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MRAE " RRES Bk [ TR

e

PRI ~ 22BE05 ~ B8R~ fal{EEy ~ FET3% - 2024 < RFCECE EATETE B TR - 28
FLSERIE 73(4):225-233 -

KACECEEE (Bidens pilosa L. var. radiata Sch. Bip.) R4l B S EHEY) » 2% 20 EEEEENAE
R — o HRIERFEM Y BB AGHE - GFERENEENE - T8 08s R R E A - BT
Bk AR PR PR AR AT R M o B BN R IR S A AP o RS e M B S T - RAERR
E RN B E TR Y S R IR R AR 2R A B TN B0 R ARER S B
By HEEEYEERIMIERN (allelopathy) » BE{E AL R E ST K EEIE N S ES - Ak

LSRRI (AE - L kil
RABEE - RIMIEA - AR B ARED - B -

IS

AE1EY) (invasive plant) REBRERAY 5251
A S8 R A A Y (BB e
Bloosey & Notzold (1995) 2 H AT B w7
yH{EERs (Evolution of Increased Competitive
Ability hypothesis; EICA hypothesis) » 528 T
AT YIRE B D AT 5| A S EUAS (8 25 v BE i
H2MEZEG H— EHENEREBET A
RIEY R R A Y B ENE: R EE S8
AYE ) K- AREYESIAMGHRZEZE M
K ML (specialist herbivore) » {5 i 5% 5 72 F 7
REXBERETHIE  BEZEEE
R > B KRPTEIEE — MK HEL (generalist
herbivore) = ARHEY) A 77 b HY 25 FE il {97 &
(allelochemicals) ~ A= 8 %) B 1 S B % Bl Y
g |34 K I S R BCRE (Deba et
al. 2007; Cui & He 2009) » JR# a8 B2 AEHE

~ B R o FELAR R R AR EVRE: - SR EE S -

VIsE L E HAE I B Y R R - i3 s 5T Bl R
o WEHA T AREMER SRR S
Hl o A REAE 51 A M B AR M B E o3 AR (Cui
& He 2009) -

5 B A ER R A Tl (Asteracease) fLETE
J& (Bidens) > Ji S HALZEH 3 EEFE 775
& - H{ERE (B. pilosa L. var. pilosa) ~ /NEAE
W&t (B. pilosa L. var. minor (Blume) Sherff) 5
KACEEEL (B. pilosa L. var. radiata Sch. Bip.)
(Peng et al. 1998; Budumajji & Solomon Raju
2018) » ARBATERT - = E RSN HORE
Fo—Hg o RKACEE RN | FAERSFEERARE
V) EHEI IBHFIUZER - 65 S8 5 R
FiZEE 5 30-100 cm 245 » ERIPEZ %
b RRCAAEE B BLBOPIIRESE » B E & pies
R FEREY - P EETEGSHEIR - TER Ry
R TAEEGSIER - TR - /LB
MRIEFF » &R A GEISERLE - T
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TR EABATEYHBIIE - 28 2 -
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Rl RN ARE R - AR EOREAR LAVE
R TERA TSR R 2 523 4R - TR Al
4 2 HI/NENR] (Peng et al. 1998; Hsu & Lin
2005; Bartolome et al. 2013; Xuan & Khanh
2016; Hsueh 2021) « K16 Bk S 5 EZ M LA H
TERST BN fESR AV - SNRIP RRELIE —
FUSFEAELL > A By ] AE B T Ay 4H (W g i
RSy o RAC RS R & IR FC8 B AE S #t
BUNAFESRET R - B AIRE DUE SR AT
BOH ~ EIREY 518 s B AF R i A (Wang &
Zhang 2002; Hsu & Lin 2005) °

SRR AN EMN » BEZ AR R B
B i & (Bartolome et al. 2013) » 1 {##E 5L
A7 A SR B B SR B I & o OB 1976 4F
HIRER S RIS FIF HEREY) - Bt
BERMAENR  BEE 1984 FESERFERE
B ACHETEY) (Hsu & Lin 2005; Bartolome
et al. 2013) » FE AR EE R ERIGHONE -
BIEREEE - (RFFH S B RE W55 % BB
e s T R IR B R AVRE JT > AR AR E
ERHE AR A (Hsueh et al. 2020a)

EENE BOEEA T EEARREE
2 H BJERF L (Chiang 2005) - 1] AAG Bk B 5
AIZAFNR 20 EEEREENAREY Z —
(Hsu & Kao 2014) » 422085 HUA R A= 78 5 1T SR
$tEBL/NH {E 8 (Chien et al. 2009) » A 37 #t
BLAAE B S 5 BT s 7 B LR S 5 A
Wt L AR B AR R I - SRS EL At 7 A
RO SR 2E > DU Ry i 0 bl i
Z28% .

RIEREEKIERES

EEEEN B A ERIRE /& (Natural Re-
sources Conservation Service; NRCS) Fff /A 77 Y
RIEREEER R 1 FAENEES  BARE
B 2L AR SR AE B B A S R gy 2
A BB FE A (Bartolome et al. 2013) -
Miiller-Schirer et al. (2004) 37 5 A (=14 Y11E
N A 7 52 B AR = RIS 38 A D B Y R PR AT
eV THEaERMIEE - 7 HE B ELE
FELREEER o LT > KIERE EEA
RILFEEBIRIRE R MM E S 54 REEEN

rere

]

7348 H41

TR IGRE I THIE - AEIRS AICRE R 2]
S5 E B R I o DR A L L AR (H R Ay (B 34
o] BLAD AT AR ) S B A 22 o
LIERME

RACEE BRI AR HIEH] - bR T E
M AN » HACER Y R Mt 2 i B BT
FE I 2 — - Huang & Kao (2014) Bf%E K
fERCEE ~ /N TESR BT fe A FE BT =& Z AL ED
AR DU AR el UK TE S S B AR R 1% B
FE R o =00 W LAESS BB o b i B
& 3-4 wk RUNETIRER » DIESEHATA
EEEE > E—FRIELA 41 @72 ER
6 TEFRBU I IREE » HERICHEEES
MNESEM ; EhEg 3 S ERITHEE
HURKRICEEE PN HA RN E - EiafiER
EARR I 2 45 B HBLESERE  KIEE
SRR TEIAGEE BRI RE T
RANE 57.7% » AL RIEEEEATRE R EH AR
PRI - BEZR 3 (BB BREATHEY) - HHER
WEIEERT A AEEE - (PR B A
(Huang & Kao 2014) -

fEH3 /R EREL (pollen/ovule ratio; P/O ration)
HEY 2R TE AN EYE B RGN L
It ] S AR V)R 0 i A8 T (- S AR AR 2 KB 1%
ZIRANGEERE - B AERHIRHER
H P/O L& » BIEH K (autogamous) FHY)
iy P/O LEE ELRIEH N (xemogamous) i - &
P/O LL S 5,800 DA RHF » AT Ky H AR #AD
(Mione & Anderson 1992; Huang & Kao 2014) -
P/O Lhilf 2 —TH H BT B BB fER I Ay 48
TR HAN 2 BR A (R 2R BUE P 1 7= 1 2
b MEAEREHIEREE S - aE RPn 72—
(Mione & Anderson 1992) - DL i =3
Z P/OLh » RAEECE R ~ /NEAERST K BER
570k 8,189 ~ 2,053 % 1,613 » B~ 3 {E &
HERA R EREER T KEREREASE
B B SARFIPE ARG 1E B 25525 - BERRHE R
HEENRENE - HEHEY) - LRI E
RICKE RPN ERER AT - (T
WFRESR R H AR IR E &MY 5E (Huang
& Kao 2014) «

=TS E BN S A AR
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Ee & iy By 50 B SR AE R /Y LAF - MR AE R
SEEFMINE A EMME (Huang & Kao
2014; Budumajji & Solomon Raju 2018) o
Huang & Kao (2014) %3 K&K AE Ky 2 B H& ]
(secondary pollen presentation) ] fE & A FEJE
SRR KT o MR IR IO AT
SEh B R R BIIRFCEERY TE A5 S b (i
o fEHE - DR B SR IETEEEE ) KR
& G REas) NILEE R EE R
fEAEEH | - AT e fE8) - SR FETRY T4 (pollen-
pistil interference) » FIAFHAE R FNER} ~ A5
R ERE o IR RERACH) 2 B HZ H
e 55 SIS B FR (dichogamous) YR (7 fRIZTE
SRR BLICAEAINBI P REE B ol 3 (B TRy
RERACH ZEUEHI 73 By 6 (EFE L (stage A-F) -
gy A 6 {8 P BL Y & S A fE R &M - R
= F 1 stage A £ stage F HYFE 7 5 1 & 20
TR MRS EESEM I MEEEZR HE
/NSRS B AL R H AR EESATE 0 K
fER S Al AE R - BURKEATH 23
& [oh B RAE Rk B B AR A - A1
e e 5 52 S B A B 4R PR AE A - AR BE PN B R
HIAZBAE » RV BACER B {8 #E RACH
¥y o DA BA B ROBIE T %R ERYER
& (Huang & Kao 2014; Budumajji & Solomon
Raju 2018) -

BRI
HRARIEREEERERE - FAhEE R
HITERRAE Z EIS T HBRERY 10 d R G TR EERR
A YA, - SEPREBEAC AR R - R EER
Al ZmZE A iRl g ER & At
FEmEHIENT » L5 At (Huang 2008;
Shimamoto ef al. 2011; Hsu & Kao 2014) -
Shimamoto et al. (2011) %I A BA{EE]
G RHORAT B B F 2 A B fE 2 (overcom-
pensation) » f¢ 5 MBI G - HAEEE 32
wk B - DA 4~ 8~ 12~ 16 wk BT
TEETE 5 BRI - BRET RO S R C 4
Ry AERE - B s D12 wk B 16 wk iy
R IEET 1 Z0& RHORAE B S B R H IR T B
{E4EE » FETR (B XU - JREDACB AR R
Eet% » HEREAETEIBBE A E R -

W

4 wk B¢ 8 wk (& BT A I g B Z A IR AE
RS GG E  LHEEIHEREREE 4
wk o FEFEEERER 2.7% © 35 R T EHIKAE
Jok = R RLE R DD 8 wk HYSHAREET 1
R AeEAE MG (R HETEE R

fE s REEE{EE

BRR R EZERICE S S A E
HRE - BEAKS ORE LR BRIRE R
W Mins > ERENRETAEESE T2
ZEELH + (Reddy & Singh 1992; Ramirez et al.
2012; Hsu & Kao 2014) » KfEELE S fE T
(ER) 29 > BEiRMNET24F 3,000-6,000
fr o HEREF3-SE R A 80% R
(Reddy & Singh 1992; Xuan & Khanh 2016) >
A REBNT R s B AT -

RIEREFEAE R HRARMR - REHE
MEEA 4 FEES > REL8-12 mm  HEL
0.8 mm - JHUs 775 3% 55 g B ) o e
& 2-4 % B e A 2 FI/NETR - B
A 5-7 HEH] (Hsu & Lin 2005; Chauhan et
al. 2019) o J88 51 - 05 A9 IR A A 24
B IR REEKY) - IEEBE 2 MR ET
HIE S JEHT (Chauhan et al. 2019) - HE4p > &
RELM B BRI E SEHFNES - o
FEBREZ RN R PO BHE R L SMERTE
RE WHHEEKE > RE5H 5 94.4 mm B
71.8 mm > EEAIR 21 gBl 1.73 g - FEd
fir B A S e SR A 2R R Ty 88% o [ A B SR
Al 52% » BRI REESNEE R E RS,
I Z R TBEE RIS B R ET A ERE (Rocha
1996) -

RN R Y BHERR T A HE - KIEE
SR NIRRT A S 2B 1B R
ERESN » hAESEEE T ELK AR EHE (Budumayjji
& Solomon Raju 2018; Chauhan ef al. 2019) °
RRVEREREHER=EOEER)  BESHES
WS » 5 552 B B 7 B E R A B i s
7 WAE SRR T A S FE R
P RERAER SR E O » WA ERE -
FRCEEBEAK T - BEREOE R E
EZEEME T A & (Budumajji & Solomon Raju
2018) o KFE RS FLTE 1 DL 2 fe {8 1% J7 =0 AR e
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PRIEREVEDT - B R HERA BT RE BN &
RIS M EOR -

BFBFIRIER S

RAE ok S e - B K 70 7 SR R R - i
T LFREE B BB M E R - BER
#IFE -0.4 MPa DL LI > S 2FRE /D E 50%
AR » &7 -0.75 MPa Y % 2F 22 Al {# 5 3% -
WEAR R FE [R5 52 2108 125 A B Ay s 22 i # ) -
-0.75 MPa (YARAR-&EH A 0.3 cm » BLTEHARR
7.3 cm ZEFEEA (Reddy & Singh 1992) - L) 6 f&
N [E] NaCl R RE A ATE B B S T3 2 E Y
BTN % 2F A LR AR - 6 T =25 D 8 i 1 e
1 100 mM | & 2ERARHY 13% > £F 150 mM {Jy
OB A% BURKICRCE R 10-150
mM B3 EREE N a4 & (Ramirez et al. 2012) -

B T R A M R RIS R
RS & EIHEN R J) 2 — (Hsueh & Chang
2017) « FESLERBIL T » RACESE ERIEAE pH
2.5-7 T HSEF R 50-90% » fEREET »
TR E pH 11 & 2 {5F 80% HY & 2F
o B R ORAE B B R T SR i SR Y i A2 1
& » BRI AAR AR - $hTE IR E % Bl
i (Hsueh & Chang 2017) -

HETERS ~ /NEAE RS R RTEBE E#
SORERRI AR » =S E AV SR
& B 16-28C » {Hifd s 28 CEL30CHy » #F2F
R 2B T EMEE - DL I6CRFTZE 50% %5 57 2T
BHIRE > UNGTERST R P HE4d
BierzEs] » RICEE R 5-6 d R > HIER
$HAIFE 67 d A BEFIZE 50% 27 (Hsu & Lin
2005) - £ 24CTF » BOCA &/ NEFERE R
PTELSEIFAIE 97% » RACECE FL A S 91.5% »
HACR St Z 43.5% SEFARR(K - BEEN/NEAE
SRETHY SRR N R 14.5% » TRAEEE
BRI B SEFRIYE 79% » R KAE
Ji S ELAY 2 S B B FR R IR B8 (Hsu & Lin
2005) - Hsueh et al. (2020b) #E M A AE E & &
SEFMEERIE R M R BB R R 2 35 2F
ROt REHE - EAEH 78 8 AR A Y
AHEF K » BRI AN BRI SR+
B SRR R - H A REE —IHRDE A T
(Chauhan et al. 2019) -

rere

]

7348 H41

T DA FEE W B o't HE AR A 15 P RE 2 B 38 TR 1Y
RESH o H B. alba BLK AT 50 2 S AE B 7 E M
AL HILEL B. alba £ [ERFE /YL IR 88 2F
Y 52 B AR 5 B A E Bl S B AT RE YR B
TR ENE o s ERAS R 0 B. alba HYBA
FEHEZOR S LR 8 R RORAVIRE
(day/night (D/N): 15/10°CEL 20/15°C) » B4
BE BhE52E (Ramirez et al. 2012) o

AT ERENRB PR KIEEREE
(EHEMERSAEREZSSFE HEAg
0-5 cm W7 LM B oF & AMBIF R
oG R A TR B REE %
R I NER S E N - NS R K g I ER: e S
J& 5 Ry RN - RACECE S AE TR 8 em
I Y 85 28 AT 10% > {2 10 cm DL E 35 %7
fEfH T3 2F (Reddy & Singh 1992; Hsu & Lin
2005) - fEATERE EAVIE B &8 2R R u] DGR EH »
Fyfo HofE A 20812 5E TR HURR A B 8t B
/NEFESRETHYEE (Hsu & Lin 2005) « 4} -
A EEH BB AR E T - AR IIRAE
[ S A% (Reddy & Singh 1992) » £
AR S E R & 2 i B BT
REJR/V IR EE D -

i A B A E B (Reddy &
Singh 1992; Ramirez et al. 2012) » {1 2 fE&EE
T i RS BRI R E P B IP AR » [F#
Sy 28 CIRE T RS B RTE RS E A3
FRMIHEER 0 A 2 HFREBHIRK
fERCEEL 5 (EAE 18CHY » St 2 2P F
EORANH - B REEH RN RKIERESR
HURKACECS FLAE mom IR T o] B gt a3t
F o EORREGER A RS A A A FHYZER
S H R E (Hsu & Kao 2014) -
=SEHIEAE

By T I fiAE S BT B K AE ol B Y i 1 B T R
77 % 4 mo KHYFEFEEIEREE 7-15 GiHHY 1-2
{ElEfRG - A UIRRE A TEP A —E o EmE » a
B E IR A RIBIE - sl R B ERAYE
10 X » REEEREC AN EMRKEH > 4920d
BNAEREEEEE TS cm - KERSTZ A
EMREFAER - BEZEMRAEREBR - K6
B8 FEEHERE 10 RECH MR & 20d
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BEVRIF&9H 6 cm DL L o fHIETTHD » RAERL
SENERBMR A REDBLEE > HEE’
BIERE NI RS S HER S - BIHFEEK
fERC S B AT A BT - (R Al T3 1% aE
PREEDANER - PR EIEES - I B aE#E
I B L H & R 22 BRI RIERE
T DU A A Y 4= /7 B2 (Shimamoto et
al. 2011; Hsu & Kao 2014) -

A4 RAVER FEAF(th4E

AREVERENEENECEBREY S
B > BRIV EE L e R AR 48
B CERB KRR RE o RTEE
RN AR - BR T R 5 2 R Y R O
BHTYMEME SR &Y - Ko oL avEe
I8 T2 [#H ## (Deba et al. 2007; Cui & He 2009;
Rashid et al. 2010) » /5 FEHR S £ EH
RERFR B H T EEIEEREE R -
SEIL 477 B8 TR S — TR A2 o Sk e [ Y SR - A1
ER - FEPEAR AL 3 Y 2 T AE B & DA A
EEZE 4 & (Bais ef al. 2003; Deba et al.
2007; Hsu & Kao 2009; Hsu & Kao 2014) - i&
SRR ARAEYIRE R R — Ay (B 34 -

L RAVEES

W EBEZER T AIME K EER
gt~ NEAERS RRTERE R 3 =SS - &
H Wt (B. bipinnata L.) ~ W35 (B. biternata
(Lour.) Merr & Sherff) K AR EE (B. tripartite
L) % » HAfR 7 RACECE BB R S Ry SR IE
Y Heg B 4T (Peng ef al. 1998; Budumajji
& Solomon Raju 2018) - B $t Bl A AE k& & 1F
EEHEAREEY  BEESHESIERCE
WORD - IR A R EEAEE  ESEMTT
AR FAANREERSEEE  FEH
JR R AT BE By RGBS SLL BT R BB K AEY)
#= A (Hsu & Kao 2014) -

ST RFERCE BB A KA - Bt
FER M F R ERHES RS EE
TEAE R BURAEE S R E I EEF o RACEE R
BIEEVENRE TSRS | EFLLE - 75588t
HALTEEREBI > EEKICEE SR E

VAR - NIt RAEECE B AR AR ELL -
i BRI B~ AR/ PRI R E S > REJE
W% N &E Y EHEEREEE D B0 BRI E
& o HILEUR » SETHY S E SRS i 1A R 58 B
ArESRBEEAE T MATEREREEBE R
SRS & - FEARE Ry s K W SR 3s iy
BT FTRE e 2 KTE R B R E M B A &
(Hsu & Kao 2014) -

MHMHEMEE B Z MG T > WEM
gD F g EEE®RI - WHAEYRE 7
AN )8 & B R D S T DT B Y B R U
IZTE - kg S H 5 & o ra M - 7TFIH
1 B SR8 (Jabran et al. 2013; Scavo et al.
2019) - KRAE B E BB EK T (Cyperus ro-
tundus L.) W4 REF BT - K & E R
MR RA - DUB G MR - SR EE AR LAY 35
B &8 10 wk By I A RET R B - KAE
B RGBS R B AT
AIRRFE D BRI 2/ EH (Hsueh et al.
2020a) © FFI| FH T 1 B e B A FE ok ' B
THYRIT DY) » Bl f 3 R 3 B R AR B -
DIFREREZEEARER » INIE MR 1% » RICEES R
HIFR BB SR D 50% - i 7 I R 22 RIS A 1
o BERIEME R T RAEE S AR E )
% HENFHVEEF SR e S 1R
BN (Hsueh et al. 2020a) -

rUALIER

i L aY e S B A REY EZR MY
By o Byl ) E sE SR S [ A i R
HECE EBYHIECE - T REHIHI E ALY &
= DIzh 55| AHE (Deba et al. 2007; Hsu
& Kao 2009; Rashid et al. 2010; Hsueh et al.
2020a) °

FIFARIEBCEER ~ B RN /KRR R
BLH I A R 7 WS I E B & (Ageraturem
conyzoides) > 55 AR AE B B H 2 AR B FE HL
WERE R EH GRS 2 R B2
HIETE I RAEECE R » RoR it B RAEEE
AR RIS WIHE - QfCERAINEFR
A ATE BB EOR [E] 5 K Z HUR B S B B2
2 BHEOCEFEIBE AR S R
WiE AT A 42 = (Hsu & Kao 2009) ©
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RERAE B S B R oy B BE ~ SRR 3 857 »
FI R[5 8 7K 22 78 It #2 B (Echinochloa
crus-galli) Y128°8] (Raphanus sativus) 852 ~
W ey B PR AR fe R RIS T« RAERCE & D
L YK ZR REFI R RR S35 2F - Ml B TE A
] ] e S 72 5 R iy B R AR 2 40 1
H B G2 B = 7K 2008 B e PS5 B84 i 28 0 = KA K
SRR ZOR S ZE AR B R B L BEE
KB AR R 2R HA oF B A 83.3% AN
EREREMMEEEEZR  KMEHEEHET
WA i AL R AR O 71 42 R B 1B I (6] i <2 B K 301
R FE BT B0 o BEAR o RREZ FHIHIHY IR
RENEE > BRI E LT T
KIRHIBEER (Deba et al. 2007; Rashid et al.
2010) °

8oy i RAC S E At ) B 4H Rl oy 3%
R TENBRBLEYEAE 6 & Dok
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Propagation and Competition Strategies of
Bidens pilosa L. var. radiata
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Abstract

Lin, H. S., C. Y. Lee, W. C. Yang, C. H. Ho, and C. L. Hsiao. 2024. Propagation and
competition strategies of Bidens pilosa L. var. radiata. J. Taiwan Agric. Res. 73(4):225—
233.

Bidens pilosa L. var. radiata Sch. Bip., a member of the Asteraceae family, is one of the top 20
most invasive weeds in Taiwan. It possesses several traits that make it a dominant invasive species, in-
cluding broad environmental adaptability, strong seed germination, and reduced self-pollination rate.
These characteristics enable the B. pilosa to rapidly expand its habitat, allowing it to quickly adapt
and proliferate in new environments. B. pilosa also competes intensely with other plants for environ-
mental resources and living space, causing neighboring plants to gradually disappear. Additionally,
the phenolic compounds secreted by its roots have allelopathic effects on other plants, enabling the B.
pilosa to reproduce rapidly and establish dominance in a short period of time. This mini-review aims
to explore the reproductive adaptability, competitive mechanisms, and allelopathic substances of the B.
pilosa to further understand its rapid invasion, as well as to provide a reference for its management.
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Reutilization of Different Recycled Agricultural Wastes

to Culture Pleurotus eryngii and Comparison of
Their Ingredients
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Abstract

Li, W. S., M. C. Cheng, W. H. Peng, and J. C. Tsai. 2024. Reutilization of different recycled
agricultural wastes to culture Pleurotus eryngii and comparison of their ingredients. J.
Taiwan Agric. Res. 73(4):235-250.

In this study, bamboo crumb, paddy straw crumb, sugarcane crumb, spent Pleurotus eryngii
substrate, or spent Flammulina velutipes substrate was used to completely or partially replace fresh
sawdust to cultivate P. eryngii. The nutrients and functional components were compared. The fin-
gerprints and the contents of ergosterol and ergothioneine analyzed using high-performance liquid
chromatography (HPLC) were compared. The results revealed that the samples cultivated using spent
P. eryngii substrate or spent F. velutipes substrate had higher crude protein content. The water-soluble
extract contents of P. eryngii cultured with spent P. eryngii substrate were higher than that cultured
with sawdust. The total polysaccharide content of P. eryngii cultured with sugarcane substrate was
significantly higher than that of P. eryngii cultured with sawdust, while the total polysaccharide con-
tent of P. eryngii cultured with bamboo was lower. The high-performance liquid chromatography
fingerprint findings revealed the compositions of P. eryngii cultured from any agricultural waste
substrate were the same. The ergosterol content was between 0.015 and 0.067 mg g, and the ergo-
thioneine content was between 0.890 and 2.542 mg g”'. These results indicated that using recycled
materials instead of sawdust to cultivate P. eryngii to reduce agricultural waste could be a safe and

worthwhile solution.

Keywords: Pleurotus eryngii, Agricultural waste, Nutrient, Ergosterol, Ergothioneine.

INTRODUCTION

In recent years, because of the increasing
awareness regarding environmental protection,
global warming, and water and air pollution,
people have gradually discovered that the past
lifestyle of mass production and consumption
has resulted in the production of large amounts
of waste that have exceeded the environmental
load (Barshteyn & Krupodorova 2016). Tai-

wan’s agriculture is considerably developed,
and it generates a large amount of agricultural
waste. In the past, farmers mostly used inciner-
ation or composting to manage this waste; these
techniques adversely affect air quality and the
quality of life of people residing in neighboring
areas. Taiwan’s mushroom cultivation bring us
at least 300,000 metric tons per year of spent
sawdust waste (spent mushroom substrate) (Wu
et al. 2020), the non-governmental organization
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(Citizen of the Earth, Taiwan) claims that results
in the equivalent of 88 Daan Forest Parks must
be cut down, which is harmful to forest environ-
ments.

Most agricultural waste is rich in ligno-
cellulosic compounds, the disposal of which
is often a problem because they do not decom-
pose easily. In the past, agricultural waste was
often treated through combustion (Udayasim-
ha & Vijayalakshimi 2012). However, recent
studies have found that agricultural waste can
be effectively used for mushroom cultivation,
thus benefits the economy and reduces envi-
ronmental pollution (Kamthan & Tiwari 2017).
If rice straw, bagasse, or wastes produced after
cultivating edible mushrooms can be recycled
to cultivate mushrooms, the deforestation and
pollution caused by the disposal of agricultur-
al waste can be reduced, and the mushroom
industry can become a completely sustainable
and environmentally friendly industry that de-
composes agricultural surplus materials. Rice
and banana straw can be used to cultivate Pleu-
rotus ostreatus and P. sajor-caju (Bonatti et al.
2004). In addition, many studies reported the
use of agricultural waste for the cultivation of
P. eryngii, also known as the King oyster mush-
room. Sawdust, rice straw, rice bran, barley
straw, wheat straw, and many other agricultural
waste products have been used for the cultiva-
tion of P. eryngii (Kirbag & Akyiiz 2008; Bar-
shteyn & Krupodorova 2016; Jeznabadi et al.
2017). The use of agricultural waste to cultivate
mushrooms has become a trend.

P. eryngii has excellent flavor, nutrition-
al value, and health benefits (Jeznabadi et al.
2016). P. eryngii exerts antioxidative (He et
al. 2016), anti-inflammatory (Lin ef al. 2014;
Chien et al. 2016), anti-aging (Zhang et al.
2021), hypoglycemic (Li et al. 2014), and
immunopotentiation (Mariga et al. 2014) ef-
fects. P. eryngii, commonly grown in Taiwan,
is a crucial economic crop. Although related
studies have used different agricultural waste
products to cultivate P. eryngii, no system-
atic study has examined the nutritional and
functional benefits of using agricultural waste

to cultivate P. eryngii. If scientific evidence
proves that the quality of mushroom cultivated
with agricultural wastes does not differ from
that with sawdust, then the use of agrlicultual
waste can be easily promoted.

Paddy straw and sugarcane bagasse are
already used to grow King Oyster Musuroom
years ago (Zhou et al. 2023). Accoring to the
agricultural statistics of Ministry of Agricul-
ture (https://agrstat.moa.gov.tw/sdweb/public/
common/Download.aspx), the average surplus
of paddy straw form 2014-2023 are 1,674,452
tons, and the average surplus of spent mush-
room substrates from 2014-2023 are 167,771
tons. Paddy straw is the largest amount agri-
cultural waste of agiculture. Spent mushroom
substrates are also a big amount agricultural
waste. Phyllostachys makinoi is the major
bamboo species in Taiwan. There are approxi-
mately 1,245 million culms of bamboo in Tai-
wan, and 80% of them are Phy. makinoi. The
utilization of bamboo forest are less than 1%
recently, bamboo needs explore a new way to
be used (Chen et al. 2024).

This study examined differences between
P. eryngii cultivated using general sawdust
and those cultivated using different agricul-
tural materials such as paddy straw, sugarcane
bagasse, bamboo crumb, spent P. eryngii, or
Flammulina velutipes mushroom substrates,
and other agricultural-derived products. In
addition, this study analyzed the nutrients,
extract content, total triterpenoids, total poly-
saccharides, ergosterol, and ergothioneine of
P. eryngii cultivated in different formulas. The
results of this study can be used as reference
and evidence for promoting agricultural wastes
to replace sawdust in the cultivation of P. er-

yngii.

MATERIALS AND METHODS
Chemical materials

Oleanolic acid, ergosterol and ergothioneine
were purchased from Sigma-Aldrich (St. Louis,
MO, USA). Methanol and acetonitrile were
purchased from Honeywell Burdick & Jackson



Agri-Wastes Using for Pleurotus eryngii Cultivation

(Muskegon, MI, USA). All of the other chemicals
used in this study were of analytical grades
and were obtained commercially.

Spawn preparation

The strain of P. eryngii, provided by the
Mushroom Laboratory of Taiwan Agricultural
Research Institute, was cultured on potato dex-
trose agar (PDA; Difco, Sparks, MD, USA) me-
dium at 24°C without light, and was subcultured
every 2 wk. The spawn was prepared with 85%
sawdust, 14% rice bran, and 1% calcium car-
bonate (w/w, dry weight) followed by adjusting
the water content of the mixture to about 65%.
The mixture was filled to polypropylene plastic
bottles (about 500 grams per bottle) before the
bottles being autoclaved (121°C, 1.2 kg cm™) for
1 h. The bottles were then cooled at 20 C till
the center temperature of mixture in the bottle
was below 30°C before each bottle was inoculat-
ed with 1 dish of P. erymgii mycelia agar. The
spawns were incubated at 24°C till the mixture
substrate was colonized fully by mycelium.
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Sawdust and spent agricultural wastes
collection

Six materials were collected. Sawdust was
obtained from You-Cheng Lai (Guoxing, Nan-
tou, Taiwan). Bamboo (Phy. makinoi) crumb
was obtained from Chingsui Bamboo and
Wood Shop (Zhushan, Nantou, Taiwan). Paddy
straw and sugarcane crumb were obtained from
Chin Yi Yang Development CO., Ltd. (Huwei,
Yunlin, Taiwan). Spent F. velutipes substrate
was obtained from Dewang Enoki Mushroom
Farm (Wufeng, Taichung, Taiwan). Spent P.
eryngii substrate was obtained from Huang’s
Farm (Wufeng, Taichung, Taiwan). Before
substrate preparation, all sawdust and spent
agricultural wastes were stacked and rinsed to
adjust the water content of them to about 50%.

Substrate preparation, inoculation,
incubation and harvest

The substrates were prepared as shown in
Table 1 before the water content of the mixture

Table 1. The material contents of each formula used in culturing Pleurotus eryngii.
Material contents’ (%)
Bamboo  Paddy straw  Sugarcane  Spent P. eryngii  Spent Flammulina

Formulas” Sawdust crumb crumb crumb substrate velutipes substrate
P4 (Sawdust) 59.0 0 0 0 0 0

Psa s 5e (Sawdust + bamboo 29.5 29.5 0 0 0 0

crumb)

Pga s psc (Sawdust + paddy 29.5 0 29.5 0 0 0

straw crumb)

Pga . sc (Sawdust + sugarcane 29.5 0 0 29.5 0 0

crumb)

Py pe (Sawdust + spent P. 29.5 0 0 0 29.5 0

eryngii crumb)

P pv (Sawdust + spent F. 29.5 0 0 0 0 29.5
veltipes substrate)

Py (Bamboo crumb) 0 59.0 0 0 0 0

Ppgc (Paddy straw crumb) 0 0 59.0 0 0 0

Py (Sugarcane crumb) 0 0 59.0 0 0

Py (Spent P. eryngii substrate) 0 0 0 59.0 0

Pry (Spent E velutipes substrate) 0 0 0 0 0 59.0

* All formulas were amended using 15% rice bran, 25% wheat bran, and 1% CaCo, based on dry weight.

” The contents were based on dry weight.
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was adjusted to about 65%. The mixture was
filled to polypropylene plastic bags (about 1,000
grams per bag) which were then autoclaved (1217,
1.2 kg em™) for 1 h. The autoclaved bags were
cooled at 20°C till the center temperature of mix-
ture in the bag below 30°C before two spoonful of
P. erymgii mycelia sawdust spawn were inoc-
ulated into each bag. The inoculated bags were
incubated at 22°C under dark till the mixture sub-
strate was colonized fully by the mycelium.

Once the substrates were totally covered
with the mycelium, bags were moved to the
growth room followed by opening the top of each
bag for exposing the surface of top-sided sub-
strates. The bags were maintained at 13°C under
a relative humidity of 90-95% for 2 d (with
light 8 h d'). Two days later, the room tem-
perature was adjusted to 18°C with the relative
humidity adjusted to 88—90% till the fruiting
bodies of P. eryngii formed. Once the fruiting
bodies started to form, the room temperature
were adjusted to 16°C and the relative humid-
ity adjusted to 85-88% throughout the harvest
of the fruiting bodies.

The fruiting bodies were ready for harvest
when the gills of fruiting body were formed and
the diameter of caps were close to that of stipes.
After harvest the fruiting bodies were immedi-
ately frozen and prepared for freeze-drying.

The mushrooms generated according to
the above-mentioned eleven substrate culti-
vations were abbreviated as follows: (1) P.
eryngii cultivated with only sawdust (Pg,), (2)
P. eryngii cultivated with sawdust + bamboo
crumb (Pgy ., 5c), (3) P. eryngii cultivated with
sawdust + paddy straw crumb (P, , psc), (4) P.
eryngii cultivated with sawdust + sugarcane
crumb (Pg, ; 5¢), (5) P. eryngii cultivated with
sawdust + spent P. eryngii substrate (Pg, . pp),
(6) P. eryngii cultivated with sawdust + spent
F. velutipes substrate (Pg, , py), (7) P. eryngii
cultivated with only bamboo crumb (Py.), (8)
P. eryngii cultivated with only paddy straw
crumb (Pygc), (9) P. eryngii cultivated with
only sugarcane crumb (Pg.), (10) P. eryngii
cultivated with only spent P. eryngii substrate

(Ppg), and (11) P. eryngii cultivated with only
spent F. velutipes substrate (Pp).

Nutritional content analysis

The moisture was determined according
to National Standards of the Republic of China
(CNS) 5033 (Methods of Test for Moisture in
Food). The ash content was determined ac-
cording to CNS 5034 (Method of Test for Ash
in Food). The crude protein content was de-
termined according to CNS 5035 (Methods of
Test for Crude Protein in Food). The crude fat
content was determined according to CNS 5036
(Methods of Test for Crude Fat in Food). The
carbohydrate content was calculated using the
following formula: Carbohydrates (%) = 100 —
(moisture + ash + crude lipid + crude protein).

Water-soluble extract and dilute
ethanol-soluble extract contents

The water extract content was determined
according to Taiwan Herbal Pharmacopeia 3"
Edition. Two grams of the dried product of a P.
eryngii fruiting body was weighed and placed in an
Erlenmeyer flask and 70 mL of water was added
in it. The solution was shaken and soaked over 5
h (alternating shake and stand 30 min each for 5
h continuously); it was then allowed to stand for
16 h. The solution was filtered and the filtrate was
diluted with water to 100 mL. Fifty milliliters of
the filtrate was accurately measured and poured
into an evaporating dish to evaporate and dry in a
water bath. Then the evaporating dish was placed
in an oven at 105°C for 4 h before being cooled in
a desiccator. The water extract content (%) was
calculated as follows: Water extract (%) = (weight
of the evaporating dish after drying — weight of
the empty evaporating pan)/weight of the exam-
ined sample x [1 — weight loss value of dry sample
(%)] x 2 x 100%.

Total polysaccharide detection

The determination of water-soluble crude
polysaccharide content was performed using the
phenol-sulfuric acid method, which was mod-
ified according to the method of Dubois et al.
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(1956). A total of 0.5 g of P. eryngii sample was
added 3 times its volume of 80% ethanol and
then the solution was heated at 75°C for 6 h to
remove the fat. The residue was added with
water to obtain a solid-liquid ratio of 1 : 20.
The mixture was heated at 95°C and extracted for
150 min. Then, 80% ethanol was added, and the
solution was filtered after precipitating at 4°C for
24 h. The precipitate was dried and weighed to
obtain the total water-soluble crude polysaccha-
ride. Polysaccharide sample solution was prepared
at a concentration of 50 ppm. Two milliliters
of the sample solution was mixed evenly in 1 mL
of 5% phenol solution before 5 mL of concen-
trated sulfuric acid was quickly added. The
mixed solution was shaken for 30 s, stood at
room temperature for 10 min to allow the reac-
tion to proceed fully and then placed in a water
bath for 20 min. The absorbance of 1 mL of the
reaction solution was measured at 490 nm by
using a spectrophotometer. Glucose was used for
the construction of the standard curve.

Total triterpenoid content detection

A total of 2 g of P. eryngii sample pow-
der was accurately weighed. Then, 100 mL of
ethyl acetate was added and the mixture was
ultrasonically shaken for 30 min. The filtrate
was filtered and quantified with ethyl acetate
to 100 mL as the test liquid. A total of 0.3 mL
of the test solution was placed in test tubes and
evaporated to dry in a 70°C water bath (only the
solute was retained). After the test tubes were
removed and cooled, 0.3 mL of 5% vanillin-gla-
cial acetic acid (w/v) and 1.0 mL of perchloric
acid were added to each test tube in sequence.
After the test tubes were sealed, they were placed
in a 70°C water bath and heated for 25 min. After
the reaction completed, the mixture was imme-
diately cooled with ice water for 3 min. Finally,
10.0 mL of glacial acetic acid was added; the
test tubes were placed on a shaker at room tem-
perature, and their absorbance was measured
at 550 nm by using a spectrophotometer. Olea-
nolic acid was used for the construction of the
standard curve (Cai ef al. 2019).

High-performance liquid chromatography
(HPLC) analysis of P. eryngii samples

The ergosterol standard solution was pre-
pared by dissolving 0.5 mg of ergosterol stan-
dard in 1 mL of methanol. The ergothioneine
standard solution was prepared by dissolving 1
mg of ergothioneine standard in 1 mL of 50%
methanol. To prepare the betulinic acid stan-
dard solution, 0.5 mg betulinic acid standard
was dissolved in 1 mL of methanol. The P.
eryngii test product solution was prepared as
follows: 2 g of P. eryngii test product powder
was accurately weighed, and 30 mL of 50%
methanol was added. The mixture was ultra-
sonically shaken for 30 min and filtered. The
remaining residue was extracted again by re-
peating the previous steps. The filtrates were
combined, concentrated, redissolved to 10 mL
with 50% methanol, and filtered using a 0.45-
um microporous membrane. The sample was
analyzed using HPLC.

The chromatography fingerprint was an-
alyzed using HPLC equipment (10AVP HPLC
System, Shimadzu, Kyoto, Japan), and its chro-
matography column was a COSMOSIL 5C18-
AR-II column (5 pm, 4.6 mm inside diameter
(ID) x 250 mm). The mobile phase consisted of
methanol (A) and 0.1% aqueous formic acid (B)
using a gradient elution of 1% A at 0—10 min,
1-30% A at 10-20 min, 30-40% A at 20-30
min, and 40-95% A at 30-60 min. The flow
rate was 1.0 mL per minute, and the detection
wavelength was 280 nm for ergosterol, 254 nm
for ergothioneine, and 210 nm for betulinic acid
to observe the fingerprint spectrum and peaks
of specific components. The analysis was per-
formed at room temperature. The injection vol-
ume was 20 uL and analysis time was 60 min.

Ergosterol was analyzed using a COSMO-
SIL 5C18-AR-II column (5 pm, 4.6 mm ID x
250 mm) as the chromatography column and
methanol as the mobile phase at a flow rate
1.0 mL per minute. The detection wavelength
was 280 nm and the temperature was room
temperature. The test sample injection volume
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was 20 pL and the analysis time was 20 min.
Ergothioneine was analyzed by a COSMOSIL
HILIC column (5 pm, 4.6 mm ID x 250 mm).
The mobile phase was acetonitrile and water
(90 : 10). The flow rate was 1.0 mL per min-
ute, and the detection wavelength was 254 nm.
The temperature was at room temperature, the
test product injection volume was 10 pL, and
the analysis time was 30 min.

Statistical analysis

All the assays were carried out in triplicate
and all experimental data are presented as mean
+ standard deviation (SD). Data were statistically
analyzed using one-way analysis of variance
(ANOVA) followed by Fisher’s least significant
difference (LSD) test (IBM SPSS Statistics 25
software). The criterion for statistical signifi-
cance in this study was P < 0.05. Histograms
were drawn with Sigmaplot 14 software.

RESULTS

Yields and biological efficiency

Table 2 showed the yields and biological
efficiency of P. eryngii cultured with differ-
ent recycled agricultural wastes. The results
indicated that the yield of Py, was the highest
(323.79 + 27.64 g bag™), fallowed by P, . .,
Psas Psaspses Psasses Poes Psaspes Peses Psasrvs
Pry, and P,;. The biological efficiency was de-
fined as the numbers of substrates that could
efficiently be transformed to produce fruiting
bodies of P. eryngii. The biological efficiency
of Pg, . pse Was the highest (100.60 = 7.61%),
fallowed by Pgc, Psa - sco Psas Prscs Psases Pocs
Pga s pes Psasrvs Pry, and P, The biological effi-
ciency of formula Pg, . yc, Psapscs Psavpscs Prscs
and Py, were all higher than 60%. The major
substrates in these formulas were potential to be
used well by P. eryngii.

Nutritional analysis

As shown in Table 3, in each group of P.
eryngii, the moisture content was between 87.1%
and 90.4%, the crude ash content was between

Table 2. Comparisons of Pleurotus eryngii growth
based on yield and biological efficiency.

P. eryngii

Formulas” Yield (g bag™) Biological efficiency (%)

Py, 275.94+21.48 b 69.89 £5.22 d
Pers e 252.69+21.79 d 62.53+5.46¢
P psc 262.17 % 18.65 ¢ 100.60 =7.61 a
Por . sc 282.85+17.49 b 74.83 £4.95 ¢
Pors o 21098+ 13.89 ¢ 5524358 f
Por.ry 191.02 = 20.08 f 5116530 ¢
Pyc 219.10+ 19.28 ¢ 56.18 £4.89
Posc 2111342482 ¢ 67.81 £8.06 d
Py 32379 £27.64 a 90.91 £7.84 b
P 1207542222 ¢ 30.57+5.66 i
Poy 146.02 = 11.21 h 41.08+3.44 h

* All formulas were amended using 15% rice bran, 25% wheat
bran, and 1% CaCO; based on dry weight. Biological effi-
ciency (%) = the weight of fresh mushroom harvested/dry
matter content of substrate before inoculation x 100%.

Y Data were presented as the mean + SD (n = 48, one-way
analysis of variance (ANOVA) followed by Fisher’s least sig-
nificant difference (LSD) test). Different letters represented
significant differences at P < 0.05.

0.65% and 0.91%, the crude protein content was
between 1.93% and 4.00%, the crude fat content
was not detected, and the carbohydrate content
was between 6.94% and 8.21%. Whether bamboo
crumb, paddy straw crumb, sugarcane crumb,
spent P. eryngii substrate, or spent F. velutipes
substrate was used to completely or partially
replace sawdust, no significant difference was
observed in terms of moisture, crude fat, or car-
bohydrate content of the cultivated P. eryngii.
The crude ash contents of P, or Py, were signifi-
cantly higher than that of Py, but there was no
difference compared with that of Pg,.

Contents of the diluted ethanol-soluble
extract and the water-soluble extract

The contents of the diluted ethanol-solu-
ble and water-soluble extracts were determined
to examine the content of components that can
be dissolved in diluted ethanol (50% ethanol)
or water. This method is a standard for quality
control in traditional Chinese medicine and is
used to compare samples cultivated in differ-
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Table 3. Nutrient content of Pleurotus eryngii cultivated in sawdust or different agricultural surplus materials.
Nutrient contents”
Formulas Moisture (%) Ash (%) Protein (%) Lipid (%) Carbohydrate (%)
Pga 89.5+1.61a 0.84 £0.03 ab 2.41£0.18 be N.D. 733+0.55a
Par. e 88.6+2.83a 0.74 £0.12 ab 2.52+0.13b N.D. 82140492
Par s psc 90.4+1.97a 0.72+£0.04 b 1.93+0.11 ¢ N.D. 7024071 a
Py s 89.7+184a 0.74 £0.13 ab 2.22+0.24 be N.D. 7444073 a
Poup 88.6+ 1.46a 0.72+0.07 ab 2.69+0.13 b N.D. 8.03+0.19a
Por.ry 89.1+2.97a 0.82+0.07 ab 291+031b N.D. 71740222
Pyc 89.9+141a 0.72+0.01b 2.54+0.12b N.D. 6.94+0.52a
Prsc 89.4+1.80a 0.71+0.03 b 2.61+0.07b N.D. 7.28+0.63 a
Py 90.0+221a 0.65+0.04b 2.29+0.13 be N.D. 7.10+045a
Py 87.1+2.09a 091+0.08a 392+0.09a N.D. 8.08+0.33a
Py 87.6+2.93a 0.81 £0.09 ab 4.00+£0.15a N.D. 7.62+0.37a

“ All examined products were in fresh form.

” Data were presented as the mean + SD (n = 8, one-way analysis of variance (ANOVA) followed by Fisher’s least significant differ-
ence (LSD) test). N.D. means not detected. Different letters represented significant differences at P < 0.05.

ent media and examine differences between
products cultivated using different substrates.
As shown in Table 4, the contents of diluted
ethanol-soluble and water-soluble extracts
in P. eryngii samples were 38.2-42.8% and
43.6-57.5%, respectively. From the results, it
could be seen that no significant differences
were observed in the contents of diluted etha-
nol-soluble extracts between Pg, and the other
products. However, the water-soluble extracts
of P, were higher than those of Pg,. Many fac-
tors such as temperature, humidity, and climate
as well as the cultivation method used can
cause changes in the content of these extracts.

Determination of total triterpenoids and
total polysaccharides

The total triterpenoid content was based on
the content of oleanolic acid per gram (mg ole-
anolic acid g'), and the content of total poly-
saccharides was mostly based on the content of
glucose per gram (mg glucose g'). As shown
in Table 5, the content of total triterpenoids in
P. eryngii samples was between 1.85 and 2.30
mg oleanolic acid g”', and that of total polysac-
charides was between 1.07 and 4.30 mg glu-
cose g'. No significant difference in the total

Table 4. Contents of diluted ethanol-soluble and wa-
ter-soluble extracts of mushrooms cultivated using saw-
dust or different agricultural surplus materials

Contents”
Diluted ethanol- Water-soluble extract

Formulas soluble extract (%) (%)
P, 39.8+0.2a 453 +0.9bc
Pe . 5e 422+02a 47.8+0.5 be
Porspsc 422+21a 462+ 1.6 be
Pgyse 39.8+05a 46.5+2.2bc
| 39.5+13a 43.6+2.1c¢
Por. 40.8+09a 50.9+2.1b
Py 409+14a 437+1.7¢
Ppec 402+1.1a 47.1+2.5bc
Pyc 382+09a 46.3+0.8b
Ppe 428+0.8a 57.5+23a
Py 41.6+0.8a 50.6+£2.2b

“Results presented as grams of liquid extract per 100 g. All
examined products were in powder form.

* Data were presented as the mean + SD (n = 8, one-way anal-
ysis of variance (ANOVA) followed by Fisher’s least sig-
nificant difference (LSD) test). Different letters represented
significant differences at P < 0.05.

triterpenoid content was observed between
Py, and the other products. Whereas, the total
polysaccharide content was higher in Py and
lower in P, sc» Psa s rvs Pyes and Ppp than Pg,.
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Table 5. Total triterpenoid and total polysaccharide
contents in mushrooms cultivated using sawdust or dif-
ferent agricultural surplus materials.

Contents”
Total triterpenoids Total polysaccharides

Formulas (mg g (mg g™
Pga 1.94 £0.08 a* 2.70+0.08 b
Pga e 1.87+0.13a 1.07+£0.08 d
Py psc 1.85+0.12a 2.19£0.18 be
Pgr - sc 230+033a 2.04 +£0.25 be
Porpr 2.16+0.14a 2.28£0.05 be
Pgrsry 1.96+0.12a 1.28+0.28d
Py 2.19+0.64a 1.38+0.07d
Ppse 2.14+0.19a 2.30 +0.34 be
Pyc 1.93£0.06 a 430+032a
Ppe 2.03+0.18 a 1.95+0.11¢
Pry 2.11+0.24a 241+0.03b

“ Total triterpenoids in milligrams of oleanolic acid per gram.
Total polysaccharides in milligrams of glucose per gram. All
examined products were in powder form.

¥ Data were presented as the mean + SD (n = 8, one-way anal-
ysis of variance (ANOVA) followed by Fisher’s least sig-
nificant difference (LSD) test). Different letters represented
significant differences at P < 0.05.

Analysis and comparison of the HPLC
fingerprint of P. eryngii

As shown in Fig. 1A, the retention times
of the three index components of ergothioneine,
betulinic acid, and ergosterol were 3.15, 16.16,
and 42.26 min, respectively. The presence of
ergothioneine, ergosterol, and betulinic acid
was observed in fingerprint chromographs by
comparing the results of mushrooms cultivat-
ed in sawdust and in other agricultural surplus
materials. In addition, the peak patterns of the
fingerprints were found to be consistent (Figs.
1B, 1C, and 1D). The composition of P. eryngii
grown using bamboo crumb, paddy straw
crumb, sugarcane crumb, spent P. eryngii sub-
strate, and spent F. velutipes substrate formula-
tions was the same as that of P. eryngii grown
using sawdust.

Analysis of ergosterol and ergothioneine

HPLC was used to analyze the content
of ergosterol and ergothioneine in P. eryngii

samples cultivated using sawdust or different
agricultural surplus materials in this study. At
a wavelength of 280 nm, the retention time of
ergosterol was approximately 13.63 min. The
retention time of ergothioneine at a wavelength
of 254 nm was approximately 24.25 min (Fig.
2). The regression curve equation of the cali-
bration curves revealed a strong linear relation-
ship at a concentration of 3.1-200 ug mL™" for
ergosterol and 5.0-50 pg mL for ergothioneine
(data not shown). As shown in Table 6 and Fig.
3, the ergosterol content was between 0.015 and
0.067 mg g and the ergothioneine content was
between 0.890 and 2.542 mg g”'. The contents
of ergosterol were higher in Py, , psc and Ppp
than in Pg,, but that was lower in Py, , »; than in
P, (Table 6 and Fig. 3). On the other hand, the
content of ergothioneine in P, , sc, Psa s py and
Pry were higher than in Pg,, but that in Pg, | psc,
Pga s> Psaspes Prser Psc and Pp was lower than
that in Py, (Table 6 and Fig. 3).

DISCUSSIONS

Generally, sawdust from freshly cut trees is
used as the medium to cultivate commercially
available P. eryngii (Ohga 2000). The cultiva-
tion of mushrooms with mediums other than
sawdust such as recycled agricultural wastes
is an environmentally friendly approach; how-
ever, scientific evidence must be obtained to
prove that their production capacity and qual-
ity. In this study, we compared the differences
between P. eryngii cultivated using general
sawdust and that cultivated using different ag-
ricultural materials.

As showed in Table 2, the yield and biolog-
ical efficiency of formula Pg. and Py, . . were
higher than those of Pg,. Even if the sawdust
contents of formula was replaced a half percent
by sugarcane crumb, the yield and biological
efficiency of Py, , - were also higher than that of
Pg,. The data showed that sugarcane crumb was
better than sawdust for P. eryngii cultivation.
The yields of formula Pg, , 5 and Py, , psc Were a
little less than that of Pg,. The yields of formula
Py and Ppg were much less than that of Pg,. It
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Fig. 1. Comparison of HPLC fingerprints of king oyster mushrooms cultivated using sawdust or agricultural surplus
materials at different wavelengths. (A) Standards of ergosterol, ergothioneine, and betulinic acid at (B) 280 nm, (C) 254
nm, and (D) 210 nm. (1) Pg,: Pleurotus eryngii cultivated with sawdust; (2) Py, , gc: P. eryngii cultivated with sawdust
+ bamboo crumb; (3) Py, psc: P. eryngii cultivated with sawdust + paddy straw crumb; (4) Pg, | o P. eryngii cultivated
with sawdust + sugarcane crumby; (5) Pg, , et P. eryngii cultivated with sawdust + spent P. eryngii substrate; (6) Pg, , py: P
eryngii cultivated with sawdust + spent F. velutipes substrate; (7) Pyc: P. eryngii cultivated with bamboo crumb; (8) Ppg:
P. eryngii cultivated with paddy straw crumb; (9) Pg.: P. eryngii cultivated with sugarcane crumb; (10) Pyt P. eryngii
cultivated with spent P. eryngii substrate; and (11) P: P. eryngii cultivated with spent F. velutipes substrate.
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Fig. 2. HPLC chromatograms of ergosterol, ergothioneine and Pleurotus eryngii. (A) standard (ergosterol) and (B) P.
eryngii at a wavelength of 280 nm; (C) standard (ergothioneine) and (D) P. eryngii at a wavelength of 254 nm.
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Fig. 3. Comparisons of ergosterol (A) and ergothioneine (B) contents of Pleurotus eryngii cultivated using sawdust

or agricultural surplus materials. All values were expressed as the mean + SD (n = 8, one-way analysis of variance
(ANOVA) followed by Fisher’s least significant difference (LSD) test). Different letters represented significant dif-
ferences at P < 0.05. Pg,: P. eryngii cultivated with sawdust; Pg, . zc: P. eryngii cultivated with sawdust + bamboo
crumb; Py, , psc: P. eryngii cultivated with sawdust + paddy straw crumb; Pg, | ¢ P. eryngii cultivated with sawdust +
sugarcane crumb; Py, . p: P. eryngii cultivated with sawdust + spent P. eryngii substrate; Pg, , p: P. eryngii cultivated
with sawdust + spent Flammulina velutipes substrate; Py.: P. eryngii cultivated with bamboo crumb; Pyg.: P. eryngii
cultivated with paddy straw crumb; Py.: P. eryngii cultivated with sugarcane crumb; Py P. eryngii cultivated with
spent P. eryngii substrate; and Pg,: P. eryngii cultivated with spent F. velutipes substrate.
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Table 6. Ergosterol and ergothioneine contents of
mushrooms cultivated using sawdust or agricultural sur-
plus materials.

Contents”

Ergothioneine (mg g')
2.074 +£0.099 b

Ergosterol (mg g")
P,y 0.020 + 0.005 cd”

Formulas

Py e 0.021 +0.009 cd 2.542+0.131 a
Per s psc 0.061 £0.003 a 0.998+0.116d
Por . sc 0.024 +0.009 ¢ 0.968 +0.108 d
Pys o 0.015 +0.002 d 1.333+£0.545 ¢
Por.ry 0.021 +0.006 cd 246240297 a
Puc 0.015 +0.005 cd 1.854 +0.088 b
Posc 0.040 £ 0.001 b 1.074 4 0.041 cd
P 0.024 £ 0.004 ¢ 0.890 +0.047 d
Py 0.067 £ 0.003 a 1.166 +0.123 cd
Py 0.033 + 0.008 be 232740497 a

* All examined products were in powder form.

¥ Data were presented as the mean + SD (n = 8, one-way anal-
ysis of variance (ANOVA) followed by Fisher’s least sig-
nificant difference (LSD) test). Different letters represented
significant differences at P < 0.05.

showed that bamboo crumbs and paddy straw
crumbs were not as good as sawdust for P. er-
yngii cultivation. Although Sardar ef al. (2017)
suggested that cellulose improve yield of P. er-
yngii, cellulose in sawdust was not as rich as that
in bamboo and paddy straw, the yield of formula
Pg, in this study was much higher than that of
formula Py and P,g.. Table 2 showed that adding
sawdust to the formulas could improve the yields
when the bamboo crumbs or paddy straw crumbs
were used for cultivating of P. eryngii. On the
contrary, a result of Hassan et al. (2010) showed
that the yield from sawdust formula was much
higher than that from sugarcane or paddy straw
formula. Previous studies suggested that cellu-
lose and lignin contents are not related to the
yield of fruiting bodies of P. eryngii (Philippous-
sis et al. 2001; Atila 2017). The results in this
research coincided with reports by Philippoussis
et al. (2001) and Atila (2017) that the yield of
P. eryngii was not correlated with the content of
lignin, cellulose, or hemicellulose in the cultiva-
tion formula. Maybe different strains of P. eryn-

gii prefer different contents of lignin or cellulose
constructs or some special compounds in differ-
ent formula. And P. eryngii strain used in this
study prefer sawdust to bamboo and paddy straw.
So the biological efficiency of formula Py and
P.sc were a little lower than that of Pg,. But add-
ing sawdust to the formulas could improve the
biological efficiency when the bamboo crumbs
or paddy straw crumbs were used for cultivating
of P. eryngii.

The yields of formula P, and Py, were
much lower than that of Pg,. It showed that
spent P. eryngii substrate and spent F. velutipes
substrate were not as good as fresh sawdust for
P. eryngii cultivation. However adding fresh
sawdust to the formulas could improve the
yields when the spent P. eryngii substrate and
spent F. velutipes substrate were used for culti-
vating of P. eryngii. Spent P. eryngii substrate
and spent F. velutipes substrate in this test were
all composted over 2 mo. In this period, perhaps
the nutrient suitable for P. eryngii could have
been broked down that led to perhaps produced
some bad secondary metabolites unsuitable for
P. eryngii. Philippoussis et al. (2001) showed
that high yield of P. eryngii was the results of
high carbon/nitrogen ratio formula (Philippous-
sis et al. 2001) and that could explain why the
yield of the formula Pg, , ,; was much higher
than that of the formula P, and the yield of the
formula Py, , .y was much higher than that of
the formula Py,

The crude protein contents of P, and Py
were higher than that of Pg,. The precise study
described that P. eryngii and F. velutipes are
rich in protein (Reis et al. 2012). There were
also literatures pointing out that the nitro-
gen content of spent P. eryngii substrate was
higher than that of fresh sawdust (Chen et al.
2013). The high nitrogen content of spent P.
eryngii substrate or spent F. velutipes substrate
may cause the protein content of P, or Py to
be higher than that of Pg,. However, the type
of protein in P. eryngii cultivated in spent
mushroom substrate and whether its nutritional
value has any effect should be studied in the
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future. Taken together, the nutrient contents
of P. eryngii cultivated from other matrix was
close to that of from fresh sawdust, therefore
using agricultural waste to completely or par-
tially replace fresh sawdust to cultivate P.
eryngii is a feasible method for environmental
protection and economical growth.

Triterpenoids and polysaccharides are the
functional components of P. eryngii. They ex-
hibit antioxidative activity (Xue et al. 2015)
and prevent hyperlipidemia and metabolic
syndrome associated with obesity (Zhao et al.
2020); thus, they can be used as the standard
for the content of functional components. The
results showed that the total polysaccharide
content was higher in Py and lower in Pg, . 4,
Pgs o rvs Pge, and Py than Pg,. The high sugar
content may be attributable to the high sugar
content in the substrate that led to higher poly-
saccharides in P. But, according to the report
of Abd El-Zaher et al. (2022), polysaccharides
contents produce form P. eryngii cultivated of
wheat straw, rice straw and sugarcane bagasse
are so close (0.6-0.7 mg mL™). This is an in-
teresting issue could be further study later.

In this study, HPLC fingerprints were used
to compare the differences in mushrooms cul-
tivated in different materials. The results indi-
cated that the peak patterns of the fingerprints
were found to be consistent. There had no dif-
ferent components and the difference only ob-
served in the content of the components. There-
fore, the use of agricultural waste to cultivate P.
eryngii should be considered as a safe and feasi-
ble method. On the other hasnd, ergosterol and
ergothioneine are crucial active components of
P. eryngii that exert antioxidative and anti-in-
flammatory effects (Liang ef al. 2013; Kawai et
al. 2014). Ergosterol in mushrooms was a new
focus for its medical potential in recent years.
Ergosterol, a plant sterol known to have hypo-
lipidemic and antitumor functions (Yazawa et
al. 2000; Takaku ef al. 2001; Hu et al. 2006) is
well-recognized in Pleurotus mushrooms. It is
a precursor of vitamin D2 (provitamin) which
is converted to vitamin D2 by ergosterol under

BI3E H4

UV irradiation (Kala¢ 2013). Ergothioneine was
synthesized only from fungi and mycobacteri-
um (Rodriguez Estrada et al. 2009). Liang et
al. (2013) reported that P. eryngii were rich in
ergothioneine. Ergothioneine is similar in many
respects to glutathione (GSH). Many literatures
have confirmed that it has antioxidant properties
such as inhibiting lipid oxidation, scavenging
free radicals, and peroxynitriting (Aruoma et al.
1999). Previous studies also indicated that ergo-
thioneine can significantly increase superoxide
dismutase (SOD) activity, glutathione/glutathi-
one disulfide (GSH/GSSG) ratio, and reduce
thiobarbituric acid reactive substances (TBARS)
content in the brain that significantly reduc-
es the damage of chemotherapy drug-induced
brain tissue associted with learning and memory
(Song et al. 2010). The ergosterol and ergothi-
oneine could be measured in all tested products
and could be used as indicators in P. eryngii
quality control. In this study, the contents of
ergosterol and ergothioneine in P. eryngii cul-
tivated from different agricultural wastes were
detected. As shown in Table 6, the contents of
ergosterol extracted from P. eryngii cultivated
with formula Py, ., psc and P, were significant
higher than those with others, but the data did
not show any correlation to the formula. The
contents of ergothioneine extracted from P.
eryngii cultivated with formula Pg, . ¢, Pgs s py
and P, were significant higher than those from
others. The contents of ergothioneine extracted
from P. eryngii cultivated with formula Pg, and
Py were the second highest in concentration
(Table 6). The data indicated the contents of er-
gothioneine extracted from P. eryngii were pro-
moted with the additon of sawdust. The content
of ergothioneine was correlated to the growth
substrates of P. eryngii. Herein, the spent F.
velutipes substrate exhibited itself as the best
to promote ergothioneine in P. eryngii whereas
the sawdust and bamboo crumb were the second
best.

CONCLUSIONS

The results of this study indicated the sam-
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ples grown using spent P. eryngii substrate or
spent F. velutipes substrate have higher crude
protein content that need further researches.
The water-soluble extract contents of P. eryn-
gii cultured with spent P. eryngii substrate was
higher than that of P. eryngii cultured with saw-
dust, but there was no difference in the diluted
ethanol extract contents. The total polysaccha-
rides content of P. eryngii cultured with sugar-
cane substrate was significantly higher, while
that cultured with bamboo crumb was lower,
and there had no difference in the content of
total triterpenoids. From the observable range
of the fingerprint spectrum, it was seen that the
composition types of P. eryngii cultured from
any agricultural waste substrate were the same.
The content of health ingredients ergosterol
and ergothinione was different due to different
cultivation materials. Overall, recycled materi-
als such as bamboo crumb, paddy straw crumb,
sugarcane crumb, spent P. eryngii substrate,
and spent F. velutipes substrate can be used to
completely or partially replace fresh sawdust
to cultivate P. eryngii to effectively reduce ag-
ricultural waste. Especially sugarcane, paddy
straw and bamboo crumb are potential sub-
strates for King Oyster Mushroom cultivation.
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ance; ANOVA) ZREb#GEnst R - H HAEE S
$ (P <0.05) > D) Fisher’s Least Significant Dif-
ference test (LSD) L i ¥ [ 7= LAY BEE M -

TER
BERN RIS R
ERE IS | KB E - BRI
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Mg 421 d - IBEIMERRER 2 BRUPMER ([E
1) o Wpkss R I RAHT R E o TEREC TS
EE A 3 fElc 75 B F I F] 50% HYMERER R iR
PUER - HIRKE - CECITH 10 REF] 50%
B M ol 2 RBCPIER > ABCTTS 15 K~ BIC
J75 15.5 R D ECUise 14 K> AHEEIRAD 10%
fEkyey C s > Htpa B S 7 4-5d -

HERNE@REIEEERE
H plcEa tHIR S | Rpitast R - Hacek2l d

Female ratio

dietA dietB dietC dietD

W &5 7 EEAVETE 7 0 R (M S BUAEEED) x Treatments

0 y N - BE FE
100% « STRUERREE 7T LRUR » ARy g + AR PIR SHES TS
BRILHY C~ DECTT (47.03% ~ 45.75%) BE S tp - 4 g E 4 55 A B CRAE 100%) » B B2 5
oA 90% + KEHD 10% HY B ECTS (42.86%)  CRiE 90% + KTk 10%) ~ C FJ CRifE 90% + 7t
(B2 Fy =480 P=0.02x10° i 100%  # 10%) & DE 7 CRHE 90% + KFH 5% + 764
SRARE A BLTT (44.56%) HISTE R hmmn 5% - MEETATEIETOTA | (S8 REE)
e, x 100% ° Fy,y=4.80 » P=2.00x 10°* -

s g — gy Fig. 2. Percentage of Corcyra cephalonica females
W o 5 FE B3 P BT > {E R 10% HY C fie under four different proportional formulas for rearing.

77 (0.26 g) BEEEE S EA 3 @A (A~ A'is 100% rice bran, B is 90% rice bran +10% soybean

. ; 45 powder, C is 90% rice bran + 10% pollen, and D is 90%
D % 0.22 g’ B 55 0.20 g FH Jkt CIES R 10% rice bran + 5% soybean powder + 5% pollen.
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Cumulative emergence rate of female (%)

10 r

A
ks b9

Ly

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Day

1. ARG ST 4 TR EERFIRCTT - st 21 d MEpkss 2EE L E AR 50% AIMERE e RECPHEER - 4 {H
ISR Ry A BC T CRIE 100%) ~ B BT CRAE 90% + KEH) 10%) ~ CELJT CRAE 90% + (L8 10%) & D fit
75 ORI 90% + KEk7 5% + 1683 5%) - EI=FAIE Ry 50% HIlfEpia: ZRCPHER -

Fig. 1. The Corcyra cephalonica was reared on four proportional formulas and the cumulative emergence rate of
female adults over 21 d and the 50% emergence rate. A is 100% rice bran, B is 90% rice bran +10% soybean powder,

C is 90% rice bran + 10% pollen, and D is 90% rice bran + 5% soybean powder + 5% pollen. The inverted triangle
represent 50% emergence rates.
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fEf & E RISV AS B (8] 3 » Fiu =
1430 > P=1.20 x 10°) ¢

HEINENE L £k 10% 8 CELJT
CEHEERET 78595 fir) #E =R SR EHM
3{EEC T (A~ B K D 43R B 555.8 K ~ 641.05
K fe 662.65 Kir) » FHIELATSHI 10% fEf7 Be 7 Fr
g8 BN T B S Y ETNE (B 4 0 Fs 0
=13.41>P=4.10x10°) -

HONE IR ) 10% 8y C i J5
(4.61 mg) [EIHEREE 72 5 5 i HoA 3 {67 & fic
77 (A ~B K D435l B 4.03 mg ~3.73 mg }2 4.03
mg) » FH T U RIFE RS BT U7 P 8 2 0 i i
FrEEd Nt E SN E AR (B 50 Fip =
18.95» P=2.80 x 107) «

BEHIKIEEME

I ER TR ER > 7R & AR
A DRER AP A 1T RE A AR H A=k
AV R o THRET L REUBRAVEA - [FI t
— Bt & G EREER D ARAE (BT EH

o
[N}

10 Females (g)
o

0.0

dietA dietB dietC dietD
Treatments

3. TE4TEAR[EEEFIEC DT T 68 10 SR a0
R ERER - 4 (BRI A B A BCJ7 CRE 100%) ~ B
B3 CREE 90% + KiZHy 10%) ~ CHCJT KA 90%
+ 168 10%) k& D Bo)7 CREE 90% + K&y 5% + 16
1 5%) © Fiyu = 1430 > P =120 x 10 » Analysis of
Variance (ANOVA) test ©

Fig. 3. The weight of 10 female Corcyra cephalonica
adults reared under four different proportional formulas.
A is 100% rice bran, B is 90% rice bran +10% soybean
powder, C is 90% rice bran + 10% pollen, and D is
90% rice bran +5% soglbean powder +5% pollen. F,, =
14.30, P = 1.20 x 107, Analysis of Variance (ANOVA)
test.

BI3E H4H

750

dietA dietB dietC dietD
Treatments

4. LERE S $AMORERER A ERLE 4 A [F ELBIEC TS
B N 5 dEUNARE R -4 EEREL R B ABCTT COF
T 100%) ~ B lic 75 CKIgE 90% + KEHr 10%) ~ C i
J5 CKHE 90% + FER7 10%) K D B CRIE 90% + K
Ty 5% + 16K 5%) © Fype=13.41 > P=4.10x 10>
Analysis of Variance (ANOVA) test ©

Fig. 4. Comparing the total fecundity over five days
for five pairs of adult Corcyra cephalonica reared under
four different proportional formulas. A is 100% rice
bran, B is 90% rice bran + 10% soybean powder, C is
90% rice bran + 10% pollen, and D is 90% rice bran +
5% soybean powder + 5% pollen.

100 Eggs (mg)

dietA dietB dietC dietD
Treatments

5. fE4TEARFEELAIEC )T EE T REREREH UV E -
4 {18 i B 3 7 Ry A Bic U5 CK#E 100%) ~ B fic 77 Ok
HE 90% + K43 10%) ~ C B 7 CK IR 90% + {EH
10%) K D EiJ5 CREE 90% + K8 5% + {0 5%) °
Fs.,=18.95> P =280 x 107 > Analysis of Variance
(ANOVA) test ©

Fig. 5. The egg mass weight of Corcyra cephalonica
reared under four different proportional formulas (mg):
A is 100% rice bran, B is 90% rice bran +10% soybean
powder, C is 90% rice bran + 10% pollen, and D is 90%
rice bran +5% soybean powder + 5% pollen.
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aME) IRE 2 EE— RS - (JEIEE/SEIg0
%) x 16,000 > HIE[{5 ] 1 mL Fpok &% # O iz
AR 5 A U R B HEE AT LR (1 6) -
A By 100% SRAEEC T > BT A 2ok Ry 150 g
HIEE 1.25 700 5 d Z EIE R 555.8 > #
HAES ] mL U FZEEE 3598 7T BAC
Ji R 135 g okl + 15 g K&y » 5+ 4.125 7T
5dZENER 641.05 1 > #8H & 1 mL &5t
TE#E 102,96 7T CHE B 135 gk + 15 ¢
ek > 31362550 0 5 d ZEUIE B 785.95
Ko ES 1 mL FrfREE A Ry 145.05 7C
D FCJ7 Fy 135 goRkME + 7.5 ¢ RE#y + 7.5 ¢ fE
#y  HEF8.875 5T » S A ZETNE & 662.65 H1 >
HES 1 mL AR 99.6 7T ©

=4 =A

&9 5
REBEXMERNE R EhNEELEH
SHEESESNEFHEEESAFEEYE
NETEHMBEIE > E088ER &M%t
% 1% (Vaudo et al. 2016) - — & 5\ & (4Adalia

200

NTD

100 -

dietA dietB dietC dietD
Treatments

6. NEECIT =TT INAYRCA | (BECE I UNED)
x 16,000 © 4 {I& g B 53 7 £y A B 77 CRIE 100%) ~ B
FCJ7 CRHE 90% + K3 10%) ~ C L J7 CRE 90%
+ 1683 10%) Ko D FCJ7 CRiE 90% + K&k 5% + 1t
# 5%) © Taisugar fy & /& HEE R () A R E &4k
SRR E B -

Fig. 6. The cost per 1 mL of eggs for each feed for-
mula. A is 100% rice bran, B is 90% rice bran + 10%
soybean powder, C is 90% rice bran + 10% pollen, and
D is 90% rice bran + 5% soybean powder + 5% pollen.

Taisugar represents the price of a commercial product in
Taiwan.

Taisugar

bipunctata) W% 5 EHLETE > B2 BTt &
YR Fr s & E ahas DU dx VIR A B 0 RES
e REE 2 E A R ENREE (De Clercq et
al. 2005) -

W5 B DAL R SE 1 FORTER: B &) »
o fE R PE BTN (Coleomegilla maculata) 1]
i Kz BB LT (Duan et al. 2002) - iEHUR
EM AR 7y R &SEFHEFEEREER
5% o Kast et al. (2019) HYWFFEIRGRFTER HY
EREE HbEAKESEER  BEWERE
YrEtE ey HRearin il & EmAeyEtt
HRNTER o FERFINAHITEE - [CWAE R
Hg B R EH 5% (Macrolophus pygmaeus) 7%
K~ FAEY) > BRI B @i EEE > DI
ik 5 B B B U A f 8 & (Vandekerkhove & De
Clercq 2010) - 2 L TR 45 REURIEH N =&
H{E > HESEFSFUEHEAAEEZ &
INLRER BB R E R &N - BFEMTE R
VIR E 2

£ 4 1A FEfC TRy B - BRI 1
W & BEAEPUER - fr A 3 (EEC T AR
A {55 2 A e B A - 4 R (G U7 B R B
o fEM B T EE R ER S E - EUNE K E U
BHEJTH > HENEAM 3 EE )T o SRR
100% 1 jiz B 63 8 1 52 ZE M il sk U RS B8 > Al 8
ER MR s VAR E I & - ERTE THYUHL AL
EE B AL CKME 90% + K&K 10%) HE -
PE BT HEBT K K 10% Y A AT RE % 1) 5 e Bk &
E TERZL YO - {H 2 O AY o Al [  FE A
LR MR EETE BRI e =i 5 (E
2~ [E 3 K[E 4) -

A B (5 BC 07 Fir A8 72 7Y A0 R &%k Ok B
A AER B Y AT O 7 B e R B B
RERIER S - EAEK BC )7 P & Z kL i &
AEREREN - KARARE T R EREZIEH
B U7 B H AR 9T 2 i (B R B T T DAL B (R
1) ZFFICHE TR HAME 5~ ¥ 5 E
9.6-22.82 d; HUNEJTHE > AulEn i BT
Fy4.6 mg BEHEBERNGEEREVREEMELI
(4.8 mg) » 44 ZEI B ACH P HE B
7> (Begum & Qamar 2015) » fARACH B AR
Ry ARG BIREM Z FRe &S - 2R
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55 4 1

1. R R E R 2 A O e 7 Bt BRI T i (B SR AU S R R BT R C JT M EL R - LEERVE R A 3 S
W~ HONEKAEINE 3 (E-H -
Table 1. Comparing the optimal pollen formula used in this experiment with the optimal Corcyra cephalonica tfeed
formula from other scholars regarding development period, egg mass weight, and egg production.
Developmental Weight of 100
Diets period eggs (mg) Fecundity References
Sorghum : Mille : Maize : Groundnut (3:3:3: 1) 37.60 4.20 39.700 (Begum & Qamar 2015)
99.5% (Sorghum : Millet : Maize : Groundnut (3 : 38.80 4.80 39.900 (Begum & Qamar 2015)
3:3:10)) +0.5%Vit. E
Sorghum 100% 50.82 4.26 - (Pathak et al. 2010)
Sorghum 70% + Gram 30% + 5 g Powdered yeast - 3.73 98.856  (Mehendale et al. 2014)
Rice 125 g + wheat 125 g + Groundnut 25 g 42.55 - 166.625  (Rajkumari et al. 2014)
Sorghum 95% + Groundnut 5% 47.33 - 312.330  (Arun Kumar et al. 2018)
Rice bran 90% + pollen 10% 28.00 4.60 157.190

BRI E B > AIAERERFEE( LR
FENIIEE R B B E DD RE 2 B R E AT U8R

AL A R T #E MOST-111-2313-
B-020-003-MY3 B 2 2 4[5 f% & 112AS-5.5.3
-BQ-B1 Z #8280 FF - [F] I AR A B a8 5 fir 4
N IEAFEEZ BN S#ITFLE  EEH
RHE -

5| FSZBA
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Influence of Pollen Provisioning on Fecundity and Life
History Traits of the Rice Moth, Corcyra cephalonica
(Lepidoptera: Pyralidae)

Jia-Hong Wu', Cheng-Jin Lai’, Xin-Ci Hong', and Li-Hsin Wu™’

Abstract

Wu, J. H,, C. J. Lai, X. C. Hong, and L. H. Wu. 2024. Influence of pollen provisioning
on fecundity and life history traits of the rice moth, Corcyra cephalonica (Lepidoptera:
Pyralidae). J. Taiwan Agric. Res. 74(3):251-258.

Biological control is an essential method in integrated pest management. Although Corcyra
cephalonica (Stainton) is a vital storage pest, its fresh eggs can be the most effective alternative host
for various important natural enemies and parasitoid wasps. In this experiment, rice bran, soybean
powder, and pollen were mixed with four different proportions according to Literature and feeding
experience and measured (1) the cumulative occurrence rate of female adults, (2) percentage of
females, (3) female weight, (4) the fecundity, (5) 100 eggs weight, and (6) the production cost per
milliliter of the egg is expected to improve the quality of fecundity. The results showed that the adult
females reared with 10% pollen could shorten the life cycle and early eclosion and have better growth
parameters than other treatments. Therefore, pollen was of great nutritional value for the mass-rear-
ing external rice moths. However, compared with the production cost per milliliter of eggs, the cost
of adding pollen treatment is higher than that of the other three formulas. Still, the fecundity of each
female moth is as high as 157.19 + 12, which is quite close to the best fecundity record of 166.63 in
the literature. Pollen is rich in a variety of vitamins. Further fine-tuning and experiments are needed to
determine the effective and economical addition of pollen to the moth’s eggs. The adequate minimum
proportion of pollen should be determined as well. As such, biological control materials with high
quality, yield, and more economical cost can be applied to automatic production and optimize the
whole production process of parasitoid wasp biological control.

Keywords: Food formula, Pollen, Corcyra cephalonica, Fecundity, Life-cycle assessments.
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HfEFE
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TREE  BRFE ~ J7(575 - 2024 - A HEH B BREROR IR (KRR
PG Rk - GIEREZENTTE 73(4):259-268 -
FobTt TEREL, s BaeE - AT ER LB EMERERNE 12 A EREEROR - P53 HH#EBITEtL
Bl o GERBUR - 4 A EIR EE R EAVR TR A R A EERR 18.3% « 0 RIS 32.1% - HRIEE

42.9% KA 26.7%  HIRIETE Rt o F BRTERE AV EL - A RIHZHY 2 ME BB E R B BE R
U IR S o TR S A R R B BT ER - D (A A EEE AR RS F T 6 2 R A

FHICFRA{EA B

BRETBCR - GRS 4 VAR EAT B E R R ¢ SEFHEERIR 61% - HEIEEE 10%

N TIEEE 0% AR [

&1t light-emitting diode (LED) f&0& 2% - N TIHEEEIR ERIEDTE B A MEITNERER - RERFIEZE T

AT A HRR RS AR A ER - HRAFR(ITASEZR -

RRSREE © HhE - BATER - ZERCANNN RS - egE -
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5% (litchi, Litchi chinensis Sonn.) J& fi
BFF} (Sapindaceae) fy 50 BT BLENH T L% IR
ot o (E R bR — W A A A E > PR - 2
CEIE - 208 B SOREMN R T A EE
(Mitra & Pathak 2010) - fH & (B 55 2% R 3T -

08 BT RORRE  TE R EE HH R y Fy
R~ TREE, - R, WORML K&
LRFpfy, o FEEEESREE TR - £
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FE3K (Chang 1999) o {H T 4F IE 4 3¢ 42 Wi =
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HRHERT SRR - EFERRHE 4
o {EF AR ERE T BNEETT -
X E R R FEFERBRFEER HTEE
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RS o B 2BA(E®R (Yang et al. 2017) -
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FoLEEF B T B i & (Liu et al.
2019) o A 5% 2 48 15 K BEL7R G M 5 o DRt Y AR
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Fig. 1.
this experiment.
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Fig. 2. Daily temperature and humidity changes of 4 different spraying treatments.

T 1. ATEAFEEFZEE ZH 5 RIS P IS e 2 PR -
Table 1. Average temperature of 4 different spraying treatments applied during day and nighttime spraying periods.

Average temperature (C) at different treatments

Period Control Nighttime spraying Daytime spraying Daytime & Nighttime spraying
10:00-16:00 255 255 24.7 25.1
01:00-07:00 16.3 16.2 16.4 16.2
All day 19.8 19.9 19.7 19.7

2. ATEAFEEFZEE ZH RIS PR S I e 2 PR -
Table 2. Average humidity of 4 different spraying treatments applied during day and nighttime spraying periods.

Average humidity (%) at different treatments

Period Control Nighttime spraying Daytime spraying Daytime & Nighttime spraying
10:00-16:00 68.9 65.4 68.5 67.1

01:00-07:00 94.3 95.0 95.9 94.9

All day 84.7 83.3 84.9 83.6
ZIEMRE - B REZEEQRRIGEZH S C BREFZHE RO RBERIGEZFEE 4 R

HSHEARE A A ELLBTHIBEAE < KT A RIBEfER IEEI’\JE'% Ry Al By 18. 3% ~26.7% ~ 42.9%
BRETHRET T > NEZHRA - ®IEEE  32.1% - HPEREZRH - AREREZEK
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Fig. 3. Statistical analysis of the numbers of ‘Yu-Her-Pao’ litchi plants with different flowering rates after 4 differ-

ent spraying treatments.

IS IR AP RTE R G A B S M E
R R IGIE TN A B IE 75 IR Y
HIFIERER A M ER (R 3) -

RIEE BT AZ M B
DGzt ket B G i A I SR IR - )
W E EHUE AR - B R AN I SR RO [ AR0
LED f§ IR E 4 fmB - RRERAKFAE
Ry BRI R F 61% ~ 10% ~ 0% K 2% » LA
N %2 41 B 7% [ 4% 5% LED ¥& BB 4H Y B 2 72 )

3. R BROET 4 EAEERREE Y Ty
FRACER -

Table 3. Average flowering rate of ‘Yu-Her-Pao” litchi
under 4 different spraying treatments.

Treatment Flowering rate
Control 18.3+3.04¢"
Nighttime spraying 26.7+3.27 bc
Daytime spraying 429+431a
Daytime & Nighttime spraying 32.1+340b

“Mean + standard error. Means denoted with the same letter
are not significantly different each other at level P = 0.05 of
least significant difference (LSD) test (n = 24).
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Table 4. Damage rates of litchi fruit borer under 4 different litchi fruit borer control methods.

Treatment

Litchi fruit borer damage rate (%)

Control (none pest control)
Automatic pesticide spraying

Manual pesticide spraying

Green light-emitting diode (LED) light for nighttime illumination

61.0+1.4a"
10.0+3.0b
0+0c
2.0+1.4bc

“Mean =+ standard error. Means denoted with the same letter are not significantly different each other at level P = 0.05 of least signif-

icant difference (LSD) test (n = 100).
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Application date Type of pesticide and dilution ratio

2022/3/28 acetamiprid 2,000 fold carbosulfan 1,000 fold
2022/4/4 acetamiprid 2,000 fold carbosulfan 1,000 fold
2022/4/11 fenitrothion 1,000 fold carbaryl 1,000 fold

2022/4/18 acetamiprid 2,000 fold fenitrothion 1,000 fold
2022/4/25 fenitrothion 1,000 fold carbaryl 1,000 fold

2022/5/2 fenthion 1,000 fold lambda-cyhalothrin 2,000 fold
2022/5/9 fenitrothion 1,000 fold acetamiprid 2,000 fold
2022/5/16 fenthion 1,000 fold lambda-cyhalothrin 2,000 fold
2022/5/23 acetamiprid 2,000 fold lambda-cyhalothrin 2,000 fold
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Evaluation of Using Automatic Micro-Spraying
Facilities for ‘Yu-Her-Pao’ Litchi (Litchi chinensis)
Flower Induction and Litchi Fruit Borer
(Conopomorpha sinensis) Control

Chih-Cheng Hsu', Hsing-Liang Chen', and Hsin-Hsiu Fang”"

Abstract

Hsu, C. C., H. L. Chen, and H. H. Fang. 2024. Evaluation of using automatic micro-
spraying facilities for “Yu-Her-Pao’ litchi (Litchi chinensis) flower induction and litchi fruit
borer (Conopomorpha sinensis) control. J. Taiwan Agric. Res. 73(4):259-268.

To improve the flowering rate of litchi (Litchi chinensis Sonn.), this study used an automat-
ic spraying system to spray water for cooling at different times in December and investigated the
flowering rate in the next March. The results showed that the flowering rates of the daytime spraying
treatments were significantly higher than that of the non-spraying control group, while the nighttime
spraying treatment did not significantly increase the flowering rate. The flowering rates of the four dif-
ferent spraying treatments were 18.3% for non-spraying, 32.1% for daytime and nighttime spraying,
42.9% for daytime spraying, and 26.7% for nighttime spraying. Daytime spraying was the best time to
increase litchi flowering rate. The same spraying system was further used to test the effect of pesticide
spraying on litchi fruit borer (Conopomorpha sinensis Bradley) control. The results showed that the
damage rates of the four control treatments were 61% for the non-pesticide control, 10% for the auto-
matic pesticide spraying, 0% for the manual pesticide spraying, and 2% for the night green light-emit-
ting diode (LED) light illumination. Both daytime manual pesticide spraying and night green LED
light control had positive effects. Although the automatic pesticide spraying method can save labor
and reduce the damage rate of litchi fruit borer, there is still room for pest control improvement.

Key words: Litchi, Flowering rate, Litchi fruit borer, Temperature, Pesticide.
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EElBasE REUR - 1£3 H 7 HRASE 3 TR RE R BT A bRE Ui - 26 H 28 HEE 12 A 7 HE
AU 1 R » 729 H 5 HAEEIHAILLES 2 TR (E - 155 » SROFEEHEZ ER BB et
AALRE T A EEE EAHR -

RAEEE  ROIERHEE - EEY - RIS BB L EY) - E(LRETT -

= i (flavonoids) BH AN Z L&Y (poly-
phenols) FERHABEDY) > ELFENREYIR
IR E & P18 RfE LR (phytochemicals) »
HEB R AENTR - &Y BR - GERE

=

HEE R Ry BB R - B ARVERREE
Bt Mz{56 B 25T, BRE ZH R,

Bl Tiz g8 s, 5 o — R T E M T AR
BB RRE AR I - A0 B LB B R IR
fREAIE S EFERE  (HEE AR T HE G
B AW S AE MR By B B2 (R
Emm e HREYRBANEHEEENLEEZ (an-
thocyanins) ~ JHEHZE &) 2% (carotenoids) ~ &= i

KIREYIH (Liu 2003; Xiao & Bai 2019) - fij
BbaY_EZEENE YRR E XA H E
V) HUTeyasEsig - Mg RIEERE
CHIFRR BB cEmEE A ES > 1
ARUERBEHAIEEREE > RETEAER
LR EFRE B HIE LK (Balasundram ef al.

R H 2024 527 H2 B ¢ B2 HE 0 2024 £ 9 11 H -

" EEMEF ¢ hllin@dragon.nchu.edu.tw

' BEBEEARATEMAEBEAES - 28 2 -

PR R BT F YR A -

EEETT -

EREMEEABTESREARIEE AR AR ATE - BB ZHN -

Y B R EOK B E R R Y - B 2 -
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2006; Babbar et al. 2014) < :4h » R [EFEEL
EEEHARBEAE R EREEREDEE - W16
BERANTAY ZESEH HEBROVER - &
FEMER A ~ = M EE ~ BYAREE(L R FEE S 0 T
wE AN B AR - s - S8 mE
BIERE - RELME - PIEERIEREEH
(Hollman & Katan 1997; Ghosh & Konishi
2007; Panche et al. 2016) °

BESEHEE (Ipomoea batatas L.) > FE44 5y leafy
sweet potato » Fll 4 Fy 3t IVEE BB B 5% > &R
RN HEB | FREFEEEEY > B
AHEMHERSEH —FUFEE T4 5E -
HEXHESZHMME » THIMYEEERE
(caffeoylquinic acids) R E T EBH R 5
& BEBE ) (Kurata et al. 2007; Taira et al.
2013; Sun et al. 2014) - Chu et al. (2000) 7347
EEYHE R HFEE BT ROERH
SRS &R (426.8 mg kg™ i 0 HpE
Hi B2 A5 g 55 B (myricetin) B} 7 3 (quer-
cetin) fz & MR EE S (luteolin) F & & &
EINSHEE R B ReEXHERER
S E LA B EEY) o Zhang et al. (2020)
FIFH HPLC-ESI-MS fi il » 23 EE2 H 3 2
BUtavar 7T EmYEEEROTAY I 4 fEs
B E— D iR BN S & & 8l
PLEALRE ST » BURER 2 I Bl &
SR EELY 10 /% - BEE R BB L&Y 2 ik
EEBEITEYERE EEZNE KT - F
# > Liu et al. (2012) SRS - BEEHE 6
BT, ZIHFHEBERES - BARS
Y 44 fip & & B 2,2-diphenyl-1-picrylhydrazyl
(DPPH) HHEFRAE T » HEFEHREIHEH
ERETAALREJIREL « Liao et al. (2011) Hf
ZeEH7R 0 ‘Tainung 10° B ‘Tainung 57° Z P&
{bRE JRBEY ‘Tainung 66° Bl B8 i %
H¥# H,0, FEAMEEEtE REER - M
Ha T Bl e W AT RE 2 E AV HLAALRC Y o Li et
al. (2019) 7p#r 2 R R H H miE 2 (T
BHZEZ RS FIERLERERLEEFZHA
O MERRALAATEEFEE R > HPERAE S Yk
i (caffeoyl) ~ & E i (p-coumaryl) ~ [ Zf i
(feruloyl) K FEELIKHER (p-hydroxy benzoyl) »

rere

]

7348 H41

HEEREEGRMEMARZEZE > HER
fEFREMTHEE B G RHERRAE - 55—
i AR EHEERE T EE A Z RAE TR R
o EAEFER  RPER 2R LR EE LK
S » MR R (cyanidin) ~ AEEZE (pe-
onidin) R IEHAE R (lutein) AILIEIFES - 1
EE 25 MER (myricetin) & 8L E(FHE
MRHEAHZALEFERE (Chan 2010) © & e
FtWTFE R - FERH FE i -~ B R ERYT
SAERIE RT3 G B AE LRy & B ELTLE
{EREIRIR -

AT FE HEY 5 FETRE A [ E B ICR
B RO ESH A F AL AE TR T A
S 35 DA AR LA AE T o0 B 2 A E L
PRUTH - SIRE(F Ry = bRE MR oy iR S A EE R 5
Z PGB E AR - MR R OB H R R
PRI & i FUR Z AT -

Mk E

At R ENRERBAEY (Z2h
FZiEla) #TEB 0 UEERERB BN
O R F CY Y8467 {E B2l ikt » 73
B 2017E3H7H 6 H28H -9 A5 H
K12 HTHER BEME | TR ERERI3 X
SEEE 12 R (R 1) - AFERLL 15-20 cm
Jelmen #ETTRME - BICEE 2 R EBatat iR &
1 5E 4 & 22 3% 5 (randomized complete block
design; RCBD) » H @& 4 &% - F/N&@iH
fE40tk > BEERSm T8 m > fTHH 1.2 m>
PREE[EE B 0.5 m » $REEITHE » FH PRI 2
HILR O ESH HEE SR EE E G ETRUE
S UM AL 15-20 om HEE - 3
BAMRRE SIS Ho er al. (2024) ik -
HEEI RN D RIE

A B £ 2% Sarpate et al. (2009) 2 ZEHY
TEK iR ET - KRR RO ERH
Sy RIFEELEE K B #3020 g fif B > SERAE A
BeiEe DA 1 20 ERBIIIA&A 1% 1 N EEEHY
FF i (methanol) FAZ A F)2/H 48 h» FHHIE
4k (GA-55, Advantec, Tokyo, Japan) ##EJEITEE
TR 7 2 R R A fREE 30CHE 22 R
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F 1. FROFEEHE CYY84-67 1t 2017-2018 SR & 51 12 (EERUTITZ EE B I ~ $RUCICEL ~ BRULESH »

TEMA S HEUR BE 7 B R AR ER -
Table 1.

Dates of planting, harvest, batch of harvest, days after planting time, and extraction rate from the leaves

and stems of 12 cultivation periods of purple leafy sweet potato CYY84-67 in 2017-2018.

Days after planting

Extraction rate of Extraction rate of

Date of planting ~ Batch of harvest ~ Date of harvest time leaves (%)” stems (%)
2017/03/07 1 2017/04/20 44 7.3 6.3
2 2017/05/17 71 10.2 6.7
3 2017/06/20 105 10.9 6.2
2017/06/28 1 2017/08/11 44 10.9 6.5
2 2017/09/07 71 8.9 6.3
3 2017/09/29 93 8.1 6.5
2017/09/05 1 2017/10/12 37 8.7 5.5
2 2017/11/09 65 9.4 8.0
3 2017/12/07 93 9.5 6.1
2017/12/07 1 2018/02/26 81 10.5 5.9
2 2018/03/30 113 9.2 6.3
3 2018/04/26 140 8.3 5.4

“ Extraction rate (%) = (extract weight of 100% MeOH + 1% 1IN HC1/ 20 g fresh weight) x 100%.

JE4E% (RE400/BM 200, Yamato Scientific Co.,
Ltd., Tokyo, Japan) ffi§71% » 1 DL/% M HZ K 1%
(EYELA FDU-2200, Tokyo Rikakikai Co., Ltd.,
Tokyo, Japan) J#§7 24 h » BI{5 A EGAHRIZEHL
VLT IRRE MR o B AL RE I o AT -

Ha & sl E (total phenolic content)

Halp & 8N E S Kujala e al. (2000)
AT - 8 1 mg REOEZHEZRYS
1 mL HEE (50% methanol) » H{ 100 pL Z£HL
MREL 100 uL @Rl (1 N Folin-Ciocalteu
reagent) JEEAE 1.5 mL HELE - KEOESYIHE
10 min > F0A 200 uL WEESR (20% Na,CO;)
BNDE A - FEEE NEFE 30 min {8 R
SEREYIE N EEOH > £120,000% g (13,000 rpm)
B0 10 min < H{200 uL 35K ZE 96 (Y FLEE
FI| FH 45 ¢S f& 5 (SPECTROstar® Nano, BMG
Labtech, Ortenberg, Germany) JH|& 730 nm 7
RIOBOEE - DLZ B T (gallic acid) Ryt
mho BCE S~ 10~ 20~ 40 ~ 80 ~ 100 & 200 pg
mL EEHBEDEERESR THREREE
XHEBRHEEY AL ETHRNEHEZ
728 > DL mg GAE g (gallic acid equivalent;
GAE 4B THER) £m -

FE -2 2l (total flavonoid content)

4 B 2 5 0 E 27 Arvouet-Grand et al.
(1994) Z ZHUJ77% - # 1 mg RO EELHEE
A A TS 1 mL B EE (75% methanol) » HY
250 uL ZEHUEHL 1.4 mL ddH,0 ~ 50 L {42
(10% AICI;) % 50 uL E&fz % (1 M CH,COOK)
BETE 2 mL BELE o ROR G YT E R T A
AFE 30 min > HU200 pL EJERZE 96 (AL
FIARTAC o FEEE T M & 415 nm 7 KAV
{H » DIMEZ & (quercetin) FoffEAE i FLE S »
10 ~ 20 ~ 40 ~ 80 pg mL™ EEEHE L B Fia &
& THMEROEZHEGRHET - e
RZHIHE 2278 > L mg QE g (quercetin
equivalent; QE » it ff ZE &) Fonm °

Rt S F & EHE (total anthocyanin content)

DL Hidg 2 -3- %4 T (cyanidin-3-glu-
coside) 77 T E1F Ryat BAERE - FIHEE g {H 2=
F% (pH differential method) FHELEEHF EZ &
&= (Ayu et al. 2018) - #5 5 mg REOEZHE
FEHATY 1 mL 25HUK (100% HEE + 1% IN
BER%) - AL 200 pL ZEHGE 77 #2800 pL &k
#P4% @K (0.025 M potassium chloride buffer,




272 H SRS

pH 1.0) 5 800 uL &M% $/54% 1% (0.4 M sodium
acetate buffer, pH 4.5) JE&TE 2 mL B LVE -
ROREYIAE 20/ N & EAFE 15 min - B 1 mL
EERZELEES - ML EEHIE 520
nm B2 700 nm 7 RAVSEE - AGRHE ERA
AR

Total anthocyanin contents (mg g™')
= (A x MW x DF x 1,000) / (¢ x 1 x W)

A= (Asyum — Asgonm) PH 1.0 = (Asyg =
Asgyam) PH 4.5

MW : cyanidin-3-glucoside 2 73 T & >
MW = 449.2 g mol’
DF : dilution factor (FFFEfZEY)

¢ ' molar extinction coefficient » ¢ =
26,900 L mol” cm™

1 e BATEAS (1 cm)
W ZEHYIHEE (g)

MEICBETI D

DPPH H i RiEERRE /] (DPPH scavenging
effect)

ZME S Aoshima et al. (2004) 7 53
J7E B0 pL B S ZE ) (R2FE Fy 30 pg mL™)
B1200 uL DPPH- AR (0.1 mM) Kz 90 uL
Tris-HCI 4% f@i; % (50 mM, pH 7.4) J&E & 1F 96
AL > BIEAH B 100% HEE AR - RS
PIAE EE T BOEEFE 30 min % > FIIFH 26
FESTHHIE 517 nm J RHVBOLE - HUAHGT
H : DPPH HHAFRREES) (%) = [(HIRTE
H — BREnBOLE )/ IRIOEE] x 100% - Bl
B (ascorbic acid) B¥EIRL > MHEAF
(Y ZE I YR I DU iy B et B BB R
f& (concentration for 50% of maximal effect;
ECs) BfE » $uimBEACE R E#iE Sy 0.625
125 2.5 F 5 pg mL" » BEH S GE A S -
10~ 20 ~ 30 40 pg mL™" » 5 #3315 4 [ Ay
10 ~ 25~ 50 ~ 100 ~ 200 & 300 pg mL" » ECy,
{E 5% FR 50% DPPH H AN ARURE -

rere

]

3% FHa4M

W+ 7 (reducing power)

AHE27 Singh & Rajini (2004) Z 7317
Jivk e B 1 mg REEZHEZRRYAN 1
mL ddH,0 - H{ 100 uL Z£HY % 81 100 pL s
EE4% @R (0.2 M phosphate buffer, pH 6.6) &
100 uL FRIMEE (1% potassium ferricyanide) J&
G7E 1.5 mL B0 %E > DLEZE SOCRIME 20 min
% » FFLLKIR 424N - FIIA 100 uL =& 2%
(10% trichloroacetic acid) £FE(VE% @ BERES
VIE B OHE > DL 820x g (3,000 rpm) FELy 10
min o H{ 100 pL FE& 2 96 fFLE > Fin
A 100 L ddH,0 B2 20 uL &{E5 (0.1% ferric
chloride) J& &9 5] 1% » /£ 206 [ JE 10 min »
FIA YR & 700 nm JF AR GHE -
DAHUSE ML (ascorbic acid) fy¥Ha4H » WHCE
HERELEREEHES 15102550
75 K 100 pg mL™" DLECEER [ # i > 3R 7
o DIPUEMEE (ascorbic acid) FyfEE - fic
BHREHEDHERES  TREER®
EXHEEwaEY AR gRE 11
HHEEZ 28 > Ll mg AAE g (ascorbic acid
equivalent; AAE » PUIEIMEEE &) Tk
T o ATEEiEE

LA Bartlett 73 #fr g 7 /& 4 7] & fF 4 (&2 16
s TR HEZ HEEREERE - 7]
G0 4 (EEEIEILEL » HErBINE T T4E R
R J53EEE - A& EAE B 73 A #£1T ANOVA
(analysis of variance) 73#7 - slER s & LS
B + FEERAERR  Fst i 2 ANOVA -~ &
INEEE M B (Fisher’s protected least signifi-
cant difference test; LSD test) k¢ FH g8 %5 #5747
& F3 SAS Enterprise Guid 4iz1#(ES (version
7.1) » (i 45T 4 E Al {E ) SPSS /A H] . Sigma-
Plot #t#& (version 12.5) °

L e B
AT T LLEE 3 2 5 B8 43 B B B B
RHEESH E CYYR4-67 F Ryl B st > i
DL 2017-2018 4 f fE 7 /&2 5% B fe 5% ol B Py A2
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5 2 s AT IR BE YRR 3 A o AREUER 7T AT
20173 H7H 6 H28H -9 A5 HK 12
H7HER  SEHE 1 TR EERIg3 X - 3
ST 12 fEERUCHT (3R 1) © R EBRUTEIRY R R 5
FHEZER BELH R 20 g fF 5 - &
WREEMRERIL L 20 EEBIMAEH 1% I N
A I P R I AT AR H 3 A L 2 O U A
MEziz  HLLEZE LSRR AR - BEH
Bt R 2 Y - BR 1 SRR REERE
HE CYY84-67 FA 2017-2018 7K [H] £ Uz HA
R HEEAZINEL7.3-10.9% (1 & H 5
5.4-8.0% » HoDIEER ZLHER SN EED - /R
ST [EEAE BB ER L R B R O BE S H 3 A [
BRI RE T R oy 2 72 IR - o3 il b it et
Mok 22 BUW 47 M7 48 155 (total phenolic content;
TPC) ~ 44{E7 Z (total anthocyanin content; TAC)
Fe 48 55§ (total flavonoid content; TFC) & =
B4k -

2 & REUR  BEEZHER 2017
2018 R [E|FR N HE 2 B2 K TPC A 87.3-269.0
mg GAE g fresh weight (FW) » %[5 16.6-
41.5 mg GAE g' FW ; # 5 TAC 5 2.8-21.2
mg g’ FW» ¥/ 0.2-2.1 mg g’ FW ; #H
TFC 49 7F 21.9-77.5 mg QE g' FW » ¥ #f 4y
£ 5.8-11.7 mg QE g FW - {EHi & LEE 145
RER - ¥ DPPH B A FREE T 5 34.6—
83.7% » FEL B 3.5-11.4%  MER BRI A
10.4-75.9 mg AAE g"' FW » ¥ 55 1.2-6.4 mg
AAE g' FW (£ 3) » ¥l L i RE LR
SRIIIR(LREIE Y - FER BHESNEE -

LA Bartlett 73 87 i i€ /2 5 7] & ff 4 {1
a5 LA [E] BR UL B 2 B RE PR R oy Bt Rk
REJT > Sy ITEE R BIE 2 S (TFC) B35 J7[H
g WG 0F 4 EEEEERE ; HerBUNE
a3 )7 IEEE - A& I BT E
BT - HEtBRaE e » B/ 2 TPC ~ TAC
F TFC #3 > f£3 A 7T HEBEBME 1 Kk
WA AR - 55 3 TR » HL &
ARG IEI12H T HEM - DIE 1 RGN
B HEBLEH 2 R 3 RRTEEZEZR S 6
A28 HEMILIE | KERWHIFI9E RS

Hrp TPC R TFC EHEHEZEZE 9 HSHEM
HADUEE 2 IR A = - H i TAC ZHHE =
F(F£2) - R 2= (TFC) AI&0f 4 i E
AL R - Lo H28 HEBBZE 1 X
RUHEERS M3 A 7THEERZE 1 X
REERE (&4 - EHEETHT > &
F =z DPPH H H ALK Bk A8 7 BL T i 4 TH 8]
BHEBAFREL2MEE HES A 12H7THE
AT LA | KRR S > HELE 2 K3 X
RUGHAEREE 2% > 6 H 28 HEMEHARI LS
| WS > 9 B S HEBIHE IS 2 X
PR S > HEE Y BAE 3 H 7 HEHEIHLL
52 IR = (3R 3) < Ih4h » REEEH
Z BRI RE M R sy R A E Y (R
3) o G RHEER > £ 3 H 7 HEUEE 3 R
ZHERETER B R bRE N EE > £ 6 H 28
HEL12 57 HEMEIALIE 1 RERULEE > 9
A5 HEERARIDUSE 2 RERLER FE < 55— J7HI »
FCERLAEE 1 B 2 WERUL 2 BRREME R 4 Bt &b
REN AR SIS (28R 3) -

CHEURE - AR EFHMREIGEE
HEERFILEYAEGRFRER  Ed RS
P By I e S R 2 = B IEARRE 0 A
FZRUEMNEBEEHAE EAREL
(Borochv-Neori et al. 2011; Marin et al. 2015;
Alba ef al. 2022) - Chan (2010) 37887 » H
HER MR REEDERS > MEAHEF
- NEZHAEERZAIDEFRS  AE
ANEMERE N HEEE ZBEERTEH
it 7 5 - Ghorbanli et al. (2012) 3% 3 3 -
bt 4= #4< Flavoparmelia caperata 2 M8 {E&
V) S REEREEARRE T GHE Y
B> i Physcia dubia 7 B ZE & (¢ E L&
YFEH > AFAGHELEFZ2ZMM © Zhang
et al. (2019) Wr5etaH > /INEEER (Mikania
micrantha) FEATRIRE T » G{EELEHE
HIEHFZENERE > BRI RRSH A bEE
T3 DASE A RARCR AV A7 1 - Astbndh R
W BER TFC Beaff 4 EEBIHT R
JE M HABLER U KRBT IR i bh i e tE HA B
RWREWAF A REHE > DL6 A 28
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Table 3. Comparisons of antioxidant capacity from the leaves and stems of purple leafy sweet potato CYY84—67 among 3 consecutive harvests in 4 planting dates.

S

s s

#£3

Stems

Leaves

2017/6/28 2017/9/5 2017/12/7 2017/3/7 2017/6/28 2017/9/5 2017/12/7

2017/3/7

Batch of harvest

DPPH scavenging effect (%)

94+£02b 8.6+04a 10.0£09a

83.1+0.8a 67.7+14b 824+1.6a 11.4+0.1a
10.6+£03a

555+20¢"

6.0+02b
35+£05¢

9.0+0.6a

68.3+1.8b 83.7+0.8a 46.1£2.2b 89+02¢

72.0+25a

59+£02b

69+05¢

95+02b

67.6+1.6b 612+2.6b 346+15¢

61.1+1.6b

Reducing power (mg AAE g FW)

6.4+0.6a 28+03b 52+02a
57+0.7a

6.1+£04a
3.7+0.1b

65.6+4.0a 409+4.8a 759+6.6a

22.8+2.8b

1.9+02b
12+0.1¢

5.0+0.5ab
39+0.5b

38.5+£2.0b 60.6+79a 233+1.6b

47.0+59a
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1.5+02¢

43.1+35a 104+0.7b 57+0.6a

394+3.6b

“ DPPH: 2,2-diphenyl-1-picrylhydrazyl; AAE: ascorbic acid equivalent; FW: fresh weight.
¥ Mean =+ standard error (n = 8). Means within a column followed by the same letter(s) are not significantly different at 5% level by Fisher’s protected least significant difference (LSD) test.

51.8+13a

F 4, BEEEEHE CYYS4-67 EH X &GS
917 53T AC BN -

Table 4. Sympathetic effects of the total flavonoid
content comprehensive variance analysis in the leaves
of purple leafy sweet potato CY'Y84—67.

Date of planting Batch of harvest Mean + SE
2017/6/28 1 775+58a
2017/9/5 2 633+75b
2017/12/7 1 60.5+4.3b
2017/6/28 2 56.5+2.8 bc
2017/3/7 3 522+ 1.8 bed
2017/3/7 2 52.2+4.1 bed
2017/9/5 1 50.8 £5.2 bed
2017/6/28 3 50.6 +2.7 bed
2017/9/5 3 46.8+3.6cd
2017/12/7 3 43.1+4.4d
2017/12/7 2 43.0+43d
2017/3/7 1 219+3.0e

*Mean =+ standard error (n = 8). Different letters mean signifi-
cant differences at 5% level by Fisher’s protected least signif-
icant difference (LSD) test.

HEBHZE 1 RERWHEERS > M3H7
HEBE#HZSE | KRWEEREK (B4 - £0
ERHEE2017TF 12 AT HEEBZE 1 X
U - B 2018 4£ 2 H 26 H R Ui =~ TPC »
TAC J TFC FH M (£ 2)  BREIR A8
%% TPC ~ TAC } TFC ¥ - S sl Bads
RER2017THFE 12 57 HEBEZESE 1 UK
SRR R 17C  BAR A B IR ORI
ISCHYREZIA 21 d (Ho et al. 2024) - HEHI(K
R REEERROCERHEZ MG EE
KT —F LR B IR HEE CYY84-67
£ 2018 422 H 26 HERWLIH » /p i EE 7 Bl %
R [6] 2 R ZEHU Y 2 DPPH H £ 0% bR AE
w4 J ECs R - BB KU mEE - H
1S5 R BR  REEEHE CYYS4-67 2
TR BLEEA [E R 22 LY EL DPPH H H A&
HEREE ) 2EE MR 5 0 M R G
BEHUEIMEEN ECy, JEME 5 2.95 pg mL™' ~ BER
(9 ECs, ST B 22.05 pg mL™" » [fj & EAHY ECs,
FERE Ry 184.08 pg mL™ - &5 A RIHTE ML
DPPH H HEEFRAE 1% » HNEER ME
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100
Ascorbic acid
80
60
40r Y=17.42X-1.36
(R*=0.994, P < 0.01)
20t ECs = 2.95 ug mL™
L
0 1 1 1
0 2 4 6 8
100
Leaves
°~\°/ 80
3
k3
o 60f
C
S
]
Y Y=221X+1.27
@ (R*=10.990, P <0.01)
§ 20t ECy = 22.05 pg mL”
)]
0 1 ' 1
0 15 30 45 60
100
Stems
80r
60
40t Y =0.26X+2.14

(R =0.992, P < 0.01)
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Fig. 1. The 2,2-diphenyl-1-picrylhydrazyl (DPPH)
scavenging effect calibration curve and EC;, from
leaves and stems with different concentrations of purple

leafy sweet potato CYY84—-67 in February 26, 2018,
and control is ascorbic acid.
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Fig. 2. The absorbance reading at 700 nm from leaves
and stems with different concentrations of purple leafy

sweet potato CYY84-67 in February 26, 2018, and con-
trol is ascorbic acid.



SETIIET AL 5 277

5.

ROTERHEE CYY84-67 HE 7 B AW b &Y E TR (LRE 1 Z MHBRAE R (AR -

Table 5. Correlation matrix with the Pearson coefficient values for phenolic compounds and antioxidant ability of
the leaves and stems extracts in purple leafy sweet potato CY'Y84-67.

Parameter TPC* TFC TAC AOA (DPPH) AOA (Reducing power)
Leaves of CYY84-67 (n =48)
TPC 1 0.4917 0.755" 0.864" 0.906™
TFC 1 0.549" 0.558" 0.530"
TAC 1 0.7017 0.808”
AOA (DPPH) 1 0.919"
AOA (Reducing power) 1
Stems of CYY84-67 (n =48)
TPC 1 0.226 0.675" 0.724" 0.805™
TFC 1 0.299° 0.295 0.191
TAC 1 0.637" 0.795"
AOA (DPPH) 1 0.825™
AOA (Reducing power) 1

“TPC: total phenolic content; TFC: total flavonoid content; TAC: total anthocyanin content; AOA: antioxidant activity according to
the 2,2-diphenyl-1-picrylhydrazyl (DPPH) and reducing power assays.
" Correlation is significant at P < 0.01; " correlation is significant at P < 0.05.
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Effects of Planting Periods and Number of Harvesting
Times on Phenolic Compounds and Antioxidant
Capacity of Purple Leafy Sweet Potato

Chia-Hsun Ho', Man-Hsia Yang’, Chiao-Ling Hsiao’, Yung-Chang Lai’, and Huey-Ling Lin*"

Abstract

Ho, C. H., M. H. Yang, C. L. Hsiao, Y. C. Lai, and H. L. Lin. 2024. Effects of planting
periods and number of harvesting times on phenolic compounds and antioxidant capacity
of purple leafy sweet potato. J. Taiwan Agric. Res. 73(4):269-280.

In this study, the experimental material of purple leafy sweet potato strain CYY84-67 was
bred by Chiayi Agricultural Experiment Branch of Taiwan Agricultural Research Institute (TARI),
and the field experiment and functional ingredients analyses were conducted at TARI in 2017 and
2018. The objectives of this study were to investigate the effects of planting periods and number of
harvesting times on phenolic compounds and antioxidant capacity of purple leafy sweet potato. The
results showed that functional ingredients were present in the leaves and stems of purple leafy sweet
potato CYY84—67 at different harvest periods during 2017-2018. The total phenolic content in leaves
ranged from 87.3-269.0 mg gallic acid equivalent g fresh weight (FW), while the content in stems
ranged from 16.6-41.5 mg gallic acid equivalent g' FW. Leaves had a total anthocyanin content of
2.8-21.2 mg g' FW, while stems had a content of 0.2-2.1 mg g" FW. The total flavonoid content in
leaves was between 21.9 and 77.5 mg quercetin equivalent g FW, while the content in stems was
between 5.8 and 11.7 mg quercetin equivalent g’ FW. Regarding antioxidant capacity, the 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH) scavenging effect of the leaves was 34.6-83.7%, while that of the stems
was 3.5-11.4%. The concentration for 50% of maximal effect (EC5,) of the leaves was 22.05 ug mL",
and the ECy, concentration of the stems was 184.08 ug mL". The reducing power from the leaves of
purple leafy sweet potato CYY84—67 was 10.4-75.9 mg ascorbic acid equivalent g' FW, while the
stems had 1.2-6.4 mg ascorbic acid equivalent g' FW. The results showed that the functional ingredi-
ents and antioxidant capacity were better in the third harvest on March 7. For the planting periods on
June 28 and December 7, the first harvest was the best, while for the planting period on September 5,
the second harvest was the superior. Furthermore, there was a significant positive correlation between
the antioxidant capacity and the phenolic compounds in the leaves of purple leafy sweet potato.

Key words: Purple leafy sweet potato, Planting period, Number of harvesting times, Phenolic com-
pound, Antioxidant capacity.
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Table 1. Panicle harvesting dates, temperatures at picking time, and the highest temperatures on that day for 5 rice
varieties (lines) grown in 2 consecutive cropping seasons in a heated greenhouse.

Second cropping season, 2020

First cropping season, 2021

Temperature at ~ Highest temperature Temperature at ~ Highest temperature
Panicle har- harvesting in harvesting day Panicle har- harvesting in harvesting day
Cultivar vesting dates () (©) vesting dates (©) ()
‘N22° 10/14 39.7 42.5 4/28 39.2 38.6
PA164 10/16 38.8 42.6 5/19 42.1 444
‘Tainan 11° 10/20 39.2 42.0 524 42.1 41.1
‘Taiken 9° 10/21 39.4 40.2 5/21 42.6 45.6
PA163 10/22 38.1 39.6 5/20 424 44.0
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Fig. 1. Mean daily temperature curves of the field and the heating greenhouse in (A) the second cropping season of
2020 and (B) the first cropping season of 2021.
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Table 2. The mean temperatures of the field and the heating greenhouse in the heated and unheated periods in 2
consecutive cropping seasons of this study.

Mean temperature ('C) Mean temperature (C)
v 08/03-09/20, 2020 09/21-11/30, 2020
ear-crop-
ping season Treatment 00:00-24:00 08:00-15:00 15:00-08:00 00:00-24:00 08:00-15:00  15:00-08:00
2020-2 Field 28.2 315 27.0 24.8 28.3 23.4
Heating greenhouse 32.8 36.0 31.5 31.1 37.0 28.6
Difference 4.6 4.5 4.5 6.3 8.7 52
2021-1 03/07-04/20, 2021 04/21-06/20, 2021
Field 223 25.6 19.9 27.5 30.4 25.6
Heating greenhouse 27.0 31.1 242 33.8 40.4 29.6
Difference 4.7 5.5 42 6.3 10.0 4.0

0 H) > &—dnfl () A 10 ¥k (1 FVPE) - B R Z BTE S % 0 LUBR T HUH TE S8 AR
FAEE 2 HEEHUEL o 5 PRUEFT R E - 2020 4255 75 500 uL AF6 &% {/% (Amphasys, Root, Swit-
TR REERR R R 09:00 5 2021 R —HE Ry zerland) ZMERE O E T o LIH D E B
10:00 - REERFEPR R R AL B0 B0 N AL ACKAS  BRTEEERRIITERI & - BL 100 pm JE4EETE - HL
FHERE > FERRMEKMMEREREE 200 oL fEf R IIA AF6 & R E & £ 500
SOLIR T (R - MERERATE (896 cm)  pL o (EREIOITE G (1 H)) > T4 &
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TE43 & J7 LA IFC Ampha Z30 (Amphasys,
Root, Switzerland) #7450 » {54 120 pm FL
KR B 12 MHz ~ & Z 8 H 35
rpm > EL A 228 modulation/amplification/
demodulation £y 4/6/2 > trigger level £ 0.1 -
SR Z X Bl A A E%E Fy 180-270 » Y i
2 IE 3% % B 0-6 > 3l L AmphaSoft 2.0 (Am-
phasys, Root, Switzerland) 88 #ETT M7 > fG
W3 0E 11 Ryt B EE J1 2 FERy B SRR I E R B
Z H4rEh (Hsia et al. 2022) -

HEEHMUANERE RBHEMIEIZ

pE
2021 FEHE—HIER 10:00 ﬁiﬁﬁz_ 5 {E
mfl (%) HEREREEE mnfd (%) BEHY

6k > SIREL 1 78 ”%ﬁﬂz 6 **Em a2
h/\ 12 S FAAE Z AL &8 - 8 IR B [E F A
At - {H AF6 SR AHE R 1.8 mL » Z 1%
TER IR T3 R 6 1 B ED IER T L AF6
%@i)@iﬁ%@ 500 pL fE R BB R M8«
Fin o A B RS RUE By 25 2 30 ~ 35~ 40~

45 F 100C 2Rz 828 N EEHE 15 min 1% > DLIFC

HELTAEADIE ST > S DL 100°C e 3 1& 1645
15 2 41 it B B R TE Ry SE T4 B B VS 0T 4
g o IFC Z 2B e ik [l E—akBg it -
*/mr@)jéfijj:‘ TT3 %%E

MRETDHITISA

K RETETE 5k ) RCBD > S B &
1} 4% SAS Enterprise Guide 7.1 (SAS Institute

Inc. 2014) ERGET T ITERAE ST ANOVA 8
Ji o3t - 5 B 2= RETE (P < 0.05) > AR

FH i/ NBEZE 75 BV HIES (least significant differ-
ence test; LSD) LL#g & FR I I EH 2 25 -

e S
FH B8 B2 M 24 13 RE Bl 2 K FE e kB I 3R
RAE
2020 55 ZHIE R il E R hL AR -
f 7 1) H $900 2L #E B AE 27-35°CH] > HIE
L EE R 21-28°CHA] ([E 1A) » FERANE
HIIR (8/3-9/20) % 7 [ 4 FH & 17 08:00-15:00

BI3E H4

(ﬂu*ﬂ) 2 15:00-08:00 CRANEL) BFEL 2R 8 7

B s 4.5°C > AR R BE BB A S HE FT 4 B A H
i@/mrgﬁﬁsz% 4.6°C 5 1@ E [0 2GHR (9/21-
11/30) EAHEE R & 2= 2 > FENEFEL f 8.7C »
IR ES By 5.2°C > BIH & > H R =
H R 6.3C (3R2) 5 {HKMEME (R) RVEEE
HEAAM A 10/14-10/22 2 f5 (F2 1) « BLIFC 1
& H B RCEAL Z AERE TR 3 0 S REUR
B 5 A% € B FE RS 7S JI4E 69.3-79.5% fd & HY
H H &R ER & JIE 63.1-77.7% [ > [6—dn
(%) e EEE 2 EE I - B
T E B HE R TE IS > B4Et L8
IR c ERERTH  BnRERE
81.3-91.8% [ ; MHEAE 82.0-92.7% [ » [F—
mafl (%) B4 ESE 2R ERHEK > R
HIEER (R3) -

2021 G55 —HA(F i 2 2ok ol R R Y
H¥ R g 8L i ERAE 31-37CH > HIETE
24-30°CH ([ 1B) « AR ETIEGAM (3/7-
4/20) fpEEEHE > H¥EE 2R 4.7C
B12020 4£55 ZHAME Z HE R = B 4.6 CAEAT
IEAHAR (4/21-6/20) % E [/ 72 N B 2 35
JHREE 40.4°C > BIHIER /S 22 52 10.0C 5 f£9F
IELEF B (15:00-8:00) A% [/l 2 FH & 2 S350
EERRAVC MEMBEHE HERZER
6.3C (£ 2) ° 5 EKMEMTE () 1 4/28-5/24
METTEEE (R 1) o DUIFC ROHITE RS S B3
T arE > ERERE G (R) RARESE
2 fERy R B R R A R (R 4) - (B
& IR EE RN > HUE AR E B 2 fERE JITE
57.8-74.4% [ HUE HEE 62.9-76.4% i »
518 fnfE (Z) F{E N22° B PA163 1£ i &
BN A R HeR 3 M CTNILD
‘TK9 J% PA164 & DLH & fEM)E 1 #E S AR
TEE - FRERTH > EBM N22> 2 89.2%
Berm o HBk 4 SFETE 43.5-55.4% [ > HIE4H
£ 88.7-93.0% [ > 5 {E S fE (%) H{# N22°
EARFESRE R EEE =R £k 4 5 (R)
SUHEH  RREREE S ER &4 -

FEEHUF DR BB EREIZ
2
2021 55 — M {E B H & H B RTEZ
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%3, 2020 FE RN RIS R S BB (R) 20k E B ER -
Table 3. Pollen viability and spikelet fertility of 5 rice cultivars (lines) planted in the field or in a heating green-

house in the second cropping season of 2020.

Pollen viability (%) Spikelet fertility (%)
Cultivar/line Heat nursery Heat nursery Field
‘N22° 693+7.6a" B’ 63.1+63a C 91.8+44a A 927+15a A
PA163 795+35a A 777+3.6a A 81.7+39a A 82.0+62a B
PA164 778+57a A 745+63a AB 813+75a A 829+53a AB
‘Tainan 11° 729+69a AB 71.5+6.5a ABC 86.7+6.5a A 842+54a AB
‘Taiken 9° 698+43a B 654+11.5a BC 863+48a A 919+1.7a AB

“Means with different letters (in small letter) in the same cultivar (lines) in the same character are significantly different (P < 0.05)

by r-test.

’ Means with different letters (in capital letter) in the same column are significantly different (P < 0.05) by least significant differ-

ence (LSD) test.

TEHY DL 25-45°CB E FE 8 15 min /& > DL IFC
ATERY G T 2 81k - ERBERS HARES
(%) BLL2SCREZIEME ERS >
* 61.3-65.9% [ (£ 5) - BETICHE 2
RIS 2 N RSO/ iR EAS
ZAEKE I EL 25°CrR AR - SRS 25CE
B EME T b HEAEMES) - 5588
TNE 35°CE 40CRE B 1% 2 FHEHER VB J1 21k -
DI “N22° {RI51E 85.9-86.8% MBS THIE
FER(EE B ‘TN11 Bl PA164 > 1F 40°CIEHHE
FHEEE TR 1E 60% BL F 5 T BL PA163 i
‘TKY” TR & A > £ 35CRAEENE
ELfEZ 60% DUN - Hf ‘TKY BEpREUEFE -
Tt AR E T T 2 iR i Ay BB - R
FERRIE % & il (%) BTG RFEE
LR » & B85 A By N22° ~ “TN11”
PA164 ~ PA163 J ‘TK9’ «

]

AEERFE R ERE SRR &8

EERRABEFRERCAORERET » RS
REAAR R EE R ELHAI TS - KiE
EEEREENEREY WK ERK
HH B AN - (H 21 XA EE KRR
it BARHE R R S E iRV S —2 (Prasad et al.
2006; Chuang & Lur 2013) - —f&[= > EHY)
EAEEEARBERERERBEHSIRE S
B K e 28 m R B EEICnE

I BLAE S FEBH R EL AR K - TR B
FEEE B HYTER B~ 3205 R DA R 1% S Bl 25
B &R EORE BlE /Y E(K (Fahad et
al. 2018) - RiFEEHT 2 HEREX B
EEPFEITH ) F BB ADR = 7F Ryt 2k i e H
TEH A LUK 7 OB 7KAE - R HhiE R 280
AR T SRR - R FBEER I E H #
TTAEH G Juhg ) - 2020 4755 — HAF O B0 B2
2R TE RS By 38.0°C » HBNIG 2 R E By
37.0C (F 1) » fix#& Kobayashi et al. (2011) #}
FLEUR (A 37.5°CH] & 4y it B4 B = RN K
FE L AE o AHFZE 2020 4 — HA {F 81 Kobayashi
et al. (2011) (M Z R EAHAT L - EABFEE
—miE (R) WEB A E S EHEMEE - S
mil () SEREEE SR  REXRIE (&
3) B AHTEENZ S mid (R) EE
FEERBURK R LTE (R) -

FERGRER 2020 A —HAME 5 il (FR) =0
e 7 [PA B FH AR i Gm A AR DB B R
TEEERABERANEE  WARRER S miE
(%) Wi BARF PN DA & 57 « RIBE > 2021 258
—HIfER B RINBUR E B 38CHEa & 39CHh »
A NR fE 20:00 27 H 06:00 3% E £y 28C2
INEA R - [5]  AF BR AR F 5 | 9:00 7B
%2 10:00 - R PRAEEF /KRS HE e PN 0R 1 L7
BEEME o KILITHE 2021 FE—HAERE
[Fe] 1 A I B PR M 15 2 S 900 T By 40.4°C
WY R E R % 39°C e i 1.4°C (2 2) 0 B2 2020
B AR N BN B 2 2500 37.0CH B & HY
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3.4°C (% 2) » Matsui et al. (2001b) LA 35.0 -
37.5 Fz 40.0°C = T J& e B 9 {8 Fic 1% T /KA
HIE 6 d o WA ATE EICk SRR TR AVRE
it > SERBURE SR BUERY ‘Hinohikari® 1F
375 CrRIEIFIERTRR 50% » 1M =i
fy <Akitakomachi’ S 2 40.0CH A M
R > FIFH 3.0CZ SEN A& 5y tH = i Rk B
it = o A L AR o AT 2021 55— HIERE
(7] F I 0B B 2 4408 % 40.4°C Bl Matsui et al.
(2001b) R Z 40.0CE RIEHMLL > (HEERE
HAMMN SR N22 4R IERRER I
HESRHEMSTE (R) > Hiz 4l (R) H
EMEZRERMHEHKRS ZREE  H
4l () BEERAIZREREE (RY) -
BILHEN > 4 T (R) BE Z & REERE
JELE 37.0C (2020 455 — H{F hi B0 B2 3900 )
Bl 40.4C (2021 F5—HAME NG B 290 ) 2
fi] » Tenorio et al. (2013) ¥ B7 & Fg K W 22 Fr
(International Rice Research Institute; IRRI)
KRR [ A AT B 22 - 45 H B = i SR
TN IR64” » FE G AL HAMETT = 0 pa B X
#3TC BMEASE 1T RERTEGHET
Bt o ERIIL > EEER DA 37-38CHEAT — M KAGIERE
2 Tt BN 3 T DL 38-39°C HE 17 R it A L il
B o fEAHFEF 2020 55 ZHIME SRR E
(Bl 5% E R Ky 38.0°C » B PR BN B H0R B
Ky 37.0C » JREVERRAVRE R EE —EZ R
T MR BE I A Y A 2 MR B - SRR e AR
FEMACK &I HE S 3 EIeS - MEARE
fEgist BRINEEE SR (R 3) 5 2021 F£H—HfF
5 o A T [l 5% E RS Ky 39.0°C - B BRI BN B
PEDRE Ry 40.4C » —BIF Z IR SR ERE
(] Yy B P O P B B O = AT % > R 1
BUR Z AU Higsofi e - RS s < N222
Ah o HERIE R H R 4 il () 2 SrmbRFR -

Eom KN ENIE R AREARS - §F
Z BRI Y R RN [E) S BLUR FESCRY » s B S
SRS T] o Matsui et al. (2014) 75
ek R BT R /K R ek B R - BRE R FCHA Y HH
o = 2 40°C 0 B AR A E AR R 2 B B
52 HEAEE 28 ROR TR = B H & R TR K
(20.7%) HE 7 N ZEHUIE FIERS » FORBLROR <
BT 4-6.8°C 0 JRHIERIRE ~ A EAYR

=

RN T SURAVES - Matsui et al. (1997)
LL37.5CHE & 3 R ERMBIZHIRER 2%
2 GREREZERENEMN > sORHRERN
SENE > MR EORERIA B 2880 E 1T
ERl T 22 B F R AR AV R - A FE R {EH 2 28
MR 2 A IR 2812 R A B — e B P -
YRR FE BB /K AR RS 0 = R FE IR RE - B RE
BlErm sk BN RNEE - 46 lERS
h e T [P 2 M P a2 S R B IR B~ B
TE A AN AT IR HU A~ 1 RG » DUBR R SR R
PRV BIAR K -
FESRREVRCZIER T

Satake & Yoshida (1978) EHZE o E R
TREMIRE - 45 SR 8L A Y PR A Y
M E TR T SR AL EE R EEFA - K2
B 1T 28 BAE BE TE M BT R 2 ¢ T I A A AEE
BB RE IEF A EZEMBOEE
EFEMEIETE FAYE 35 2 FE (K - Matsui et al.
(2001b) WZTHEH 3 fE R FE B AT I EIE#) 8t
FeERIREEE - 15 37.5ClR B BE LT B
RKIX 10 ZH LB E R Y& 0 {H 40.0CH
HIEAGE EIEM BRI 10 Z By thEfRE %
FHEAME MK - B MR = R~ A s B0 B
B ZE (R EAEM B - [FRF R8s B2 81T
BRI R BZIEIER - B ENTRE RN
T o AN 0 Matsui et al. (2021) b5 2 [0]7
o3 i R B EUFAAE A S (heat induced flower
sterility; HIFS) By &M E R F - &5 RITEUR
HIFS BL{ERy 1E AL TR A 3% 2 (% 1Y 28 12 MH B M &
& o AWFSE 2020 45 ZHAEARE [ 5 A TE (B
5o e B A R 9 H 2 i = i S AE 39.6-42.6C
(3= 1) 2021 F£ 55 — HAME N22° $REEAT 1
wk 1518 BE B A S H Ao R L E AE 37.8-
41.5CH (BRIREIR) » Hir 4 nfE (R) AI{E
41.1-45.6C[H (F2 1) - 2021 EE—HIEHE A S
Vi B O ERRE B AR By 40.4°C 0 {EfNER
B (R R BRACIRE:) TR BRI E S
RIS R A =0 AT BB 5 28 A0 T B A B Jig 1 B
Rk > ER 4P RRERZ I R
AR FE R AER /& T Ry

i e BRI BV R IR RE i R R 2 0 Ko-
bayashi et al. (2011) B 5% BUR L & /& 0 g 22
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e 1 d 23 d SR REBCRGHEILH
i BRHE T s AL BE BB 2L L EE BB R LR
N BUNETRE R G R - A E R R
T Hh 1 2 B R B A o W SR B R R
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s B AR B T m R HY fE 2 BB A B
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FEACRY AR THEA 3 R 2 (R HYEE 25 AR JEHBAE > 40
foky B R B SE R ZAF FE 6L - e B LK
E o ACAD1E B G 05 Y S ERRL > (2 —
RACNAC BRI H B ZAFE R Z ALY 1 h
#F o e E R AR E —(E/NE BT A 2 T84
RIS RIFEER SR T #HRERZ R
[& BRE Z e B G R TG ) Forg o ABSE
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PRI “N22° 506 e 3 A SO A B At o 2 FHAT
AT 2021 FEE—FATE R 4/21 BRta =R EHE
N22° > 4/28 £RFE > N22° 5p0f i B AR AH R
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(R) FREEZFE SRS - =R R IR
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4) - AR/ EETE > SALFEEER SR
HRBEZ 8 Wik REERE T2
FORLECRS > ZRMAG K S T A Al B & H B R IR i
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FHEZB% -
LRI IEA a1

AW S midE (%) HE HEEEH R E
BCHE DA EEEEZR - HE R DIE
FRIEH S ERAYER - FEMR Ry infd AR R R 15
PRI (R 3~ F£4) - M-S fEE LS
T EDRE R - HATK & IR i 2 12
[ERAI 2 HBHEE SR - IRRI[E— i fek &
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H: (Hsia et al. 2022) - AbF5¢ IHUE HEK
R ZAC K HETT A [F) ORI B B A& A M LT T B 2
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b GERERS ST (&) EME I EERE
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S REE TR B miEEE IEE
P B R RERYEE BN A A E > BURA [F A
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THREEE TKY AHHERA (3 F%4)
MM B A N22° it BAE R = 1 16k ’Y it
B EARE - H b PA163 8 A1 i E [ = R
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AMRAK (= 4) > ZRIMIEAER R R B o] LUE &
PA163 1F 35°CHa BRI tH AT V& ST A S 2
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JE [ = e FE AR 0 B R i 2R I R e B
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RERBZEN > B2EELEN - KERE
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B EIEZ BN 2 J7 BE IERE B HE S R P
R B2 (Jagadish et al. 2007) o 2R [
WiTEE SEESEBRE P ETERENNE
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Effects of High Temperature after Heading Stage on
Rice Pollen Viability and Fertility

Chi-Ni Hsia', Charng-Pei Li’, Wei-Ting Tsai’, Yi-Heng Tsai*, Pei-Ying Huang®, Ching Chuang’, and
Shuen-Chi You™

Abstract

Hsia, C. N., C. P. Li, W. T. Tsai, Y. H. Tsai, P. Y. Huang, C. Chuang, and S. C. You. 2024.
Effects of high temperature after heading stage on rice pollen viability and fertility. J.
Taiwan Agric. Res. 73(4):281-291.

This study conducted heating treatment beginning from rice heading to grain maturity in a green-
house to investigate the effects of high temperature on pollen viability and spikelet fertility. Rice materi-
als including heat-resistant early-maturing indica upland rice ‘Nagina 22’ (‘N22”), medium-late-matur-
ing japonica rice ‘Tainan 117 (‘TN11”) and ‘Taiken 9’ (‘TK9’), as well as PA163 and PA164, the BC,F;
lines bred by ‘TK9’ with ‘N22” heat-resistant gene, were planted in the second cropping season of 2020
(2020-2) and the first cropping season of 2021 (2021-1), respectively, using paddy field cultivation meth-
ods in field and plastic greenhouse. The greenhouse was heated with a diesel heater from 08:00 to 15:00
every day after ‘N22’ heading to grain maturity, with a set temperature of 38°C; in the 2021-1 cropping
season, the set temperature during the day is 39°C and at night heating treatment was performed from
20:00 to 06:00 the next day with a set temperature of 28°C. The plants were tagged on the heading day
and the ears were picked 2 d later. The pollen from the spikelet that was about to open on the day of ear
picking was used to test the pollen viability using impedance flow cytometry (IFC). The results of the
2020-2 cropping season showed that there was no significant difference in pollen viability or spikelet
fertility between the field and the heated greenhouse in the same variety. The results of the 2021-1 crop-
ping season showed that 3 of the 5 varieties had significant differences in pollen viability between the
field and the heated greenhouse, namely, PA164, “TN11° and ‘TK9’. In addition to the above 3 vari-
eties, there was another line, PA163, that showed a significant difference in spikelet fertility. Mean-
while, in the 2021-1 cropping season, the field pollen of 5 varieties (lines) was collected and treated in
the range of 25-45°C, and the changes in pollen viability were tested. The pollen viability measured
at various temperature treatments was compared with the pollen viability of the 25°C treatment (the highest
value) as the relative pollen viability. The degree of influence of temperature on the relative pollen viability
was sorted from small to large, which were ‘N22°, “TN11°, PA164, PA163, and ‘“TK9’, respectively. The
results of this study showed that both pollen viability and spikelet fertility were affected by high tempera-
tures. However, using greenhouse heating treatment was costly, with less flexibility on temperature settings
compared to the treatment using pollen collected from the field with various temperatures and testing
changes of its viability, which has the advantages of simplicity, ease of implementation, and high efficien-
cy. Therefore, it is recommended that the impact of high temperature on pollen viability be used as a rapid
or primary screening method for heat-resistant rice evaluation.

Key words: Oryza sativa L., Spikelet fertility, Pollen viability, Impedance flow cytometry.
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EfER : Gut Microbiota of 3 Beetle Larvae and Their
Potential for Humic Acid Transformation

Tai-Chuan Wang', Chien-Yong Yeh®, Yu-Cheng Lin’, Bo-Wen Lin’, Me-Chi Yao®,
and Shu-Chen Chang"’
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To further examine the ability of strains to convert rice straw into humic acid, B. megaterium
BMO1, B. aryabhattai BAO1, and B. subtilis BSO1 exhibited an increased humic acid conversion
efficiency of 2.2-2.4%, compared to the control group without inoculation.
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