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RBIR) ~ BEEOR - R - B0~ BSFE ¢ 2023 - HIEREEIE Y 88 KismE SR
W& - GEBEIET 72(4):277-287 -

WERARKBE B —RACBR IR e AR G RIE R MR R E  HRAERSF AW
TR ENFEREPE FOPERRAAT NS ERE  ANEDEANEAR  SHFTRIANZH
A% LB TAR © AR ARIEALI R & WIS R AR AR B —F SRR ABEADALETR
WM FEMRCEIAGEEHTAEZARE YRPRBEANAESRE AL BRTHBAGYEYH
BEAEREZDEAME - HEHABAT T REGABZER - Rk kA BRI ET SRR - FRE
WERFAR  BRAESERAMI ARG ARRBEXSF  EF LGRS SAE - RFHAEHS
RBZ PR EAHEE R  HAREAA XA RMEE (KE) X EHMEHE  HEAHH S EHEA

MA O BRI F 7k ABRARAMEE BB > RS AT ELGHME - 2 FARFFNETLF

KEZTF -
RABEE | RIEZE -

G~ K - smEEH -
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RAfE BB F &R - AORE ~ B

A ROUBEE R L VIR (RIS & B
IR EE BRI ZEE (Intergovernmental
Panel on Climate Change; IPCC) 55 6 ZXEE{H 44
GEEETEH 0 2011-2020 4 B R IR
#7 1850-1900 £ 1.09°C (0.95-1.20C) » #k
RE I8 R R S (% 528 8 A ol ol A 4 B Y 07T > A
AR T8 B2 3.2°C (2.2-3.570) s &
2019 FERE T ZEALIRERE (410 mg L) B
HE 200 B A 0 WATRERTE B B
FJ5E (1,866 mg L) Bl—4&{E % (332 mg L)
FEHRERBRENBEEKES  HEWUE
BN Rl N B AR e K E L #

[l

i 0 K SRR R 8 AR Y BRI - R A R R O
M~ B2 R BV RE R S ilm ST E (IPCC
2023) > Hrb PR Sy HEARGERBEEE K
Fix EEAERENN T HARKRE G EERRREN
EHABRIELT o RS B GRERE -
R it 2 PR B 1 P s Y A /K S8 25 L e 7T
DRIBL S0 > 3] e 23 00 A [ Fla Y i K H B ([Pl
E/VF 1 mm) SPERENS.3 d - i EEIRE
RS SEE BB S0 - $E L B I I R [
F59 00 JEE e L G R V2 O SR (R B R
(Hsu et al. 2011; Shih et al. 2011) -
RREERRIESZENAE BT - [EKE
T8 ) S ABBRIR R I R = A T L P
FE - REMERNIENBREBRLRTEEH S
AR (HRSEIEIY IS EAREN - £

R HB 2023 7 517 H 5 2 HW 2023 £ 8 H 22 [ »

" iEEMEF ¢ shhuang@tari.gov.tw
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RIEEBEET » KREHKBIEVEETTREH
I R B R D~ KT R R R R v (R A R B A
REAHBHEE W8 ANERaEEERE
MR B2 RAE R ALER 2 - 1 ERERS
RN & A2 & 45 J B Ay AT RE 1 - B RF
FERRAEEEHERE L 2MIEREE R T
(IPCC 2019) - LFEANREFEVEERZR
FREREE > FHHEAS BB - BASKEE
BUERBESH NN EHLRE - LHIE
BIREED > EEHSRE 33.5%  HfK
W EBANER T EEEENEERERIEY
DRI ML PR 4 R 3R A R AR V) AR T AR B 4 E AR
WhNEEAr EITRE 24D MR AR R R E
B SR AR AT R 2 R T E RS RS
BT > VIBHE B L 2T 2 AR - D
D K ERTIE R 18R R B 2 B
FE k2% fE (Huang et al. 2009) -

EYEaR HhRABEEEHE T EEYEE
ZEKREIAFZ—  (FYEEAHEN 219
TRESLCNEBANEEE  EEZERS
5376 ~ 43 (physiology) « #7{E 2 (phe-
nology) ~ JEEE# &) (population dynamics) %
Az S (life history) 55 » HAUR AT REZ R &
Eeaa{Thy ~ 010 - #FNEHENREZERER
Z 5 HA0 = AR RS 5 B 1 33K 53 YRR
Vg I RE R B E sV IERFEIRE - 2S1EY
TERE - FHA o RS LAIEH A RRE AL
(niche) » {50 25 & {1 3 Y P 16 B HE RS 3117 7 T R
PHRti e - RBEEZIRE I FiE—
W BB R s A A EEEER % - A
aFEAEY) - Ra R EXE (BEsEREE)
s EaeRN - SRR Bk

REEBHESRGEELSE  EAR
% L [ A [ [ R Y 2 BRI RO RE > AT TR AR 2K
R IR AT Y & R - BN AN S WTRE
BEURBEEBHBREZTLREYE - EEE
Yiga B 5 e M T I RS2 09T - 1T RE R
EEBHEELEE L ENEE - HHERRE
528 T T A oA 3 2 A R B PR SR o AL
Frér o BHEAREESHN T HE SN TRERY
2 WoohmESHEFEYEZFNER  EhiRN

rere

]
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LR KGR B EN  DUE B
R FE sz 8808 2 KR A E AV 1E R R
RATENRE R S% -

RIEEEHREENTERE
BEHNESNTE

B HLET

Er & By R EY) (poikilothermic animal) »
T 788 17 o [ P B R S B T SR B AROR - RS
bt g B RRTR  #5 a4 (Chu
& Chao 2000) - [fii FE &2 Y [F] 28 & SR TR
S RE T RS (Bale er al. 2002) - 45k
EERE R T o WAEFEREFERUTZ
EamESNE  EANFEREHREREEE
7 &R (effective accumulated temperature;
K) - KEFRGEEE R H 14 1 #HREZS
G 1 HEARRVAE SR - St B S B A PR Y i
B APRZHEFIASE S 1 R %0 2-3 AV
B MAHAE RS ERIEE NI > HZE
SR RS (temperature thresholds; T,) ~ A &R
[ ROt B & 1 E S R A IR - HEF A
fHA B 55 b (Pullin 1986; Bale et al. 2002) -

RE ARG HERTE Bl REE
AN E (diapause) AYFEST » o] [ H K5 & Bl
B > R E RN B K (Harrington et
al. 2001; Kiritani 2006) ; {H % FELb/E H AR B
HErp YA REEEIN S - TRERARIAE b
T BHEREE TEMESEEIETE (Ayres &
Lombardero 2000)

Hagh o R A EERERSAENES
REHHRE R - NGRS ZRIER
TIRAEY (55) 2 R H 3 5 EFRE (T)
KEY r BB 8 (FEERS /Nt A Y R R SR )
HEI -

A HiE

FrlE BN A 25 EomiRa - 220"
PR il HL 4 75 sh i 55 2 AR B Y BT BB 20 1)
T o R BT B AT m] SR S 4R
EAROE M & BE BT 0 40 Musolin (2007) #H 5 #5
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38 5 AT 7S BT Bl m B 3t & Y e T RS Gk R
(Nezara viridula (Linnaeus)) > F H & 2 47 1R
i E O H LN A DR R AN EY R B & -

= i 2 1A S 4 e L 0 B o A B A [
I M SN RE ARG S —E
Y ERIESE (Sharma et al. 2005, 2010; Pet-
zoldt & Seaman 2010) ; A HIEHY R 5 0
A2 7R A B P B AR e A U SR Y R
FERK 0 HE RS R EEIRAE AR = i
B - g Reas P AEERE FAE
ZAREERE - oo mt g /M2 IR o BEEEE
EEE > 2 &% (Chu & Chao 2000; Sutherst
etal. 2011) -

KRR & (migratory insect) fHAH >
HEERFEEBE 2R NERAF EE  F
W Y AR RIER(C RS 11 71 &
% 119 B8] 8 M (Zhou et al. 1995; Cannon 1998;
Lastavka 2009) » 5K I& [ 7K B [E 35 E RE HY
AL M BB MRS ARER (L et al.
2023) - FEBEE BIS M B a AT AR AR
7, 5k B 15 R R B BE B (Kiritani 1999, 2006) -
DA E K 3% 48 55 42 H 07 8 8 0 A 350 &
(barley yellow dwarf virus; BYDV) B > £k
TEBE R IR R FEEY 2 RN » B EHRE R
BAREE T RER  HESKERELT » &
B A B 55 T RE R A & e R OK 0 BT
IGREFEE R BB L HTE RS R E A T A
PR E A 2l 3 A b 4B 7 A 9 T [ TR
JLE A NERE R R SRR B EY) - TR S
R EE SR A 0 G R B A S
(Lucio-Zavaleta et al. 2001) °

PizE2 (phenology) #&4: iitsét

B0 7 2 e e 0 B EL 7 F ] 45 & B 4k 6] 0
& > WIYITERTIE % B R Y 2Rl 5
EERKAEEBEILT - FTREFTHE LR &M
o Wz 2 R [E % (phenological asynchrony)
R MG — (%) THBE e
(van Asch & Visser 2007) » KR 2% 1 £ 1
AR B R K » WRIEE (Operophtera
brumata (Linnaeus)) {F & K 4 &5 W7 b B [ B
ZFE (B8 B EISREE TS o ghEr]

DUEFE R EHEEE » K2 0 4@ K R eoR 5 i
b EEAEEEHNasTF EERBERT @ &
HERIET A (Dewar & Watt 1992; Chu &
Chao 2000; Visser & Holleman 2001) - {HtL /A
BERNERABEEET  REZH LT
Eoam B H &y TR E R HEZERNK > BERE
T i 7y Ve R e B 2 5 A [R50 1k Y o o R
¥ (Watt et al. 1990) -

ez R Pl o 2

FonftE R EERRMAEES 1T
R RAHSE - R EREVIIERREE
NEEENFE  BECREET T (B8H) 2
RS 8% (Chidawanyika et al. 2019; Yang
et al. 2022) - ZMEFE A 4R (thermal performance
curve; TPC) K5 72 i [ it 52 i [B P9 ¥ £ 4%
M BE 5 Y B fE (Angilletta 2009; Furlong
& Zalucki 2017) » EE &% M B8 1F & 08 & T
A B i K AE o R R S B RE T F
(Chidawanyika et al. 2019) - %53 G /E AT
Yitd > FEs-FERPEIFEEE Wk
TPC T HY# 5 FE R RE EE W EI A —2
e BN B EE &ML - ST A ERY T
RERE—HER  ERHAFERIEEERS
ZEREECHRE  BERETTESHFERE
Y75 76 R AR - fRE 1T 45 3037 AR 0 T 6 2
IEREFHV B AR E RRIIREE2 5% (Hance et al. 2007;
Furlong & Zalucki 2017; Machekano et al.
2018; Boukal et al. 2019) -

HE R HF RS - FABEREN - AR
BB EAR - Fr & aEta B A R R R
BOUE LR o A0 O I A A R B R
HIFE (Cammell & Knight 1992; Davis et al.
1998; Yamamura & Kiritani 1998; Yamaguchi
et al. 2001; Kiritani 2006) - 2R » fix U 5 &
AR g E LR BAEYEEL AR
2% (Boukal et al. 2019; Chidawanyika et al.
2019) - 48 15 HY O 8 B 2 AR 1R S B EUSE R
8 5T HE S S AR S R T R FE AT IS R
(Chown & Nicolson 2004) » & BF 48 (Cnapha-
locrocis medinalis (Guenée)) & on N i & /K F
BEHEESR—  JRIRIVEE (Trichogramma spp.)
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HIE W E AT AR B R Y B2 2R > Tian er
al. (2017) #5H 4 FEIRAR ON B4 2 K [E] 00 7% B
PR ONAY T A2 Hp R 36 CAVF 439 55 0 »
RURARACRE R & B T fEE R
AR DN g SR BRI O AP /B R « A KEHE 5
e CREEEEREMER T » By TEE
AEL B - 25 Bk & M EL AR = i o 6 PR AR
— MR EENRE ST » (TR RSB BLIE £
IR (Denlinger & Lee 1999; Moiroux ef al.
2014) -

bR T3 EMEREOL - ERRZ W SRS
BT 0 JRATRE R B H Y Bl i B M Ky
f7d > HEM 2 E RN /EE (Lumbierres
et al. 2021) » Jalali et al. (2014) EL#Z Exocho-
mus nigripennis (Erichson) & 5 fE¥[ & > E O -
o g IR EDRE 2SR TR DR ERRE
R 35 B T B S B > &5 SRR 65% HY E.
nigripennis {EHg > BENY 35CH#H 2l & EEL -
BIEETE 32.5CONE 1 s T2 AR E 2K
# G EL > BURA Pl E YL s IR RIS
REAA#ERE -

R FE A 2 B R S = & & K2
2 [FHEAEMZMERE > ATTRENIE
PR - Bai et al. (2022) WHFEHUREE&RE
B W% (Cyrtorhinus lividipennis Reuter) > 5
o L KRG Rl L SR I 2 R Y (B B R 1
K HEiEME (heat resistance) B (KN H
BEH/KIE T E: (Nilaparvata lugens (Stal)) ;
i [E — &AL R EESR (Tytthus
chinensis (Stal)) » {EAHE S R A RIS 4K S
5 BARENEEZN - BEEKHaRE
71 BREEARKEREBERET - #ElERKHE
R EEREITE7E T -
— St BRI E

“EREESRNTEBTIFEEE £
BEEEHEEFIEY L FRERGEAR
5 o ZE/biRERIE I - ATERE YA
PR - fe s EYE & (Bazzaz 1990; Chu &
Chao 2000) > HAITHEYE (C : N BRELL
B) EEEARE  BREHEaEHESNEE
fE{E (Nicolas & Sillans 1989) » ZEZ{ &M /H
WMEELER AREMETEE (Coviella &

rere

]
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Trumble 1999; Hunter 2001) » HFFEH R &4
RHFEZUZFHER T2 HEBSHZFIR
WY 8 (Fajer et al. 1989; Coviella & Trumble
1999) -
CRERRET S g R BTSN
BRI (EF » [ERE BB Y 4H 48 2 e EL BR Y 20

EMPZEEEEERNEE > HEBEXT @ #E
YRe i EUR S Y B LR CERE YIRS N R LB R
wahn - AFIR RO S ESNVENE - BEA
ATRE R B AEY) — AR YR R 8 - 2B
Y B & AYEE 51 (Harrington et al. 2001) -
IEoh » ZE BB AN N > T EERE YRR A
LA (049w (alkaloid)) Bihik (A1FEEE (tan-
nins)) 5 /Y P EYE EEE T RS - T
B Y a LR E (Sharma 2016) - JRA
HE A S RRE S TR E K
M EET - GHIHIE YIRS NP EiH 2 5
#1% (jasmonic acid) ~ /K5 (salicylic acid)
K 2% (ethylene) & RRTE » B {EHEYIHE =
=y Y RN B A R B Ry F IR K (An-
drew & Hill 2017) -

[ERE B2V &

K 2% BB s AR A7 Y B RS i [B 1 70—
95% [ EEFFERE RSN EREEFTH
M AHRFR (heavy rain) & B2 &8 FT 7% Il 4 B
JET (Cheng 1998) 5 RZRFN T - fHYIH /KL
Tl RE 5y R EEN S (Pons & Tatchell
1995) -

EYE RS TR ELENIRHRT
T HPRAGGERGERE - WinHELS
Ry EHVBURE - HEESIEW L FEEYIEE
(Volney & Fleming 2000; Logan et al. 2003) o
Sharma et al. (2005) #5 =22 1E =0 BlEZ 1Y
BT B (Stenodiplosis sorghicola (Co-
quillett)) EAPFREIEES (Chilo partellus Swinhoe)
HI P Es MERRAR » 2 R & A = 5 2 B R
Fy FEEN e

RAiFEB GRS IRER T HHE
ax L H Y FENEEMEERE - B—EHE T
HLUE RS B2 B8 (L (Gregory et al.
2009) - THAIR(EEEH ERNPE  Hia
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G EFE N R - R E FHEY) 2 B
LOMFH > BEFZEEEE A E N (Par-
mesan 2006; Aratjo & Luoto 2007; Bradshaw
& Holzapfel 2008) » & HAE I K A0 TAF -
o] Ry R BB R B R ES
& i (Cannon 1998; Bale et al. 2002; Dukes et
al. 2009; Thomson et al. 2010)

RiEEEBH R EKIEERZEE

BE—RE R EEYESEEE#HE R
AP 20-30C > R E E N E &S H H
o ERENMSm LA —HEBAEEERS
o #FHBFEERIRZ 72 (Cheng 1998) « &
SRS R R B BT S 2.5CHF » 1 4y T Y
NN &AW E 2 912.5 HE (degree-day) »
DAL & B KRS e ds AR ARV T RE L
Rl —{E & (Chilo suppressalis (Walker)) B =
1B 48 (Scirpophaga incertulas (Walker)) 2 th
MR (i r Bk RY) FEao> §EZR/DTH
o1& A BE R & (Laodelphax striatellus
(Fallén)) Bi{f B2 BEIE (Nephotettix cincticeps
(Uhler)) & r B &5 > o788 2-3 {# A€
HEBEEAR I A RE R EHEH
Ry EREEE 2 841 (Cheng 1998) -

BEE RS 2 BT &8 [ & 2
L B En BV R 0 BN (D) BUR R
HLLEE Ry i S KT & E 2% (rice leaf
beetle; Oulema oryzae (Kuwayama)) ~ 7K 7K
S 88 (Lissorhoptrus oryzophilus Kuschel) J
P AR S5 OR A = w0 > THAE EERE A
B L E s s B E R E) - HEE
KB RERE R K2 LEBRIMm
LRz e - A& Rék (Sogatella furcifera
(Horvéth)) K & & B T # (green rice leaf-
hopper; Nephotettix virescens (Distant)) %5 f&
B EEENTTHEYEENERT - Hike
HAFERT RS FARHTRKHRE - &
R BEE I RERE 2 R - TERE
fH > RRAESENREREERENERS
& ER (N. lugens) ~ GEM/KFGELYY (Orseolia
oryzae (Wood-Mason)) ~ K& (Sesamia infer-
ens (Walker)) Kz Nephotettix B EEWESE (Sharma

2016) » FIAILE 2008 4F - HE R > BN L ES /&
= 33 BABEMH (IARI 2008) -

KRG E KRB EEE 2R - A7
AR AR 4 B 2R TR B MG 52 (Scotinophara coarc-
tata (Fabricius)) ~ 2fE 2 EETEW (Nephotettix
malayanus Ishihara & Kawase 81 N. parvus Ishi-
hara & Kawase) ~ i N 7K FE 9% (O. oryzae)
JKFEHEE (Scirpophaga innotata (Walker)) k7K
& M 08 {6 I (Chilo polychrysus (Meyrick)) 25
R RV & KR E EE BRIV - HINHE
s SR RS H R A LERR S &
B EFR AR BB INE BT % AR
(Cuaterno 2007; Huang et al. 2010) » 48 {T-{a]
ARENARRE - DIrEaBKEEEL S -

HUB/M & RIEBE B E A G B KIgEE
ZE @M e - 05 R KR IE
L EREHNZEARETERS > iR
BATREM AV E R T » BB I E fE R
FEMEE M E RO BN B AMIEA/KiE e E
B FEHHEL (Huang et al. 2010) © F5
HEMMERET o KR ERSNE
T B 0 W01 TR i T (R Y K R 8 4 R AL
(rice ragged stunt virus; RRSV) BL/KFEERE
1bJ% (rice grassy stunt virus; RGSV) 5 [HE TR
i T B RE Y B 5 B KRR R R 2 (B (southern
rice black streaked dwarf virus; SRBSDV) ; Bf
ek T {EFR BV KFE G TE AL (rice stripe virus;
RSV) B/KFEE G {EJF (rice black streaked
dwarf virus; RBSDV) ¢ » [ 86 8 45 /K B 55
HESAEREBSHENE N E8KEE
wERR G EKI L2 EE B ERE (Huang et
al. 2010) -

X1 FE S & 8438 o AR i SR A

BEE RO - Faa st R R R it
RBCTRERE 2 3 N 5T > WARAOK TGS 22
Fo'E Z [N E RIS JE R R LD R - ek
fEEE 2 ERAT ¢
FEEEETRIERFHERREES
FHEEE R

BB E (5) MKEERS
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AR > H M ERE IR RIS /N AN & e
Bl BEITRBEEE N RUEAERESE
HE 2 BH/EREIE (ecological zone) 7 E gt 4 E
B o [EI R iR AR K E R A ER
EEE > REEMIE R RS E 2 HF
EEEHK I F s VIERFEN RS - BIEH A KR
=& EOHIE R (Yamamura et al. 2006) ~ HH ]
1 # e R B RS R HAES N (Tian ef al. 2011; Lv
et al. 2023) DL K &8 KIEE & & N E R
(Cheng & Huang 2009) ©

EERMEAAREEBEGS RN EaE L

BoYeR
=2

B M 9T 2 P L v S A R R
BEGET BPREUESEEFIEYES
ERBEHZEE > BIOLLIE B EEE (eco-
logical niche modelling; ENM) & {d 78 1> 7K f&
BEAREREEREE & - HirofhEYE
JEMEA R dEE > 15885 CLIMEX ~ BIOCLIM -
DOMAIN Jz MaxEnt 55 » H P45 5 v B3
&l &4 (geographic information system; GIS)
Bic > EREEZER BT MEGEE - g
R B8] > Guru-Pirasanna-Pandi et al. (2021)
{5 FH 12 82 2 Y MaxEnt 28 BRI 48 7 72 B0 S
HY B AT B AR AR VEAE 0 A7 > &5 SR BUR U oy A
FEZIREEEE (68.7%) » HerHlZH
P KR T2 FrA BOREBURIE R BT (LY
RAEBRET > 52090 4F - = 8 8 5 Y & A
T 3 0 - i {5 B B 3 L B AR 50K 2D < 1 BA
CLIMEX f4 R e By E 40 8% » CLIMEX
EHA GBI 30 YRR = EEE > K
BTSSR - W HB S HE E0R ~ REOR - #
R & FORRE TR R &ETEARE H iGN
MEREY FRMtE EEZERE R
2> HHEZFEAEFR2-5S HHREHER
b EREERERNEZ B o EHERRY
28°C LA BAH S RE 80% Ll _E > ATRES [HREME TR
N BEE CBUEERFERER) -

E LB (pest aggression index; PAI)
ARt EARE JImHeaEHREER A
RE Ry FHES o 0 HE H /K T Al B 2 a5 JL [E] 3%
AN AENRERNBEEZ ELBELFG - I
FHA I R E BRI ESE AE

rere

]

724 H41

BEFHE 2 2% M EEEE B E RN ER
%K (Fand et al. 2012; Karuppaiah & Sujayanad
2012; Iannella et al. 2021) ©

AREZEREREB NV EAZESRIRS
BRI

FEHE S HMERE K  WSERT
1 A AR B VB HHRAAS SR 0 TR E AN
s &L le AR —RBz&aaliEhx
A ES (Hajjar ef al. 2023) » fi &5 &
RAEE)PE (climate-resilient) B & 7 M 2 (&
BKREfmiE (&) FE 25 (Catindig et al.
2009) - PR G 3R I B i G M A AR 2
il (R) > & &R - KoM L
Kl E ERHED e B E YR B A R DL
PRI B S {15 52 78 108 72 97 i 5 9 48 W] RE 7 2R Y 7
B Rk T RBr R B RN SR
BERAE YR (Fand et al. 2012; Sharma 2016;
Kuang et al. 2021) - FRIFEEFHEBASN - 2iE
T Eaa 2 ERE - (R EAIE B & Kl
ZHEFTIRE (RERIE) » BRI bAEYNa%
BE - 1 RE A R ) A R A 1 B R (Gurr
2009; Sharma 2016) ; W HEVLEER T » HH
HIREZ S HEHESHANEHRERE
SETITERT - & AR EL HL 2 B E AR I 4
> s pra R O E&SEaEed T H

e

(neonicotinoid) ZEH] - i 7] 5 AN K 5 2 HE

VIl FEYE MY E A B SR UE ) B
IEAEY IR R A A M 2 ¥ AU S5 (Fand et al.
2012) » [0 A 2 ] 2 7] (adjuvant) 2824 2 &
Fil#f% (translocation) =¢ja/ SEHI{CH » &2
M AERH M (Eoki T E B E) 2
15 %7 T §E (pesticide functionality) ZF 77 =
(Karuppaiah & Sujayanand 2012) » DL [A JE R
RAMEEET » T2 ek EE HAGE - ZE T
FlE SRR RSN SR hEEE THEESE
HRHE

fhna AR IR REE
REZBHESZPE BUSERTH
B BINEA I REEEH N SR BT
PR E AR - BRERME - EEAREY
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Bofm- 2N BEEHE - A REFRYE
2o HEIRNEIN DS aRERE P RE N AN AR AT
BB R T8 Y 2 S B BTy O] BE 4R R L 3t B o3 A B
REMRAEER > BN ESHANEET
r AR E a A S IR A & LR 0 B
P e s E AN EBEYRE - AEE
BUREEEN S —E L ERME - BIEVHHEE
75 3 2 B8 LUK S a B M BELR S E Y A
MK CHEAEFSEEY R 2 X a1
R Rt RS ER 8 ERE
BREREKR » BARKE &S A — KPRE -
Rt RIHES N E &S IER - T RIBERE T E
TEORIERY > f2EfH 8K 2% > FRERER
RSB B 2 HHER T - Rz
FHZ ESRiGEEMEN > FREEliRetE
TR HIE (Cheng 1998; Skendzié et al.
2021) -
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Abstract

The onset of climate change is evidenced by increases in global average temperature and CO,
concentrations, changes in precipitation patterns, and extreme climatic events. These changes directly
affect the distribution, physiology, phenology, and population dynamics of insect species, while the
abundance of individual species may also be indirectly affected through tritrophic interactions. The
effects of these factors on insects remain complex and unpredictable. The ongoing warming trend
may shift Taiwan’s climate towards tropical conditions, creating a more favorable environment for
multivoltine rice insect pests. Various prediction models have been developed to estimate each insect
species’ potential impact and yield loss under climate change conditions, based on their ecology and
phenology. However, it is crucial to prioritize and continuously monitor changes in species composi-
tion and pest populations in rice fields. In Taiwan, implementing effective pest control measures in-
volves developing appropriate varieties and cropping patterns for different ecological zones, breeding
resistant varieties with resilient genes, creating suitable habitats for natural enemies, using bio- and
low-toxicity pesticides to control insect pests, protecting natural enemies, and screening new and mul-
tifunctional pesticides to keep pest populations below economically damaging levels.

Key words: Climate change, Taiwan, Rice, Pest management.

Received: July 17, 2023; Accepted: August 22, 2023.

" Corresponding author, e-mail: shhuang@tari.gov.tw

' Assistant Research Fellow, Department of Plant Protection, Chiayi Agricultural Experiment Branch, Taiwan Agricultural Research
Institute, Chiayi, Taiwan, ROC.

* Associate Research Fellows, Applied Zoology Division, Taiwan Agricultural Research Institute, Taichung City, Taiwan, ROC.

® Associate Professor, Department of Plant Medicine, National Pingtung University of Science and Technology, Pingtung County, Tai-
wan, ROC.

* Associate Research Fellow, Department of Plant Protection, Chiayi Agricultural Experiment Branch, Taiwan Agricultural Research
Institute, Chiayi, Taiwan, ROC.






BB ZERTSE (] Taiwan Agric. Res.) 72(4):289-316 (2023)
https://doi.org/10.6156/ITAR.202312_72(4).0002

S EY R A e B HL 2

F

FEAORART HBET RER 2FAY
HEE - MU - EI5E - ZGER LB - 2023 - SIS EYLR E I E S A FEE -
B EL SR 70(4):289-316 o

EES
A% H (Phytophthora de Bary) &P &y — - F& M RER T HAHES > AaToKa
STk BT # AR 2 2 A A (species) 4A 200 A8 0 £ 4SRRI G B 09I m M 4 40 2 0 @3 P. amaranthi ~
P. attenuate ~ P. bishii (= P. bisheria) ~ P. boehmeriae ~ P. cactorum ~ P. cambivora ~ P. capensis > P. capsici »

castaneae (= P. katsurae) ~ P. chlamydospora ~ P. cinnamomi ~ P. citricola ~ P. citrophthora ~ P. colocasiae

P
P
cryptogea ~ P. cyperi ~ P. drechsleri ~ P. flexuosa ~ P. formosa ~ P. heveae ~ P. humicola ~ P. infestans ~ P. insolita ~ P.
intricata ~ P. lateralis ~ P. leersiae ~ P. lepironae ~ P. litchii (= Peronophythora litchii) ~ P. macrospora ~ P. meadii ~ P

P.

melonis
parvispora ~ P. plurivora ~ P. tropicalis & P. vignae % » AXF 7B mEASHNFEHE BRFRE
K WA AR (hybrid) #9528 kA E XA BRI

BRSEET © 5 - PEE - B -

» P. multivesiculata ~ P. nagaii ~ P. nicotianae (= P. parasitica) ~ P. niederhauserii ~ P. palmivora >

O EF > R RAR - REEESF - A
AR JE B 2 B OR fi 1 (oospores) » JH Fy je UF 2%
(oogonia) FiljgiiE s (antheridia) &5 & E4 ([E
1) - HLEmE B el nfTAMEAEE - 1H
Fo[Al 4284 (homothalism) 5 A 73 & 4 B 75

BIS
J& 9% B (Phytophthora de Bary) H 1876
# Heinrich Anton de Bary a5 44 A2 » B ZE(E
VIETEIU L 2IFEEENEYEIREZ
— o 3 2022 F A7 2 5 A R (spe-

cies) EL4Y7 200 f& (Brasier et al. 2022) »
B Fy 2,000 1% A i HURTRE © (K3 (‘:T/%**E
Vs fa%k) (Tzean 2019) BT F R LR L
HE G EEEBCEBERELE 05 F
FRIFEHERFELL L -

TR B B 44 H BB » REAAHA - fEFE
B DIEERCE S ROt FEEETE
BE A B RIFARIRICA » Ml 4 TE N 1 52
U R fu#E (sporangia) E1)jE5E T (zoospores) ;
& LA fENE (sporangiophore) | » HJH
BERTFRATT M ERAA/KNVRE TR

A [FI B B B ik Sk [F s A AT A AR
T8 Ry 52438 (heterothalism) 1 88 B E T Fy
TR < TR EBER LS E 5 MU A%
BHESE  WMETTEYERE s
B -

P2 9 B AE 1980 FE DA #5802 R EE
(lower fungi) (Fitzpatrick 1930; Sparrow
1960) » EHFHY 3 EMALZOT ¢
HE M (Eumycota)

Y 46 (Phycomycetes)

UUE a4 (Oomycetidae)

R H B c 2023 5 H 23 H 5 2 HW 202349 H20 H -

TEEEF © pjann@tari.gov.tw
%%%ﬁ%%ﬁﬁﬁﬁﬁ%ﬁ@éﬂ%%ﬁ%%° &
? RS R st B P I R B A B BRI 2R B
-t B%%uﬁ%ﬁﬁﬁﬁ%ﬁ@ﬁﬂﬁﬂ%é%QEF
f R R R R AT YR B A AT R BRA R

EPFH

:u% mﬂPﬁi
a8 afili -
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1. BREIPE - (A-C) 23128 - PAZRKRIEILZENIEEE (53712 Phytophthora palmivora ~ P. bishii
K¢ P. nagaii) ; (D, E) féfgesi€ ~ (1175 (93A12KE P. nicotianae B1 P. bishii) ; (F) fékUNESRAHZEE (RE P.
castania) ; (G) [EJEELT- (3K H P. nicotianae) : (H) FE44l NS GRE P. multivesiculata) s (1) PP 4 AVUEE (B E P.
melonis) + (J) Hii7& HIFLBAE (BKE P. capsici) - BELHEREL 7 HIFR 20 8110 pm -

Fig. 1. Morphology of Phytophthora species. (A—C) Papillate, semi-papillate, and non-papillate sporangia (respec-
tively from P. palmivora, P. bishii and P. nagaii); (D, E) oogonia with amphigynous and paragynous antheridia,
respectively from P. nicotianae and P. bishii; (F) ornamented structure (from P. castania); (G) chlamydospores (from
P. nicotianae); (H) hyphal swellings (from P. multivesiculata); (I) inner proliferation of sporangium (from P. melo-
nis); and (J) deciduous sporangia with a long pedicel (from P. capsici). Black and white bars indicate 20 and 10 pm,
respectively.



GEEYIER

-

FEH H (Peronosporales)
[EEHE R} (Pythiaceae)
VIR & (Phytophthora)
£ 19801996 F i A et e (R EE
» 7218 Alexopoulos & Mims (1979) Y4748
2 AT IR ¢
HEF 5% (Fungi)
#EE T (Mastigomycota)
U4 (Oomycetes)
Z B H (Peronosporales)
JEEHE R} (Pythiaceae)
VSR E & (Phytophthora)
i 1% R A YRR - 35 30 U1 B 40 fot 2R
V) (BIEWE) 15 4 i 4H Bl B A% B e 51 5 0
—MREFHEEE - GG T2 5
42 (cellulose) (Bartnicki-Garcia 1968) ~ 1%
PYERR o 5y B-1, 3 # % (B-1, 3 glucans)
(Wang & Bartnicki-Garcia 1974) ~ S840 1% ~
fAEFFHE (coenocytic) (Alexopoulos et al. 1996)
HE A0 B 4% B B & (diploid) (Win-Tin & Dick
1975) Kok 4ide#s (mitochondrial cristae) & ik
(tubular) & (Vaziri-Tehrani & Dick 1980) - %
BE Py 7 EE Y S B ON B B AR e A 3% ~ S b S
W A M1 (Gunderson et al. 1987; Forster et al.
1990; Leipe et al. 1996; Van de Peer & De
Wachter 1997) > #{{F 1990 F£ 2 1% » sy EHEH
RN R 4 B AR M) B EL R 77 BA (Alexopoulos et al.
1996) » 1B HEFEFA (3% 57 (Chromista) (Cav-
alier-Smith 1981) = 4% & & 5 (Stramenopila)
(Dick 2001) ° [T 5 Jy O B 4 55 5 Y 125 975 BRI AR 4%
SLELESILLE BN - Hoy Bt i EaT ¢
E %4619 (Eukaryota Domain)
3% 5 (Chromista) (Cavalier-Smith 1981)
RE 449 (Heterokonta)
UIE P9 (Oomycota)
UIEA 4 (Oomycetes)
2B H (Peronosporales)
JEE &R (Pythia-
ceae)
(Phytophthora)
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BB

e 2 IR p I L oy i s s
Weas 22 I e R B R I (downy mil-
dew) ¥4 {4 ¥ 3T (Riethmuller et al. 2002;
Thines et al. 2008, 2009; Thines 2014; Beakes
& Thines 2017) » A2 1L 73 BT & HR S
EF} (Pythiaceae) # M7 /& i B2 & (Perono-
sporaceae) (Beakes & Thines 2017) » f iy 5
B AR -

3 FL (Chromista)
DIEFT (Oomycota)
B4 (Oomycetes)
#& B (Peronosporales)
Fa @ 1 (Peronosporaceae)
YR & (Phytophthora)

MM ERERHBEAEECSEYH
FAEMENER > FEGWAEFRE (Goker et
al. 2007) - Cooke 2= A\ FI| FI A% B 85 P 45 6% 1 il
(The internal transcribed spacer 1 and 2 of ri-
bosomal DNA; rDNA-ITS 1 and ITS2) AY#% %
Fe 1 4 5% 2 75 TR B2 A IR O T Y R 45 B {4 B
(phylogenetic tree) » &% 35 55 B JE B & 9% B £F
N (Cooke et al. 2000) » 1% %8 2 W75 K| —
E B 2% R BRAVIZBE P SRS B4 B (5 - o7
G SR 0 0 R B R U 1 R 0 TR T AR RN S
% (Voglmayr et al. 2003; Goker et al. 2007,
Thines et al. 2008, 2009; Bourret ef al. 2018;
Brasier et al. 2022) » {HR R FIHIZEE | BB
AR & B A tet P O AU A2 X B 2 B3 e R
6 > HTéE R E R/ NMERELE -

BRERNSEE
TR E 2 HAE PR E AT A
EACFRMEBLRE R M Al > F 3275 Waterhouse
(1963, 1970) B Stamp et al. (1990) HI X -
TBRTEEERE AHEERE  BSRERE
(hyphal swelling) ~ [E 5 ffiF- (Chlamydospore)
FETES o AR aREE RREBAEL
SR - 9 SR M 245 B X B B BUR R )58
95 © JEAh o AT BT R AL (Massago et

al. 1977) 162 fis B B At B 8
TR BRI (E D BE (D)
12 a. fRIBABHIRZEHE (papilla) 2 A fii B
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ZEREAEE 47 B2 7L 28 (papillate) ~ - 7 28
(semi-papillate) K fit #, 2&€ (non-papillate) &
3 % (Waterhouse 1963) ; b. fIZEHf % (decid-
uous) B AHEE . FRTEIZE A& (pedicel
length) ; d. fHBEFH £ (proliferation) [FF ; e.
ol % 77 i1 e A HESIAY 1B P (sporangial ar-
rangement) ; f. fii 3% & & Eb (length/breadth
ratio) 5 g. fAIBEHY R/ o (2) AMEATE T HLE
Ve E Ca. AT R FE %A (homoth-
allism) B(E 44 A (heterothallism) (Waterhouse
1963) » [ F4A M o[ H & 7y HECHE AL A~ A,
B A, b, B e A AR R ON 2R Y 7 =0 R
(amphigynous) =(fi]Z (paragynous) ; c. jek I
Y AR/N S d ROV RAEITPRE © HUa#E
ZZEHE » W1 P. castaneae (= P. katsurae) ° (3)
[£ F5 §1 F (chlamydospores) : A i ~ {8 &
KN B P. cinnamomi B K E M E
T o (4) W4 I R #S (hyphal swellings) : ]
T B IR - (5) E4ELE & TP RE (colony
pattern) : E&kHEEW © a. EREBESER
RIS b. REFS AR 5 ¢ F&HAK -
ARBEREFE2EZAEEHEE 7
TER GBI EE—& A HORE » E&ATE 12-
32CHR - RIS By 24-28C s 2 EEER
RIS HEEE A 36-37C 2 &0 0 40 P. ni-
cotianae ~ P. capsici ¢ P. melonis ; P. insolita
£ 38°CHYE £ 3 fE 5 2 4.0 mm day” - %
HY o AEEEBERE  &mERRE R 24-
25 Wl P. infestans > 1H 1997 £ % A2 6

K1 HREHARER &R -

B72% H4

EIHE & P. infestans US-11 1 27-28°C{5 1]
4 E (Jyan et al. 2002, 2004) -

TEESEE PSR E RS 7 RS MG
B (Pythium spp.) » W& 2 HE A ZH#
ZE (1) HbmRevER RiE TR
T e R AR > HEANNERAEE
G AP EORE T FHEMERCORE M
% 25 T Pl 2 1 f 2R Y S I e R BB U (exit
tube) - [HAE BB BBRER L%  #
ANBIE Rim P AV EE (vesicle) » i 7E 20
WLIE RO T ik TR AR 1 &
T o BRAN > R B E R A v DU&E 7 12 W
B UNE (Massago et al. 1977) »

EmRERIRAK RS E
(BEEFF5ILEE 7347 )

g b EWREZ T E 2 “Key to
the Species of Phytophthora de Bary” (Water-
house 1963) » &% SRR 97 i 7 8 7L 28 IR
(2728 ~ F AR RIEALLE) BLRE 25 K ek UN 25
SEEHEA (EEME)  Ep3 x23k6
{E5f (groups) > FRIE LB ARy SFRFFIE (0
AT AL 25 T 2 B P2 IR B AN e A R Ui
%) BEFEENES - BREEEREER
M AR EGRE L2 EEME -

iz I [H %2 A JE il DNA f5 U € (DNA
fingerprinting) ~ % & [iff 3 §8 7 E (polymerase
chain reaction) J & &% & EEH S E (quan-

Table 1. Morphological and physiological differences between Phytophthora and Pythium.

Morphological and phys-
iological characteristics

Phytophthora (Waterhous 1963, 1970)

Pythium (Van der Plaats-Niterink 1981)

Hyphae

gle
Mycelial growth rate Slow (often < 10 mm day™)
Sporangia Globose, subglobose, ovoid, ellipsoid

Zoospore formation In the sporangia
Size of oospores

Antheridium number per Usually one antheridium
oogoniium

Host and infection sites
ceous plants and woody plants

Relatively large (often > 25 mm in diameter)

Hyphal surface not smooth; branch at a right an- Hyphal surface not smooth; branch at an acute

angle

Relatively fast (often > 10 mm day™")
Hyphae-like, lobate, globase, or irregular

In the vesicle which extrudes from the sporangia
Relatively small (often <25 mm in diameter)

Single- antheridium or multi- antheridia

Aboveground and underground parts of herba- Herbaceous plants and underground parts of

woody plants
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titative polymerase chain reaction) ZE#;ff » DL
i B ek ] B0 28 T A A B B Y & 1) (Van der
Lee et al. 1997; Purvis et al. 2001; Knapova
& Gisi 2002; Flier et al. 2003; Goss et al.
2011) -

Cooke % A (2000) # %55 — (&l AL AR 2
ITS1 B 1TS2 #% W Fr 51| Fi 3 1 1 92 s e BB L 4%
Rl {40t > 1 S0 fE - It 234 BB R E BRI
73 Fs 10 {873 328F (Clade) » B3R SIS E & 77
SCRFER BB E LR - MR RSB
7B > A5 Clade 11 (Rahman et al. 2015) Ei
Clade 12 (Jung et al. 2017b) » EZE 2023 5
1k » Phytophthora — 37 12 {i§ 77 %2 #f (Abad
et al. 2023; Coomber et al. 2023) » IR 5%
I R 8 B SR AR

AT AF AR R Y % B % B F 51 (multiple
loci) FiT fif 5% 0 ¥R &% R (5 Bt > 2885 (6 3 B2
sCBLE o T E A SR A L R
SIA e HmE HWERNE B
4 B A% % €5 B8 7Y rDNA-ITS - 28S ribosomal
DNA (28S) ~ 60S ribosomal protein L10 (60S
L10) » beta-tubulin (B-tubulin) ~ elongation
factor 1 alpha (EF1-a) ~ enolase ~ heat shock
protein 90 (HSP90) iz tigA gene fusion protein
(Tig A) (Cooke et al. 2000; Kroon et al. 2004;
Blair et al. 2008; Yang et al. 2017; Chen et al.
2022) » B fir 4% 45 N HY cytochrome ¢ oxidase
1 (cox 1) ~ cytochrome ¢ oxidase 2 (cox 2) »
NADH dehydrogenase subunit 1 (nadh 1) “NADH
dehydrogenase subunit 9 (nad 9) J ribosomal
protein genes (rps 10) (Kroon et al. 2004;
Martin et al. 2014; Chen et al. 2022) o

H Al AT 2 {3t 5 9 B P RE B I Fe 51 1H B
HRey gl - BB R YR & T
I» (National Center for Biotechnology Infor-
mation; NCBI) Y GenBank (https://www.ncbi.
nlm.nih.gov/nucleotide/) ~ & Jj5 B & F 4 15 41
IDphy: molecular and morphological identi-
fication of Phytophthora based on the types
(https://idtools.org/phytophthora/index.cfm)
(Abad et al. 2023) Kz Phytophthora-1D (http://
phytophthora-id.org/) Z o
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EmEE e BHIRAICER

REEH)FHIN A L2 2H R HIK (Sawada
1911, 1914, 1915, 1916, 1919a, 1919b, 1927,
1931, 1936, 1941, 1942a, 1942b, 1943) » Eifq]
EEL L GERAAYINTT RERIREIR) FA
(Ho 1990, 1992; Ho ef al. 1995) # = 72 »
1990 £ 7 1% Al g B X W S R G B H A E
B SR > W3 LLSTRREERD - BB RV B R
T P. cyperi ~ P. leersiae ~ P. macrospora J P.
lepironae Fy 5. (1950 Z Fij) Sawada 4 3% 2
B LA M SR - 0 P. boehmeriae Bl P.
castaneae RI| R & Or A7 B4 AV B ik DLAE B 55 -
HER 34 R B E LR E R G (G E D L&
7y EEUNE 2 2GR RS o SSASCRRYITEY)
B4 B PAS I SCRAT Y R ficaz -

Phytophthora infestans (Mont.) de Bary

B LB 1 (Brasier ef al. 2022) - 1908 4
JI K (Kawakami) Bi$5 KX, (Suzuki) 7£ B 85
EHFA F 2 (Kawakami & Suzuki 1908) °
i EH e AR - BINPEEEY -
BN > A (<5 um)  AYAEREER
GAL fgesE R T A RBREL - WHRERE
BB 18-20C » fz = 25°C (Ann ef al. 1998b) »
FFEEREBNE 2 US> LA AL B
1997 4E 457 i 2 (US11) A4E (Jyan et al. 2002,
2004) - HAFEBBIEKRES Al BLE Y
A BB Sy = A 27-28°C (Ann et al. 1998a,
2010b) -

Phytophthora cyperi (Ideta) Ito

5y B NBH (Brasier et al. 2022) » 1908 4
N EIREEES RIRIE IS EL (Cyperus tegetiformis)
210 (Kawakami & Suzuki 1908) » EHi& K & ik
CRE - B AL I RTORE ROV
WEEE - HESE IR (<5 um); H
M4 T R RAREF SR BN B - el e 22 7 =0
% RMIZA - R YWEEE - Wl R GE0
A (Brasier et al. 2022) °

Phytophthora colocasiae Racib.

B4y S BE 2 (Brasier et al. 2022) - 1911
IR K E T (Colocasia esculenta) &5 IR
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P. cambivora TARI 25141
P. formosa TW107
P. intricata TW259
P flexuosa TW78
9~ P. cinnamomi TARI 21160 Clade 7
"~ P, parvispora TARI204223
o P. niederhauseri TARI 26231
e P. melonis TARI 25170
P. vignae TARI p7-1

P. nagaii Ph-308
P. lateralis T5 1 ]
&1 P, cryptogea TARI 24148 Clade 8
P. drechsleri TARI 24315

P. heveae TARI 8001 = Clade 5
P. cactorum TARI 20179
F’ nicotianae TARI p26269 Clade 1

—— P infestans TARI 25001 i
P. bishii Ph-317
P. multivesiculata p96013
84 P citricola TARI 23044
e o1k p plurivora TW117
P. capensis TW64
E‘FQ P. amaranthi TARI 29352 Clade 2

P. capsici TARI 21170
P. tropicalis TARI 9249
E{ P. colocasiae TAR| 26056
P. citrophthora TARI 25147

P. meadii TARI 28215 5

90— P. chlamydospora TW53 } Clade 6
P. humicola TARI Phu1
87— P. litchii TARI 98141

P palmivora TARI 98171 } Sladar
P. insolita PMC5-1 — Clade 9
Phytopythium helicoides CBS286.31

0.20

2. EEEEHE &R HE o FIFITAGSEEE (neighbor-joining) H#ETT DAL RS I FESRIR N (ITS1-5.8S
rDNA-ITS2) #8514 - Phytopythium helicoides Fy%Ne¥ (outgroup) e

Fig. 2. Phylogenetic tree of Phytophthora spp. isolated from Taiwan. Based on the analysis of their internal tran-
scribed spacer (ITS) sequences (ITS1-5.8S rDNA-ITS2) by using the neighbor-joining method with Phytopythium
helicoides being the outgroup. Numbers on the branches represent the bootstrap values obtained from 1,000 replicates
(only values greater than 70% are shown).

(Sawada 1911) » R IECEN FHEKE T KIEHHE > @5 P. melongenae 1915 ~ P. tabaci
B (Ho et al. 1995) - EF A 2E2MEEE » AU 1927 ~ P. formosana 1942b ~ P. lycopersici 1942 ~
- ERSEIERS 4T » MBS IRY > 5E P. murrayae 1942 ~ P. ricini 1942 ~ P. nicotianae
£ 8-27 um ; ﬁﬁiﬁﬁ%/\\%ﬁu » gk B 1942 ~P. parasitica 1944 J; P. taihokuensis 1959
EHAR/EREY FHRERRK - H#ELES (Ho et al. 1995) » & Waterhouse (1963) {F¥4HLE
SERE Sy R By 8-10 ~ 25-30 F 32-33TC - it REHER—EE KZEEA P ni-
cotianae » ZF L AHE A AT - 3K
B ¥~ ENPEERY > MERGKR% AR
Haan (= P. parasitica) IR T - A B T SO B A
J& > 77 SZ B 1 (Brasier et al. 2022) - 1914 B AMAEEBRGE > MERELETALE
FRHRAAFTE llium fistulosum) 3 > & FE - A RRK - 58NS RE 70 R
W 6544 b P. allii (Sawada 1914) » 7% 3t 1£ % 10-12 ~ 25-30 & 36-37°C - Ho & Jong (1989)
HEIEY) SRR ORZ E AR - Eanlaataly  sFAIELELT P. nicotianae (1896 F-ifian ) Ei

Phytophthora nicotianae Breda de
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P. parasitica (1913 F-fan$4) & Z(E&ERHY
PR RBE2HEFEERF —EERE - i
& B AL B SR 2 » R P
nicotianae Feffian % > REIPE A V) AR Z
Jemn s BRI > 8 P. parasitica F %57
5 %4 By P. nicotianae > T P. parasitica & P.
nicotianae F[EY) 544 (synonym)

Phytophthora citrophthora (R. E. Smith
& E. H. Smith) Leonian

B4 L #F 2 (Brasier et al. 2022) - 1915
FEH KM (EEKER » Citrus med-
ica) SRE T (Sawada 1915) - BRI G E T
JEEREIA RS /R & (Ann 1980, 1984) - Z
HAEAZCNME  BESE - HEP - B3
BB > fBEARE S/ DIE AR
& Fs 5-10 um 5 AHEATE B RG> iEasE
ENTABEEN - HHREREE - H#EKRS
YRFE SR B 8—10 ~ 25-30 K 33-34TC -

Phytophthora palmivora (E. Butler) E. Butler

B9y B 4 (Brasier et al. 2022) - 1916
FRHRALACR (Ficus carica) FIRE 13
R B ZE % B P. carica (Hara) Hori ex
Sawada > {H 12 A& B T (Sawada 1916) - f
& Waterhouse (1963) (< H K Z filt » 7
ZANE Ry P. palmivora FNEY) R - FEE
1974 g Z R (Carica papaya) W% " B
A E R E B P. palmivora (Huang & Chen
1974) > ZHEBRIEEENFIEMES > B
HRE 2 A ENME - HINE - G207 S5 E
¥ ARG HE - AERE (< 5 pm) » KIPHY
BRI R % AAEBEGE  iEsmE
EHAREELN > @RI EERS AL FCE A
(Ann et al. 2014) - FE4 4 ERAK -« 5#E M &
EomESr A By 10 ~ 30 K2 35T -

Phytophthora lepironiae Sawada

7y S EEARAH (Brasier et al. 2022) - 1919 4
FEHRAEDSER GRS E THOERARE (Lepi-
ronia muronata) ¥ (Sawada 1919b) » HE®
AR JE > BARHYL Waterhouse B AT R HE %
B fEA (Waterhouse 1963) » fE B ELACKHY

BB

295

STEEE] > R AN ARG T o SN
BRaiire  REFEFEY EBEZEE - PAEN
B INPEINEL - RS RS - A
JEc i o & 2B TR HIE 8L (Ho et al. 1995) -

Phytophthora boehmeriae Sawada

&N 7 BE 10 (Brasier et al. 2022) < 1927
EIEH KA (Boehmeria nivea) ¥ T
Dl fE > Hig kYN &% (Sawada
1927) - ZHEAHBALAZNME > KBIF
Ban BRI - B GRTE o B (< 5 pm) -
AMAEE RG> @iEREE T AR/EE
- WA R Rl Kol 9
25 }2 34C -

Phytophthora cactorum (Lebert & Cohn)
Schrét.

BNy S BE 1 (Brasier et al. 2022) - 1927
IR ERAESEN (Boehmeria nivea) 2537 (Sawada
1927) » 1R FIELG (Ito) £ B ARIES
FHBREFRRIEY) (Ito 1936) - ZHEHEA
EAENMELRINPERERY - H%
B (< 5 um) > FEREMATREERD AL
VA Fy [ &0 80 > el o8 2 AR DRI 5 25 -
SRR BB R R e o o Al Ry 8-10
25-30 fz 32-33C -

Phytophthora citricola Sawada

J& Y 47 2 B 2 (Brasier et al. 2022) = 1927
EH R AFEHE (Citrus sinensis) R (C. tank-
an) 1 (Sawada 1927) » &1L & ENAEE
B AR ENEEIMNEE 2R A CIEEUIR
HAPAENME - KINE - EIEIPECREA
o BRGNS  BEETE RBESE - s
wELEDMEN S RLE - HSERRE - &
R s m o3 il Ry 8-10 ~ 25 F¢ 32-33C - 4
i+ & DL B TP B I AR R % > #H
HiIH a0 R B &1 (species complex) » ELEHE
W E %4 B2 f#E (Jung & Burgess 2009) o

Phytophthora macrospora (Saccardo)
Ito &Tanaka

5y Y BERNEH (Brasier et al. 2022) - 1927 /%
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HRAEKREER > BRECEAGR - Ay
WEAALBRFPSIEE S AT  BL A 8 B 4l
& AEFEFEY EEER > R EE Rl
B RA (EAE > 50 pm) - @i 2 4 7 =0k

FAL -
Phytophthora cinnamomi Rands

&1~y 2B 7 (Brasier et al. 2022) - 1936
R AL B HEAE 1 (Cinchona spp.) 38
e $ € B P. cinchonae (Sawada 1936) » {H
AN & Rl DA M) - i ek
[ PR B A DAt £ 65 - Waterhouse (1963) {i%
R ICHY R Aa T i > 7 B < Hr 4y it S 1 ) A [E]
WENE(EHREEREILR > AEZLEE P
cinnamomi (1922 Fdn4) WEIYEL 5 B
EEERWNFLEYRZELE -  ZEFEEE
BCBRAEHIA - E&E 2HMBHE - ML 280
ELUE - BIRIP A HANE - R 5
% BEANMAENME > KPR
MEAKNERK  BEEREE R
FHésle KRS s AMAEBRSRE  JEREE
HARBEERY  BEEE - HHERHK -
4 K B e S 5y Tl By 8—10 ~ 25 Jz 32-337C -
HH P. cinnamomi WY ECH B A, B2 A, £ 68
fHESE - BT ERES [ #RERERE I
HEeni a2 8 EERE e
TEY Y e SE R E W R 2 Y (Ko et
al. 1978a) ; {HIEEE 5 Jung FAFEEES
RS 0 23] P. cinnamomi A, it %}
U2 AT L& R aa bR s BRI Y ARt > B
DEEREE 0 A, B 8RR R PR
Pt HH SRR E 0 ER Ry P. cinnamomi A,
Bo ¥ B 2 AN A =& (Jung et al. 2017a) °

Phytophthora leersiae Sawada

7y S BERBH (Brasier et al. 2022) - 1941 4
EHEKERBEIZERK K (Leersia hexandra)
ST Dlap 248 fE (Sawada 1941) » {HHET?
R & #R# Waterhouse 51 A B 22 ELHY
JZ IR TESH (Waterhouse 1963) » 2B IE 5 &
NEGEHE - WA AR RS & o A
A G EARE QAT IEY LB

rere

]
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> HEAY] OSSR A CHEYERK 61 pm)
HIEEE (4-7 um) » ks as &£ G RBEER -

Phytophthora litchii (Chen ex Ko et al.)
Voglmayr et al.

BNy S BE 4 (Brasier et al. 2022) - 1961
FEBRIRAEZAL (Litchi chinensis) 33RZ 5 »
¥ DL an 44 5 & 0 —{E Jr 7& Peronophythora li-
tchii Chen (Chen 1961) » 2514 #1825 o R
H & (Goker et al. 2007; Kroon et al. 2012; Ye
et al. 2016) - ZE 2 AKLNMNE > KU EHE
Bl - ARG > AEMEE (<5um); H
PEAETE Ry[RsR Y - ek es 2 42 )T AR R E A -
[ 4R A R AR ~ o 2 R A v ol S5 Al Ry 15
27-28 F; 32°C - WLERIEIRE (P. litchii) [R5
i dn %4 By Peronophythora litchii » R Ry H. %
WHIIZRE ~ B K15 75 2L Peronospora &
HEE MR > EU 7R A T 1S
BABBENR A REEMHE - Ko %
N 8 17 — ¥t &} Peronophythoraceae » 1 %
BIEIRZEZT (Ko et al. 1978b) - ZA[f A L&
BRI 2 i A MRy E R T AR E
AE % 95 & J& Phytophthora 2 N (Chi et al.
1982; Huang et al. 1983; Ho et al. 1984) > [
& &F 2 2 E R LI 2 51 o3 17 Pk T 8 45 A
HB R ZEA IS AR 8 & E (Voglmayr
2003; Zhang et al. 2007) » #E—T R M55 £
HUR T 3 B 1 T2 B B AV S 4 93 S BF (Clade
4) (Goker et al. 2007; Kroon et al. 2012) - 3T
CE RS L 1 A S R G B B 8 43 AT I 9T R it
TRHIEEE > B E 8 EET K Phytophthora
litchii (Ye et al. 2016; Sun et al. 2017) °

Phytophthora capsici Leonian

&5 B 2 (Brasier et al. 2022) - 1977
s [RBL 2 IR TR SR B B 3% B (Kao & Leu
1977) Wi B BFEHEVES > 2BRE
A A {HE 2007 2 18 BE G H B A, B
(Ann et al. 2008b) Ed[E 441K A, B (Ann ef al.
2010a) HiF (BHEMRE AT EE /D S0+
LA, BIFECH AT E A REIET) - KR
Az HEPRERNSEL (BRA 2
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(B A28 » BB~ O - EOE - BIELE -
MEE AR - f28 5% S o i & Y
EEER (K&23-51 pm) : AIEATE AR
A s EETAREERY - HSRER
e (&~ B R B i A3 A By 10 ~ 25-30 K¢
37-38C -

Phytophthora vignae Purss

BN 4 X #f 7 (Brasier et al. 2022) - 1977
FEKE R KFETL S (Vigna sinensis) 2R
(Kao & Leu 1977) » ZF EAEYIa R A UL HME
V) EEEEA LA ELAME > HEK
HRIT R EEL  fBEmIALZE - BINPEHEE
¥ MERRY > BARNMAENME: G4t
VR EI&A - s R EE TR EEL » Hx
R BGR (P 19 x 15 pm) - FERE R
&~ Bl K meren s 43 Al By 10 ~ 25-30 J2 357C -

Phytophthora melonis Katsura

JBHY 4y 2 8% 7 (Brasier et al. 2022) - (F&
B S K KR R R TR W8 E S
JEE B P. drechsleri (Kao & Leu 1977) » 187
FIE A P. melonis (Kao et al. 1982) - {HA&H
Wbt 2 RS E DAEERE MRS T4EY
Feifrgg 2 » £ 2007 4 » Ho % AJRNEH 4l P.
melonis > % FMN TR A SFE (Ho et al.
2007) - HE » P. melonis ¥l P. drechsleri Wi
AV RE R B N A [E (Ann et al. 2016c¢;
Huang et al. 2019) - 3ZF A HEMAZE > KNP
EMEEE - RHE o F R AN AENNE At
AETE T B R RG> (H A I ITE H o B Hr
R EEREEVENET  EEREET
ARBEEZR  ZETE AR HAE A E %5
KA - B&HRERRIE - S R R o7 i R
8~ 28 2 36C (Ann et al. 2016¢; Huang et al.
2019) «

Phytophthora cryptogea Pethybridge &
Lafferty

JE Y5y L BE 8 (Brasier et al. 2022) - 1978
FEHEEREIEMNE (Gerbera jamesonii) #5155
FEHEYEIES (Kao 1978) - % AL 2L/
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BRI EEIRIY - MBI - VAR E
% - MBEBWEFSE - EERHATE /N
IRAVE SR KRS - AMEATE RG> HEE
ERAR R EEFEMA - ERERRE - &
R B v om 5 77 Bl Ry 8-10 ~ 25-30 f¢ 33-34°C
(Huang et al. 2019) - 1% 2K [It f 9% 9% & 4% 58
B & & FE (species complex) (Mostowfiza-
deh-Ghalamfarsa et al. 2010) » [EE W EL 5
%(EfE - HATFZ %A (hybrid) (Safaiefara-
hani et al. 2016) -

Phytophthora castaneae Katsura &
Uchida (= P. katsurae)

BNy S BE 5 (Brasier et al. 2022) - 1979
S E A PR B R IR AR L& MR T B S5 R
HHE GBS THE Y% E (Ko & Chang
1979) - M EE L2 AL BINE - FHIF
SR HRBIY » MERKTE  AMEAETERE %
B R EEGEERERANSEE » O H
NEFUP A RHEAR - SNRBTRY) - HE
BEENTAREZL - HHAERRIE - fE K
= o Al Ry 5-10 ~ 25-30 J¢ 35C « KR AE
GBI E R P. katsurae » B1EHE AR P.
castaneae (Pennycook 2012) » [K & [ & £ [E]
VIR > HhrERFdait -

Phytophthora insolita Ann & Ko

BN X #E 9 (Brasier ef al. 2022) - 1980
R B RS E H - S E) > s
Fo¥iiE > EfERELEE (Ann & Ko 1980) - fift
FLEMNEE LIV EERYY - ERRE > £
K] B AR BRIP B Skl R HS 5 A MR ARJE Ry A
W A B - TEBR R BL B EE AR K 2 O 2 B O £
T B - BAREREE - RE KRS
TR SR B 10-12 ~ 25-30 K2 39C -

Phytophthora heveae Thompson

By 2 BE 5 (Brasier et al. 2022) - 1980
A B 1984 22 [X AR A AR [ 4 88 R Oy B 15 5134
(Ann 1980, 1984) » {F & E fE F4L 8% -
A ENME LTI - #FP R HEE -
RS AMAEE ARG - EREES
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EERERMESE  RONEEH /N 250 M &
RIIR - S EETAREER  ZHEE
HH%E - FatRRE  REREERET
Al By 8—10 ~ 25-30 K 33-34C -

Phytophthora humicola Ko & Ann

& 5N 4y 7 Bf 6 (Brasier et al. 2022) - fif
(B2 R 1977-1981 SRS E 5 % g 422
Iy EEARE o a4 Ry R i o (H A A B0
71 (Ko & Ann 1985) © 3% B i 7, ZE /Y £ 2E 5y O
W EIZLTE - fABARE - AN AN
% AMEEEESE  EREESGEEKRE
AaE ISR difasEE T
RBUERN ZEEEMEA%E  EHRERRK
1~ B8 R B = R 57 Al Ry 10-12 ~ 25-30 J
35-36C

Phytophthora drechsleri Tucker

BN X #f 8 (Brasier ef al. 2022) - 1977
FEREEBREHNERZE  HEEE
His o W% RS R AL 2 e
5 & JE By P. melonis (Kao et al. 1982; Ann et
al. 2016¢; Huang et al. 2019) » & B IF 1Y P.
drechsleri i F-JfE B Ann > 1990 45 1L B2 HE 4T
(Euphorbia pulcherrima) ¥5 TR I 577 B 1Y & &
(Huang et al. 2019) < ZF{E &8 H LT L1
Y] (Ann et al. 2010d; Huang et al. 2019) * 1£
BEEAGESAME  BHEKFATREE
4o fBmALE > KNP RERY  mER
fis%  PAENMAENME BEAREARRE
A Y1 5 1 f B HY A B & ) (Huang et al.
2019) » {HH EA KPSV Y E 4 K8 -
FVEETE Ry AR E AR M1 4 e o
RS B Z2EEINET - EEEE TR
JEER - WERE R ~ A RO R o Al
£ 8 ~ 28 J% 38°C (Huang et al. 2019) -

Phytophthora meadii McRae

JBHY 4y S BE 2 (Brasier et al. 2022) © 2%
e BRI E (Adglaonema nitidium) 5535 (Ann
1992a) - HEMAERINE - FRIY - fEE
¥~ ARANE A 2 [MH.5€ MBS -
FOZERF 5-30 pm ; HYEAETE HRGH - EEES

rere

]
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EETABREY - FRERRE - REREK
SRS B 8-10 ~ 25 F 31-327T -

Phytophthora tropicalis Aragaki &
Uchida

J& 17~ 47 S BE 2 (Brasier et al. 2022) » 27 [X,
1994 5 1F 4 7 #1: 55 (Rhododendron hybridum)
Ay EERILEEIE BRI P. capsici (Ann 2000a)
BAFEE By P. tropicalis (Ann et al. 2010e) -
FAZENME - WP - F5P - MR K
A2 @Rz HESRYE  HEFRE (> 50
um) 5 HYEATE R RG> BEREET S
JRER - AR E R ~ Al RO =R ) A
By 12~ 24-28 K 32C

Phytophthora multivesiculata llieva et al.

B S BE 2 (Brasier et al. 2022) - [H[X
N 1996 FAEFRTETE (Cymbidium hybridium
Hort.) 1 (Chern et al. 2011) o fiEH 224y 122
%R - AERRE » BIMNYE AR % 1]
AR E S K8 AMEEE BESE
jEiE e & E T AR EEN - A RKE -
A8 R i s T Al R 10 ~ 24 e 29°C -

Phytophthora cambivora (Petri)
Buisman

BN LB 7 (Brasier et al. 2022) - =X
N 2005 FEAEEE LB (Prunus campanu-
lata) %} (Huang et al. 2012) - fEH, 2R 3E
% BEIFYY > BRI - AR AENEE
A 7 A N R RISEGIR Y B 4 Kde  AMEARTE By
B g REE T ALEEL - HSER
A~ e R Enm S ol Ry 8~ 24 K& 32C -
Phytophthora amaranthi Ann & Ko

J& oy 2B 2 (Brasier ef al. 2022) © (K
N 2007 FEAF ESE (Amaranthus tricolor) £%
IR (Ann et al. 2008a, 2016a) - 2 F 251y
% RN S EIRLY - AEEA 2 EF2E >
K& BV ERRE (FI8ERE 0.1-11.7-45 pm) ;
BUEEBESE > JiEREETAREE
B o WARE RAE ~ e R = m s o il B 8
24} 32C -
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Phytophthora lateralis Tucker & Milbrath

B~y L BE 8 (Brasier et al. 2022) - JL[H]
B 2 Brasier 5 A 2008 F1E &8 = 1L 1Y F AL
+ AT (Brasier ef al. 2010) » {HA#ESHE
T ok - AL ZENV T &I S B ZL
AR RERE  MERRESDIRE (E
f2.5-7.5 ym) » EFEBEMT  AEETHER
[E & B (BAR 228 » g 2 & 4 730 (TR
Ryl A - B &4 & B 28 B i v O S8 0 il g
17.5-22.5 81 25 -

Phytophthora parvispora Scanu &
Denman (= variant of P. cinnamomi)

&5y B 7 (Brasier et al. 2022) - 1984
FEBL2016 22 [0 N e 1976-1980 AL A
R EA R AR 4% 77 BEE15% 1 (Ann 1984; Ann
et al. 2016b) » {H H5#% 25 P 55 B A FURF 14 B L
B P. cinnamomi AAHE 75 M#EEHA R
P. cinnamomi WJ—{# % EfE (variant) (Ann &
Ko 1985) - #f 4F 7% Krober & Marwitz (1993)
TEHE#E (Beaucarnea sp.) HYESEH 77 B £
DI R &  #EH a4 B Phytophthora cinna-
moni var. parvispora Krober and Marwitz -
1% Scanu F A {EEE B (Arbutus unedo) TR
HEEE R A ARy e B 0 (H Y ITS B B-tu-
bulin ZEPFIEELRL P. cinnamomi W75 7 5
&KX WMEHR % —##1E Phytophthora
parvispora sp. nov. (Scanu et al. 2014) » [E]HF
RBEBEZE BRI - BIE > ZREAN
1F 2016 F i F it TP. cinnamomi Y — f{f &
Fify) &L FEIER P. parvispora (Ann et al.
2016b) o 5% [ fitt . 2€ HY £ 2 Ky U P S5 (BT
BT - AWM RE S A - R
ATFEUN (12.5-32.5 um) 5 AVEAETE Ry RGA
B2 o AR RRR A8 R s R o
B By 10 ~ 27-32 J2 35C -

Phytophthora niederhauserii Abad & Abad

[BHY 4y S BE 7 (Brasier et al. 2022) » FREK
N 2006-2016 FAEHLE (Ficus carica) &
Ry R ELBLAR B o B 45 21 0 58 BH H B0 1
(Lin et al. 2019) - fEZ. 28R fHHE > BUTTE ~ &
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P ~ BEE A A - BB - FE
N AR BRSIREGE AR At
EFE R BRI (A ) > iR AT AR
EER - FSRERRIK « Bl R s o) Al
B 10~ 30 ;2 37C »

Phytophthora nagaii Rahman et al.

J& 5y ST BE 7 (Brasier et al. 2022) » K5
A 2015 FEFEELIR (Rosa rugosa) Y g F 1Y 466
BEFRE0 ST EE S (Yuan ef al. 2020)  fH 227
RN EMEETY - RS - AR A Y
£ BEVENEAE KM ArE4HE
RFI&AL SR EE TS ME - FRER
(& ~ B R SR Bl Ry 8 ~ 28 J 33°C -

Phytophthora bishii Abad et al. (=
Phytophthora bisheria)

B BE 2 (Brasier et al. 2022) » EIK
E N 2015 A1 B Y JE3 i A % B BLAR B0 7 e
B3 P. bisheria (Yuan et al. 2020) o 4= F.28H
FE RN EERY » MBERRY  AMEE
FyE&H > iEsE A T AR - FHik
F R &R E R E T A R 16 ~ 28
347C o

e Ah > Jung 52 AR 2013 FE7E & 2 1L &
25 R RIREECE R AAMREIIR D ~ L3 R 25 50
KPR $974 77 e B S R i B R 2017 4R
BRETEH 275 > H o P. citrophthora ~ P.
tropicalis ~ P. palmivora ~ P. heveae ~ P. cin-
namomi ;. P. parvispora % 6 1 fy & &R H &
SRAE o 4 TE N BRSO SRE (HE Y P. cas-
taneae = P. katsura [ RER B k) - 5590
A TEBHY 0 SCBF T B B R T R 0
it 13 F 1 R RE B HE 8 aE » S (LR R KRR B0
A fE (Jung er al. 2017a, 2017¢) » # &8 b
T PSR E AT
Phytophthora capensis Bezuid et al.

B9y S BE 2 (Brasier et al. 2022) - {3 ]
B2 Jung %A 2013 FAE B8 S LLIAMIRE L
B EEEGE SIS E] (Jung ef al. 2017a, 2017¢) »
SRR LY REAHER (Jung et al. 2017¢) -
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Phytophthora chlamydospora Brasier &
Hansen

B~ L BE 6 (Brasier et al. 2022) - {3 ]
B2 Jung F A 2013 FF1F &5 72 = WL &R ARAR
- 888 53 HE 50 EE 59 15 E (Jung et al. 2017a,
2017¢) o SCH AR ALY BB 6 (Jung et al.
2017¢)

Phytophthora plurivora Jung & Burgess

JEHY oy L BE 2 (Brasier et al. 2022) - {2 ]
% Jung F A 2013 F1E G & S LLIARMRE L
BB RS E] (Jung et al. 2017a, 2017¢) -
SRR AR RE 4R (Jung et al. 2017¢) -
Phytophthora attenuata Jung et al.

JEIS o BT o fEEEEE Jung % A 2013
FEEE S LAMWRE 15878 sGE 8 E 5
(Jung et al. 2017a, 2017¢) - fEHAZEHTIEE - 5
UM ~ RONE ~ EIRYP - EEE - fBEP e
K » BARE  ATEANYAENEE: A
PEATE Ry [EI 442 > e ON S B B0 25 Ry RReSfEiR » %
BRIRIP B - —H o K& 38%) > /b
H 7y ek O R A h R A PR LA - el e84 T =
2 - B AR A R A M B R SR S o Bl By 25
B4 30-35C (Jung et al. 2017c) °

Phytophthora flexuosa Jung et al.

B~ L BE 7 (Brasier et al. 2022) - {2 ]
B3 Jung 5 A 2013 F£1E &8 & LA MARRE -
B EEEGEE SIS E] (Jung et al. 2017a, 2017¢) °
AL ZEHI S - BUVE - RUVE - BEIFYE - &
BIVEMEETY - MBS » FTEENEERN
% ¥ REREMHRESE K A
PEARTE Ry [E] 45 2+ e N 28 4/ MBS IRF 2 30 5 iRz
BAR (25%) - ji ON 28550 25 By = SR BOR 2P
(48%) » &k O &5 S22 A TEAR L (66%) »
EameE A BAEL  FHHERRE - &8
Bt Enm oyl Ry < 5~ 25 J 30-35C (Jung et
al. 2017¢) »

Phytophthora formosa Jung et al.

EBHY 4y 2B 7 (Brasier et al. 2022) o {H ]
B2 Jung TE A 2013 FIEEE S ILUAMEE L

rere

]
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By e $YEE] (Jung ef al. 2017a, 2017¢) ©
AN AE LI - RIVE - BIRUP - &
¥~ WEIP SR - BRI - EEN
Wk R R A AETE RIS RONES AT
% Ry IR - B ik ON 2 SR A PEAR L AE o e
EEREETRERLZHANER - BHEER
L = m S 7 Al By 25 81 30-35°C (Jung et al.
2017¢) -

Phytophthora intricata Jung et al.

BNy B 7 (Brasier ef al. 2022) &[]
B3 Jung A 2013 15 58 & LR MARE -
B EEEGE SIS E] (Jung ef al. 2017a, 2017¢) »
MAZRNMELINY - RIVE - BIRY - Ei
¥~ BE SRR - D 8E 2-3 [HF.%E 0
FTARRRTE > TEAEANNAENAE ) AEEER
[E4 Y g es 2 7 R MIE T - HiEE o8
TR B DR et 5S4 (44%) - &L Rl 5%
R =S o3 Al Ry < 5~ 25 K 30-35°C (Jung
etal.2017c) °

Fil 4l 5 08 B AF S LAY 1 ) 1% 0 B Y TR
th > P. cyperi ~ P. leersiae ~ P. macrospora
P. lepironae % 4 Tl » R K2 A rfF RIFHY
AR DAL ZE - #f AR R B R AV B I
(unculturable and lost species) T A %5 44 A #%
1% Fe %I LL % 5381 (Bourret ef al. 2018) » {7/
#ife f (Kroon et al. 2012; Martin et al. 2012;
Yang et al. 2017; Brasier et al. 2022; Chen et
al. 2022; Coomber et al. 2023) » K & . & #f
Gein iy P. cyperi AIREE & H (Ho et al. 2004;
Bourret et al. 2018) -

P. melonis ~ P. drechsleri ¢ P. cryptogea
TEWREHEEE L5 RE - HIN R H AR E
HFEEK (K. Katsura) ¥f P. melonis FEAEGE IR
TREFF M A 38 B EUE BB 5] 3 B
B W o B 5 R E R P
drechsleri (Kao & Leu 1977) » %3 A HIE B
P. melonis (Kao et al. 1982) » #% I #5 i\ J\ 8
B EE AV R B E » MEIERY P. drechsleri
NEW G E Ry P. cryptogea » FIFIL =%
{7 ITS1-5.8S rDNA-ITS2 F¢ %I # 1 i 4 B 4
A eI B B 2 & oy B 2R » A Bh R R IS
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3 TR AT R BLAE PR 72 5 (Huang et al.
2019) -

RS > BRI B SRR L R SRR AV BB » BRI
BN 1998 S R — T a EHAT A IR
B P. parasitica (Chern et al. 1998) » &K
HEX# Man in’t Veld 8 %€ i #% B R 7 S 97
P. cactorum x P. parasitica (Man in’t Veld
2001) ; fEEQEE# Jung AR 2013 SEAE 6
B HER A SR A 2017 ERHRETE
H 5340 5 B 7Y Clade 9 HIKETE (Jung et al.
2017a) 75 R Y5 B e S TR 1Y 9 JUE AL 18 R B
fifE - BN ARSI -

BEEREZEEHE

0 B I HES N Ak B % B & B E Y &
EHREMEAT FHESE LT - B
2 EREBHEY IR 7 e R R R e o 8 (SR
ik~ fLTTELEEEREY) - (REBEEEMEY) - 5
RTEYILL R —REERBEAR) » BiREF E8 4
KR E RN (A 1970 DLAT % 2 @55
&%) R PHEy] - §—REY%Z5H
SZJEL 0 B Sawada ~ Tto ¢ Ogawa ZE A\ F 4 4%
RZMEREI - HERIIF T RHATE ERE
Fr A PUsIAAE s R kmE2ERER
tEY) o BRI S o ER TR ERR R - Al
AF5IH BIIMER AR A5ERE ERE Z
TR ELEANE P 2 @33 AT AHEH]
WA Z WA G SRR - S RIEEE %W
EEFRFERUIESELHA -

Phytophthora nicotianae (= P. parasitica)

25 F : 85 & (genera) 103 f& (species) ° £

&

1. B8t © BlEL (Adnanas comosus) (Chen 1966;
Wen 1973; Chang 1983) ~ 4 (Citrus spp.)
(Wen 1973; Huang & Chen 1974; Ann 1980;
Kao et al. 1982; Chang 1983) (T8 & &%
I BERERE - MRS - REME - A - EEY -
H R R HEE) (Ann 1984)
HEHE (Passiflora edulis) (Leu & Lee 1976;
Lin & Chang 1982; Kao et al. 1982; Huang &
Lin 2017) ~ FHF A1 (Psidium guajava) (Kao

BB
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et al. 1982; Ann & Ko 1988) ~ f#tt 2 (Erio-
botrya japonica) (Chern et al. 1998) ~ &4 £
(%@ %2 #k) (Actinidia chinensis) (Ann et al.
2010d) ~ #k & 18 (Rhodomyrtus tomentosa)
(Ann et al. 2010d, 2018a) K &% (Fragaria
chiloensis var. ananassa) (Ann et al.
2012b) = EjNIE % (Hibiscus sabdariffa)
B[\ (Huang 1975) 7 77 #1551 & EH R 58
FCEERE - AR (BEHEYIRESE) AR
5 F 4 8% (Tzean 2019) o

g e

CERIE LB (Allium fistulosum) (Sawada 1914,

1919a) ~HESZ (Allium odorum) (Sawada 1914) ~
F&Hi (Solanum lycopersium) (Sawada 1942a,
1943) ~ jiiiF (Lycopersicon esculentum)
(Sawada 1914; Huang 1975; Kao et al.
1982; Chang 1983; Ann & Ko 1988) =i
(Sesamum indicum) (Chang & Hsieh
1977) - ZA& 8132 (Hemerocallis fulva)
(Ho 1990) » {a [ Y i 5 f i aft B350 B - {2
(BEEYWREAR) AHHEFELH (Tz-
ean 2019) -

ACFFELBIEEEY) - ARG (EEE) (Murraya

paniculata) (Sawada 1943) ~ # i B (Pha-
laenopsis spp.) (Chen 1978; Chen & Hsieh
1978; Ann 1995) ~ Jii K & (Gypsophila pa-
niculata) (Chang 1983; Ann & Liu 1993) -
[ 5% (Dianthus caryophyllus) (Ann et al.
1990) ~ ¥ & (Lilium asiatic hybrid, L. ori-
ental hybrid, & L. longiflorum.) (Ann & Ko
1990b; Ann et al. 1992) ~ kK #& 7L (Anthur-
ium andreanum) (Ann & Ko 1990b; Ann
1992a) ~ 38 /5 fH K & (4glaonema commu-
tatum) (Ann & Ko 1990b; Ann 1992a) ~ 5z {&
RETE (Cattleya spp.) (Ann & Ko 1990b; Ann
et al. 2010d) ~ KEi%] (Centaurea cyanus) (Ann
& Ko 1990b; Ann 1996) ~ ZE Hfiel (Dendrobium
spp.) (Ann & Ko 1990b; Ann 1995) ~ £
T (Dianthus barbatus) (Ann 1992b) ~ H A&
B (Dianthus japonicus) (Ann & Ko 1990b;
Ann 1992b) ~EEFH &E§7E) (Dieffenbachia
maculata) (Ann & Ko 1990b; Ann 1992a) ~
=8 (Epipremnum aureum) (Ann & Ko
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1990b; Ann 1992a) - & 4% %% (Philodendron
spp.) (Ann & Ko 1990b; Ann 1992a) ~ EEHELT.
(Euphorbia pulcherrima) (Ann & Ko 1990b;
Ann 1992b) ~ \ A& (Fatsia sp.) (Ann &
Ko 1990b; Ann 2000b) ~ = JUjEE (M {5 fE)
(Pyrostegia venusta) (Ann & Ko 1990b;
Ann 2000a) ~ 858 B (Schlumbergera brid-
gesii) (Ann & Ko 1990b; Ho 1990; Ann
1992b) ~ $REE%g (Senecio cineraria) (Ann &
Ko 1990b; Ann 1996) ~ A & #f (Sinningia
speciosa) (Ann & Ko 1990b; Ann 1992b) ~ &
| EK (Torenia fournieri) (Ann & Ko 1990b;
Ann 1992b) ~ JEMNEE (Saintpaulia ionantha)
(Ann 1992b) « B (Z 08 - 1)
(Cymbidium ensifolium) (Ann 1995) ~ #7355
(Cymbidium sinense) (Ann 1995) ~ £k 4 figl
(Dendrobium phalaenopsis) (Ann 1995) ~
HH#& (Catharanthus roseus) (Chen et al.
1997) ~ /b E X B (Adenium obesum) (Ann
2000a) ~ [1 4L AE (Adeschynanthus sp.) (Ann
2000a) ~ EHZESL (Aphelandra sp.) (Ann
2000a) ~ JLE & (Bougainvillea spp.) (Ann
2000a) ~ %A% (Hibiscus rosa-sinensis) (Ann
2000a) ~ K & 4% (Ornithogalum thyrsoides)
(Ann 2000a) ~ & B K (Codiaeum variega-
tum) (Ann 2000b) ~ ¥ BEEL (Coleus blumei)
(Ann 2000b) ~ 8% BE /7 E (Dracaena dere-
mensis) (Ann 2000b) ~ #{ E (Peperomia ja-
ponica) (Ann 2000b) ~ HEES: (Spathiphyllum
kochii) (Ann & Tsai 2000) - FE % FE 4 4
(Chrysanthemum frutescens) (Ann et al.
2005, 2018a) ~ 472 (F (Duranta repens) (Ann
et al. 2005, 2018a) ~ JEMNELAFE (Impatiens
walleriana) (Ann et al. 2005, 2018a) ~ £
6 OK & 18) (Limonium sinuatum) (Ann et
al. 2005, 2018a) ~ I 1 fL (Justicia rizzinii)
(Ann et al. 2005, 2018a) ~ 320058 (Oncidium
sp.) (Ann et al. 2005) ~ ¥y EE B EE (Salvia
farinacea) (Ann et al. 2005; Ann et al.
2010e) ~ EZ (Torenia fournieri) (Ann et al.
2005, 2018a) ~ % #& 1f (Zamioculcas zamii
folia) (Feng et al. 2006) ~ ¥5HEHRSE (Anisod-
ontea capensis) (Ann et al. 2010d, 2018a) ~

B72% H4

EREAE (Crossoandra infundibuliformis) (Ann
et al. 2010d, 2018a) ~ 70 & (B 7 2 1) »
&k TCE ) (Dischidia pectenoides) (Ann et al.
2010d, 2018a) ~ Fj ¥ %j (Gazania splendens)
(Ann et al. 2010d, 2018a) ~ =1L (Kalanchoe
blossfeldiana) (Ann et al. 2010d, 2018a) ~
EP) (Lantana camara) (Ann et al. 20104,
2018a) ~ 4[ i (Mandevilla sp.) (Ann et al.
2010d, 2018a) ~ Hr¥ER (Paphiopedilum sp.)
(Ann et al. 2010d) ~ EEZFTAE (Plumpago au-
riculata) (Ann et al. 2010d, 2018a) ~ K& &,
(Strelizia reginae) (Ann et al. 2010d,
2018a) ~ E L (Verbena hybrida) (Ann et
al. 2010d, 2018a) ~ FHHIE2E (Pachira mac-
rocarpa) (Chern et al. 2014) ~ JEEEHL3E
(Abutilon megapotamicum) (Ann et al.
2018a) ~ RZEZE (Hibiscus mutabilis) (Ann et
al. 2018a) ~SE L (Nematanthus ‘Cheerio’)
(Ann ef al. 2018a) ~ {AFE 2 2 (Ornithog-
alum saundersiae) (Ann et al. 2018a) ~ B &
1t (Pentas lanceolata) (Ann et al. 2018a)
K8 K AE (Streptocarpus saxorum) (Ann et
al. 2018a) - & il A # (Cactus sp.) (Ho
1990) > fof (R R 2 S A B2ER B - {H7E (&
EBEYRESR) FIHEE F 48k (Tzean
2019)

IRIEEIE EAEY) © K (Abroma augusta)

(Hsieh 1982) ~ 3 (X XL (Lavandula pinnata)
(Tsay 2002) ~ & £k ¥ (Pandanus amarylli-
folius) (Ann et al. 2005) ~ & (Toona sin-
ensis) (Ann et al. 2008¢, 2013) ~ FIE (BZE
B4) (Zanthoxylum ailanthoides) (Ann ef al.
2008c¢, 2013) ~ EHHEUK (Zanthoxylum piper-
itum) (Ann et al. 2010¢) ~ # 5 (Rehmannia
glutinosa) (Ann et al. 2012¢) I 47 5 (Spi-
ranthes sinensis) (Lo & Kuo 2012) -

R FEY) © Bk (Ricinus communis) (Oga-

wa 1940; Sawada 1942b) ~ & & (Nicotiana
tabacum) (Sawada 1943) ~ Z5E (Piper betle)
(Chang & Shu 1981; Chang 1983; Ann et al.
2002) ~ JEAHE (Paulownia tomentosa) (Hsieh

1983) KL (Piper betle) (Ann et al. 2002) -

6. —HEREEAR © $REE (Leucaena leuco-
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cephala) (Hsieh 1986) BLAKi & (Casuarina
spp.) (Hsieh 1987) -

Phytophthora palmivora

FE 35 E AT - iE

1. Bt 455 (Ficus carica) (Sawada 1916; Ann

et al. 2010d) ~ AJI\ (Carica papaya) (Huang &
Chen 1974; Huang 1975; Huang et al. 1976; Ann
et al. 2014) ~ & (Syzygium samarangense)
(Lin ef al. 1983, 1984) ~ E[l & & (Zizyphus
mauritiana) (Lin 1984) ~ #4E (Citrus spp.)
(Ann 1980; Chang 1983) (HFGlEfE ~ BE
MR~ MRS ~ REAH ~ fEAH - DR SCH
MERE - W A KO/ INT % %) (Ann
1984) ~ 155 (Mangifera indica) (Ann & Ko
1990a) M8 ZEL (Persea americana) (Ann et
al. 2006) -

AE TR B Y 0 W T (Phalaenopsis
spp.) (Chen 1978; Chen & Hsich 1978; Ann
1995) ~ 3 {EEE B (Cattleya spp.) (Chen &
Hsieh 1978; Ann 1995; Yeh et al. 1998) ~
[RUARE (Cymbidium hookerianum) (Chen &
Hsieh 1978) ~ & X E (Vanda sp.) (Chen &
Hsieh 1978) ~ JLEER (Cymbidium oiwaken-
sis) (Ann & Ko 1990b; Ann 1995) ~ 4%
(Adiantum raddianum) (Ann & Ko 1990b;
Ann 2000b) ~ & H#E (Hedera helix) (Ann &
Ko 1990b; Ann 1993) ~ %% 4> (Petunia hy-
drida) (Ann & Ko 1990b; Ann 2000a) -~ &
% (Cymbidium formosanum) (Ann 1995) -
B (Cymbidium sp.) (Ann 1995) « & fil
(Dendrobium spp.) (Ann 1995) ~ 3.0 B
(Oncidium spp.) (Ann 1995) ~ 4 %87 (Phai-
us sp.) (Ann 1995) ~ %5 (Paphiopedilum
spp.) (Ann 1995) ~ & fif & (Curcuma alis-
matifolia) (Ann 2000a) ~ &4 (Adllamanda
cathartica) (Ann et al. 2010d, 2018b) ~ F1X,
B (Ascocenda sp.) (Ann et al. 2010d) ~ &
& (Lilium spp.) (Ann et al. 2010d) ~ H B8
(Rhododendron sp.) (Ann et al. 2010d,
2018b) ~ £ (L (Kalanchoe blossfeldiana)
(Ann et al. 2010d, 2018b) ~ #& Z f% (Scan-
dent scheffera) (Ann et al. 2010d, 2018b) ~

BB
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EHIEEE (Pachira macrocarpa) (Ann et al.
2010d; Chern et al. 2014) ~ 7S (Eusto-
ma russellianum) (Ann et al. 2018b) ~ &%
1t (Michelia figo) (Ann et al. 2018b) ~ £Ef
(Osmanthus fragrans) (Ann et al. 2018b) F3&
LR (Verbena hybrida) (Ann et al. 2018b) »
2 A B & 8 (Fuchsia magellanica) (Ho
1990) - o] QA ¥ 25 M A AR B - EAE (B
BEY)RE AR ) A ITEE ERI4 8 (Tzean
2019) «

ARBEEREEY) M (Fucommia ulmoides)

(Hsieh 1982) ~ #k#:& (Rosmarinus officina-
lis) (Ann et al. 2008¢, 2010¢e) K &5 (Toona
sinensis) (Ann et al. 2008¢c, 2013)

. B FA{EY) 8 (Paulownia sp.) (Hsieh 1983)

HAFERE (Areca catechu) (Ann et al. 2017) »

Phytophthora capsici

1.

1T 22 M o
R 3% 0 B (Capsicum annuum) (Chang &
Hsieh 1977; Leu & Kao 1981; Chang 1983;
Ann et al. 2010a) ~ T (Capsicum annuum
var. grossum) (Kao & Leu 1977; Leu & Kao
1981; Kao et al. 1982; Chang 1983; Ann ef al.
2010a) ~ fiiF (Solanum melongena) (Kao &
Leu 1977; Leu & Kao 1981; Kao et al. 1982;
Chang 1983; Ann et al. 2008b, 2010a) ~ JEHE
(Allium cepa) (Leu & Kao 1981; Ho 1990) -
EE (4loe sp.) (Leu & Kao 1981; Kao et al.
1982) ~PHJI (Citrullus vulgaris) (Leu & Kao
1981; Ann et al. 2010c, 2016¢) ~ &t (Lyco-
persicon esculentum) (Leu & Kao 1981; Kao
et al. 1982; Chang 1983; Ann et al. 2008D,
2010a) ~ &R\ (Cucumis sativus) (Chang 1983;
Ann et al. 2010c, 2016¢) ~ FLEFEJN (Cucurbita
pepo var. ovifera) (Ann & Ko 1990b; Ann
et al. 2010c, 2016¢) ~ %)\ (Benincasa his-
pida) (Ann et al. 2010c, 2016¢) ~ B E L
(Capsicum annuum var. cerasiforme) (Ann
et al. 2010a) ~ Hf X (F NEEF L) (Cu-
cumis melo) (Ann et al. 2010c, 2016¢) ~
JI\ (Cucurbita moschata) (Ann et al. 2010a,
2010c¢, 2016¢) K2 J&5H (FHE L) (Lagenaria
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siceraria) (Ann et al. 2010a, 2010c¢, 2016¢) °

2. 1E5%F 1 ZEGNT (Dianthus barbatus) (Leu &
Kao 1981) ~ At (Enkianthus quinquefol-
lius) (Leu & Kao 1981) ~ /92 (Dianthus
caryophyllus) (Ann et al. 1990) ~ KH(E
(Dahlia hybrida) (Ann & Ko 1990b; Ann
1996) ~ i K 2 (Gypsophila paniculata) (Ann
& Ko 1990b; Ann & Liu 1993) K5 &
(Mondevilla x amabills) (Ann et al. 2010a,
2010d, 2018a) - E X FHT% (Cosmos bipin-
natus) (Ho 1990) » {a] [ Y i 25 fil £ 2L B 257
B HIE (GBHEYIRSEHE) ARESE
42§% (Tzean 2019) -

3. CREEMEY) © MAF (Eucommia ulmoides) (Hsieh
1982) «

4. %5 HA{E Y £ % (Piper betle) (Leu & Kao
1981) ~ =1L (Piper betle) (Ann et al. 2002) J
HHE (Piper betle) (Ann et al. 2002, 2010a) -

Phytophthora infestans
G E3BATE B Fi (Lycoper-
sicon esculentum) (Kawakami & Suzuki 1908;
Sawada 1919a; Hartman & Huang 1995; Ann
et al. 1998a, 1998b, 2010b; Jyan et al. 2002,
2004; Tsai et al. 2019) ~ H.$9 5 (Solanum bi-
florum) (Sawada 1919a) K fE$5% (Solanum
tuberosum) (Kawakami & Suzuki 1908; Sawa-
da 1919a; Ann et al. 1998a, 1998b; Jyan et
al. 2002, 2004; Tsai et al. 2019) = Z > #E Bk
(Tubocapsicum anomalum) (Ho 1990) > faf (%, 1990
Fig & By Sawada YRR AR 1E 1992 4
A Hi 2 1 Sawada & T HYFETR R A LB F
HY > SREEER R My A ET £ o (AT ol H
MELERH - HIE (GEBEYREAE) BRI
TAE E 405k (Tzean 2019) » R EERH -
Phytophthora citrophthora
FE 128 19 HE o B

1. 548t fHAS (Citrus spp.) (Sawada 1915, 1919a;

Ann 1980; Chang 1983) (H & % #5 - FE

TR~ WIRE - REAT - M AL SCHE K

KA %) (Ann 1984) ~ B & (Fragaria chi-

loensis var. ananassa) (Kao & Leu 1979;

Chang 1983, 1988) ~ FH 75 (FE) (Annona
squamosal) (Huang et al. 1991) Jz & ¥ #k
(Prunus persica) (Ann et al. 2003)

2. fEFF BB E Y © BAIEEE (Pachira mac-
rocarpa) (Ann & Ko 1990b; Ann 2000b) ~
KHEETE (Anthurium sp.) (Ann 2000a) ~ {52
# (Cyclamen persicum) (Ann 2000a) ~ &4
% (Epipremnum aureum) (Ann 2000b) ~ H
H % (Vinca rosea) (Ann 2000a) ~ A% (&
HEE) (Murraya paniculata) (Ann et al. 2010d)
Ko 5 i [ (Phalaenopsis spp.) (Ann et al.
2010d) ©

3IRfEBIEEMEY)  BERZZHE (HNE)
(Pelargonium graveolens) (Ann et al.
2010d, 2010¢) °

Phytophthora cinnamomi
ZFE 128 13 fd - AL

1. 5245 © B (dnanas comosus) (Anonymous
1965; Ko et al. 1978a; Chang 1983) Eifi%#1
(Persea americana) (Chang & Hsieh 1977,
Ko et al. 1978a; Chang 1983; Ann & Ko
1990a; Ann et al. 2006) °

2. FEFFELEIEMEY) © BIEE (Pachira macro-
carpa) (Chang & Hsieh 1977) ~ 7L (Camellia
sp.) (Ko et al. 1978a) ~ #5& (Rhododendron
sp.) (Ko et al. 1978a) ~H & (Lilium spp.) (Hsieh
et al. 2001) ~ 3 BE gX 8% (Zamia furfuracea)
(Ann et al. 2004) K440k (Hypericum sp.)
(Ann et al. 2005; Tsai et al. 2016) °

3. PRIEEW) @ NHE (Cinnamomum osmophloeum)
(Chang 1993) -

4. 1R T NEEZE YIS (Cinchona ledgeriana)
(Sawada 1936) - KEEEE4NIE (Cinchona pu-
bescens) (Sawada 1936) ~ f&ft (Cinnamon-
um camphora) (Chang 1993) K Eit¥ (Calo-
cedrus formosana) (Chang et al. 2000) o

Phytophthora melonis

FESE6RE - FELIUH - EELAN (£
JI\) (Benincasa hispida) (Kao & Leu 1977; Ann
et al. 2010c, 2016¢; Huang et al. 2019) ~ &f /[
(Cucumis sativus) (Kao & Leu 1977, 1982;
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Chang 1983; Anonymous 1984; Ann et al.
2010c¢, 2016¢; Huang et al. 2019) ~ #J/ CEER
JREE)T) (Cucumis melo) (Kao et al. 1982; Chang
1983; Ann et al. 2010c, 2016¢c; Huang et al.
2019) ~ P JI\ (Citrullus vulgaris) (Kao et al.
1982; Ann ef al. 2010c, 2016¢c; Huang et al.
2019) ~ H I\ (Momordica charantia) (Ann et al.
2010c) K J&:# (Lagenaria siceraria) (Ann et al.
2016¢; Huang et al. 2019) = 2 1 4% JI\ (Luffa
cylindrical) (Ho 1990) » {a] K, iy it 5 48 fif %l B
S H1E (BEBHEYWREARE) AIESF T
4C8% (Tzean 2019) »

Phytophthora cryptogea

FFE 1 JE 1 fE - B

1. B Medy/Eas (F 1) (Citrus sinensis)
(Huang et al. 2019)

2. #3041 Bl ¥ (Gynura bicolor) (Ann 1996;
Huang et al. 2019) - 2 EE (Lactuca sativa)
(Ho 1990) - fo] [X, Y 5 M4 210 B2 35 BH - {2
E(EEBHEYRESAE) FIHES L4
(Tzean 2019) -

3. JEFF © JEMNE (Gerbera jamesonii) (Kao 1978,;
Chang 1983; Ann 1996; Huang et al. 2019) ~ 5
5% (Dianthus caryophyllus) (Ann et al. 1990;
Huang et al. 2019) ~ B25H4T (Euphorbia pulcher-
rima) (Ann & Ko 1990b; Huang et al. 2019) -
%4 (Liatris spicata) (Ann & Ko 1990b; Ann
1996) ~ HEEK (Lobularia maritime) (Ann & Ko
1990b; Ann 2000a) ~ %j{E (Chrysanthemum
morifolium) (Ann 1996) K JNEE4 (Senecio
cruentus) (Ann 1996) °

4. [REEBEFEEY) ¢ FF2 (Salvia miltiorrhiza)
(Ann et al. 2008c, 2012c; Huang et al. 2019) -

5. 1K ¢ EifiE (Calocedrus formosana) (Chang
et al. 2000) o

Phytophthora drechsleri
FFE 8JH 8 fE - S

1. 32 © &[JB\3Z (Gynura bicolor) (Shen et al.
2011) Bl (Lactuca sativa) (Huang ef al.
2019) -

2. {67 B4 (Lilium sp.) (Ann et al. 2010d;

BB
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Huang et al. 2019) ~ $&Z24F- (Petunia hybri-
da) (Ann et al. 2010d; Huang et al. 2019) ~
B4 (Euphorbia pulcherrima) (Huang et
al. 2019) K% (Thymophylla tenuiloba)
(Huang et al. 2019) -

3.IREBLEEMY) © =& (Astragalus mem-
branaceus) (Ann et al. 2012c; Huang et al.
2019) -

4. —BOEAREE AR - REE (Leucaena leuco-
cephala) (Hsieh 1986) ©

Phytophthora cactorum

HF6E6E - I 5 (Boehmeriae
nivea) (Sawada 1927) ~#f (4dcer sp.) (Ito 1936) ~
£ H & (Lilium dauricum) (Ito 1936) ~ %5 5F
(Malus pumila) (Ito 1936) ~ N2 (Panax schinseng)
(Tto 1936) Kz & (Fragaria chiloensis var.
ananassa) (Kao & Leu 1979; Chang 1983,
1988) -

Phytophthora parvispora (= varaint of P.
cinnamomi)

3B 8 - AU ¢ S (Citrus spp.)
(Ann 1984; Ann & Ko 1985) (& #& e & - &
SR~ LM~ AT SRR R SCE) (Ann et
al. 2016b) ~ Fk/EFEE (Begonia x semperflorens
cultorum) (Ann et al. 2016b) K E%E (Fragaria
chiloensis var. ananassa) (Tsai et al. 2020b) ©

Phytophthora colocasiae

Z5F 1B 2 o kS - 5 (Colocasia esculenta)
(Sawada 1911, 1919a; Chang 1983; Ann et al.
1986) 173~ (Colocasia antiquorum) (Sawada
1911, 1919a) -

Phytophthora meadii

A 3@ 3T - EE  n iR (4glaonema
nitidium) (Ann 1992a) ~ [ (175 5 (Zantedes-
chia aethiopica) (Liou et al. 1999) J & Ktk
(Prunus persica) (Ann et al. 2003) o

Phytophthora tropicalis

FEA4EATE B FEFEES (Rho-
dodendron hybridum) (Ann 2000a; Ann et al.
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2010e) ~ #E#EFE (Rosmarinus officinalis) (Ann
et al. 2008c, 2010¢) ~ FE /5% (Dianthus caryo-
phyllus) (Ann et al. 2010e) K £FHi% (Hedera
helix) (Ann et al. 2010d) °

Phytophthora litchii

¥ 20825 o B 35 (Litchi chinensis)
(Chen 1961; Tsai er al. 2020a) B1ZEHE (Eupho-
ria longana) (Ann et al. 2012a) -

Phytophthora citricola

ZFE 2 2 1 o BLEE ¢ fHAE (Citrus spp.)
(Sawada 1927; Ann 1980; Chang 1983; Ann
1984) EAEL%E (Fragaria chiloensis var. anan-
assa) (Chang 1983, 1988)

Phytophthora nagaii

5 BB (Rosa rugosa) (JA4FE) (Yuan
et al. 2020) ~ (Rosa hybrid) (FEAZTE) (Yuan et
al. 2020) -

Phytophthora bishii

5 F BB (Rosa rugosa) (JRA4FE) (Yuan
et al. 2020) ~ (Rosa hybrid) (FE=ZFE) (Yuan et
al. 2020) -

Phytophthora multivesiculata

¢ RUEFE (Cymbidium sp.) (Chern et
al. 2011) e
Phytophthora cambivora

&5 LIBESE (Prunus campanulata) (Huang
etal 2012)
Phytophthora vignae

% F ¢ UL E (Vigna sinensis) (Kao & Leu
1977, 1982) -

Phytophthora amaranthi

s

B HE3E (Amaranthus mangostanus) (Ann
et al. 2008a, 2015, 2016a) -
Phytophthora lateralis

& E 1 MR (Chamaecyparis formosensis)
(Brasier et al. 2010; Webber et al. 2012) °

Phytophthora niederhauserii

¥ MEFLE (Ficus carica) (Lin et al.
2019) -
Phytophthora boehmeriae

2 F ¢ 5k (Boehmeriae nivea) (Sawada
1927) -

Phytophthora cyperi

e e

S ELE AN [ (Cyperus tegeti-
formis) (Kawakami & Suzuki 1908) ~ & [ff F

A=

(Cyperus rotundus) (Sawada 1927) ~ b5 (Cy-
perus iria) (Sawada 1931) KJii /SHH (Cyper-
us malaccensis) (Ito & Tokunaga 1935) -
Phytophthora leersiae

& F B (Leersia sp.) (Sawada 1941)
HBIAXC R (L. hexandra) (Sawada 1941) »

Phytophthora lepironiae lepironae
FE:DER AL E (Lepironia sp.)
(Sawada 1919b) -
Phytophthora macrospora
5 F 1 /KW (Oryza sativa) (Sawada 1927) -

Phytophthora castaneae (= P. katsurae)

L+ (Ko & Chang 1979; Jung et al. 2017a,
2017c¢) -

Phytophthora heveae

FIAE (Citrus spp.) (Ann 1984) ~[BIAL (4nanas
comosus) ~ 1M (Areca catechu) ~ Bk (Prunus
persica) JFERR (Euphoria longana) 2 FRFE 1
Phytophthora insolita

i #% (Citrus spp.) (Ann & Ko 1980; Ann
1984) ~ 5tk (Averrhoa carambola) F¢ B2 HE 4L
> HRFE T3 K E K (Ann & Ko 1994) -

Phytophthora humicola

A (Citrus spp.) (Ko & Ann 1985) ~ £
S (Phaseolus vulgaris) ~ T2 (Dianthus
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et

caryophyllus) K m1t (Chrysanthemum morifo-
lium) ZFEHRFE 115 -

Phytophthora capensis
AR YA 7K (Jung et al. 2017a, 2017¢) -

Phytophthora chlamydospora

HMAH AR (Chamaecyparis obtu-
sa) HRFE 1 (Jung et al. 2017a, 2017¢) ©

Phytophthora plurivora

MMANIIEEIRG (Alnus formosensis) TR
B 1+ (Jung et al. 2017a, 2017¢) °

Phytophthora attenuata

AMRANHK EER (Castanopsis carlesii) 1R
& 1 (Jung et al. 2017a, 2017¢) °

Phytophthora flexuosa

AN EELEE (Fagus hayatae) 1R
B+ (Jung et al. 2017a, 2017¢) °

Phytophthora formosa

M A2 (Araucaria cunninghamii)
R+ (Jung et al. 2017a, 2017¢) °

Phytophthora intricata

AR Y K& M (Quercus tarokoensis)
fipE £ (Jung et al. 2017a, 2017c) °

fheE

R P REREEYRES— o H
NEEBSRZ R  BESEEREZ A FHE
JHEE > AW EZETNT75ER - ERE 2
R R M IR N IS A 22 2 > T BN [E A
HIER B - H ARV IRE R BT FHIEN R
AAEE > SR e W R e W E VAN E
BTAE - HASIAE I BiREAMERE
WMERELE AT » Ao ilE A T ERE
ﬁbﬁ‘qjﬂ/jiiﬁﬁ/—i/_‘[uu ’ —J%FF Tﬁﬁfﬁliﬂﬁ
SYAAEE R o BT 0 A 20 FE I
SRR EENEYEMARE 25
Uk Forest Phytophthoras of the World (https://
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forestphytophthoras.org/) » R EE R M H K
%Eﬁ?bkx&fﬁii%m%ﬁ% BIERIEYTT
I > ¥ 20 £ P. infestans ~ P. nicotianae ~ P.

palmivora ~ P. capsici ~ P. melonis . P. cin-

namomi &Y A - B R AEFHIR EE BB
B oo fEIEIRNGIA T o FE IS AF A W) 9 0 B fl

B WEERROUTIRE - 4 REA R
g > FHTERER o 1AL AR FHEREE
TERLMT - FH LR TE E % B 25 [ 98 3 B Bl 1
I DUERRASUE R E Z HEY [ I
B EES - HEBSMEEMAEMAR » M
RERANEY Z RFEAR > BB ENER
B E AR RR -

5| Rk
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Phytophthora Species in Taiwan and Their Host Range:
A Review
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Huang, J. H., C. P. Lin, C. W. Huang, J. N. Tsai, and P. J. Ann. 2023. Phytophthora species
in Taiwan and their host range: A review. J. Taiwan Agric. Res. 72(4):289-316.

Abstract

Phytophthora, a genus of Oomycetes, is notorious due to its impact on agriculture worldwide.
Since Phytophthora infestans de Bary was named in 1876, about 200 species of Phytophthora have
been identified and published worldwide. So far, about 40 species of Phytophthora have been reported
in Taiwan, including P. amaranthi, P. attenuata, P. bishii (= P. bisheria), P. boehmeriae, P. cactorum,
P. cambivora, P. capensis, P. capsici, P. castaneae (= P. katsurae), P. chlamydospora, P. cinnamomi,
P. citricola, P. citrophthora, P. colocasiae, P. cryptogea, P. cyperi, P. drechsleri, P. flexuosa, P. for-
mosa, P. heveae, P. humicola, P. infestans, P. insolita, P. intricata, P. lateralis, P. leersiae, P. lepiro-
nae, P. litchii (= Peronophythora litchii), P. macrospora, P. meadii, P. melonis, P. multivesiculata, P.
nagaii, P. nicotianae (= P. parasitica), P. niederhauserii, P. palmivora, P. parvispora, P. plurivora,
P. tropicalis, and P. vignae. This article provides a comprehensive review of these species, focusing
on their host ranges, publication dates, and related literature, in the hopes of serving as resources for
further research. As taxonomic rules for hybrid species are not yet formalized, Phytophthora hybrids
identified in Taiwan are not included in the discussion.
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£33 (Pontederia crassipes Mart.) 7= [ 7K 58 th
HIE -

BEAN » FE5E (duckweed) RE BT 77 A7 B
HIENR M HWRERELE S8 -8’
i3 R AR E S R K3 B (Goopy et al. 2004;
Mohedano ef al. 2014; Devlamynck et al.
2021) o ¥ R/ KAEFEIZHE Y BN K AR
(Araceae) HY %% 00} (Lemnoideae) » ELE08%
Z/0 536 - A A TEEAMIEEOH AT
T 52 B 3 LS mT LR - R H AR
RS - HEZHHEERE T (Baek et
al. 2021) ; 5 Toyama et al. (2018) 5 H!{ %%
HK AR B RAFAIRULRE ST FTHRE
FITA B B 5% i B FE BE /K > WI/KE (Spirodela
polyrhiza (L.) Schleid.) ~/NEEF5E (Lemna minor
L.) ~ JE¥5 (Lemna gibba L.) F/VIRETE
(Landoltia punctata (G. Mey.) Les & D. J.
Crawford) T]JA 4 d AR BRE 58 UM K H
HYE o BEZR/DAR SR A R B KAV Fb
AR HAE AR KRR %E 50% (Huang
2008) - 1 Mohedano et al. (2012) PAETEHE
Y085 0 DL RE &5t 237 m® (KGRI A B 5
BURAK BT/ VIRENE » BURH A7) 5l K FRKAG
H1 96% E 51 89% Wk - BIEAGHZEH A & 55.3
Mg ha' yr' > DIREFE R & QB ET
KGR » HMERE P& R H 35% » i
HEEaREENEY) -

REFER G EBIEGEI R4 - APRE
BRTER - RV B 'Y EEREA E AR
VSRR A Ry B DR ROk o i R 4R DR R
RHEAS R B E T AN B R E (Gwaze
& Mwale 2015) » fFE B (Moss 1999) ~ 27
& (Gutiérrez et al. 2001) ~ FL[sf] (Tallentire et
al. 2018) ~ {# & (Demann et al. 2023) ~ f&f
(El-Shafai et al. 2004; van der Spiegel et al.
2013) ~ %[ (Sonta er al. 2019) ~ & (Back er
al. 2021) ~ZF 0z (Islam et al. 1997; Azim & Wa-
hab 2003) ~ & (Lin er al. 2015; Tsai 2019) -
KZLEEEE (Gule et al. 2023) ~ F§JE (Mwale &
Gwaze 2013; Gwaze & Mwale 2015) Jz J& i
(Leng et al. 1995; Damry et al. 2001; Goopy

rere

]
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& Murray 2003; Brown ef al. 2013) ZE A
50 LR EREY B e B EER
BB e R4S - TR B A IR HE B F N R
RPE4 BUKEBEE e ERHIER - HEL
AW TTAL  JFENFREE RN 0 — &
K8 i 48 & 10% (Gutiérrez et al. 2001) » &
AR gk H Y K &0 BB RN S; 2 20% (Moss
1999) ; Leng ef al. (1995) 45 {445 132 5 7]
R B & o (Ctenopharyngodon idella (Va-
lenciennes)) BiJE4E C1WFIEM (Oreochromis ni-
loticus (L.)) » {fi Tsai (2019) | &5 & b F
INEETE T ER B AL JE 4B 2 (Oreochromis spp.)
AEREREES 16.5% - HEFENE %
SEHMIABENENEEE SR ARE ~ KK
Fok o KRB S ARSI EY R &R EE
71 (Baek et al. 2021) » BURIEHHEY B A IE
RRE ~ XSG FOKEFREHYEREE T
DU AOR B R OR SRR M 2 1 B 6kt

KW ERET DR KB NUR KR 2
BEGE b EESEENIGREEEDN
AT DRI E R R BEN R ETTE -
R T FH L9 S A 73 B ) Y R
YitED - BRENRMEREEMS Rt
ZHIP B E KT EEYER R E -
AR B N B e RHERS F R EERE -

MK 7 E

FRIEE RN

A I B SH S B IR BT - OB
%IZH 1% NaClO,,, 30 s » FELLZ 5 (reverse
osmosis; RO) /KiZ% 3 X > FX 1 min 5 BHEE
% 1/2 Hoagland E $5& )% (Hoagland E me-
dium; HEM) » 4 25 + 1°C ~ 8 h/16 h SR A
TEIE - BEE R TUEER (Wu et al. 2009) »
WA R EE R B L AR R AR T 7 BB ]
(Yang 2000) °

B DU 8 FH 1A 0% 55 e 508 72 1Y ATP BRH
Y IR 5% & Fy 51 1T 7% S i 3 E (Wang et
al. 2010) - F 4 20 mg JE5ERLA 1.5 mL i
20 ET  UEEAHERERE > EH
EDNA HiSpEx Plant Kit (Fisher Biotec, Wem-



AR R R A R 319

bley, Australia) ZH{E: DNA ; H{ 2 uL DNA %
HUREL 1 uL 5]+ ¥t (atp-F: 5'-ACTCGCACA-
CACTCCCTTTCC-3" ~ atp-H: 5'-GCTTTTAT-
GGAAGCTTTAACAAT-3" > % 10 pmoles) ~ 10
puL 2X EmeraldAmp MAX HS PCR Master Mix
(Takara Bio Inc., Shiga, Japan) k& 7 uL ddH,O
RE R IUE S # 8 B (GeneAmp” PCR
System 2400, PerkinElmer, Inc., Shelton, CT,
USA) #£17 polymerase chain reaction (PCR) °
PCR &4 2 94°C 2 min ~ 60°C 1 min & 72°C
Il min> BEFFEIST-53CKT2TCH30sHY
E NEE 30 K > £ &1 72°C 7 min - 1L
TOPO TA Cloning Kit (Invitrogen, Waltham,
MA, USA) #17 PCR ZEY)EEIE » HIACHER
KAV R B 3 A IR A 5] (Tri-1 Biotech Inc.,
Taichung, Taiwan) L% g 53 17 & (ABI 3730
DNA Analyzer, Thermo Fisher Scientific Inc.,
Waltham, MA, USA) T ° fif5F 5L Vec-
tor NTI” Suite 9.0 #(f% (Invitrogen, Waltham,
MA, USA) 27 ContigExpress ™ f2 3t i {784 F ;
B¢ 1% [ A Basic Local Alignment Search Tool
(BLAST) (National Center for Biotechnology
Information, Bethesda, MD, USA) Eil GenBank
BRE L ¥ ATP BN AY IR & 7 51) > DA
FASESRA ki

EFMURKEUREDRKE DT

BFEURK T (swine waste water I; SW-I)
BUEFERUR K 11 (swine waste water I1; SW-I1)
HE BALR 756400 2 i A [6] & 505 B UR
1 FEAESY I By 23°59'44.5"N ~ 120°22'00.3"E
£ 23°58'45.8"N ~ 120°20'35.5"E » i H{& & FE
FEFTAE L & > BREUE #i3t 7K (local ground-
water; LGW) o /KGR AR B E W20 4C T
fHiH -

BEAKERBREL NS Z T A M
(NIEA W203.51B ~ NIEA W424.53A ~ NIEA
W444.51C ~ NIEA W448.51B Fz NIEA W452.5) o
DL T e /K& RT3 B8 (MultiLine™ Multi 3630
IDS Multi-Parameter Portable Meter, WTW,
London, UK) JI & 7K o & ft ¥ % 15 5 % (pH
) 1 EC ; BEARLFLAE 8 pm JELK (Whatman®
qualitative filter paper, Grade 2, Cytiva, Marl-

borough, MA, USA) )&% » LLEHENLE T
% (Astoria Analyzer, Astoria-Pacific, Inc,
Clackamas, OR, USA) #1T R E+E AT (flow
injection analysis; FIA) » M€ & HE%E, (NH;-N) ~
TBERES (NO, -N) J 4R -

ERBRYS(CEERYIE

Ry bR H & Bt et B0 MVE S EE RS
M HREREREE KR 2.4-3.4 mm -
FH 1.4-2.4 mm -~ /NF 0.4-1.4 mm KR/NF
< 0.4 mm FERIRTHBAESHY 4 FRT > B
INREERBBARTIARETE - THlEK ~ B
/N RSTRYEER A BB PR BB 10 |7 » DUf# &I 2
{i#% (SteREO Discovery.V20 microscope, Carl
Zeiss AG, Wiirttemberg, Germany) B2 (G fHEL
#48 (Tekfar Digital Camera XCAM4L8MPB
and TekfarProVision X64,4.11.20314.20220220,
Tekfar Science Co., Ltd., Tainan, Taiwan) & M|
T RS 0 #3E E F 8 (5 R B S (Image)
1.54d version, National Institutes of Health,
Bethesda, ML, USA) s+ E # RIS mEE - Wi
TEREREHABNAESEE T - B8
PR~ R/NR R R 82.9 ~ 1.9 2 0.9
mm AR TR - ATEE & R R AR Y
i B AR

TEHETRAS R T » & H—IE RS
HETEA 50% DL B 64k (chlorosis) B4H
@ = HE (maceration) » HIIER K IR 5 55 R AG -
1% 48 o B 18 70 A 8 TE RS R~ 8 ol L it 2 1
T > BRI IR e &% i 38/ DR SRS T TR G i B T
fi bl o AW FEHEAL DR RS R EE IR iR e
T3 (%) = [Z(&RST AL BER < 2% KT
FREEIRASE) + (& R fr#mfg < Z R~
HEEIRREED] < 100% -
DIRES T B FEIUAK B Z I RS

oD R R R RTOK T 21
#F SW-I DL RO /KFFEREZE 1x (JHK) ~ 4% ~ 10x
Je 40x $e 5% 4 fEKHS - 73 HITHL 200 mL 7KES
2 [H ¥ & (diameter = 8.67 ¢cm ~ area =
59.05 cm®) » FEIE 20 448 B 17.4 £ 0.3
mg {Y/DFR &5 725+ 1°C ~ 8 h/16 h ¢l
HEATRE 1 wk % DLFR =S E G
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(Eutech™ ECTestr11 Dual Range Conductivity
Tester, Thermo Fisher Scientific, Inc., Waltham,
MA, USA) Bdfig s (E k3015 (Eutech™ pHTestr
10 pH Meter, Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) 43 7|4} 7K #8 EC {581 pH
B WA AERE AL KD - B SEREEE
F o AREN S U
NG RER R DA R bE

A 2 PR ETT > 1R ZEER
B SW-TT 2 JeiadBg - 26 2 P EL R Ry = e Mk
SW-IT 7 Fek el B - 55 1 [ EL sl B SW-IT DA
LGW R EER 20x ~ 40x ~ 60x [z 80x 457F
4 fEKHS - FA 200 mL A 2B R
= WP ABEE 100 mg B/ DARENE - 7225 +
1'C~ 8 h/16 hEIF M N & | wk 1% - il
7K#& EC {EEL pH {H > I DRI B SR Bl 2 5
NAG (B R E - FHE DLse B i Hil e R 40 B
Befe U R R AT RIS ERVZar Koy - FEE
fEREfrE > HABEES K- F2BEARR
SW-II DL LGW 47 BI#EFE 2 80x ~ 100x JZ 200x
RERAE 3 f/KHEG - HERNRRER L > 1 wk 2508%
DIRESE R IE T BifE - SR 5 XK -
DRSS R BRIR B E RS

R FIET R IR W AR S - AR
FR BRI A 1 BN R I B YRR o KF S LAY
MR KAE R E BB (B S00 &) F 0 it
57K R I Fy 1,200.31 em? » BEE#E A/ DIRE
S 1 h R R FIREA KH - FEER LR
A DAUOR RE RE AR I b HE HY 40% MR @i > B
&I A KRR EARE TR EBENIHE
W FELL 30 H A o s AT AR A UER B I
S RERR E K 0 DU AR A RS R
HIKI3 1% - FEHERGEFEE @ BUBREEE 5 0 w18
SRR EGE o DE BRI EEN 2
% WEE B (mg em™) = HREEE - 4
RKFHETE -

BENMGORKREEEN (T BE
S ALRG T 90 90 B 54 855 B AR B VU Fa S 5 0
(area = 509.18 m®) » J& f= 55 23°58'44.8"N -
120°20'34.9"E » #EE A 3.06 m’ (YEFEHUR
Ko AEA 100x BERERYHL TN /K » BRI AK€

rere

]

2% H4

#90.6 m o ) /KE (diameter = 22.4 cm - area
= 394.08 cm®) [E & W EF S 0OKE - i
T 10% =% 30% #) 46 4 R AR Y D FRE S - 1
wk 1258 A% | TOETEBEI > SR U TERE A8 0 FF
B AT~V R V&S (E 35 E #
B SEAHEITEERE RER > FERUSE
S A R A h R R A R G
(23°58'5.7"N ~ 120°19'33.1"E) iy H 54 ~ H
G i H R = 0 s AR &y 2022 £ 11 B
2HZE12HTH -
T D TSA

e 4 st DA Statistical Product and Service
Solutions 26 (SPSS 26, IBM, New York, NY,
USA) G HETT /3 i o TR 1§ 77 #7 (regression
analysis) 91 > DL&RME B¢ Z RO A LT (5 5
= EEENE (P <0.05)  AIDIZERRREH %
HATER AR - B EILEOET - LLE
HRGE (Levene’s test) H il SR A H[EH
14 (equality of variances) » & R ZE (P <
0.05) » Rl —20 50 F 8 B8 77 #7 (analysis of
variance; ANOVA) » ZEHZERF (P > 0.05) > {#
FHZE1% (post hoc) A HF Y f/ N 2 722 SR 14 OH
E# (Fisher’s protected least significant differ-
ence (LSD) test) #EfT4047 °

R

ZEEHIERERE

LA atp-F/atp-H 5[+ %f 54 8 2 7 )% 5 #Y
ATP FL R FE 8% & 36 A BLAST 73 1% >
ZHE HEE S ESEE Y &8 K 727 bp
BRI/ DIRESE (Landoltia punctata) (Gen-
Bank: KJ630555) [p5l5e 2 H[E - HEER EON
FEMER  ERERESG2RG0 &
ARG B GBI 24056 F 3-5 (%R (HE
1A) 5 FPHIRIE Ry 690 bp Y REfi /) - Bl
R ESE (Lemna aequinoctialis) (GenBank:
KJ630511) FE5I7 98.8% AAHDLE » EEREE &
B - RH - B KETE4E 0 £ 1 FIR
([ 1B) » &rifeam3e 05 HP RE B E R/ VYT
SEREUREE  WHUEB S DR R ITIRE
i o
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EREDUMKE LGW KB

SW-1~ SW-II k2 LGW ¥ H{ 5 75 5678 /5 i
& > pH {H /M 1E 7.6-7.9 (F 1) - SW-I B SW-II
fy EC {8 /& # 5,010-5,120 uS cm™ » LGW HI|
B 1,696 uS cm™ » & #i# 1/2 HEM Y EC &
B K E A E (EC < 750 uS em™) = £
1/2 HEM » SW-I B SW-1I & & & & % 1y & #l
Wk 2 7KHG > W Y SRR 70 Bl B 465.0 Bl
177.0 mg L™ » [4EHERE 555 18.8 #128.7
mg L™’ e

ERRSIRIYERE

bEE/ DIREEERBREHINE I > ErEA
N K BRI TIENF y = 1.4541x -
0.6063 (R> = 0.9404) ([B]2) » — &=tk -
JEFH B RS & R~F R Ery R > &Kt E G
ERREE0 0 STEHR ~ hR/NR EIRER TR S
Bl By 3.61 ~ 2.16 J% 0.70 mm?> » 3% %54 7 JE
PREFEREEEA TR REAAHEMEHE
H & M DIR RS EE R AS Y ERE AE S L -

1. JEEEERASINEL ¢ (A) DIRESESL (B) 535 -
Fig. 1.
image represents an actual length of 3 mm.

1. ARGV EREGIURUKEL M T /KA KE -

FEEBIR Ry R LAY 3 mm

The appearance of duckweed fronds: (A) Landoltia punctata and (B) Lemna aequinoctialis. The scale in the

Table 1. The water quality of swine wastewater and groundwater in the pig farm in Fangyuan Township, Changhua
County.
Sample pH EC* (uS cm™) Total N (mg L™) Total P (mg L™)
Swine wastewater I (SW-I)” 7.9 5,120 465.0 18.8
Swine wastewater II (SW-II)* 7.6 5,010 177.0 28.7
Local groundwater (LGW)* 7.6 1,696 2.8 0.3
1/2 Hoagland E-mediun 5.5 557 49.7 3.8

“ EC: electrical conductivity.

¥ Swine wastewater [ was collected in Fangyuan township (23°59'44.5"N, 120°22'00.3"E) on July 6, 2022.
* Swine waste water Il and local groundwater were collected in Fangyuan Township (23°58'45.8"N, 120°20'35.5"E) on July 19,

2022.
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5
L]
L ]
4 L
o o
N =
(0]
2 2 e
L ]
- e
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1
¥ y = 1.4541x - 0.6063
o R = 0.9404
0 1 1 1
0 1 2 3 4

Length (mm)

2. IR IEIRES R B REAIR (5 o (€K
R/NR 3 TR S BEREDREE 10 | TEIRES T RS
BT RERY M - EHEREE— R TEIRESAY BHNE -

Fig. 2. The correlation between frond length and
area of Landoltia punctata. Ten fronds were randomly
selected from each of the three size categories, large,
medium, and small, for measurements of length and

area. Each point represents a measurement value from
an individual frond.

DIRESTEI B RUA KB 2 1%

HF SW-I L RO 7K 73 il ¥ ¥ i A~ 5] £ 80y
KM% » e ADIRETERIA 1| wk » KR EC B
Bl pH {EELA0NE 3 - A [E R EHY SW-1 K
BEHEEH 3 d 7% (day after treatment; DAT) [y
EC HEVEZEE(K -  pHEAIEZE S 27
d T4EFFEIRERYES - A #/KER EC {HE: 0 d I
/) 27-52% 0 H pH H S 9.1-9.9 » Zjigtk -

DRV EEIALE 1/4 SW-1 B 1 SW-I /KkE
o 7 d 1% B ORI RS RS I R E A (E
4) > EZ2IE 1 SW-1KEH » & 43 fEag LR
KIE 5 TAE 1/10 SW-1 /KB - TERAS =~ [ B
Forik - AR ARGIRAS #AE I © /KASEHR
BT AMBENERBURK (1 SW-1) BHE
3% LA RO 7K R BRI K B e BH BR (L A0 > H
R E A KR Rk BAE AR BELE - £/
MRESEREE T > 1/40 SW-1 /KA T (€ #EAE #S
4 BFE T 302 mg o BIE L EIRMA - [F
I {t B TR MG IR 70 2R AT 2 98.8% o

N KRR IR AIB BT

TR 1 PR B AR LM A SW-TT 2 A 5l B
1> 1/40 B 1/60 SW-I1 R HL#E 1 wk f% > 2

2% FHa4M

SERECERG GBS (8 5A) > 7
F2REsEmERAREYT - S EEEEREEINE
A B B R AR - 2 (EPE LB h - RpEHA
HY T AS e B8 B B R AH I S 3 = 22 ([8] 5B) »
B DL 1/80 SW-IT jig B A i {2 T iR A8 i S 198
o DU 1 Il BeBus TR A > R
MR A S SW-TT B A 35 i B8 =2 BB E Y — 2 h
G (18 6A) » HFFEF Iy y = -86,448x° +
2,451x + 139 (R* = 0.9962) » R A HE(L
SW-II L LGW £ 70.6x #afs » o] & ik &
ZIHGHEE -

Ga2EaBEE FEEEER
SW-TT B R RS I FE B 70 X E BB &
Ay — il 4R B % (& 6B) » H 52Ky y =
-169,606x” + 1,543x + 93 (R* = 0.8991) - {{k[it:
Ml 4R AR T 0 o S HE AR O B BE IR B I R 1
R 92.5% » DL SW-IT #E/DIR &5 » &/
AL LGW M £ 109.9x fS 18 » 4 v Z FHH
[ oA
DR B BRIRZIEHERIBF

DRREE SR B bR 500 2K E AN BB A E
TR 40% KBRS > HE S 51288 +1.40g >
BRI TI F (5 By 26.826 mg em® > SUHEEAE L5
IR K EE T 10% B 30% 9144 B EfEm
DR - EE YRR 3.17 g BL1.06 g -

2022 PN EE AT 1T K T 30%
WIEaE R EER/ VIR (8 7) - 1 wk 1&iFE
BN By 177.3-259.7% » LB T EHA 11 Y
RRERRVART  CEBEZFEKENK
oSS EHEEE 28 mgom® d > HIE S
282.4 kg ha! d' > YIS o ZALEEBIRIM
Higme s o H H 39 EZEE )N - HEFERE8
Do PAEREFE IV LV 85 10% #ia4 R
R/ DIRERNE - AR RAFE B/ Lk 3 {F
] X LUEEA V& 0 % 0.46 mgem® d” >
60 Ay AT A s B BART - H ¥R AR (K H H 39 R R
BRI A -

=44
SE
ZEEHFFERRVREEESE
e TR B B SRS ) H P SRR EN Y B
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Swine wastewater | at different dilutions

3. Dhreverse osmosis (RO) /KFFFERIA [E] 58 BHERUR K T (SW-I) BIA/DHLVES A% - /KRGEREE (electrical
conductivity; EC) BERARARERTEE(L » LR /AR (R SEMR RO A e R B2 22 « DS D NI 22 B
HIEREITRET T > AR RRE R M B AR 25 (P<0.05) » SEGRE S REEHAVEAEE -
Fig. 3. Variations in electrical conductivity and pH of water samples, and differences in healthy frond area and fresh
weight of Landoltia punctata cultivated in swine wastewater I (SW-I) diluted to different multiples with reverse os-
mosis (RO) water. Statistical analysis was conducted using the Fisher’s protected least significant difference (LSD)
test, where different English letters represent significant differences (P < 0.05), and error bars represent the standard
deviation of 5 replicate experiments.

SR DRSS » A RS WE R
EEBEZAMOME - WERREE L gy

B TR SR R 2 L T " .

(Lin 2022) - 1% 9 5 LS » 1 195 T T KRR R

E5MMINARS EC{BEES NH,-N BE

NaClIO,,,, #1730 s F34% - 5 H 8% 3
(b MRS SR R 2 ERES
(B T AR B B SR O 2 -
Faizal et al. (2021) £ 1/10 HEM Y /K #& % &
P DRLESI A B R B RE O
SREHEENET  WAWE S BERR T
T /DA SR B R B R OR K 4
1 -

B o R A RPF 22 (] B 7 05 1 T R A 5
JiKELLGW » 45 R B R EC iy BB R %
HETE M EB K E R > HEREBURKNE
#°F DU NH,-N R0 Gy i 58 (9 NH, BL i 778
(9 NH,") FFAE /K8t « Lin & Chang (2015)
G EEFERUR KA K2 KERE &
EC {8 7547 HI 5] # 3,290 §1 1,210 uS cm™ > [
T~ e - e B R P 7 L /K 8 EC (B K/ >
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sere

8

2% B4

1/4
SW-|

SW-I

4. Dl reverse osmosis (RO) /KRR B (&3 BFEHUA/K T (SW-1) BIE/VHVESE 7 d 1% - BE{RAG/ MBS

IKEEBAEEEL - BPEEPIR B EIERER L om -

Fig. 4. Changes in the frond appearance of Landoltia punctata and the color of water samples after 7 d of cultiva-
tion in swine wastewater I (SW-I) diluted to different multiples with reverse osmosis (RO) water. The scale in the
image represents an actual length of 1 cm. DAT: day after treatment.

TE & —F i & FE BUR K 8 HCO, B
CH,COO" % k5 /K B EC {511 32% » H: % NH,"
405 24% > Mg” ~ K" R Cl I B4 5 7% > H
GERBURWSE AR » BRBUR KBS ECHA
5 NH,-N REHY/KEG

DIRETEREFEERBANECET
PEEd pH BEH S

S A AR BN BB SE UM /KA I 52 PR
REIFERE R8> SW-1 19 EC {f & B fET 472
M E RV - BB IR KH LLHCO,
CH,COO" & NH," S5 3 fli i TR E 1 % 5 i
/K #8 EC {H #Y # 1k % & &% K (Lin & Chang
2015) » # # 0 SW-1 9 HCO, ~ CH,COO™ &
NH,” S FREREK - MK ECHE TR
PR AT R 4np 3 T AT 68 - IR R ARG I AW
R FRKRE R RYBE T RE/EMERE A (Zhou
et al. 2023) 5 F* 1/4 ~ 1/10 K 1/40 SW-1 BH 54
HHARGER - /DRSS —RERI T8+
SW-I H—# B AE(LER - H pH EF & ME
K NH," 8 p I EfE AR S (Yu 2010) > 41 NH,
BA N,O » 7% Bk i 14 7Y 7K 88 b > H NH,-N (i
NH; 4HpHY EL Bl sy » B f% 5 mT R A& /K Ay

BT AR E DL NH, B N,0 Hy R BE il 2 KR
(Stadtlander et al. 2022) -

AR ER S SW-1# A/ DR R TE
1 wk 1% > H pH EEE T - HENBSATRE
A A S NEE S PR B Y B SR UM /K (Devlamy-
nck et al. 2021) » FIARFFEHT SW-1 B SW-IT —
% ERLEYEALE NH-N - JKAG R HE
#% » EC {E TF#{H pH TS - BHEIURKE S
RENEER TR ANNERER - A%
IV 22 F) SW-1 B SW-IT th pEA SR 28 4 > i
HEM /K HS pH B JT 5 8118 & 1L (eutrophication)
B - fEREEEEEET - E0KE
th HCO, e fE VR /) » OH BB fN - TMife
15 pH 1B (Verspagen et al. 2014) »

DR ER SR =2 1 B A R 5 M

DR R B ) — A P R U NH,™ B¢
NO; BISCHY & > 5 0] #5 fH AR B BE AR A8 W Uie &
BLE > LHREFRUNH, B E (Fang
et al. 2007) > X NH," B EFERURKF - FoT
Z T EEFENAR (Lin & Chang 2015) » #i/b
L EAE R E NH-N B EKE A RNEHE
B o AIFZEHE SW-I BL RO /K% FE &£ 40x



AR R R A R 325

Experiment 2

=1 mm =1'mm

1/80 1/60 1/40 1/200 1/100 1/80
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Fig. 5. The differences after 7 d of cultivating Landoltia punctata in swine wastewater I1 (SW-II) diluted to different
multiples with local groundwater (LGW). (A) Frond appearance. The scale in the image represents an actual length of
1 mm. (B) Differences in fresh weight. Statistical analysis was conducted using the Fisher’s protected least significant
difference (LSD) test, where same English letters indicate no significant differences (P < 0.05), and error bars repre-
sent the standard deviation of 5 replicate experiments.
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Fig. 6. The correlations between growth of Landoltia
punctata and swine wastewater II (SW-II) diluted to
different multiples with local groundwater (LGW). (A)
Fresh weight. Each point represents the mean of 5 rep-
licate experiments. (B) Healthy frond area. Each point
represents the calculated value of one replicate exper-
iment for a single treatment involving all fronds. The
square points represent the results of the 1*-stage low
dilution experiment, and the triangular points represent
the results of the 2"-stage high dilution experiment.
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Fig. 7. The growth rate of Landoltia punctata in a coastal fish farm over 5 cultivation periods (November 2, 2022—
December 7, 2022). Each cultivation period (I-V) lasted for 7 d. In this figure, light gray, medium gray, and dark gray
polylines represent the changes in daily mean temperature, daily mean wind speed, and daily precipitation, respec-
tively. Light gray and dark gray dots represent initial growth densities of 30% and 10%, respectively.
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Growth Evaluation of Dotted Duckmeat (Landoltia
punctata) Cultivated in Swine Wastewater

Bo-Wen Lin', Shu-Chen Chang®’, Yahn-Chir Lee’, Chi-Ling Chen*, and Hsien-Tzung Shih’

Abstract

Lin, B. W,, S. C. Chang, Y. C. Lee, C. L. Chen, and H. T. Shih. 2023. Growth evaluation of
dotted duckmeat (Landoltia punctata) cultivated in swine wastewater. J. Taiwan Agric. Res.
72(4):317-332.

Duckweed, a plant rich in protein contents, is commonly used for wastewater purification in
various industries, livestock farming, food processing, and domestic applications because it can ef-
fectively remove nitrogen and phosphorus from water bodies. In this study, we evaluated the growth
performance of dotted duckmeat (Landoltia punctata) cultivated in swine wastewater (SW-I and SW-
IT) and investigated its growth rate in a potential coastal fish farm setting. In the tolerance assessment,
dotted duckmeat was cultivated in SW-I diluted with different volumes of reverse osmosis (RO)
water, resulting in a 27—-52% reduction in SW-I electrical conductivity (EC) and an increase in pH to
9.1-9.9 after one week. SW-I at 40x dilution in RO water significantly promoted the growth of dot-
ted duckmeat, by increasing its fresh weight by 1.7 times. When local groundwater with an EC value
of 1,696 uS cm™ was used to dilute SW-II into different volumes for cultivation experiments, it was
predicted that the best fresh weight would be achieved at 70.6 times the volume of SW-II. Moreover,
at 109.9 times the volume of SW-II, the healthy leaf area percentage reached 92.5%, comparable to
dotted duckmeat cultivated in pure groundwater. When different quantities of dotted duckmeat were
introduced into drainage baskets in a coastal fish farm, the best growth performance was observed
when 30% of the initial growth area was added during cultivation period II, with a growth rate reach-
ing 2.8 mg cm™ d” within 1 wk, especially in periods characterized by higher daily mean temperatures
and lower daily mean wind speeds. These results provide valuable insights into the future commercial
production of dotted duckmeat, with potential applications in animal feed and biofuel production.

Key words: Duckweed, Circular agriculture, Bioremediation, Alternative proteins.
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1 FI) F B F 8RB AR [E] (Fang et al. 2005) -
8 2% 3 M7 D e B 55 (papaya ringspot virus;
PRSV) ##5E A I B [5]J05 14: FF #4 7E AR AE A 2
TRV - SR EURAAE - &
B MR ~ MR R EFEREE - BEEER
R B 54 (Liu ef al. 2006) «

T IR B T 49 20% Y4 T A o B
e o [ — M v A I T
A NG T A AR B JE B e AT [ JA BRI 8 AR P
TR NI EGEHEE A ERAGE]
IEMEHYERIEERAE (Wayne et al. 1987) - [ 7>
TV RS » B2 LIEMAEY
MTRY T AP DLEERE - SR L TR IR dh T BRI
i TR Y 4H BCA R A BYBR AR (Muyzer et al.
1993) - 16S rDNA Fy J5 f% 4= P) #8 55 ) fO0fE S
HI—E AR I F R G LR RV G
"5 (Fox et al. 1980) - [fif H 18 BE AR AL F %4
VI EASENREYE > CEHERIIER AR
M (Woese 1987) » |l 75 2672 52 0] F AR € A
[E R o Gl E S ST Ae &
vk 77 #7 (polymerase chain reaction-denaturing
gradient gel electrophoresis; PCR-DGGE) /24
16S rDNA 1 B 18 ] B 72 B EL 52 Ry AR pr g
@ HEY % » Rl B DNA (A B —iig B
B KL HAERERE AT ET] 98% DLk A
rh i I Ze SRRV RE T L H P 2R 0 S B
#8 (Triilzsch et al. 1999) » [T iEME 4SS4T
T3 MR R TR 7 T R A AR VD 4H R BB (B Y
J37% - DGGE [@lg8 EA EfR 7 Al R A E
fii (Muyzer et al. 1993) » {7575 £ B DNA
TS BAIELLR G - GRATAVHA A AR EE
GENZSE > BRFEEHEYEMENIER
't DGGE FJ{E By 2 i A= VB AR s BV 702 -
H Al DGGE F flo £ i A= ¥ <A LAV ER » &
FE IR AE YRR AR B 2 B 1 (Niibel ef al.
1999) ~ HEEf4H RN 2 BRERT 22 (Watanabe et al.
1998) K fh Bl 77 W BR 55 vh R 5 5% 2 1Y 1 i B 6
VRSB EE Z MR ESE (Palys et al.
1997) o FI] bt — 5l 3 17 B8 55 o 09 Bt 28 )
B NMERCRESFEEEERTRAR 'R
85 TR OR R oy G AR MY BB  BE 4 AR T B ST
M WA EZ ERAE T REMEYE
FHEL A RERYIATE L -
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Ry R AR KR HL A B IR S T VB
i EEHLEMAEMEREZE AR
FIF P # &t 804 8 PCR-DGGE - 73 i A 15
el 2K (AAN) ELHCREEIE 5/ 67 5%
(“TNG 67) /KiehEHe - i H B —F W E 2457
FEIEICT > WP MAEYIRE 28 > L
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M7 E
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R A EH i 7T e R R E 9 B fR 1 2
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AAN) » DL HIEE RETE K2 8 miE TG
B 67 9%, (0. sativa L. ssp. japonica cv. Tainung 67;
“TNG 67°) (Hong et al. 2004) - AAN 85 Z Bl
HIEEIE “TNG 67" /KigkR TAINREERSIN » H
Ay E EH R R %P 5E & — 2 o HUAAN EIH %
BLJRETE “TNG 67" HR - D4SCHEEZ ERE
FEHL18 g sz 8 » 2 A 10 x 15 em JE HE 4 42
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ok o HEEC EBRoE 2 FEREET 3L 5 B - BB
I B & AAN B5H 2~ REJE “TNG 67" LI
FOR AV A ZR A & (F B A 138 (blank
soil) o FEEADRHE AR Ky 1 4 (RN R Ky
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A tets 2 B H HUE 1 20 485t 6 (EHUEE
Rp R o HUBE (7 B R PR EEJEFE A 8 H & + 5% 100
g LUMHER4E 2 8 X PRIE Y S Bl A 12 i =0
TRREZHEH - ERBEMAEYRE R -

TIEMEESE DN — FIRETEUE
FEEY 0.5 g T3 i - &8 %R JEFZ 1% (KOR
fR1F (Wei et al. 2006) > fI A 49.5 mL 2 0.2%
IR EE > EOR N E % 30 min 1T A
EVIZE > 7 LB E ARV R > g
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M5 | A RGET BUE N 45 4H % (total
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naier’s medium > i 7S I PL A= £ streptomycin
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pg mL™) DLy AIHIHIAHE BB AR FilR
6] 2 BEFE Mk i A 43 BIINA 100 pL 2 10°
R - DAL AR KRR R S
SEEEEEAABET I EE - TABEERE
fio #U5E e 1% B DU 48 121°C ~ 1.2 kg em™ »
15 min EARE - AEE 37CHEFHEE 3 d
(Wu et al. 2024) ; BB 25-28CH % 3 d
(Wu et al. 2024) ; S 4REE R 28-30CHEF
2% 3 d (Nazari et al. 2022) » 3% H B 2250
Bk AR A VIR TS B
1% DNA ZEX

{#i H} DNeasy” PowerSoil” Kit (MO BIO,
QIAGEN, Carlsbad, CA, USA) » Hi#E & H1E
A PowerBead Tube 7 » fji A 60 pL Solution
Cl ETHEIREAHE S > B LELRER
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HY 500 pL F3%% % 2 mL Collection Tube 1 »
fIA 250 uL Solution C2 » EZ IR EIT 5
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600 pL %K ZE 2 mL Collection Tube 1 » I
A 200 pL Solution C3 - EEZHFVEEHEE
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700 puL 757 % 2 mL Collection tube & > ]
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E11401-R (5-CGGTGTGTACAAGACCC-3') -

PCR [ JE{{&{F B 100 ng DNA ~10x buffer 5 pL ~
2 mM dNTP 5 pL ~ 2.5 mM MgSO, 2 uL -
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detection (KOD) 1 pL (1.0 U pL™", TOYOBO,
Osaka, Japan) > &z 1% DL DEPC water #f & 5 &%
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BHLLI9STC ~30 s 56C~45s>72C~45s (35
cycle) » FF & 72°C ~ 5 min #E 1T % 1% i€ &
(extension) » g% HL 3 uL 2 PCR EY#ETT 2%
RS E K TESY DNA & - 2R FEETE MR
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SITIHERBEEEX (DGGE)

% i B 1 B2 48 T K /2 LA Bio-Rad 45 7
(Hercules, CA, USA) Model 475 Gradient De-
livery System {F Ry 8I{EE 7 (Y% H - Bo# 6%
polyacrylamide HY %¢ & (base pair separation:
300-1,000 bp) » FEEE.Y M REE £ 40-60%
(urea formamide) (100% SEMEMI275 7 M urea
B1 40% (vol/vol) formamide) ° j& PCR HYEY)
T EBBEERRE - IABMEERES
EITEMEREBISE K - EIKIRE S 1x TAE
buffer ~ 60°C> EE K65V~ ~15h> BH DL
SYBR GOLD F:tu il ek A TR G o i -
BTR DT

FFEVERE T IR AG EE K B2 15 » I Bio-Rad
7\ H] HY 8K B4 Quantity One Version 4.6 #E {T
DGGE &k B _F o7 52 B A E (i EL st 0 A7 -
Ll unweighted pair group method with arith-

metic mean (UPGMA) BEE 1774 » iRIZHH
PREREN -t RE Ak T b

METDITTIA
FE IR AR UK R R B 3R AR W AE (0

MEFIH SAS EG 45t 73 ffrdik S (version 2006,
SAS Institute, Inc., Cary, NC, USA) » {EE A

DI E AR [ T SRR A VR B R 22 A -

fER
AR 3 7 [ B ] K - 4
B > 5Tl AAN B7H BUIERE “TNG 67"
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IS 0-4 (8 F » = 2 T3R8 o] B R A
HEE(EA KR > HEL TNG 67" BrHAMRILH fy
& (& 1) > 25 6 {6 J RFHBAWHEEL > “TNG
67 HYA B EBE S S AANEH %
55 10-12 {8 H &R g hnmA ~Ees -

TN R R KR R A o
Hey i 3 DT S22 LK > FE28 2 (8 A Iy AAN 8
AR RBHEBEE SN IFEHE TNG
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HEF & &ZH T 225 10 {8 H & &1%
EFf o B BRRA REBEE AAN /K
FERE YRR ER AT 2 5E 4 (8 AR E 8O e 0 b
THEEs > FE5E 8 (8 H B & 0 AAN #JE
RHV AR PR E B E SN IFEE TNG
67 Y5 10 il B Z & BB N - 15
12 {8 i — F i = 2 (8 3) -

5% DNA #in#1T PCR AR TR - &
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1 KBRS AE A [RIRFSHAY IR AR B B - PREE
TIREHE AAN - fEEERF ZUKRE5EAG © “TNG 67 @ 3
HH “TNG 67° /KFefese ¢ CK : feKRaiss -

Fig. 1. Total bacterial counts in the soil at different
stages of rice straw residues. AAN: transgenic AAN;
‘TNG 67’: non-transgenic ‘TNG 67’; and CK: blank
soil. Error bars represent standard error. Values with a

different letter are significantly different from each oth-
er (P <0.05).
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2. JKTEERAGAEA FIFHANY TR E R - BRER
TERERE AAN @ HHREEE ZKAEERS ¢ “TNG 677 JF
BIE “TNG 67" /KigyERe » CK : M/KREEAS -

Fig. 2. Total fungal counts in the soil at different stag-
es of rice straw residues. AAN: transgenic AAN; ‘TNG
67’: non-transgenic ‘TNG 67’; and CK: blank soil. Er-
ror bars represent standard error. Values with a different

letter are significantly different from each other (P <
0.05).
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3. JKTEERAGAEA [N HARY IR SR R L -

PREE T I EL S AAN @ fH IR EE KR HG © “TNG
67" : JEHEIJE “TNG 67" ZKAEyEHRG ¢ CK © ME/KAgyERe -
Fig. 3. Total actinomycete counts in the soil at differ-
ent stages of rice straw residues. AAN: transgenic AAN;
‘TNG 67’: non-transgenic ‘TNG 67’; and CK: blank
soil. Error bars represent standard error. Values with a

different letter are significantly different from each oth-
er (P <0.05).

DGGE Z 53455 » BRUlE 4 - JRE (urea)
B FH i e (formamide) it 4H i HAY 828 14 7 A 4
PR S 40-60% T - B8 R ¥ 6% polyacryl-
amide » DL¥E B 2 1 05 B AG 1T WS - B
DGGE #5548t UPGMA 7347 » BE/RAE 180 d
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40%

60%

4. (EEFELN AAN B2 “TNG 67" ffpighe -1
PSS EIHV4HE 168 rDNA K EZHY DGGE [& - 171
591 “TNG 67°-1 /Kfg5ERE 4% (Day 0 ~ Day 180 ~

Day 360): {72 ~6 ~ 10 : AAN-1 #H5E 57835 +- 1% (Day
0 ~ Day 180 ~ Day 360) ; 73 ~7 ~ 11 : “TNG 67°-2 /K
Te5EHE 115 (Day 0 ~ Day 180 ~ Day 360): {74 ~8 ~ 12:
AAN-2 B 5 % 7€ 48 1 £ (Day 0 ~ Day 180 ~ Day
360) °

Fig. 4. Denaturing gradient gel electrophoresis
(DGGE) profiles of bacterial 16S rDNA fragments am-
plified from soil samples containing transgenic AAN
and ‘TNG 67’ rice straw residues. Lane 1, 5, 9: soil of
‘TNG 67’ (Day 0, Day 180, Day 360); Lane 2, 6, 10:
soil of AAN line (Day 0, Day 180, Day 360); Lane 3, 7,
11: soil of “TNG 67’ (Day 0, Day 180, Day 360); and
Lane 4, 8, 12: AAN soil of AAN line (Day 0, Day 180,
Day 360).
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‘TNG 67 /KFEEL AAN BE5E 2 2 M R & [H]
—HHERE > TERFAE U ZE 0.70 5 S5—FH BRI
7 AAN 360 d B AAN 0 d 7 4l B IEEEAE DL
B 0.75 ([& 5) o fH DL E 45 S HEH - AAN ##5E
Z RS A R T 1R Y T IR AR A 2 S B
‘TNG 67" /KFgHHE L -

S

HHARE R A2 EE TR PR A By T A1) B m] A2

YIE ARG - 45 i A R AR R TR
I - BEREREENEEER DU T
REEHEMEE > (SR E R g R e
YIkE > BRGSO o A A 2 i I 9 B (R BT B
T L ALEARE SR SEIE T - T AR R B
RGN GG R - S—TEEFH 7=
RS 2 ARV A T (ERS R[]
B DUE A REREYE SR > HACE R
PRI SR T3 o ARl E iR MR
Mo e R ARG #04 B DGGE R flT i 42— 4F
AR R HE 7 M R R G A 1 SR A R B
BEHRIPE - MEZ FRlr OESEER
FEE R AREZE (Wu et al. 2014; Pan et al.
2017) » Hep DL R R m » HAE
R AR EEEBREZE (Gong et
al. 2018) « FEEBAEYIHEFER - EERNA K
{B& Y iZ W i R /NEY o3 F > ZRIR TT DAER
HE B 2R W) A BE i DA W A A (Eremeeva et al.
2001; Pan et al. 2010; Wu et al. 2014) - &K
B KR e i I 2 308 T | A Y AT 12
{IEl B S > #E DU R /KRB SR RS o AR EA TN )
FREELEL -

AR FE4E R BN T AR R S L
HAUH R B ~ A B BRI 4R 1R B O R R
s 1A R EFIEAL > {2 AAN ~ “TNG 67
K Amig e IR B LS A —5HY > &
MG E RS EEE Rt - &
ANE T -vap Sy ESR e  ENGN N2 = EST
fH[E (Fores et al. 1988; Ferreira et al. 2015) o
BE R KENEEESE  PEIHEE
Ry o HET R B BT > AL+
SYERZ o MR TP SRR S TEIMERE R
B BIADNRE - RS R - A Y)
JMEARN (Nakajima et al. 2016) - FEfREE AR I
ALE% > FER TSR ERER > &
HFERE—EERED B2 (Nakajima et al.
2016) « ARHFRER - HEBAEE 0-4 &l 5 8
55 812 il A & {5 » W A5 B4 A R 2 R
RBRE A A RZIHEITE - #iESE
%4 2 S EAZFEA S - NG EF
S BLE R IR 2 TR A R - HE
B & A BN AE 55 04 8 H BLES 4-8 {8 A4
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Fig. 5. Phylogenetic tree depicting the relationship between 16S rDNA fragments amplified from soil samples con-

taining transgenic AAN and ‘TNG 67’ rice straw residues.

AAN BETE 281 “TNG 67" FHH & HHE L7
TR > BERIZHFE(K - Ferreira ef al.
(2015) W75 H e L EERRGHYEERG 70 % » SR 08
& oy i B W) A S e bR - 1R I R E R 4 A
B o TR YRS 77 W 5T > Ghidey & Alberts
(1993) R v RE I — 2L #% 5 00 FR W) 8 S 1
TRAE Y 70 R A M H AR - S RCE Y IR RR T T
BRIy R E L FEAR BT - (HBETR 2
ZERE o G biE Se T G BN M A ST BB B 2 I
ERERAEEE 610l 7 - AAN BEUE 21 5 BB B
o ABAESE 10 il 5 Z EBEECT R B -
At E 0 B R AR Y AR REVRE > TR
FoH SRk YE 4R B R FEER P O R AR S EE
%o EHEA S REERE ] 2 G E I
I BN o 2 o e BN ~ SR B Thermo-
monospora curvata %5 F1E YRz R B Y £
H -~ SRS K pH {EZ 1Ry 13 (Stutzen-
berger 1972) - Aalfg e B M ER - HE K

R EE 3 EMAEY 2 HE > HRNEEERS
RSN AR P HE N - fEEE
HIREET » MG riRddE R > HLFTFZE
HRE RSB RERNE R BERTER -
B R b — RS 4RRESNE R I
HAHEES] - AR 2 EREURHEARR - 4
B R AT S AR P E R S R &
ZEAMEE - BER - E KA E 3 TEE Y
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Exploring the Impact of Transgenic Rice Straw
Decomposition on Soil Microbial Composition

Cheng-Ping Kuan', Ying-Chuan Chiang”, Chung-Jen Hsiao’, and Ching-Shan Tseng"”"

Abstract

Kuan, C. P,, Y. C. Chiang, C. J. Hsiao, and C. S. Tseng. 2023. Exploring the impact of
transgenic rice straw decomposition on soil microbial composition. J. Taiwan Agric. Res.
72(4):333-342.

To understand the impact of buried rice straw residues of transgenic rice (AAN), which over-
expresses phytase enzymes on the soil microbial community, a year-long monitoring experiment was
conducted to track changes in the soil microbial composition. The results revealed that after 180 d of
burial, the total bacterial count in the non-transgenic control variety ‘TNG 67 (Oryza sativa L. ssp.
Jjaponica cv. Tainung 67; ‘TNG 67°) was significantly higher than that of the AAN transgenic line, and
a declining trend was found along with time for both varieties. The total fungal count in the soil exhib-
ited greater variability along with burial time. Although the AAN transgenic line generally had higher
fungal counts, the difference between the two was not statistically significant after 120 d of burial.
Notably, the total fungal count in the AAN transgenic line decreased significantly at 360 d. Regarding
actinomycetes in the soil, the total count gradually increased over time in the ‘“TNG 67’ control rice.
However, an obvious increase was found in the AAN transgenic line after 120 d decomposition. Nev-
ertheless, counts of both varieties began to decline after 300 d, and by 360 d, there was no significant
difference between the two. Analysis using denaturing gradient gel electrophoresis (DGGE) showed
an increased abundance of microbial communities near the AAN transgenic line. However, the bac-
terial communities derived from the AAN transgenic line and ‘TNG 67’ rice were found in the same
cluster with high similarity at 180 d. The same result was found at 360 d in which the AAN transgenic
line and ‘TNG 67 bacterial communities exhibited similarity within the same cluster. Integrating the
results from plate counting and DGGE analysis suggests that during the early stages of straw burial,
there were notable differences in microbial count and bacterial diversity between the AAN transgenic
line and the ‘TNG 67’ control. However, these differences gradually diminished or converged after
360 d of burial.

Key Words: Rice, Transgenic crop, Soil bacterial community, Rice straw.
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2. BREREFH ARG R LR -

Table 2. The species of Coccinellidae and taxa surveyed in each monitoring station of Coccinellidae.

Chinese Detection”

Scientific name common name XP MP YP ET YJ BS PP YUR FR CR YR
Chilocorinae

Chilocorini

Chilocorus shirozui Sasaji, 1968 = =it *

Platynaspidini

Platynaspidius maculosus (Weise, VUBFE &5 DIE: * * Kk K *x K *

1910)

P. quinquepunctatus Miyatake, 1961  T1BFREE T8 *x Kk K Kk Kk Kk *x  x
Coccidulinae

Coccidulini

Cryptolaemus montrouzieri Mulsant, # [C[E/FT 8 * Xk * * * * Kk

1853

Noviini

Rodolia cardinalis (Mulsant, 1850) BN *x * % * * *

R. okinawensis Miyatake, 1959 IINGT E * Kh Kk Kk Kk Kk Kk Kk Kk Kk K
Coccinellinae

Coccinellini

Alloneda osawai Sasaji, 1986 PRI ER *

Calvia muiri (Timberlake, 1943) VOB *

Cheilomenes sexmaculata (Fabricius, 7~N{FRZN& * Kk Kk Kk Kk Kk Kk Kk Kk Kk *x

1781)

Coccinella septempunctata Linnaeus, 1235 * * *

1758

Co. transversalis Fabricius, 1781 MENE [t * * *

Co. bowringii Crotch, 1874 J\BE *

Co. inaequalis (Fabricius, 1775) TUEDN S *

Co. itoi Sasaji, 1982 VUBE AL T8 *

Harmonia dimidiata (Fabricius, 1781) /= FEZ[#% * *

Ha. octomaculata (Fabricius, 1781) S\l E * * K* Kk Kk K

1lleis koebelei Timberlake, 1943 B * K* Kk Kk * K K * *x Kk K

Lemnia biplagiata (Swartz, 1808) FHEE [ * * *x Kk Kk Kk Kk Xk

L. circumusta (Mulsant, 1850) ARSE B0 * *

L. circumvelata Mulsant, 1850 JE&GHE T *

L. saucia (Mulsant, 1850) gLt * X *x ok * ok

Micraspis discolor (Fabricius, 1798)  f55[& *x Kk Kk Kk Kk Kk *x ok Kk K

Oenopia formosana (Miyatake, 1965) 752 ¥l& * K * * K

Oe. sauzeti Mulsant, 1866 AT * *

Olla v-nigrum (Mulsant, 1866) HIBE R * * * K

Phrynocaria unicolor (Fabricius, 4215 * *

1792)

Propylea japonica (Thunberg, 1781)  $E4(TN#5% * K* K* Kk Kk * K K * K K
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2. BRCERERH AT R R - ()

Table 2. The species of Coccinellidae and taxa surveyed in each monitoring station of Coccinellidae. (continued)

Chinese Detection”
Scientific name common name XP MP YP ET YJ BS PP YUR FR CR YR
Synona consanguinea Poorani, Slip- 4T H& S % £5 * *
inski, Booth, 2008
Epilachninae
Epilachnini
Epilachna chinensis (Weise, 1912) RS I a5 * *
E. crassimala Li, 1961 T A 2 *
E. maxima (Weise, 1898) KREMHEIE *
Henosepilachna boisduvali (Mulsant, FHUEHT+ 2T
1850) b
He. pusillanima (Mulsant, 1850) i ==L - *
He. subfasciata (Weise, 1923) P SUB S *
He. vigintioctomaculata (Motschulsky, [&#5 2555 *
1857)
He. vigintioctopunctata (Fabricius, #i_+/UEF#E * * * K *x Kk K Kk %X
1775)
Serangiini
Serangium yasumatsui (Sasaji, 1967)  $EFEH *
Microweiseinae
Ortaliini
Amida tricolor formosana Kurisaki, % =D * *x K * * *
1920
Ortaliinae
Aspidimerini
Aspidimerus esakii Sasaji, 1968 VOB 2 R ML * *
Scymninae
Cryptogonus horishanus (Ohta, 1929)  &E[SEAT] &5 *
Cr. kurosawai Sasaji, 1968 oSS * *
Cr. ohtai Sasaji, 1968 KHHFEEAT * *
Cr. orbiculus (Gyllenhal, 1808) SEPEFE AT * Kk ok Kk Kk Kk Kk Kk Kk Kk Xk
Scymnini
Axinoscymnus nigripennis Kamiya, F3l7E0E * Kk Kk Kk Kk K *
1965
Nephus tagiapatus (Kamiya, 1961) PRSI E * *
Sasajiscymnus fuscus (Yang, 1971) Tt O e *x Kk % * K
Sa. ohtai (Yang et Wu, 1972) KHITH *
Sa. orbiculatus (Yang, 1971) [E ik * * *
Sa. parenthesis (Weise, 1923) SNBE 5 * * Kk &
Sa. quinquepunctatus (Weise, 1923)  FLHE /7915 * *x X
Sa. seboshii (Ohta, 1929) HPE )T HE *
Sa. tainanensis (Ohta, 1929) =L *x Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk
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Table 2. The species of Coccinellidae and taxa surveyed in each monitoring station of Coccinellidae. (continued)
Chinese Detection”

Scientific name common name XP MP YP ET YJ BS PP YUR FR CR YR
Scymnus centralis Kamiya, 1965 o BN * K *
Se. fascatus Boheman, 1858 FreaERle *
Sc. hoffmanni Weise, 1879 LSSt * *x Kk Kk K *
Sc. nubilus Mulsant, 1850 B/NEDE *
Sc. ovimaculatus Sasaji, 1968 UHBE /NI *
Sc. posticalis Sicard, 1912 SNt * * *x Kk Kk K *
Se. quadrillum Motschulsky, 1858 PUBE/ N L O ¢ *x kK *
Sc. shirozui Kamiya, 1965 YN *
Sc. yangi Yu et Pang, 1993 E-ZIV It * *x Kk ok ok ok Kk Kk ok
Stethorus aptus Kapur, 1948 BRI E * *

Sticholotidinae
Sticholotidini
Jauravia limbata Motschulsky, 1858  THEREET &5 *x * kx * * * %k
Nesolotis shirozui Sasaji, 1967 bt *
Pharoscymnus taoi Sasaji, 1967 BRI *x K
Sticholotis formosana Weise, 1923 RESET A5 * K * Kk  x *
St. hirashimai Sasaji, 1968 T BT E *
St. taiwanensis Miyatake, 1982 GBS *

“XP: Xihu pomelo; MP: Madou pomelo; YP: Yuli pomelo; ET: Emei Tankan; YJ: Yancho Indian jujube; BS: Beinan sugar-apple;
PP: Puli passion fruit; YUR: Yuli rice; FR: Fuli rice; CR: Chishang rice; YR: Yuanli rice. % Expressed lady beetle detected in this

monitoring station.

%M AREERESCEREI - Hik
HEA R E %5 TS % Chaol B2 Shan-
non-Weaver 55 MEITRE - KiaEEF
AHRHENS ZEER —ESRETHE
(#S5) -

]

BB T & fE B¢ Chang (1956) A& ~ 22
P& 225 Ead # 230 fE DL L (Lin & Yu
202) - EfREEEHT I SEEE —&
AERHHEBEN R EER - AW FEE 2020-
2022 EREH 1 EREAEE R BURE > it
aTEETH 68 TR > LA BN SaEED
28.3% > AR ETIE R 0 5EEIH T LAY
EafEfH - 7L 8 FETI M a I E 8
fi > Heg o0 IS BHatElEaeM - &

R R ISR 2 88.2% o L EL (BB 4 HE R
Tl fE R 4y 90% Ryl B MEIlERAE AT (3R 2)
(Kundoo & Khan 2017) °

Sundareswari et al. (2019) 7 2018-2019
FREPEEEER (Sattur) $8 - BHEEUKREE
FEIEHEHE - DLFEE X  FHEFY S
HHE MR EAYPla s > a4 R DITl &
PlE SRR % - AEHEGERT
ek B YR % - L5 26 HTl& AR
R/ BT R F 19 ERlEE - A
Y 11 EEEREE S - DAPle o B Bl
RENEE AHEEERETHEEE /N
0 oo B Pl BT ROR 2 Y AIVA B 7
K% 4 (A& (& 2) - FlakonBHRlan e il
R AL > BRET S - R - REBRFEEEE
ax o /NERls A Il B A EE TS -
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1 mm

(D)

1 mm

2. SEEEERAEBY SN - il (A) NERYIER (Cheilomenes sexmaculata (Fabricius, 1781)) 5 (B) £&
&% (Micraspis discolor (Fabricius, 1798)) 5 (C) IS A% & (Cryptogonus orbiculus (Gyllenhal,1808)) ; (D) &
9\ (Sasajiscymnus tainanensis (Ohta, 1929)) ; (E) §1 2/ NI (Scymnus centralis Kamiya, 1965)

Fig. 2. The dominant lady beetles in each agricultural sampling station: (A) Cheilomenes sexmaculata (Fabricius,
1781); (B) Micraspis discolor (Fabricius, 1798); (C) Cryptogonus orbiculus (Gyllenhal, 1808); (D) Sasajiscymnus
tainanensis (Ohta,1929); and (E) Scymnus centralis Kamiya, 1965.

F4. FEEREINSEEEHATERERE -

Table 4. Lady beetle species number and mean cumulative number in each monitoring station.

Number of species/Mean (+ SE) Annual mean cumulative number (+ SE)
Agricultural sample area/crop ccr oc? cC ocC
Xihu pomelo 19.7(3.2) 25.0 (1.5) 273.0 (66.7) 2,272.3 (157.2)
Madou pomelo 9.0 (0.9) 12.0 (1.2) 188.3 (62.1) 485.0 (104.3)
Yuli pomelo 6.0 (0.4) 10.8 (1.3)" 17.0 (5.7) 71.8 (37.5)
Emei Tankan 16.8 (0.9) 20.5(1.2) 214.5 (26.1) 432.5(54.5)
Yancho Indian jujube 5.8(1.3) 9.3 (1.1) 31.3(11.4) 214.5 (60.2)"
Beinan sugar-apple 9.0 (2.5) 14.0 (1.8) 231.0 (145.6) 540.8 (170.4)"
Puli passion fruit 5.8(0.9) 1.0 (1.7) 47.4 (39.2) 182.7 (70.7)
Yuli rice 10.4 (1.0) 9.2 (0.6) 173.8 (40.0) 243.4 (49.8)
Fuli rice 11.3 (0.5) 9.8 (0.8) 72.3 (3.4) 60.3 (1.7)
Chishang rice 7.8 (0.9) 11.7 (0.9) 113.0 (23.0) 145.0 (39.0)
Yuanli rice 5.8 (0.6) 8.0(2.2) 18.8 (5.0) 18.5(2.7)

“ CC: conventional cultivated.
¥ OC: organic cultivated.
" Asterisk indicated a significant difference for each parameter within each row, with P < 0.05 (t-test).
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Table 5. Diversity index of ladybeetles in each monitoring station.

Diversity index

Chaol Shannon-Weaver
Agricultural sample area/crop cc oc’ CcC ocC
Xihu pomelo 32.19 49.20 2.429 1.489
Madou pomelo 14.00 18.75 1.486 1.612°
Yuli pomelo 24.35 26.47 2.094 2.152
Emei Tankan 33.99 34.00 1.496 2.132
Yancho Indian jujube 10.25 30.98" 1.164 1.252
Beinan sugar-apple 23.50 30.00 0.737 1.542
Puli passion fruit 14.99 17.50 1.117 1.383"
Yuli rice 29.32 14.25 1.692 1.060
Fuli rice 27.46 16.20 1.843 1.888
Chishang rice 14.00 17.50 1.425 1.492
Yuanli rice 9.33 13.99 1.640 2.122

“ CC: conventional cultivated.
¥ OC: organic cultivated.

" Asterisk indicated a significant difference for each parameter within each row, with P < 0.05 (z-test).
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Differences in Lady Beetle Species Composition
between Conventional and Organic Farming
Environments in Taiwan

Yaw-Jen Dong', Wan-Hsiu Yang™", Pei-Chen Hsu"", Chi-Feng Lee’, Mei-Jung Tseng®,
Jen-Yu Chang’, Chi-Ling Chen®, and Hsien-Tzung Shih’

Abstract

Dong, Y. J., W. H. Yang, P. C. Hsu, C. F. Lee, M. J. Tseng, J. Y. Chang, C. L. Chen, and H.
T. Shih. 2023. Differences in lady beetle species composition between conventional and
organic farming environments in Taiwan. J. Taiwan Agric. Res. 72(4):343-358.

This study presents the results of a survey of different lady beetle species in field areas under
various agricultural practices using the yellow sticky paper method in 11 agricultural monitoring
stations, including the Madou pomelo fruit orchard, from 2020 to 2022. A total of 68 lady beetle spe-
cies belonging to 8 subfamilies, 11 tribes, and 32 genera were identified, among which the subfamily
Coccinellinae and tribe Coccinellini had the highest number of species, with 26 species of lady bee-
tles. Five species of lady beetle- Cheilomenes sexmaculata (Fabricius, 1781), Cryptogonus orbiculus
(Gyllenhal, 1808), l/leis koebelei (Timberlake, 1943), Propylea japonica (Thunberg, 1781), and Sasa-
Jiscymnus tainanensis (Ohta, 1929), had the widest distribution and were found in all 11 agricultural
monitoring stations. The dominant lady beetle species in different rice fields were Micraspis discolor
(Fabricius, 1798) and Ch. sexmaculata. In fruit orchards under different farming practices, the domi-
nant lady beetle species were Cr. orbiculus, Sa. tainanensis, Ch. sexmaculata, and Scymnus centralis
Kamiya, 1965. Organic fruit orchards demonstrated a higher diversity and quantity of lady beetles
compared to conventionally cultivated orchards. The occurrence of lady beetle species and their
quantities varied in different rice fields. Among the 11 agricultural monitoring stations surveyed, 9
organic monitoring stations had higher lady beetle diversity than conventionally monitoring stations.
These findings revealed the species composition of lady beetles and identified the dominant species
in various agricultural regions. Notably, Sa. tainanensis exhibited the broadest distribution and was
the predominant species across most areas. These results will be useful in the development and imple-
mentation of future biological control management programs.

Key words: Lady beetle, Agricultural monitoring stations, Conventional cultivated, Organic cultivat-
ed, Long term ecological research.
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Short Communication

First Report of Pseudomonas tolaasii Causing Bacterial
Brown Blotch of White Hypsizygus marmoreus in Taiwan

Shiang-Shiuan Yu' and Yun-Sheng Lu*"

Abstract

Yu, S. S. and Y. S. Lu. 2023. First report of Pseudomonas tolaasii causing bacterial brown
blotch of white Hypsizygus marmoreus in Taiwan. J. Taiwan Agric. Res. 72(4):359-362.

Hypsizygus marmoreus (Peck) H. E. Bigelow 1976, commonly known as the white elf mush-
room ([Hf&EE4E ) when cultivated in a sawdust bag, is a commercially important mushroom species
in Taiwan. In March 2023, infected samples showing yellow sticky symptoms on the lower parts of
stipes were collected from a cultivated farm in Changhua, Taiwan. Bacterial ooze was observed flow-
ing out of the infected stipes when they were suspended in sterile water. The isolated bacterium from
the infected fruiting bodies was grown on a nutrient agar (NA) medium, forming circular colonies
with smooth surfaces and a milky yellow color. It also exhibited yellow-green fluorescence on King’s
B medium. To confirm the pathogenicity of the bacterial isolate on white elf mushroom, its suspension
in sterile water was sprayed on the surfaces of fruiting bodies, resulting in yellow and water-soaked
symptoms within 1-3 d after inoculation. Over time, the symptoms expanded, leading to severe
brown blotching and rot of the fruiting body tissues, accompanied by a sticky odor on the 7 d after
inoculation. Based on the results of observation of cultural characteristics and pathogenicity tests that
conform to Koch’s postulates, as well as the result of 16S rRNA sequence analysis, the causal agent
of the bacterial brown blotch disease on white H. marmoreus was identified as Pseudomonas tolaasii
Paine. This paper represents the first report of bacterial brown blotch disease on white H. marmoreus
in Taiwan. In the future, further surveys of the brown blotch disease in different cultivation areas are
needed. Additionally, the disease control effect of environmental disinfectants such as hypochlorous

acid-containing water will be tested to reduce the economic losses caused by the bacterial disease.

Key words: White Hypsizygus marmoreus, Bacterial Brown Blotch, Pseudomonas tolaasii.

Mushroom cultivation is of great econom-
ic importance in Taiwan; however, it is sus-
ceptible to various pathogenic infections that
can lead to severe economic losses (Liu et al.
2022). Among the commercially cultivated ed-
ible mushrooms, white Hypsizygus marmoreus,
also known as the white elf mushroom (H 5%
%) when grown in sawdust bags, is a popular
variety.

In 2023, samples displaying yellow sticky
symptoms on the lower parts of stipes were col-

lected from a cultivated field in Changhua, Tai-
wan. The affected areas exhibited a water-soaked
appearance, and some stipes of the mushroom
showed brown blotch and rotten areas (Fig. 1A).
Upon the infected stipes were suspended in sterile
water, bacterial ooze was observed flowing out.
The suspension was streaked over nutrient agar
(NA) medium (composition: Beef extract 3 g,
Peptone 5 g, Agar 15 g, Distilled water 1 L) and
King’s B (KB) medium (composition: Proteose
peptone No. 3 20 g, Glycerol 10 mL, K,HPO,
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1.5 g, MgS0O, 1.5 g, Agar 15 g, Distilled water
IL). On the NA medium, most colonies were
initially circular with smooth margins and
appeared oyster-white in color (Fig. 2A).
The bacterium was then purified and isolated
through a series of dilutions of the bacterial
suspension from a single colony, followed by
streaking on KB medium. Moreover, the iso-
lated bacteria exhibited fluorescent pigments
on KB medium after 48 h of incubation at 25°C
(Fig. 2B), confirming that the bacterium iso-
lated in this study belongs to the Pseudomonas
genus.

2% FHa4M

The pathogenicity test for the isolated
bacterium was conducted by spraying the wa-
ter suspension (approximately 4-5 x 10° colo-
ny-forming unit (CFU) mL™) onto the surfaces
of healthy white H. marmoreus fruiting bodies,
while fruiting bodies sprayed with sterilized
water served as a negative control. The bac-
terial suspension was prepared by suspending
the isolated bacterium in sterilized water after
it had been grown in NB broth at 24°C for 12 h
on a rotary shaker (200 rpm; Orbital Shaking
Incubator S300R, FIRSTEK™, New Taipei,
Taiwan). A 10-15 mL bacterial suspension was

Fig. 1.

Symptoms of brown blotch disease on white Hypsizygus marmoreus: (A) sample of infected fruiting bodies

collected from cultivated farm located at Changhua, Taiwan; (B) fruiting bodies displaying yellow and water-soaked
lesion 3—4 d after being inoculated with Pseudomonas tolaasii, and becoming brown blotched with sticky odor at 7 d;
and (C) fruiting bodies sprayed with sterile water (negative control).

Fig. 2.

Colony morphology of Pseudomonas tolaasii: (A) P. tolaasii cultured on nutrient agar (NA) appeared as

white and circular colony; and (B) on King’s B medium, the colonies produced yellow-green fluorescence.
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evenly sprayed on each of two tested fruit-
ing body samples, with at least three fruiting
bodies in each sample. The inoculated fruiting
bodies were then incubated at 13°C with a rela-
tive humidity of 92% for one day. Subsequent-
ly, one of the tested samples was maintained
at 13°C with a relative humidity of 92%, while
the other sample was transferred to an incuba-
tor at 20°C with the same relative humidity as
the former. Assays were conducted two times.
Following the inoculation, water-soaked symp-
toms were observed on the first treated sample
3—4 d after the procedure. The affected fruiting
bodies then turned yellow and eventually rot-
ted (Fig. 1B). After 7 d, the inoculated fruiting
bodies had become rotten with an unpleasant
odor. Similar symptoms were also observed
on the inoculated fruiting bodies of the second
sample. In contrast, the negative control con-
sisting of healthy fruiting bodies treated with
sterilized water remained asymptomatic (Fig.
1C). The results of the pathogenicity test clear-
ly conform to Koch’s postulates. Additionally,
the 16S rRNA gene of the isolated bacterium
was amplified by using universal primers fDI
and rDI (Weisburg et al. 1991) and sequence
analysis via National Center for Biotechnology
Information (NCBI) Nucleotide to Nucleotide
Basic Local Alignment Search Tool (BLASTn)
indicated a high sequence identity with Pseu-
domonas tolaasii (query coverage of 99%,
identity of 99.71%, e-value of 0), supporting
its preliminary identification as P. tolaasii.

P. tolaasii has been reported to cause bac-
terial blotch diseases in various mushrooms,
including Agaricus bisporus, Cordyceps mil-

itaris, Flammulina filiformis, H. marmoreus,
and Pleurotus ostreatus in China, leading to
brown blotch lesions (Han et al. 2012; Os-
daghi et al. 2019; Liu et al. 2022). This study
represents the first report of bacterial diseas-
es in white H. marmoreus in Taiwan. Further
surveys of Pseudomonas sp. damages in other
H. marmoreus cultivated farms in Taiwan are
warranted. Additionally, the effectiveness of
hypochlorous acid-containing water, and var-
ious environmental disinfectant in controlling
the pathogen need to be tested to develop an
effective disease control strategy.
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