FIFANRR G F R A 4
ZHGHHRSE S - HEFT HAREE S (Cynodon transvaalensis x Cynodon dactylon) AR R - HE{ TN 2 EEMT B 2R A E
AR ZP] (Lu et al., 2006; 2007) - FTERREEELZE - IF FEVHVESMIEZ - Abdelsalam ef al. (2021) Al
FIF R Sl S i iy 5= EVENHEEITH R (Saccarum officinarum) b Zai PEVEBENR - RRITEE RN it -

YRS B S EVRTE R LAVER - BIEERT - EREEIREEIE - Rl RaAE > Lk
RAFYEEEIECT RS - BiEBEREE e TE A ES (550 1992) - HATHR Survenola AREFEHE
AHBkEE R 2 WS I BAAN - IRIBEARHFSE 2T Survenola 7 4H4%E53 1574 » a7 1.0~ 2.0 mg L' 2,4-D £40.0 ~ 0.1 ~
0.5 1.0~2.0~4.0 mg L" BA RERAA S MS (Murashige and Skoog) HFE AL 375 M0 A 4R AR BIE R B2
s WIARKIE YIS B E AR B s E I S A R -

M A

L Bk
5. Survenola (Digitaria x umfolozi Hall) » BUE{TEN TR Z & & B PTHT 143 Frav A cslE - HARE i
—R BT -
IL R ERDH 5
B PR EE 2RI (@ BEBLEE — BEAV AR EEEESY 3 — 5 om > fERREIETE S BEEER N i R R ) 2455
Survenola > O EE =TI AL ERNER » B M5 - F B LEHEENARRIIERE > DL 70% EiEETHERES
EDNTE o PRERIEZE R R IERE  JEEELY 9.5 cm » BIETRINHELAIRS | cm £ > FlgR PRI 7 em {E
T i AR > 350 mL = 3K 0 1A 250 mL 0.5% 2% & % $ (Clorox”™, USA) K 0.4 mL 5[ & M4 7 Tween
20 - BN 15 o 0 DUEEFIZK 250 mL R 5 & 6 X HEFELIRERIEEEY) BN EEIARRHIT
FEITEIEH - BEE g E A - DI EE S 4HS TR -
L B AL B B R
LA MS (Murashige and Skoog, 1962) £% 2 K 75 Il 3% J&F % By B AN B2 8 B > IR 11 0.3% 7K & 7 3% (Gelrite,
Sigma®) » fERFEELEEE o R SePARIEERE pHE B 57 — 5.8 085 % 2 em EEAY 15 mL 5 » A
B 5 mL > DISATHARE 1% > DL 121°C K 102 kpa BR 7 > #ETTIE 15 4y o PR AR RTE IR E &1
BR AR 60°C - LA y U SRME AV E BRI ( HAK 90 mm 5 15 mm ) » S{EFFE LY 25 mL - {5555
BEAE R DIBBE OEEE - mEHSHEURERSE MV E U E IS T HIE -
Fir A e BR AV RSB R 1 BRI S A ARV SRR B A IEEh » HERsFEER b eI g » A= EE
SREH SENEE (B¢ ¥ FLAOD-EX/38) M ABE Y4 RIEE (fHYE ¥ FL-40SBR/38FIOW-LUX) Fy Y65 » S HE50 %
25 — 47 pmol m*s™ > 16 /NEFEIEHEHA » > 25 £ 1 CHUsH AR R A -
IV. FEE A0S B
R BRETEY) £ R AR AN 2,4-D K BA $#f Survenola 7 & 4H 4% 55 E BUE MR £ 2 228 o REE RV ARRGE
T BRI &6 — 7 om £ f/INEFE (spikelet) Z ATV ALE > & 1 om B O[T G E A 5 — 6 Z/NE
o oMU EBBEMAG - HiVHB B/ NMEEE SIS - R TRE NE L TE e MO LY
150 — 210 2% » REHGEHEEEREHE 1.0 20mg L' 24-D (85D ) £ 0-0.1-05~1.0-2.0~40mg L' BA
(L35 B) ERF4HE (2 x 6) HY MS 55385 » 735 LL DBy RoREEAEAGE - x By BRE > T 4 558
I > EHEEFE AT S FRBAERE - PABES MRS 3 1% D REE MRV ERENT/ NERREES Ry 125 —
211 (W 1) > FMEEFNMEERGHS Z FER - NnH 2R ERI RS HES B AR S HS
AR HE > G4/ NS EARE ALY 2 mm AU 0 (RS RS » R R R S AE SR NETER 2
BB ENEEIEUIREE -
V. RGN BRI R E
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#1.0-2.0mgL" 24D} 0.0 0.1 ~0.5-1.0 2.0 ~ 4.0 mg L BA 4H-&sREATHE 404  SREBER S5 0.5
mg L' NAA % 0.1 mg L' TDZ (] MS B85 - FPASRSEIEE 10 (R S404% » SEE A AN 2 mm - 5y
BWILHEEREIEIR - BREAH G 4 BHE - POURGE T HESR OB ML ' 48 > FAERGHS LR
TEAEMR AR o A HBERE R S EEE R 2 MS 8585 (12 MS) #ETH1R » & 48
FHE MRV RERE

% 1. 24-D 51 BA 5352 Survenola AREIATEREAY/ N CRIV o & 418 2

Table 1. Effects of 2,4-D and BA on the percentage of callus induction from spikelet of immature inflorescence of Survenola

Callus induction medium

Total number of spikelet Total number of callus induction Percentage of callus induction

2.4-D BA (%)
(mg L")

1.0 0.0 213 191 89.7°
1.0 0.1 176 168 95.5°
1.0 0.5 189 179 947"
1.0 1.0 128 103 80.5°
1.0 2.0 211 176 83.4°
1.0 4.0 205 174 84.9"
2.0 0.0 166 149 89.8"
2.0 0.1 125 121 96.8"
2.0 0.5 145 135 93.1"
2.0 1.0 130 121 93.1"
2.0 2.0 199 186 93.5%
2.0 4.0 145 134 92.4®
main effect (2,4-D)

1.0 88.1°

2.0 93.1°

main effect (BA)

0.0 89.8"

0.1 96.2°

0.5 93.9°

1.0 86.8"

2.0 88.5"

4.0 88.7°

Significance
2,4-D **
BA !
2,4-D x BA ns

“*¢ Means in the same column with different superscripts differ (P < 0.05).
" Significant at P < 0.05;  Significant at P < 0.01; ns: non-significant.

VL 4515747

e & 4 AR E EAIF SAS Siat 7 i 248 1Y — M 4 145 20 (general liner model) #1718 [R5 7 7347 < DA
F-test Aol =X MEEAT B e 2 S - B MR - DR/ N A2 5274 (least significant difference test,
LSD) bt & g B 4H 39 {E 2 2 I VE (SAS, 2017) « 554b » TR e 40 4% o7 b BAE PR S AR el Hh 41T 2,4-D B
BA 4HEPRIE T 34T > TAE AT EE SR B (S T I E 2 A R ELLEL - DA P < 0.05 R

TKAE

R

RS Y A B EENT] 2,4-D R AHHE Sy 212 BA % Survenola 55 & 4H 4% 55 1 B i MR 4=

T o REARBEIERE

MR HENEHE 1.0-20mg L' 24D} 0+ 0.1+05+ 1.0~2.0 4.0 mg L' BA R[EEELHE > MS EEE -
BEANGRERNTRET > UEE/NMOEARESE S > ETRSHSEERITHE - B 1 VSRS > 24D HY
FRFEEMRERE KA - BA I EXRUERRE > 2,4-D 81 BA KRB - L8008 D, i P oA 8RR fy 93.1% &
&= D, ) 88.1% » FoRAFIREN BA JE P94 D, (RIS D, (R - BA (VERERE - ForbUFE—
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JEIE BA 11 D, 81D, fYFEH{EIN 5 » BAREBEZELEROHEBTE SR - DL BA,, FHE 96.2% HFE =1 BAHY
89.8% > BAs HIPHIEEEAINEE 93.9% =it Hfth BA, ~ BAy & BA, FYFIIME - 3 | AUEEREUR - SFE R aHS
HITE AR NI/ P 2/ BA,, B¢ BA, s DU ERGAHAVEEE - BARERS 2 1.0 ~ 2.0 5 4.0 MR S4HERAYER
M BA AV EXEIN REE A T (Nelumbo nucifera) 22 4H 4% 523 (Xianbao et al., 2020) o LLEE 5% (Dianthus
caryophyllus) {773 fs 551688 - 700 2.0 mg L 2,4-D 81 0.2 mg L BA i MS 5L » AR 80% i & A1 ARIE R A%
FE (somatic embryos) 27 45 (Almemary et.al., 2020) - #%[E[EL A254 JR{EHEF] 2.0 mg L™ 2,4-D 81 0.5 mg L' BA s 4
BRI R AR B A S22 F 2 2,4-D B BA JEFEMIT > 2R 2 mg L' 2,4-D AR RSN BA K
FTIEFIFAFEE Survenola & 4HARAVEE L -

HE— TR N FEIE Y4 RFHETER S 2 oS R EER L2 28 77k 2,4-D K BA S5 E ARG
& > AU 2 mm B A (A E A BBk B A A 44 0 B ER0.5 mg L' NAA K 0.1 mg L' TDZ AYE Ik
AL EE:  EITOLIREE 4 8 - FEEMREAER - B 2GRS HA - DB, B AR 60% » IR DB,
HITEMRFFAE R 51.1% © 2,4-D Jz BA By ERUESIAT RUE & A B » FRon A RS B A R R EEE S0V & 4k -
R EERN B EEE R - BEEERERANER  FER 28R FRERCEY 12 1y MS B RE
73R >t 3 UAERASH > bR DB, WYEEIR% Fy 83.3% RSP > HEk D,B,; ~ D,B, ~ D,B, &z D,B, 13 & Ky
100% -

2. 2,4-D K BA GEEREGLHEES Survenola TEMRE AR Z 28
Table 2. Effects of callus induced with different 2,4-D and BA concentrations on percentage of plant regeneration of
Survenola

Callus induction me-dium  Plant regeneration medium Total number of callus culture Percentage of plant regeneration

2,4-D BA NAA TDZ (No.) (%)
(mg L") (mg L")
1.0 0.1 0.5 0.1 45 46.7%
1.0 0.5 0.5 0.1 45 31.1°¢
1.0 1.0 0.5 0.1 45 37.8"
1.0 2.0 0.5 0.1 45 51.1%®
1.0 4.0 0.5 0.1 45 40.0%
2.0 0.1 0.5 0.1 45 31.1°¢
2.0 0.5 0.5 0.1 45 422"
2.0 1.0 0.5 0.1 45 60.0°
2.0 2.0 0.5 0.1 45 422"
2.0 4.0 0.5 0.1 45 444"

"¢ Means in the same column with different superscripts differ (P < 0.05).

22 3. 2,4-D Bl BA 38 7 S 4H8 T Survenola it ESIEBREEIER 7 5228
Table 3. Effect of callus induced with 2,4-D and BA on root formation rate of Survenola

Callus induction me-dium  Plant regeneration medium  Total number of callus culture Root formation rate
2.4-D BA NAA TDZ (No.) (%)
(mg L") (mg L")
1 0.1 0.5 0.1 8 100.0°
1 0.5 0.5 0.1 8 100.0°
1 1.0 0.5 0.1 7 85.7°
1 2.0 0.5 0.1 10 90.0°
1 4.0 0.5 0.1 7 100.0°
2 0.1 0.5 0.1 6 83.3"
2 0.5 0.5 0.1 9 100.0°
2 1.0 0.5 0.1 27 100.0°
2 2.0 0.5 0.1 8 100.0°
2 4.0 0.5 0.1 7 100.0°

" Means in the same column with different superscripts differ (P < 0.05).
Root formation medium was 1/2 salt concentration of MS medium.
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Survenola R ERE B G AU S BME MR RV NRIIRRAE 1 - RGFEREE & DB, 88 A - fmadl

GRPREAIE 1A FiSRATT « R S4HARE 2 0.5 mg L' NAA J 0.1 mg L TDZ 53{LHFE - FEHEMRAYE £ A1E 1B i

o HEESHESE ARG EREN > KRGS E 4 BEATRER L Bit EEEER A RIER -
RIS E 1/2 MS BB ALEr TSR - HAEPRAURRAIE 1C For @ IRAIFFEE - AN 2 HEZREE - HiE
IRONERIRELNIE 1D For > HEMRINEIRH it s —80 WimR i bREL -

= 1.

Fig. 1.

#7525 Survenola ARECHEFEIE R & 4H Ak RAR IR A2 2 SR AURE -
A. Survenola RV EFEFEESE L 2.0 mg L' 2,4-D and 1.0 mg L' BA iy MS E28 5L » 5258 3 818 2 Y EAIAE -

AieRTTE oy B R AR S 4 -

B. & AHAR 2= AR 0.5 mg L NAA and 0.1 mg L' TDZ #Y MS S EESEEL » 5255 4 1% 2 INEAURE - 57
SRFTE Rl S AR A b Rdk it _EETAE IR (Shoot) -

C. #th EEFFEPREY 1/2 MS BR ks - 8548 3 1R ZHNMRAIRE » HARZINRAIRE R -

D. sVEE BB AN B T 24 fiE 1 [{HR - BN —S R -

The morphology of callus induction from immature inflorescences and plant regeneration of Survenola.

A. The morphology of callus induction from immature inflorescences of Survenola cultured on MS basal medium
supplemented with 2.0 mg L™ 2,4-D and 1.0 mg L' BA after 3 weeks. Arrow indicated the white and compact callus.

B. The morphology of plant regeneration on MS medium supplemented with 0.5 mg L' NAA and 0.1 mg L' TDZ.
Arrow indicated the green shoots regeneration from callus after 4 weeks.

C. The morphology of plantlet's roots was abundant when green shoots cultured on 1/2 MS medium for rooting after
3 weeks.

D. The morphology of plantlets was uniform and grew vigorously after transplanting to pot after 1 month.
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FRISARIETSE A254 SRHGATCHIRFRAVAER (1 » 2008) » L 2.0 mg L' 2.4-D 820.5 mg L' BA K4 (D;B, ) 5%
AT Eir 95.0% Y 414 R 1 (R ARHIIEIRAE » 96.7% 192 CoRRIRBE AT A5 (LT A2 By Bt - AR
55 A254 SR PREIERR B (O (0 BRI £ SRR MR AR ELR R (05 2007 ) - ARSI BT (1987) DA
[E5 A254 ZERTREE © TRAEE R ATV - UIRYIF SR TR SR
(0 1 EL B HY + t LS RSB A+ SRS O SR T A R IR L
FRFZE AR - Chaudhury and Qu (2000) S A5 H » ERUREL Tifgreen SYREHIAR LR » 00 1 mg L
2,4-D TGRS TR MR S 1 ILRRR S GRS TARHPRRIZEAE S - —EURA 0.01 mg L BA - A
EIVA A CE R IRRIRAIRE AL, - £ 24.2% HONEEAIAR ELHBRRIAEAE 1) - R ZRIIE Y SRBA RIE 51 & 41
YRIRE » DRI 410 (b BRI AE 5 60% (%2 ) ISR RIS A254 HORABRTAER (96.7%) (JE » 2008 ) « PRI -
£ Survenola SIARRF BT + MR TTHRIE ] (R HA & AT TRV E » P BT R R I bR e

5 -

W A
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Callus induction and plant regeneration from the immature
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Abstract

Survenola (Digitaria x umfolozi Hall) is a hexaploid interspecific hybrid grass species with 6x = 54 chromosomes.
Mainly vegetative propagated by stolons, Survenola is one of the varieties released from Florida's tropical grass breeding
program. In this study, a tissue cultured method for callus induction and plant regeneration from the immature inflorescences
of Survenola was established for variety preservation and mass production. In order to investigate the effects of 2,4-D and
BA on the induction rate of Survenola callus and the rate of plant regeneration, the immature inflorescences of Survenola
were properly sterilized and cultured with MS (Murashige and Skoog) medium and combined with different concentrations
of plant growth regulators 1.0, 2.0 mg L™ 2,4-D (2,4-dichlorophenoxyacetic acid) and 0.0, 0.1, 0.5, 1.0, 2.0, 4.0 mg L' BA
(N6-benzyladenine). The experimental results showed that the main effect of medium supplementation with 2,4-D and BA
on the induction rate of callus of immature inflorescences was significant, but the effect of interaction was not significant. In
particular, the average figure of the main effect for 2.0 mg L™ 2,4-D callus induction rate was 93.1%, which was significantly
higher than 88.1% with 1.0 mg L 2,4-D. The effects of 2,4-D and BA showed no significant effect on plant regeneration
from the results of the callus induced by 2,4-D and BA were cultured on medium with 0.5 mg L™ NAA (a-naphthaleneacetic
acid) and 0.1 mg L' TDZ (N-phenyl-N'-1,2,3- thiadiazol-5-yl urea). There were 60% of callus induced with 2 mg L™ 2,4-D
and 1.0 mg L' BA that could be regenerated into plantlet, which was significantly higher than the combination of other
treatments. The tissue culture process established according to this experiment will help the mass propagation of Survenola

seedlings and the research on the improvement of forage varieties using biotechnology in the future.

Key words: Digitgrass, Callus, Plant regeneration.
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Wb H s 11 ES B 31 H 5 20 HTFE 11 5 10H

W B

AWFRLUREBE &S =~ /N » £ + /UJE (Napiergrass Taishiu cv. No. 3 ~ 6 ~ 7 ~ 8) {E RyalBatf el » 2 a#ERg 2
M=ENEITER - S\5E 2 BRI EKHE 2 ) RS 2 FEEKHE | X BEHCE LA RIS R
ik o SERGE RN TAREIRRE HEHEE - R REEENEEE - REE = - - /G2 EHAE
SPAD {H (Soil-Plant Analysis Development value) #H3 R EHIRAH > EAFE B2 REITH » FTA il 2 A B3 =
EIRAE o KA K EEY & & RN &8I AATA SRR R R 2 R A S AR - M7
A REEGHEE SRR 5 & B SN B IRAE o & LatSE 4= s fe R Sl 25 A R UEARE I i - HAER
UK SPAD (B K B R E 2 e Bl E B 2 R GRS - HAEBGESE KR 0.7 BSEiER - Kt SPAD H K
BRE 2 RERHEGTE RhEm R REE 2 21 -

RESHER  REE - IR0 - A - BRUEY -

i

EIRREEB MG RIERERE - TRENREHNEAEZ WE MERSANFIFE - S5
WEABINREERE - AAMATET B TIEZAT > BRI R 1 2 s ETERE - A ANE R EIEY) 2 SPAD (B
(Soil-Plant Analysis Development value) ~ EfFHE 2% ~ /KatE/K(ILEVEE - B e 2T 5o &8
FAMIEE o sedEMERHE MR ST - B AR« PR A T A 2 — (3% 0 2007; Karimi et al., 2018 ) -
—f%I = > Y2 SPAD HlS# el R AT 2 AR « TEIEFE ERARIT » /INE (Triticum aestivum L.) 2
SPAD {HRIZJTE 41 2 48 7 fi§] (Barutgular ef al., 2016) > MYE (Coffea canephora Pierre) 2 SPAD {HAMERY 40 DL RIf#E
A EEt e EFHEBAGZ18 (Netto er al., 2005)  #EEEHTRER SPAD {E 2 HEAM 7 E I Atk = - HEBURER[HE
JBHISEEEE (Pennisetum glaucum) »  SPAD {475y 43.94 (Keshavars er al., 2012) - EfFE 2R I5H » R [EH SPAD
B BERBEERT NEAETTRE © 7B (Brassica oleracea var. alboglabra) 2 B E 2 IRREIIE 1% £ 12% 2
M BAEE RS NS 2 REIN (285 » 2019 ) 5 FAE3E (Brassica oleracea L. var italica) 1% 28/25°C F B34
N2 EMEZIRELL 17% 2 22% 2 (B > 2013 ) - IEEARARNT T » BETE (Medicago sativa L.) 2 BfREZRE
HIIZZ AR =5 10% (Wassie ef al., 2019) o

IHEEE (Pennisetum purpureum Schum.) Syl N &4 EEERLHEYI 2 — » BRIHTBEIGEEZ B g & ER
Frddt R eE R —2/ 0%/ EifE - 6585 = - NIEAERHIRER - ZELWELI 40 £ 95 N5 HELILS 2
P e x SFa s EYHESEN® - 655 /Ui PEEIRER » BELMREEY 120 £ 170 A7) » i m
IR R SERNESENR - AR R I (2255 > 2018 5 £ > 2018 5 S555 » 2019 ) - EEITFREE TBESE
RARIEZE - i SR AR R 2 MR - B RESET YR B s A A ST 0 sESE B R
7 BRCGRERFA - BEBANE R ZIRE R L R R ARBEMRER » A e TRz /) M
BRI TR -
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M A

L aBairiet e

BHELURRESEE= ~ 7~ ~ - /\JE (Napiergrass Taishiu cv. No. 3~ 6~ 7~ 8 NPcv.TS3 ~ 6 ~ 7 ~ 8) FitEn
MAfe o R S FEER 3 EEAR 0 BRAT 40 x 40 x 35 em® 2 RS 0 BREL— ST 2 AR o SUERADRIA 2021 4 6
A 17 HiEtE - R EERR S ACEMHE - A/ MBS Z IR EMRIEE Z RN - HAR S Ak - N
2021 4E 8 H 17 H P LIEN « BBt icis 2 ok 2 =N - B EETEREENIETE F4 2 B fnsE
FREE o pREHART Y 2021 45 8 H 30 HZE 2021 4F 10 A 8 H » #2 R RHEAE 2 BT LUBKHE | X - SRHEL 3 A
FzKE - HIRLHRIEE 2 R BIREKEN B 3 A7 o slippE B et 3 (B - 484k 6 H » sEaPEyIER
SEA %S ST (completely randomized design, CRD) -
I RE R EARE &

(i) EZELLAKS (plant height of leaf tip, PHL) : & 1 REELLMkS - FEME 3 B - HLEHEHE 6 (EEK -

(i) fFEFE R (fresh yield, FY) @ 72 2021 £ 10 H 8 H » 55 6 #EaABREIR4E 1% 2 & H T LAEN] - WHETEE3FE
HitEEaMEESE -

(i) HZEEFEE (dry matter yield, DY) : SC#E5SEffEE B REEa R DL 65 Cltiz BN E » B HIZEESR -

(v) SYEEEY (Tiller) : NHAETLARA 1 H » BHEEGE 2 TEEH -

L. A= 35 H Bt 0%

(i) SPAD {H (soil-plant analysis development value, SPAD value) : PAEE4%EZET (SPAD 502 Plus, Konica Minolta Inc.,
Japan) $EMREE | EETIENIRE M 2 SPAD (IS » MIE A BEER ot BE T i K2 pRall H BB R o Aol
B3 GENE 1R ENE 1 X EEHIE 6 (EHEK -

(i) EfRFEZRHH (electrolyte leakage rate, EL) : B E 2R 2 MHIE 17 7E Kt E AN S FHE (2017) K&JE (2018)
ZJ7E B S R PR BGAERR (B 0.6 cm ) » DIEBEF/K#EE ABELENMA 15
mL 2 &i7K o BHEEALL 100 rpm ZE & 3 /NS > 18 DLEE Z E (SC-2300, Suntex Instruments Co. Ltd., Taiwan)
EIATEEE (Initial electrical conductivity, EC,) » HEE B EEARE A 95 — 100°C Z KA 30 4788 DL AR
it > REHEL[EI1E 2 2R (%O E i KEE B (Maximum electrical conductivity, EC,) « BEfFE 2RHFR 75T HE AR
EC (%) = (EC,/ EC)) x 100% - &F & 1 2 » HE1HHIE 6 {EHEK -

(i) 7K7AMERR/KILEY) (Water soluble carbohydrate, WSC) * K HI & 5ERZ B & AE RS IR AERE T B4 - Z1%
IIAZEEHZK A 100°C E {2 2 AN E & 4 100 ml » 12 HUEE ZLHURHRET Paleg (1959) Z ELEVEMIE » Dok
J:#5 (Spectrophotometer, U-2900, Hitachi, Japan) 5% 7 87 £ 560 nm ¥ AME T A MER A LS 22 2 M)
iri o

(iv) Wiy (Starch) : DL Yoshida er al. (1976) 2 J77A#EITRERL » Seiff HI S e Rz B e & 2 TH AS BE AR B RR B R AE UK
WA Z BRI 2 1% DR g SRR ENIE 560 nm 2 BHOBERIIEEAR 2 Bl & & -

(v) BEVICE (#FEET - $5EET K~ Ca' ) ¢ RHIESE 2 S B 2 RS RE AE I 1% DU FIR OGS 3 (Atomic
Absorption Spectrophotometer, Z-8230, Hitachi, Japan) #Ef TR AT f $5 2 & 2 HIE -

IV. &Etsrin
ERILL SPSS #AG (2011) T4 34T - B SCH#ETT Shapiro-Wilk HREMERE » BRI EHIG T & HREMEE M
WILEEA T 12 %E (Independent sample t test) LEEZH SR » REEFISA TG BRMEHE AIEH 2 ERE U € (Mann-
Whitney U test) EEHZH =52 o HEA M3 #r UEZ B ARAE 722 1HRH 7341 (Pearson Correlation) #£{72

RN B
L EEMERER
x 1 BESEMWIRAEEZER > Hitka RiZRRESE 6 HilE 2 &R - WEREVREEGEFEA /U
IR 2 RE R R IR > MIRREEEE = « Uy I e MR IR - EHERRERER
& - BFEERTTH - FrA IR E 2 m A S RN HIRH - WEAERTTH - FrAaEIREE 2 R
R - kR TR E G TR/ SN erinfE 2R 2 REE - pREARR TMREEa s/ 5t
B = (SRR R PR A B B (A TR -
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# 1. R ESEIRE R A RN Z s 8
Table 1. The effect of drought on the growth of the different napiergrass varieties

Variety Treatment PHL’ FY DY Tiller
cm kg/pot/cut kg/pot/cut number/pot
Control 82.31£9.1% 0.63 £ 0.06° 0.12£0.01° 80.0 £ 16.6"
NP cv. TS 3! , , ,
Drought 69.0+7.7" 0.15%0.03 0.06 £0.01 26.7t5.5
Control 77.0+6.9° 0.76 £ 0.06" 0.131£0.01° 127.0 £18.3°
NPcv. TS 6 . . . N
Drought 5241112 0.0910.04 0.04£0.01 41.3£29.7
Control 97.3%t12.1° 0.66 £ 0.08" 0.13£0.03" 62.3+12.0°
NPcv. TS 7 . . .
Drought 73.6+16.9" 0.131£0.03 0.06£0.01 30.7+10.6
Control 121.0 £ 10.1° 0.88+£0.01° 0.14£0.01° 43.0f12.1°
NPcv. TS 8 ) . ) )
Drought 91.4%11.0 0.16 £ 0.05 0.06£0.01° 26.0 £ 14.5°

"NPcv. TS 3, 6, 7, 8: Napiergrass Taishiu c¢v. No. 3, 6, 7, and 8.

* PHL: plant height of leaf tip; FY: fresh yield; DY: dry matter yield.

* Mean £ SD.

“® Means within the same variety in the same column with different superscripts differ significantly (P < 0.05).

IL.

SPAD {8

AELFEIREHE > SPAD HAERERNF 2> K 6 HalgbE 2 4~ 6 BLERZFHHE - REEEEE
=~ J\BRZ R4 SPAD {HEE RN BIRAE > AItHIMMEE =2 - SPAD ([HEFIFHEG RN EMEKER
ZEREFERE > FEDEHASEAERRR - RILEEE (F R e S TEY) M 48 /1 2 #5422 (Barutgular et al., 2016) - ##FHf
F¢ 8 #1 ¥} Luohan7 K Xinong979 7 Wi fnfdl/ N T THZ R IR ¥ SPAD B &M » HAEFEURTZ FEHE 30 KI1L[
fnfE > SPAD B &5 % o 1 A if 5 Xinong979 fLf 2 SPAD {i ELfif 5 Luohan7 4 > SPAD {8 A& (Hou ef al.,
2018) - Keshavars ez al. (2012) $1 2R EE (Pear millet) 7+ 4 fE R /K EE M T 21T SPAD {HEM > 8 40% K
60% JERE/KE T 2 SPAD {HEZ N 80% Jz 100% » BURfE K SPAD {HATRZ 25 T & (X o Kumar er al.
(2012) $+¥/NFE. (Lentil) Z i 2 MEFZE /R EE P SPAD (HEVNFE 2R & ~ iREFZE - MRS M 8 o6 T8
EHHE FAER > Rk SPAD fHAE B/ N EAEMT R T Z BRI E o v Rt R EEAE - TR
o JREE =~ & /\5E 2 SPAD (EERZ R RE T A BEE T » B SPAD B2, R EMART T
FFEmEURRZ 455 -

F# 2. LREHAEEIRERE SPAD [HELERE SRR R
Table 2. The effects of drought on SPAD values and electrolyte leakages of different napiergrass varieties

Variety Treatment SPAD value® EL
%
] Control 47.7+5.4" 164150
NPcv. TS 3 b
Drought 40264 47.1+154"
Control 473+3.2° 149+3.8°
NPcv. TS 6
Drought 42.1 £8.7° 45.8 +23.3%
Control 47.6+4.2° 19.7+4.3°
NPcv. TS 7 b ,
Drought 35.8+£5.7 51.7t14.3°
Control 48.612.8" 213157
NP cv. TS 8 b
Drought 38916.6 548+ 11.1°

" As shown in Table 1.

* SPAD value: Soil-Plant Analysis Development value; EL: electrolyte leakage.

* Mean % SD.

" Means within the same variety in the same column with different superscripts differ significantly (P < 0.05).
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1L EEZRR
*2 23 6 HEHRBEMTEE 2 - 4~ 6 HERZPIYE - FrAmEIREE ZEME2RR G UG EEBE S0

HHHE4H - FEYITE 2SS (85 > 2017 5 Wassie ef al., 2019 ) ~ {&JE (B2 » 2018 ; Dong et al., 2013 ) Jr 7 5%
MR T EREZREGH EAEE o i REREYISERNGE Y — 0 REATEEESERAEE - 15
HHAE R AT 2 a1 G 0 (Blokhina er al., 2003) » BENEEF S/ Ny TPYEREINS - BEGHREAEZREL - Rt
ol E 2R TGS » PIRHEEYIAIRE 2 2GRS - HEME Ryt 44512 — (Masoumi ef al., 2010) -
Masoumi ez al. (2010) $+¥F R ([ £ REAY 2 VDK ERBHCE (Kochic scoparia) Z V5T » BHZ R T 2 BFE 2R
REECHIRMEIN T 50% - $HEESFBICE (Festuca arundinacea) Z WHFEINEREEHZF IR R IE & HAR
MR 2R EARIE T (Huang and Fry, 1998) - 5155 (2005) Z W7EHTR S fEE AR AR YR EZ 5l % B
B S REARTGIN - B RS 2 YIRS IR S8R » FERZ R SR 2 T » 14 (oK mfd 2 B E 2R3 il
Hitd 24 2B SR > HREMER 2 TORMEERE2RE DR/ > i 20552 aER] AR > Hit
EE SRR E R R IOR RN M2 s HEHEIE ( 855 > 2007 ) « RIFFEZ 455 B8 K SURERT - BIfERZ R 2
BIRET - BREZREARTM -
IV. 7K MR AR L&Y BBty
23 BRAFERBREE T - AEmEIRERE Z KSR AK(EEY) - Bl DU EERN 28 - KA
MK EEEEZHy - Sl R R AR A RN E A EE  AMEER S RERERY -
B a2 AN AEEER - KEtERK(LEaataiE - 50 - RS ENK 2B - &
HEYARFNTEERE > fREEARTE 228 > HItE a2 E EESE 2 R E IEMHR (Hou et al, 2018) -
KB LGV TAFREY 2 &8N0 - BINAE REE N2 EFEYE - (YA EslKiFsefzE
R BR > 4EFr IEH AU (B > 2018; Karimi er al, 2018 ) - (RIILAE IR 2 N EEYIRE4ER =2 B 2O R KIE &
V) > R HEAE RAVMTEAE ST - Keyvan (2010) 45 T/NERIEA A RIFH R R - BB ERFI 7K
2 AL o Rz SR AW EA R - AR AK(LEYE B S B EEN - Karimi ef al.(2018) 1%
(&l A 2 & (Olea europaea L.) Ei7K 30 RigHHEH KA K LAY & E - FFATALESEE B - KM
i/ L EYEMER 2 TRESE N » HHEH HEsm R BN EY) A& RIEH - PDATEBESREOSFE - AR Ry
TR L EYEE S 2 KRS - RIS HERA( SR LLRRE (3% > 2007; Karimi e al., 2018 ) < 241
WIERT A EYfE R 2 N K b Eara 28 e EF - R ZEE (Raphanus. sativus L. var. oleiformis Pers.)
EEDRHEZ T N EafE 2 KA K LG Y2 2R BE TR (B 0 2015 ) » REVNERY S 2 EK R
R % KA K(LEYI & B8R EE EAINVERE TE (Hou et al., 2018) » AEMERRKALEGYIRLD » HEEE
» TIRE R AR BT - FERE SRS ~ RENERENL & RORR R Ll S5 I QAR R B 22 2 VE MR AT 8 2 (B -
2015) o FEARWFEF - IREFE Z A/ ER/KILEY & 8 B RN E RS - AMEERAETHEREY
AR K LB Y& B e et IRE R 2 i R E T RE RS BURL - B AE TR R s —TERE BT EIP
= R N KE DR A Y R AT TR AVAE &2 Sk - PRIt & 08 & k) (Karimi er al., 2018; Dien et al.,
2019) « fEARWIFEH » BT idEpE A 2 Bl & B S B IR M E A R - R 2N ESEMIRRER L
it S PR R FE AT
V. § -~ $HEET
AEMEIREREEK R SRR 1% i ST 2298 LA #s  BHP A REREEER =
SRR ERAH 7 5T R S IR (R 3) « BT /KB MERKILEYI 21 - SRS R E IR N 2088
FETYIE o LA FHHE RAVRAREE A #1085 - SIEEEYANE 2 ETEET - Ko EE - AR R LE
J& - SR Yt KA RSR LR BA T 8 & 1E I ZHI5 (Karimi et al., 2018) o $5{FHZ S 205 N 1378 2 F4 6 Ry i e
T RS R A E )T HORRAPARSL » BV ZERUER IR EEY 4RSS - B4R E RS B M TN R 51
He S NHYDHRE 2 — » REEFEME YRR Z K5 (B55E - 2019 ; Patakas ef al., 2002 ) - [h4) » $5EEAEN A
FEE L ALES (superoxide dismutase, SOD) <5 (R&Ef =~ JEYE » FELUNGDEMEEWE Z E A (T REE > 2001 ) < Fit
ST > AN 2 BT & BfE - LIS (Olea europaea L.) {EFELEET/Ki% - §9 K §5& & BHAT LT
(Karimi ef al., 2018) » #j%j (Grapevines; Vitis vinifera L, cv. Savatiano) 7E48FF 10 KE/KEH% » BH 2 8555
S SN IR (Patakas er al., 2002) o FEARBFFTH » BEZREASEIZ 2RI RS EEAM » HRZH
REFEEZRZEE - N EE KI5 e 2 RENEATE MR PR e -
VL FHRE M
BHRFEE 2 A= FFE A B & A 2 2 M IR VR AR 1 704 SPAD B K B2 TRAREHRAEE 2~ 4~ 6 AR
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PEEEE (£ 4) o Eha] A SPAD B KEME 2R & )| Sl A B 2 IR BEANRE - AR AREUY I Ky 0.824
K2 -0.892 > [ = AR (r KBY 0.7) - ACEMEER KL EY) & 8 R 37 & 80y i Sl S E 8 /R 2 3 BE AR > AHR
4B 1 B 0.448 F -0.486 » 8 T EHHRE (r /M2 0.3 — 0.5) » BFEHjE & 7 4% LM S s & 2 45 AL - 5] Bl
SPAD fE K B E 2R 2 = SR - HEAAREI IRy 0.737 K -0.837 5 BUKEMBOK L&Y 2 BTG ER
B EEARRE - MBI AR B Ry 0.540 K2 -0.609 - PRS2 &R A S5 &8 S RBTE R - MBI GRE -0.727 - 41
B2 8L SPAD {H K ERARE 2R S BEAARE - HEIREUT AR 0.575 K -0.690

*® 3. RHAFELEREEEER K EEY) By KT FHEER 2B E
Table 3. The effects of drought on the contents of water soluble carbohydrate, starch, and inorganic ions of different
napiergrass varieties

Variety Treatment WSC’ Starch K" Ca™
%
| Control 1.80 £ 0.99% 481+1.16 4.8510.66 0.36+0.01°

NPcv. TS 3 ) .

Drought 1.30 £ 0.45° 4.04 +0.23° 5.321£0.40" 0.39+0.01°

Control 2.71+0.74 4.03 £ 0.40° 5.58£0.13" 0.45%0.01°
NPcv. TS 6

Drought 1.77 £ 0.92° 4.2610.82° 5.9310.88" 0.50 £0.08°

Control 2.16+1.41° 5.78 £2.65° 4.19+0.81° 0.37 £0.04°
NPcv. TS 7

Drought 1.58 £0.24° 5.49£0.30° 5321041° 044 *0.11°

Control 3.21£2.00° 4.75+1.50° 4.4610.92° 0.31£0.05°
NPcv. TS 8 ) .

Drought 1.99 £0.72° 3.741t0.61° 5.82 £ 1.00" 0.31%+0.01°

" As shown in Table 1.

> WSC: water soluble carbohydrate.

* Mean £ SD.

“® Means within the same variety in the same column with different superscripts differ significantly (P < 0.05).

* 4. REREREMIRE A AR AT

Table 4. Correlation analysis between agronomic characters and physiological values of different napiergrass varieties

PHL’ FY DY Tiller

Physiological ~ Pearson's  Significant Pearson's  Significant Pearson's  Significant  Pearson's  Significant
value r test r test r test r test
SPAD value' 0.311 0.139 0.824° <0.001 0.737° <0.001 0.575° 0.003
EL -0.279 0.187 -0.892° <0.001 -0.837" <0.001 -0.690" <0.001
WSC 0.261 0.217 0.448" 0.028 0.540" 0.006 0.377 0.070
Starch 0.005 0.982 0.091 0.673 0.216 0.310 -0.011 0.958
K" -0.385 0.064 -0.486" 0.016 -0.609" 0.002 -0.123 0.568
Ca™ -0.727 <0.001 -0.291 0.167 -0.340 0.104 0.175 0.415

' SPAD value: Soil-Plant Analysis Development value; EL: electrolyte leakage; WSC: water soluble carbohydrate.
* PHL: plant height of leaf tip; FY: fresh yield; DY: dry matter yield.
" Means P < 0.05.

A
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Abstract

In this study, Napiergrass Taishiu cv. No. 3, 6, 7, 8 (NP cv. TS 3, 6, 7, 8) were cultivated in the pot with different water
condition under shading-nets to determine the agronomic traits and physiological values. In the trial, the control treatment
was irrigated twice a week, and the drought treatment groups were irrigated once every two weeks, in simulation of the
drought adversaries during the growth period of grass. The results showed that the fresh biomass yields of all napiergrass
varieties were significantly lower in the drought groups than those in the control group. The SPAD (Soil-Plant Analysis
Development) values of NP cv. TS 3, 6, and 8 were significantly lower in the drought groups. In terms of electrolyte leakage
rate, the drought groups of all napiergrass varieties were significantly higher than the control group. There were no significant
differences between control groups and drought groups in the water-soluble carbohydrate contents and the starch contents of
all the varieties. With regards to the inorganic ions, the content of Ca’" in the drought group of NP cv. TS 3 was significantly
higher than that in the control group. Correlation analyses showed that the correlation coefficients between fresh yield and
SPAD value, and between fresh yield and electrolyte leakage rate were the highest, which correlation coefficient was greater
than 0.7 and highly correlated. Hence, findings suggest that SPAD value and electrolyte leakage rate might be used as the

physiological index for evaluating the drought tolerance of napiergrass.

Key words: Napiergrass, Drought tolerance, Physiological index, Forage crops.
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Table 1. The composition and calculated nutrient values of experimental diet

Ingredients, % Weeks of age
0—3 4—38 9—12 13 — 16

Yellow corn 64.16 65.99 74.10 68.71
Fish meal 6.77 0.82
Soybean meal, 43% CP 15.50 16.70 14.98 12.70
Wheat bran 10.00 8.80 2.60 2.60
Soybean oil 0.43 1.63 1.38 0.41
Yeast 0.63 1.00
Rice hull 2.19 2.65 10.20
lodized salt 0.30 0.30 0.30 0.30
Choline Chloride, 50% 0.20 0.30 0.30 0.30
Pulverized limestone 0.20 1.00 1.10 1.07
Dicalcium phosphate 1.40 1.70 1.88 1.93
DL-Methionine 0.05 0.14 0.15 0.17
L-Lysine 0.16 0.23 0.36 0.41
Vitamin premix” 0.10 0.10 0.10 0.10
Mineral premix” 0.10 0.10 0.10 0.10

Total 100 100 100 100

Calculated values
CP, % 18.7 15.4 14.0 13.0
ME, kcal/kg 2,890 2,890 3,000 2,700
Ca, % 0.72 0.73 0.74 0.74
Available P, % 0.43 0.50 0.53 0.53
Lysine, % 1.1 0.90 0.90 0.90
Methionine + Cystine, % 0.71 0.67 0.65 0.63

* Supplied per kilogram of diet: vitamin A, 10,000 IU; vitamin D;, 2,000 IU; vitamin E, 20 IU; vitamin K, 3 mg; thiamin, 2
mg; riboflavin, 5 mg; pyridoxine, 3 mg; vitamin B,, 0.03 mg; Ca-pantothenate, 10 mg; niacin, 30 mg; biotin, 0.2 mg; folic
acid, 2 mg.

" Supplied per kilogram of diet: MnSO, » H,0, 40 mg; ZnO, 25 mg; CuSO, * 5H,0, 7.5 mg; Na,SeO,, 0.075 mg;
FeSO, « 7H,0, 50 mg; KIO,, 0.425 mg; CoCO,, 0.125 mg.
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Fig. 1. The top view of experimental foot sterilization facility (cm).
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Fig. 2. The side view of experimental perch (cm).
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Table 2. Description of duck external foot pad scoring standard in the experiment

Score Foot pad condition

0 No external signs of foot pad dermatitis. The skin of the foot pad feels soft to the touch and no swelling or necrosis is
evident

1 The pad feels harder and denser than a non-affected foot. The central part of the pad is raised, reticulate scales are
separated and small black necrotic areas may be present

2 Marked swelling of the foot pad. Reticulate scales are black, forming scale shaped necrotic areas. The scales around
the outside of the black areas may have turned white. The area of necrosis is less than one quarter of the total area of
the foot pad

3 Swelling is evident and the total foot pad size is enlarged. Reticulate scales are pro-nounced, increased in number and
separated from each other

4 As score 3, The amount of necrosis extends to the foot pad, but with less than half the foot pad covered by necrotic
cells

5 As score 4, but with more than half the foot pad covered by necrotic cells

* 3. ABISEPIRARNEFIELE

Table 3. Description of duck feather scoring standard in the experiment

Score Feather condition

4 Nearly no damage of duck’s back feathers

3 Some broken of the primarily wing feathers, and the feathers are uneven
2 Back feathers are pecked, and a small area of skin exposed to the air can be observed
1 Back feathers are visibly pecked, and large areas with bleeding or crusted skin are observed

F4. SERISES G

Table 4. Description of duck gait scoring standard in the experiment

Score Gait condition

0 Duck walks normally and smoothly

1 Duck moves unevenly, but it is difficult to decided which foot is injured

2 Duck is obviously sluggish, have small strides and must use wings for balance

Duck is unable to stand and walk, and spend most of their time lying on the ground

(iif) [f07% 7 E R

Felbaie iR 4 ~ 8 ~ 12 K 16 BEREE - [EE L4 8 Bk 30 3% 10 BER » BEHEF— A EE 3 EAFE
ETTEEAFARERIM  MREk O & BVELMUE HAFHY -20°C KR » 1248 DATH & &l 73 #1E(F (Item no. 501320,
Cayman, USA) » DAFEZ %% 53 #7102 (enzyme-linked immunosorbent assay, ELISA) JHI 5 o ff 4% of 7 &5 i 1Y )2

E o
VL &5 145317

st Fy [+ (factorial experiment) 355t > DUHEEEETE S 42 By T 34E (main effect)
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SHEREIS N SR S PR H R R E RSBV - T AEISRIRLIRAES 7 HEHAE - 1 B R LR TS 10
HEF|EE o RN BT E  EERE D ARSREANI T E R E IRk B REETEL
NBISIENHAMIS SRR - B T REIRATE 2 ISR E BEABRI - 1Y RS
S EE AN AFISAI T EALI TFIER - SR HBSEITFIECIT & - W Rt BB R BT
HHHYJEA - Staaveren et al. (2021) LUREHRI T T 23 RMHBARSORNL - OB E S (b (IR EYan ~ SRE0R
5~ DR ) AR RAEERATECIT R » SHRIEE > ASBRAEIRICREABEIATSIE - TTREATERLER - AES
EROKTHT Ry ROPIR IR E R BRI G AL HE R ABRR T - AR - BREFDT RIRAES - 8%
W7 > W REE RN E B A - U HsRE RN P BRENEYEL - HSB R AR R
IVAESIREIEISATIT Ky (gentle feather pecking) - {HEFFEG M H PRtk H A EWSRER IS - NI AIREERE
SEALITREN A R UREEAFISTIBEGER -
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= 11 B 12 B & PRI AR BIRIEHY P (EE 455 - A RAERE M RAVSRE B EIRE ST - B SIS Z B Al
FTA X & # LR ERYERE (Bentley ef al., 2020)  shER&EREUR » BALBDHHEEEME N B RS S8 P (a1
R o TREEIRAVAR el 2 B QB B (et 3 2 43 DA ERV(ERS - BURDAIRHIER A4 RS ERSERH - I
NE S ESHIREETEN - EAIRAVE 7 RIS E 7 BERFR G I CE LA ER - SR ER XA AN
BEES - 4 BHEEA(E SR AR E - SUBEH - fERER 1T IEISAYSRTE R A YIE AR o A B
L EATREZE SR ENAYIGHE - DVEF FHRRES AR AR ~ EERE) S RSB (V58] (Nudds ef al., 2010) < Robinson
et al. (2015) AVIRFE4E SRR » BENRE TEEAVILRNS » HECE ~ IE R a 8K - B BRE REEHE © 5
Jones and Dawkins (2010) ST EfSEIAE TR AT - BRhEE - [F0ER NS SR EIRE 1A R
20 3 HEERERIREDRERE - AZA RS - Al £ 2ETE B SR B A AE 8 Bl E 12 Al
IR BIAE ST AT > RIL - S A BIEEEIRE K FAVIEN - vIRE B SRR ATHE A FH 22 e £ se P e 71 Bt i AV B
% » BRI B RS 240000 R 2 R AT AR BE T T [ BB Rl % B 7} (Venalainen et al., 2006) H R « st 2t H A A
FHSHVEREEERE - A R BRI ZE M » DIRERA BRI BN S T8 R AR R B AR -

%= 13 Eall S E A FRME S ERREN SR SRR DN B R AT 4 EHE Y EiR &
KREFEZERE - FEMERSNEAIEEY — » SURTE T EAEZ B /I (De Beer et al., 2008) ~ 7Eigi##1% (Cheng
and Jefferson, 2008) ~ LIRS (Jones er al., 1988) &= » HIEH L ALREE 57 & Bl A EIERR B ERELFI0TF 5 (Tetel
et al., 2022) - A FERAAVRE IS ESEMNTEIE - RN & i 2 AFREaREMEM - Faoth s
HHEREUR - IR 16 AR AT RER & 7 F OiEE - EEFTFIREDRD - R E TISENEaEE -

13, B SmEH AEIS Z MR EHTRE (pg/ml)

Table 13. The blood corticosterone concentration of experimental drakes

Weeks of age

4 8 12 16
Control group 3,028 £ 3,533 3,336 £ 1,092 2,457 £ 1,395 1,005 £ 881
Sterilization group 4,312 3,490 1,647 £2,237 4,256 3,129 1,504 £ 1,856
Perch group 3,402 £ 2,428 2,069 £ 2,746 4,108 £ 3,920 8561274
Perch and steriliza-tion group 3,059 £ 1,587 2,358 £2,676 2,946 2,040 311297

Effects

Sterilization NS' NS NS NS
Perch NS NS NS B
Interaction NS NS NS NS

Means £ SD. (n=9).
' NS: No significant effects.
“P=0.083.

R

SERETIREUT » AR E AR BUH R R MR IR EHVAE E - BIYENE M IREL MR B IO FE RS Rl
BENTE - AT EREIGZEN TR ERRIEE A HEER - MBI TR HNIRER 16 Bk
AIHY e BRSO B - ISR #E - SalladE RS & 0 RIS s EY b fH R MR R
R AEEERH 7 £ 12 B PRI A EHEE R R VB Ehae I~ EERRAIEFT - hF4E
EHE S EE SRR TR 4 -

ZENRK

RER ~ SRR REE - HERE  RON - FRUE - BT - BIEW - BREERE - REERR - 2004 - EEKE PRI
R RORERERNTSE o R WatpThiiE 40 37-50 -
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Abstract

The aim of this experiment was to investigate the effects of providing white Muscovy ducks with perch and foot
sterilization facility on their growth and animal welfare-related traits. The ducks were randomly allocated into 12 pens with
or without perch and foot sterilization facility (4 treatments x 3 replicates) in a non-open duck house at 3 weeks of age. Each
replicates had 10 male and 10 female Muscovy ducks; a total 240 ducks were used in the experiment. The experiment was
16 weeks. Animal welfare-related traits including footpad dermatitis score, feather score, and gait score were determined
from 4 weeks of age. Three fixed drakes’ corticosterone concentration in the blood was determined as a stress indicator at 4,
8, 12, and 16 weeks of age. The experiment results indicated that there were no effects of the perch and the sterilized facility
on duck’s body weight; the results of animal welfare-related traits showed that perch significantly reduced drakes foot pad
dermatitis score at 10 weeks of age (P < 0.05), nevertheless, the sterilized facility increased it at 12 and 14 weeks of age (P <
0.05). Feather and gait scores in the whole experiment period didn’t show a significant difference between the groups, nor did
the 4 different Muscovy drakes blood corticosterone collecting time. The results showed that the perches and foot sterilized
facility in the experiment didn’t significantly change the animal welfare related traits of 4 to 16 weeks of age of white
Muscovy ducks. The female white Muscovy ducks performed well in animal welfare related traits during the experiment,
however, the poor feather condition of white Muscovy drakes from 7 to 12 weeks of age and the few individuals with poor

gait during the experiment still need to be alleviated by combining more management and nutritional strategies.

Key words: Perch, Sterilization, White Muscovy duck.
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A 5 R I Es N BRI AL A B IR AL A BV E LR ~ LRy S AU RRRLBRAH R 2 R - 45
SRR o (RIS AR AL RSB AL KB 100 RN ZEFLE (P79 35.96 (0T / 1) B R E AL £ 48
iEm (P 3174 A7/ H ) (P < 0.05) HEHERFLR T BLAL RN & SR - (EAMES AL RS H R 7L
O EERERE 28 fy 1.16 mmol/100 g milk fat - (A ELEM AL S0 BE AL PIRBERE RS 2 & F 1.04 mmol/100 g
milk fat SHTEIES (P = 0.06) - Has NEVEGIA 2 e E BB FIEILE (P < 0.05) » (HAFZEUAL I
RS R 2 EEAL BB Y - AR A RGP HER R AR 2 AL R ARG R E 22 - MERIESE 3 iB X
FHEAES RS - S AER L A EA SR B E RRRE & A TS - AR - i
B2 FEERAREARS T REG A R A REA RSP EAEN I BEELAF IR EEEZR - M
A EEAZRSEHATEOESERBEER » RN FEAL 2800 T RE R R B AL P AR B A 7
IEREE R K Z Py > LUB D IREHE AL RS R R R - A 0P RG-S R (5 A ias N LA AL
ZHEEA LA EILE - Ay AR R S8 - S il 7E T RE 2 e B B RS

R - AL A EALE - AT

4

LGS B HE AT P A FLAE L S HOG S E AN JTHY 25 — 35% » %88 A 7L A4t (automatic milking
systems, AMS) EEJFS 80 FEARAVEION - 2258 A J1RAZ Mg hnfras e o R IAVEY) (Lind et al., 2000) © [t
B NIEFL LG s | NER 53 kB LR R R 95 H [ S AL R AR H (Jensen, 2004) - FEiEikes AA 24574
A B AL 18% 2 258N A A » HAHESMEL S FL 247 (conventional milking parlor, CMP) B34 2 — 8% JEF.
& (Svennersten Sjaunja and Pettersson, 2008) o Fs 47BN FL ARG TR ) ~ B4R ALA R 21l ~ $25
LEEESENE - SCEATSIFERRBIRRE S ERM  DIRRIREIEA AR CHLIE - (TR R T B ERE)

"HAEREAES] A0 RESENETE )  ODREERS ANEREAIAIS IR (50 2016 ) - [RE] 106 Fi
PNREEE AT - hhdtsd - EEBERRS B AR A4S - G A AL R4 0 H#E T 60 — 70 BELFLA
ZHEANEZE - BE 110 FFRE A = fEEs ARIL R4 i AN T 0 77751 R3] BouMatic ~ {7 Lely J2Ji di
Delaval » 11 FF A5 {EH] 18 4HKES A FL 214 o Afer PRI EF 2L KB 0 - S A B aalie R s Bt 6 7 =0 0 BA
B ME BRI Ry 25 A0 > SHBIRN AL A5 RS AL 2%k 2 EALE AR RV B RiEk= - (EH
e NI AL 2 i e R AR RS B S W) FARY BT E ~ FLAoy ATRE AL 2 B2 2 (Rasmussen et al., 2002) 310
A RBEE AL AR 2 E IS0 - B4R R B IS B E AR i G B AR s AR AL RS VE R &
[ 2 (Wiking et al., 2006) - 85 7 » B eSS EAVEEBEEE SHVE 8YEERM - mAEAHEREES LR
FEfEA E BN S BATATE - EUHEGE S EAMSHE R TINEE - £ SEHER B AR &8 - AE
HE &R - FASEEERIEES - FI 0 A ARG E AL 2B IR IHVE L A RERFBLE T sk 2 34

|

() TTEbE S Z B G E A BT e i 555 2726 5% -
) TR EHEZ B G Em e BT TP «

) TRt R By wm AT L EEE -

(4) #E/EE > E-mail: shwang@mail.tlri.gov.tw °
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e EE I o FARNBRAH R el Ry i B A B B RS — (Gengler et al., 2016) » FEZ{HITIEALIMELE
/% (fourier-transform infrared spectroscopy, FTIR) S3AfrisefiayER » Az 7 thigctE e ELARGIT T MiAeofll Z Bl oy oot 75 AE
PRI RERE T HER - BERERNER - - REREIREASES SRS - it AR B A ERE AL
B AT DR Rn b A S IR (R - AR thiiikes \ BLEGs A 2 BRI RL AL R E AL E
BT R AL HE TR R 2 R - S0 BRET AL A5 R (L FH WA FE A [EE AL SRR IR RE R I 2 22 5 SRR —
B R B BB P AL A5 (R 25 (5 P s N\ B E AR P A 2 AR E B AR ARl n] REST IE B ol -

MFERTTE

L gy e B g
A EGE A 50 BEAT RN A BN TR TR E B G B E ST 5r Fr ( U ESTER T3 FT ) » MbFL
ZREAKEREE NRC (2001) FLA-EEAAERC B 2 52 20 & H K& (total mix ration, TMR) » i LS FHRER - TS
B REFRGHL ~ FORFRFELLL FORFIR AR T ZE R > & H OB a6/ 2 > 77l B 5 0 00 it 1/3 &
G ARG K T 2 ¢ 30 Fo®Y 2/3 EAGERET o 55 DL BhAS /KA L IERD F UK BB & - 1S NP EGIR AL A9 4
B A 2 aiRAH R R A E T T U E eSS AT AL AR B g A AR PRI DR AL R B H S
FHEBFIMETREE BB RERE ISR E AT © 1 — 14 KT 1 AR 14 — 60 REIFE 2 AT
FEREE 3 61 — 200 RAHFE 2 — 4 AN TAE R 5 201 REPLEFIFE 2 T8 R o (K38 H S35 2L & fl eas R a5 8 2 i 40
T 126 NTLUTHHA 2 ATk 26 — 28 NTHIAE 2 — 4 AT HERE 28 AT LA ERFE 4 AFTfER - slEnaEis
W 2 AL 24007 By Lely AS #23 \EHL 240 I 2%6 S B SUHEIEAL 240 » ERMEERARIE It A AL 250
B HEImARE S 2.5 ] (FREGIRA AR B AL REAN B 2 X -
BRI R o P AL A BEIERE X 5185 (dairy herd improvement, DHI) B0} - UGEERART Sy 2021 427 H &
2022 4 6 H > BRE4FE T S1% 21 REBETERUCES - @4 S5 A EHE 8 (1§ H 2 MBI LM AL 77
Mr > ERMEE IR R s A AL A S B A A 2 AR H BB R 17 — 26 BE R 11 — 25 GRS »
SEITHE I Ry 21 BE R 16 BH > 485t 457 2 DHI UM E AL 2408k - H A (EFIRES AIE AL R (FHSE AL 2404
FFEREOT R Ry 264 R 193 4 -
1L FLRC Rl T4
() AEFLRRST S TEEES [ FFEE FOSS /4 H] MilkoScan™ FT+ K Fossomatic™ FC #1774 FLE 53434 TEH
AR AUHERE - AEEAE - I - IBED - SEERY) - IRER - W58 KA IREKSE -
2745 Fatty Acid Origin BSHR % 73 s sH A1 T FLAR I EE 737 -
(i) Fatty Acid Origin B ffj B 47 #7 55 4H 5 g 2 17 77 0% © 2 e s ZL A5 B B8 o7 A7 15 40 (F F S0 HH J& #74 (Gas
chromatography, GC) 437 2 FLH5 7 ik B Fo 3 7 EERE NG B es - FL AR S U B2 53 /7 75 =0 2L 1SO15885 | IDF
184 : 2002 Kyt o A FAE AR AN AR R EREON - BLAEEASER 4 AL UFEAnEiRnES
FRE SR © [ MilkoScan™ 7 RM, MilkoScan™ FT+ J% MilkoScan FT 6000 = i [0 1T AL RS RS 4>
Mr o ek (De novo) ~ JEEA! (Mixed) fe THELAY (Preformed) FisHr B FEUHIFRSHAY EE L B o3 I EF 169 4H4H
P B 388 4R RIIZ-#L B i (Schwarz, 2018; Schwarz et al., 2018) »
(i) Fatty Acid Origin Z|.H5 i ¥ 53 Afr 162 4H [ W E 28 ¢ 8 & RS FiS H I vk 35 30 (8] By C4:0 ~ C6:0 ~ C8:0 ~ C10:0 -
C12:0 ~ C14:0 % Cl4:1 fi5rils ; 'R & RIAGHHIE w2 EiE Fy C16:0 K Cl6:1 A5HilL » THEIA ARRRE 2 #uE
F5 C15:0 ~ C17:0 ~ C18:0 ~ C18:1 ~ C18:2 ~ C18:3 ~ C20:0 ~ C20:2 ~ C22:0 Kz C24:0 P5hiliz -
I SR #3
Bt s B A R o PR B8 N\ UG AL A5 2 AR B R T BB s T B 2 B M o ol - RIS R e
NEEHEGGIE A 28 2 AR ERMRIBID AR E R AT T I I REURF 73 BOBFLFHA (< 100 X)) ~ JhFLH
HA (100 — 250 K ) ~ IhFLIRHA (> 250 K ) s BaRIRF53 A 1~ 2~ 3~ 4 )2 > 5 B2k« DUHETTHE RN FL K S &
FAB EIRaRABHEE R e N BLEARIR L AR B L AL A EE AL AL Yy Z LLER - (TR AT AL 24
ZABELILRIA ~ EA AR S AL R B ~ B KB N AL R IR P Ry 63 ~ 98 F2 23 K5 171 ~ 255 ]2 100
K5 291 ~ 373 J2 251 K (ARG A LG 2 A RE0FL R ~ PRI SES AL R ~ S KRB R/ NI ELR
BRFE R 57 ~ 96 7 24 K 1 184 ~ 248 7 101 K 5 304 ~ 403 K7 252 K -
IV. 48515717
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B ERFTRBUEE R DI ST HCAS (SAS, 2002) 5t EL{E A A [EIE AL S8R 8F Z EE AL 8 AL P8
8 WATH BN T2 2B (ANOVA) ELRGHHIAY-F87E 5 > H] mean * SD R > LL o = 0.05 RytaE @& 7K

#E o

e RN

De Koning (2010) #z&: 54 > (M AR AR PR EEEH 2\ REOETE 2.5 KE 3 K HEILFEME
HIFEBARK o BRI e AR RSN ILAIGEIRETH 10% B4R AL R FA T 2 EURR 2 )
BERMEEREALENTIRE - B8 AL LG 0] #E hstE T e i I iR e E I E R a4 AIEE R EREET AL
fIfF iR AR - A EnaE RE s N EHG AL A 2 B EIEAE 7 A By 33.67 K 25.73 A TR 1 Fios » 2
P EEAREREEEZ R o WIS HBAREBREIL T e F SRS AIEIL ARG HEAERA T EER > E
AETENIAERE /S 6 — 28% (Hillerton et al. 1990; Klei et al. 1997; Stelwagen 2001; Lovendahl and Chagunda 2011) -
AeAER (o S A AR - HNSE AL SR NaVE e F e Eaie s > aIRe @iy i Ryt se - B 7L
SR > (RS ABAL RS ES T AAAmIL AR - BB A BRI Rt E R >
FtEs AT AL ARSI A R = 2 3.1 KPR EK -

F 1. s NG AL S a2 E R AN AL A DHI L H E AL B ALy Z 528
Table 1. Effect of automatic and conventional milking system for milk yield and milk composition of Holstein dairy cows in
Taiwan by DHI test-day milk recording'

Milking system
Ttem AMS?2 (n’* = 264) CMP (n = 193) P-value
Milk yield, kg/d 33.6717.63 25.73+17.36 0.44
Milk composition
Fat, % 3.52£0.98 3.89£0.89 0.68
Crude protein, % 3.25%£0.39 3431044 <0.05
True protein, % 3.06 £0.38 3231042 <0.05
Lactose, % 49110.33 478 +0.26 0.15
Casein, % 2.52+0.34 2.6410.36 <0.05
Solid not-fat, % 8.80£0.57 8.871£0.45 0.31
Urea nitrogen, mg/dL 14.65£2.63 13.80 £2.34 0.76
Citric acid, mg/dL 150.86 £21.99 147.83 £26.07 0.09

Mean * standard deviation.

' Data were collected from DHI database from July 2021 to June 2022.

> AMS = automatic milking system; CMP = conventional milking parlor.
’ n = number of data collected.

(Rt es NI RS RE 2 PHI7URERG ~ UHER'E ~ ALEERE - A0 - BBEQ - SEEPY) - REE
G E =5 R R 3.52% ~ 3.25% ~ 3.06% ~ 4.91% ~ 2.52% ~ 8.80% ~ 14.65 mg/dL F 150.86 mg/dL ; { FI{EHGIHEA 47
AEEZ PTG ~ AAMHERE - AEERHE - UM - BRES - BEEPY) - REEEEREET R 3.89%
3.43% ~ 3.23% ~ 4.78% ~ 2.64% ~ 8.87% ~ 13.80 mg/dL & 147.83 mg/dL (= 1) o Hrf » RN EEA L FEELHA
e PFMERE - AREOEMRESREEABEER (P <0.05) » HERFLAITHIE - 2020 FUEEAIR 2
P 2 PSR AL A5 e N B AT 7L 240055 9 BEAE R RDD AL TR E R R BT - AR AL R G LR o0 Il R
ERE > MRS AR AR RED - E0E - EEEPY) - BES S EFENER GRS TR
BIZ5 5 PR Z AR R & B A ZBUHRRZS (Tu et al., 2022) - AGBReSREL EAAEAALL - SRIABIN B — A58
{56 FH AT [ AL S S A AR AL o s AT RE ARG - (HEIR L - B — S50 WA [EHER AL 2400 BT
BEETE R A S eI AR (0] SRR 78 5 2 B R B AL RIS AL T VA2 5 - (R RN AR ER B 1T st
B -
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AR AL ARSI i BB R AR 2 A > (E ARSI AL A SR BE L SR BRI AR I ~ S8R Bl
HEMlE ~ FrEpkBURERE ~ RS TR - THELARENGEL ~ C16:0 BEHGHE ~ C18:0 AEHEE - C18:1 AERIRL ~ AGH)
i KR R G & B 5y AR 2.36 ~ 0.89~ 0.90 ~ 1.21 ~ 1.17 ~ 1.18 ~ 0.35 ~ 0.74 ~ 0.08 K 1.16% : {i F {47 5 7L 2454
BEAL T SRERAIHR G - S8R e RIAERGEE « B G RURERG R © R G TR - THELRIHEHGRL - C16:0 A5AARE ~ C18:0

BB ~ C18:1 HEHITEE ~ KRS RIS RS HRG &85 Al B 2.59 ~ 1.08 ~ 0.92 ~ 1.28 ~ 1.40 ~ 1.26 ~ 0.39 ~ 0.90 ~ 0.10
K 1.04% > {55 FAN R AL 2 S AR L o BT L ey s NI SRR 2 52

2. s N B EITIR AL S 2 E T R AL AL A DHI JIL H ALASRL R 7 &
Table 2. Effect of automatic and conventional milking system for milk fatty acid component of Holstein dairy cows in
Taiwan by DHI test-day milk recording’'

Milking system
Item AMS?2 (n’ = 264) CMP (n=193) P-value
Total saturated fatty acid, % 2.36+0.77 2.5910.69 0.50
Total unsaturated fatty acid, % 0.89£0.30 1.08 £0.34 0.15
De novo fatty acid 4, % 0.90£0.28 0.921+0.24 0.51
Mixed fatty acid, % 1.211£0.34 1.28£0.31 0.63
Preformed fatty acid, % 1.17£0.36 1.4010.43 0.06
C16:0, % 1.18£0.33 1.26£0.32 0.83
C18:0, % 0.35%0.11 0.39%0.12 0.14
Cl18:1, % 0.74%0.23 0.90£0.29 0.07
Trans fatty acid, % 0.08 £ 0.05 0.10 £ 0.05 0.81
FFA, mmol/100g milk fat 1.16 £ 0.61 1.04£0.59 0.06

Mean * standard deviation.

' Data were collected from the DHI database from July 2021 to June 2022.

> AMS = automatic milking system; CM P= conventional milking parlor.

* n = number of data collected.

* De novo fatty acid (C4:0, C6:0, C8:0, C10:0, C12:0, C14:0 and C14:1), Mixed fatty acid (C16 and C16:1), Preformed fatty
acid (C15:0, C17:0, C18:0, C18:1, C18:2, C18:3, C20:0, C20:2, C 22:0 and C24:0).

BHZE - (S A AL AR AL i As A% = & Fy 1.16 mmol/100 g milk fat » A FHEGH L 2404
BEAL RS = 2 fy 1.04 mmol/100 g milk fat SHY#ES (P = 0.06) o FLAEFEL Tu et al. (2022) ELER 2 {#
FAHE 22 AL A SR AR BE AL TR RS B E 2 & (2.72 mmol/100 g milk fat) 7 & FAMEAF AL 245 (1.57 mmol/100 g milk
fat) = BIEAEAT o (F FIMEES AT AL LGBV FL D Cl6:0 AERREE KT a Rk = B g B m N ESil AL A%
Z£BF (De Marchi er al., 2017) « AatEpEd FalsBa ERRERE R BE < 45 S AR L - (E ARG B G R 22 2 (58 i as AP 3L
ZERAFREALT Cl6:0 S ERESAHRA LRI S - TRHEBS A AIBARSGH; 2 AR EEREREIRE - e
NIBH RS AR AL PR L & B35 B AR AL AR S VRS - vl 5 R L BB U282 Al As #A 25 B &R
DA F i 22 YA A 2 BEREIE IS0 (Wiking and Nielsen, 2007) - A58 H B2 A2 ¥L T R 22AYHERG 77 i RE - FLor gy
EV Ry aEiE Il - lREOBHARELE S TG > 2ERSREATRENERER - AFETREE e
PERIEEEMERITENE » H AR 3 G0 © A% ~ AR RENULAFSES - SFERRENT /7 g - 581k
A RS {0 (Wiking and Nielsen, 2007) » #EFF AR INE A AR E OBRE o B AL X B G 2 LA B 2H
B > RUB AL B e B2 2 BREETE A $5 /LR (acetyl-CoA carboxylase) Kz fS % & 5B (FA synthetase) 27 /E FH T 24
(Svennersten-Sjaunja et al., 2002) {25 AFEA LG H 2 EREREHSARA RS T3 — 4 F > FEABEERES
RAZEASF L - (EEAFIFREI I S W00 o (EAMES AR A AR AL RS & B E ST A A
GBS P E A B IIAR - FilE b IS e - Rasmussen et al. (2002) 5347 55 {4 2L HUFBERG B L & BESHY
FA SR ARG FEUR » Hp 31 (A ES AL RGNS » AR R AL E SR RLI H 71% ~ 1§
AEFIBRR TR A B 22 RS 61% - B iR ss = 5 29% ; S54h 24 (E{H FIHEE AR 24 A 48 - R
bee R RE HI iy AL A AL B B (R BB AR E B G 79% ~ AL BERRE 5 67% RATAMEHERE & 58% - 158
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TSR 24 /N R TR » 7 FR PR B S B R LA » LRI S L 2SR e 2
BRI AR - RN A R R AL B R AL S RN R — -

% 2 GEILT {5 A M AT SRR T, P S B e & MBI S S0 BT P A B 2 - s e
% | SLARR 2 RAVGE R - TR ARG Ry LT SRSy » LA R o R PR 2 053 el ) A
BRI 2B - & RIS TSR (C4 — 14 REhsy C16) 5 SR PR ety A 2 PR SRS S (>
CI8) + TR T8 M EAIR & B B MTRELL I & By 50% + {H 2/ S PRERIRAL S 7S BB R T gt
4 RIS 2B AR BRI A R (B & BT ) RUETRLD - Pl i PLIS EXBAE B AT B AL A Y
AR R R (B (. T TR (Stoop et al., 2000) o B » (RS AT, A0 B T BRRE L P (400
FLHEZS A I - BERIA- AL IS CR ] - B TMR QGRS RS —X  ER0E R4
ST R YR TS A BRI -

Ll 2 A SR AL 2SR LI SRS L - LA R LR (R AR 3 R » (D
98 N SELSR IRL S BE R TR 2L B IS 35.96 2 3174 AT (P < 0.05) » i ZLASHH B 7L 2L (1 P W s
HEE - RIS A BT L ARG R LR - LIS R ALEE A S R TIE 3431 L0 - 3.59% &
3.07% § (LI SR RE S BT B 25.89 AR ~ 3.79% R 3.24% o (P28 A SR HIFAL 28 R RER O DAL
FEFLE - FUERHI R FLELE AR HIR 2775 /AT  3.84% K 335%  IGIRTL AR BB B 2223 AAFF -
4.10% F: 3.46% - FEEIL AL BEPOLTL PRI LR - AR A EOE S REEETE - £
Syifeth 8 — 12 EENEELLILEE o (RPETL RHEATL T NI T (SR » 2006 ) - SES FRECE A FIRRITL 2% -
SBFLRSRLISETELTLIR I - (5 PO A PR TL AR RE » POLTL R T BRI BB ME YA B 55.2 /A FF R 18.9
A+ RIS SR TR A I R A BB NS BB 48.9 45 FF 2 10.6 3T « De Marchi et al,
(2017) BFFE A, > HETHEE A BT GBI BE ALRAELIL <35 - 50~ 80 ~ 110 140 ~ 170 & 230 KHiRsaE
FERIFA G PR A P 224557 (P < 0.05) - Svennersten-Sjaunja and Pettersson (2008) #i&H5 1, » HFPL 24 & BB
FIRFLREEL Y FEFLR - RELERIL RIS 01 K 180 KRNI - ASERH AR FIFR AL AT BN S i
100 RPNFEIL BRTABEE 2 Rol DABREE 5 R RSN B WELULA TR L - FEH
LG BRI RILAS AR A RS + (BT RS S BETLISHY 3.19% » MR (A G 2L %
i/ EETLAEN 3.78% 535 » SUBRIIRILTLA-6RRIHE NRC (2001) FLA- B BRI TMR - LUF ZEFLE 35 AT
{F BB RS » 5% RN TR I A TR FRE S A 5T A TR R g
REERORILE AL EEN, 35 ke MABPBRMICTE « BECETFORIL AT ZLAS 2 LR A - i —
ST % B R -

3. PSS N B EGTEAL S H FLL AL B = B T DL P DHLUIAL H EALE - AR RAREEZZE
Table 3. Effect of automatic and conventional milking system for milk yield, milk fat and milk true protein of different days
in milk Holstein dairy cows in Taiwan by DHI test-day milk recording’'

Milking system

DIM* AMS? (n = 264) CMP (n=193)
n’  Milk yield, kg/d Fat, % True protein, % n  Milk yield, kg/d Fat, % True protein, %
<100 73 35961834 3.19+089  2.8710.33 39 3174683 378%£0.82 2.78+0.28

100 — 250 147 34311642 3.59%1.01 3.071£0.34 83 25.89%£0.76  3.79%0.75 3241034
> 250 44 27751732 3841084 335%0.39 71 22231583 4.10%1.03 3.4610.38

Mean * standard deviation.

" P < 0.05; significantly different between milking systems.

' Data were collected from the DHI database from July 2021 to June 2022.
> AMS = automatic milking system; CMP = conventional milking parlor.

* n = number of data collected.

* DIM = days in milk.

{3 A AL A P B ALE BRI AL < 35 K > 350 RHEARIREE = i o8 B AR AL 24048 (P < 0.05)
B EERINAREELFE S0 ~ 80 ~ 110 ~ 140 ~ 170 ~ 200 ~ 230 ~ 260 ~ 290 Jz 328 KHHfH] & fiedi 72 5% - Z IEEELHFLHA
5 AEFALRGE A g8 E AT ER BN S & (De Marchi ef al., 2017) « AR FREERHRIBID AL KBS
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SBCBALFHA (< 100 2K ) ~ JBFLFEA (100 — 250 K ) ~ BFLERH (> 250 K ) ERBUR SIS AEEH
B EEEE R > FEEMAIA EERES(LESR N EAEMEK o 45 HEEL De Marchi ef al. (2017) —&¢ - 559h >
Lovendahl and Chagunda (2011) 5545 SR 12 K AL B ELNFLER 5 ~ 50 ~ 110 ~ 215 J2 305 K2 FLHEHG K A& HE*
SEMER MBI GEI Y -0.12 £ -0.25 -

{58 M 23 N BLEH AR AL RSB EMHEIRR REFVE FL & R ARG A% 4 For > (F e N BLEATE AL R4
ERENE IR - F 26K~ F3ER - B 4R E LRI ERFE AL RMRF £ 30.56 vs. 25.14 ~ 3537 vs.
26.46 ~ 41.19 vs. 32.39 ~ 32.22 vs. 23.56 J 24.15 vs. 22.42 /N7 » De Marchi ez al. (2017) 7T 4 (B[ &SR A\IEAL 24
FLAG R 4 (8 5 FHE AR AL R4 FL A5 = AF 2 BRI g - 45 SRS TR s N BLE I A SRR 1 G
RF2HR - FEIBR - FABREFESHEREL BB EAEWRTE £ 27.8 vs. 27.4 ~ 30.3 vs. 29.7 ~ 32.4 vs.
31.3 > 31.3 vs. 30.9 F2 31.7 vs. 29.1 N7 » fsm e e NBUHGIE A RTABENE 3 B 5 IR DL EEAL &
FE SN HAMAAZ (P <0.05) « Relbg SR AL S8 (E L FtstEatE el » IEmRAL 2SS 3 e RNEALR
s 0 HERAES ARSI S IBEALR S SN EAESRA LSS - HSBENRERE AR > maEH
RS ETE -G ERSET AR - B3 (FRAEES N ESEEARGFEINE 1B - B 2R - F3
BEZC R 56 4 RG2S ALBS BRI By 3.42 vs. 3.86 ~ 3.54 vs. 3.78 ~ 3.77 vs. 3.81 ~ 3.91 vs. 3.82 }% 3.73 vs. 4.38% o {{c#E
RS RCEIARM - NEEARSGE N HERRRAE 2 E L E AU i g -

T4 P N B EGTR AL 2 FI i X BT L AL DHLIAL H AL 8 M AR 2 s &
Table 4. Effect of automatic and conventional milking system for milk yield and milk fat of the same parity Holstein dairy
cows in Taiwan by DHI test-day milk recording'

Milking system
Parity AMS’ (n’ = 264) CMP (n=193)
Milk yield, kg/d Fat, % Milk yield, kg/d Fat, %

1 30.56 £5.54 (n=134) 3.42%1.01 25141575 (n=175) 3.86£0.58
2 3537+7.80 (n=281) 3.54+0.84 26.46 £ 8.16 (n =40) 3.78£0.72
3 41.19+16.92 (n=41) 377 1.16 32.39£9.10 (n=24) 3.81 % 1.11
4 3222£833 (n=06) 3911041 2356 £5.43 (n=29) 3.82+£1.32
>5 24151742 (n=2) 3.731£0.14 22.42£6.80 (n=25) 4381095

Mean * standard deviation.

' Data were collected from the DHI database from July 2021 to June 2022.
> AMS = automatic milking system; CMP = conventional milking parlor.

* n = number of data collected.
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AR H P EAL R R R 26.59 J2 20.90 247 - BAEE(RR HAM H (BB 0 P E AL & - BBy FrE R
7 10 A BT R R i A Oy S PRI AR < 2021 427 A2 9 A Kk 10 HZE 12 A AL 2540
A REOT AR 2.5 Rk 2.7 K PHEAE TEL 7% > SRS E GG R HEHE AL REOR ) E M B E 7L
B - A e AHES - AREA KA EEAES A Z8bBlEA B2 (B - Speroni e al. (2006) HFE4S
KI5t > 5 AE 11 A Z PR EB0R 2 TEEL (temperature-humidity index, THI) 7371 5 28°C 81 76.5 - EAZHIHE
S \BUEGIRA R EA B S A AR E - EAREHHIER) 452 0.6 B13.0 £ 0.8 7 « H » #JE
FRREERHE AR H AR 0.3 1 0.1 2K - (NIt - BAFRHERF R FHE AL 8 B RAET R AT T4
LUgVEEAL BB -
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Fig. 1. Variation in the monthly milk yield for cows
using different milking systems (AMS vs. CMP).

Fig. 2. Variation in the monthly milk crude protein
percentage for cows using different milking
systems (AMS vs. CMP).
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Fig. 3. Variation in the monthly milk true protein
percentage for cows using different milking
systems (AMS vs. CMP).

Fig. 4. Variation in the monthly milk fat percentage for
cows using different milking systems (AMS vs.
CMP).

A

i A AIE AL AR 2B ALRE 100 RN ZEFLE (139 35.96 AT/ H ) BEE R ESE LRSS
(P 3L74 N/ H ) > (EEEERILAR T B ARG & SRR - (EFHEs AR IL RS R AL B A A i 5
85 1.16 mmol/100 g milk fat - (i FIE G AL SRRl P BE AR A % & & Fs 1.04 mmol/100 g milk fat Y
(P = 0.06) - Hgs NEHGE L ARG R 7L FHE AL 8 A IR S (P < 0.05) » (EOR L T B R IGHAAF B 2 FE 7L
BRI ANCEEERZRE - AEEASSEPAHER IR AL R R AN E R W HEALRS
WSRO R NS > AR IR Z -

ae &

SRR R R A S BRI 1 23 P IS B0 TR Bk S A L3005 7 9L SR B 22 B A LB S BT 53
ZoRHE -

2EXR

2006 - FrémALAEE o BEFE R - 21k -



W

FEW PWEE Mo IR 307

At

\

SHATT - 2016 - HAGEA T RB GRS AT g - TR EEZ B g s EART - =6 -

De Koning, C. J. A. M. 2010. Automatic milking common practice on dairy farms. The First North American Conference on
Precision Dairy Management.

De Marchi, M., M. Penasa, and M. Cassandro. 2017. Comparison between automatic and conventional milking systems for
milk coagulation properties and fatty acid composition in commercial dairy herds. Italian J. Anim. Sci. 16: 363-370.
Gengler, N., H. Soyeurt, F. Dehareng, C. Bastin, F. Colinet, H. Hammami, M. L. Vanrobays, A. Lainé, S. Vanderick, C.
Grelet, A. Vanlierde, E. Froidmont, and P. Dardenne. 2016. Capitalizing on fine milk composition for breeding and

management of dairy cows. J. Dairy Sci. 99: 4071-4079.

Hillerton, J. E., C. H. Knight, A. Turvey, S. D. Wheatley, and C. J. Wilde. 1990. Milk yield and mammary function in dairy
cows milked four times daily. J. Dairy Res. 57: 285-294.

ISO 15885 | IDF 184: 2002: Milkfat — Determination of the fatty acid composition by gas-liquid chromatography.

Jensen, T. 2004. Expectations of automatic milking and the realized socio-economic effects. Pages 78-79 in Automatic
Milking-A Better Understanding. A. Wageningen Academic Publishers, Wageningen, the Netherlands.

Klei, L. R., J. M. Lynch, D. M. Barbano, P. A. Oltenacu, A. J. Lednor, and D. K. Bandler. 1997. Influence of milking three
times a day on milk quality. J. Dairy Sci. 80: 427-436.

Lind, O., A. H. Ipema, C. J. A. M. De Koning, T. T. Mottram, and H. J. Herrmann. 2000. Automatic milking, Bulletin of the
IDF 348: 2000.

Lovendahl, P. and M. G. Chagunda. 2011. Covariance among milking frequency, milk yield, and milk composition from
automatically milked cows. J. Dairy Sci. 94: 5381-5392.

NRC (National Research Council). 2001. Nutrient Requirements of Dairy Cattle. National Academies Press, Washington,
DC. USA. 5: 43-85.

Rasmussen, M. D., M. Bjerring, P. Justesen, and L. Jepsen. 2002. Milk quality on Danish farms with automatic milking
systems. J. Dairy Sci. 85: 2869-2878.

SAS. 2002. SAS User’s guide: Basics, 2002 edition. SAS institute Inc., Cary, NC.

Schwarz, D. 2018. Fatty acid profiling according to origin for optimizing feeding and management of dairy cows-a new
approach. FOSS white paper.

Schwarz, D., M. R. Bak, and P. W. Hansen. 2018. The new FOSS fatty acid origin package-basics behind the prediction
models. FOSS white paper.

Speroni, M., G. Pirlo, and S. Lolli. 2006. Effect of Automatic Milking Systems on Milk Yield in a Hot Environment. J. Dairy
Sci. 89: 4687-4693.

Stelwagen, K. 2001. Effect of milking frequency on mammary functioning and shape of the lactation curve. J. Dairy Sci.
84(E Suppl): E204-E211.

Stoop, W. M., H. Bovehuis, J. M. Heck, and J. A. Van Arendonk. 2009. Effect of lactation stage and energy status on milk fat
composition of Holstein-Friesian cows. J. Dairy Sci. 92: 1469-1478.

Svennersten-Sjaunja K., S. Persson, and H. Wiktorsson. 2002. The effect of milking interval on milk yield, milk composition
and raw milk quality. In Proc. Int. Symp. The First North American Conference on Robotic Milking, Toronto, ON,
Canada; pp. V43-V48.

Svennersten-Sjaunja K. M. and G. Pettersson. 2008. Pros and cons of automatic milking in Europe. J. Anim. Sci. 86: 37-46.

Tu P. A., M. K. Yang, and Y. H. Yu. 2022. Comparison of raw cow milk microbiota in two milking systems: a field study.
Ann. Anim. Sci. 22: 785-794.

Wiking, L., J. H. Nielsen, A. K. Bavius, A. Edvardsson, and K. Svennersten Sjaunja. 2006. Impact of milking frequencies on
the level of free fatty acids in milk, fat globule size, and fatty acid composition. J. Dairy Sci. 89: 1004-1009.

Wiking, L. and J. H. Nielsen. 2007. Effect of automatic milking systems on milk quality. Journal of Animal and Feed
Sciences 16. Suppl. 1: 108-116.



308 Taiwan Livestock Res. 55(4) : 300-308, 2022
DOI @ 10.6991/JTLR.202212_55(4).0008

A survey of the effect of different milking systems on milk
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Abstract

The purpose of this study was to investigate the effect on Holstein milking dairy cows using an automatic milking
system (AMS) or conventional milking parlor (CMP) on milk yield (MY), milk component, and milk fatty acids (FA)
composition. The result showed that the MY of the AMS herd (average 35.96 kg/d) was higher than the CMP herd within
100 days in milk (average 31.74 kg/d) but did not have effect on other milk components. Meanwhile, there were no
differences in milk FA composition. However, a trend of increased free FA levels in raw milk was observed in the AMS
herd (1.16 mmol/100 g milk fat) compared with the CMP herd (1.04 mmol/100 g milk fat) (P = 0.06). The AMS herd MY
was significantly higher than the CMP herd in the early lactation (P < 0.05), but there was no significant difference between
the two types of system herds of MY and milk composition in the middle and late lactation. No significant difference was
found between the two systems in MY and milk FA in the same parity, and the third birth of cows had the highest MY.
Regardless of the kind of milking system, MY was decreased by high temperature, as in contrary with the milk composition.
In summary, the AMS herd MY could increase the average milk yield due to the different milking systems and the number
of milking, however with significant difference only in early lactation. The use of different milking system in cows could
result in the significant difference of protection content while cows using different milking system need to pay attention to
the balance between early feeding and lactation high-peak demand, in order to reduce the revenue loss due to the relatively
low milk components in price calculation. This study preliminarily explores the differences in cows' performance with
different milking systems, in terms of lactation, milk components and composition of fatty acids, and thereby intends to find

appropriate management and nutritional strategy for AMS in Taiwan.

Key words: Milking systems, Milk yield, Milk component.
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