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TUREANEE R I SE RIS SR A o5 SRR 15 0CR

EBA IHMT wFRT Mgy
e
BER - EFRME - 55575 RIS - 2016 « FREAE(E ISR e SR B ROy R

WET AR « AEBEZENTSE 65(2):109-116 -

R REW [Bactrocera dorsalis (Hendel)] 2R EFERME & > RBEFARET > AR ARTNER
BRERELE MHRBAFEHBML - BATRTRETMESCFHLCEERBF ST BRI ERAA
R RN AR 0945 - B RFT R F BTG R B R IEE R o AR TR BRI 24% FREK
B (BB 1,500%) ~ 50% Hzan SLE] (3 FE 800%) » 30% My ik 35 K B (B FE 5,000%) ~ 2% BT &7 L] (Fh #%
2,000x) #Ap4& [Citrus sinensis (L.) Osbeck cv. Liucheng] RE EZ R 5 RE MG 2R - R 4.5% AR F 5L
FIAFEE 10x ~ 100% ~ 1,000x VE 2 8 8 R F 82 99 64 £ 3 18 201217 & 99 & T RT3 o A& REBT= 0 FIRE
Bk~ FIETHHRTA AEERER > PR REOHERRRIT  ERTMELTRAENITS
FTET TR Y Ry REMANERE T E 2 > MBI Al & S8R o FPARF R T3 R & AR 20 0 2%
RoOERETIERFREMR S LAENE - PRELA LG R T REBI LR  KAF R HZEHIRLIE
AR T AT MR T AR BREATHE IO PREREERT RO Es A ETEHMAR
B EZRER  RARPAFRELE G RTREMARRAAELER ; PR FHA SEEAR  MERIRELE

BT R H BRI S B AL > B IR T I — J R RIS RS B brit R R A -

RREER - BUTREME - HE - S8eiEe - REMLE DT -

I

WG e B8 E &% FEE ]
B2013 FRESTFHRER > 2B
B TH 15 49 25,888 ha v 5 4 [E] 5 et Ak 1T A
13.7% » FEEEBEH S8 130 BT - Mgk
CEBEAES THEERE HPRTEE
W [Bactrocera dorsalis (Hendel)] %3 i fH 1%
BET  BHEREEE  DBERELE TR
EEEIRIE o 7R E s S B
(Diptera) ~ B EH iR} (Tephritidae) » = H Fpgon
o RS A 3 16 4% 7% S et BE B 8% 2 — (Clarke
et al. 2005) » BECHEF FEHA 38 B 150 &

f& (Metcalf & Metcalf 1992) » GLFEFHE ~ 15
BB B EE Mk AN HIEE
fEAE ~ Bl - FE - B ERERBEY) (Huang
et al. 2013) - W ERLIEIVE A REGE
EEONA R EZ S » SNE A] LB DN AL © 43l
{LBERENEEERA » Bl REER KR
R BEREEMEER BRECEREE
BEhmE - GBRERERE  2ETEHE
BE - HWIREHEELELE  FL%
4 8-10 (- 5 5 HFEE ZEE i - %
EEELl7-9 ABEFEERS 11 HEEE
3 HE = /) (Hwang et al. 1997; Hung et al.
2008) - fR#E Cheng (2005) fhiat » AIARREE

R HE c 2015 5 H26 H 5 2 HW 201548 H3 [H -
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P atet - BT R Bl TS &8 10-30%
HIKREEZE -

R REMHNE ST afl  BE L
SER UE R - N 22 VE I 82 R i (Steiner et al.
1970) ~ gHEE#% (Ho et al. 2006, 2007; Ho &
Hung 2008) J J8 It % ¥ % fl7 (Chuang & Hou
2008; Chen et al. 2010) ~ R EHEELS K HH
HYERE  HEREE SRR ERERE - e
i i SO R PR R A T2 - AW EE
AR (R R BRI > DL TEYREF
fift o B 50 FH A i 5 83 2 4 FER B 7F F B
ZEEW] B & G R &2 4 % 22 7 (pyrethroid
insecticides) 7 55 Ji Z (deltamethrin) ~ 75 %
Tk 7% &2 7% (organophosphorus insecticides) 2
FEHIFA (malathion) ~ $5%5 558 (tetronic acids)
7 W Bl 2 5 25 (spirodiclofen) B 2f 245
(antibiotic) &7 Z 27T (abamectin) H#E{T
REREN S > W PLHIBZE (azadirachtin) &
{EIE#E#I4H (Chen et al. 1996; Singh & Singh
1998; Silva et al. 2012) - $E&Thx T80 HEE
G Fo At BT B 07 SR SR A E ORI A U
7 ¥& 2 M FE [Citrus sinensis (L.) Osbeck cv.
Liucheng] SE &8 70 i 85 - 2 ALK sk H
PiaEaiF L EaRITREE 2% -

MBS E

HAOREGEE

A E R E E I P E AR > RERE
I ZREFER - R R EWPE% 15-20d »
BT DA PN B2 2R 44 2 AR SR 1 1Y 2 O 575 4 23575 (o I
g e O 0 4fas DU a0 (Chiu 1978) 35 1Y
FHEEREAANEBIN G ZT o K EEER
30 cm x 30 cm x 30 cm FafAa N (HARS
H o gEatm)  WEKEBHEEEE KT
DIEECHE Yy - QR M =11 L{ERK
e fRHER B o 4Bl as A S IREE - AIERE
SEFE 28C + 1C ~ Y¢i#EHA 12D @ 121 -

RIoREBMEIRIS EZA A
sl E "EYRE T, PERE4EE

IS AR~ AR EEERE S A2
{RER SRR - HETT = PSR U7 SR 5 0 7 U iy 22

rere

]

65% H521

FEslER (choice test) » Wi LL 3 FEA 1 5 B 2 ENI
PRERME R IR B IRAE - SXBREER 7 - AL Bl
SRR 3 A0 T PL 2.4% 55 R EE KRG B M
B 1,500% (BEBFRHERMDARAE - &EHkE
i) ~ 50% & fi 2 FL A% B 800 (B 'E(EEE T
EROARAE > GEHRET) - 30% Bk
KBTI FRTE 5,000 (BEFRERNARAE
BEBKE ) ~ 2% Py BT FL R HE R 2,000% (B
SEEIEROARAE > GEKETT) - D
K FRE 10x ~100x B 1,000 $1 3 ffE[E 7 4.5%
EBRE AR (B BRI EYRMAERAE > &

Buhh) & MR - 7 Mgy o Bl

PIpR 3 7 SR A TR PR M sl - EETIpR T 2
ARG SRE R A B R 10 s (R AU »
B ZEE T ERBREZ 2 h i SRR AR 2
I XMEEKT 10s EIHEERZERTEA
iz 2 h o B SR E W E U0 i 2 et B > B
25 L% 15 d iR T RE MM EE A
24.5 ¢cm x 24.5 ¢cm x 63.0 cm E&F (HEAE
RAE > G@EGHRM (Fh 1 ollaEE » 5%
PR P A 5 4HBanfa 1R o HUEERIpE H i Y
Hirs R E R EERES 1 {E > PNESRAETE
b 45 ecm HERA - BaafE b7 CE R E kR
BLIE/KBRERE - BE 42247 36 h IE1L -
Ryt o i) a i L RCE B BUE B AR > HIE
B E0m NEZE 30 h R HUHANRS - F oAl
BERE FEINLE RS R EMONE -

ERREIECIIERERBEDTHEER
R

BEHL 32 IS RE DLE T RIEFEER E
o By 4 40 - B 8 FHRE A RIRMEN 1 Tk
JEZK ~ FHEE 10x ~ 100x ~ 1,000x 4.5% 7 E[Jf#
ZAK 10s 1k RBFEFH EERERT B
Hz o 2V R EZR — DI PEREE > BENE
mNRFICT d 1% 0 B RREEE S R E
HIRERAERGOMAESE  FerRE
{EE el B fAIREC R » RERAAS ¢
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i RELEIHEE  BEaRANE - R
AR ENERMR T EER S E o REH
B > LL0.01 mm [EEET (Teclock, Japan) &=
HISR 7 SRR HI MR 1% LLEE B ME )+ #% (Braun,
MPZ6, USA) &1 FEH S5 - g%
TEHSREEEZHRMERTER - FiT
A EEY) & & L F e Tt (Atago,
Japan) JHI%E - S+ ER = =HH S mL 5
A H095 mL ZE 887K EL 1 B ERFE A - FRLO.1
N NaOH (Sigma, USA) 24 % % & 275K 5
HEEERAE - E LS 100 mL 5
Bl (citric acid) & & °

Srzel®E (FFHe28-38 % - 2 BB/
3L Rl E R EEMERE 10x ~ 100x
1,000 Ef1f5 2% A0 ¥ BRAONAS » f0 {18 A B IR A1
REFYERE ~ BHBR ~ FOT3 - DRL - EERTE 1-5
gy 0 fERRR ~ EHUR BRI B 3% 0 S Ta/ VBT
R EEN R 1o RERIEER S 77 0 WEisk
T e G RIS R IR R .

HET DM

ROy B OV R i B B - 2% Silva
et al. (2012) (9AF > 73 HIDARE EEINFLE
BEINEEHE T EHEHES (BRHAEAG 2%
Rz B 4H f S IR 2H & 1 ARG ) ~ &' e
R R E MRS R E FE R EE T R S
F5# (deterrence index; DI) B4 HHIE R (clas-
sification intervals; CI) » 5+E R HI40F -

2xG
G+P

DI =

G : KCEERI R B B _E R T SR W UN LB/ O
8-
P OWIRAHRE R TR E WA DAL BN, -

sd
V5

t * Student’s t-test (FERE M E (a = 0.05) Y ¢-
value °

sd : DI fyREAEE -

CI=14=%t4,-005 X

st ELEE R DI < CLRIREER S 57 R ik

FEINTT A SEE > DI CL E - TRE
[l R EE R i AR > DI > C1 R EERI
TR EMEINT /REFHIRBRE -

RO R E W E N R EEREY > TR
BN AEEREHENETE - IERE
B TS THE &R 0 DL SAS #iET KA (SAS
Institute, USA) #J ANOVA 2 = 47 #7 » i BA
B /N BA #E 7= H (least significance difference;
LSD) bt & R 2 A EHEER - 5T
o RERBUIFREYR N AT e &R
7% FE A (arcsine transformation) o

EES

RTREME Ry EES T BA
2.4% BB KGRI 1,500< REHE B
i B 91.2% RGREWILT » BEHER
50% F& LA FLAI A R 800 R B4l (8B TR
72.8%) ~ 2% [l E5 7T 2L 4 B 2,000 g # 41
(ERFET% 35.2%) » 1F 30% B IR 55 7K R s P
5,000 i 3 FE A% % B 4.5% VIR FL i 2E
TR #2 S T AR K - /170 2.4-10.4% ] (& 1) ©
MHE IR BLENR R e B > T RE R
AR RE ~ BRI S TR R E 2 &
gaAe > HILUREWERI (R 1) -

S RICLEE O LB E DN BT B R R i
SIS 2R R TT By L DIAT RoHY S AR > &52R
BT 2.4% FIRE KGR TE 1,500 jig B4 B
FHRE 10x ~ 100x 4.5% ENFRZR AL IR #H4H H DI <
CI (% 1) > IR EKEERN R 2 I RE L
AVEEDNALBUV B IR B EEEONALE > HEME
3 SR R E WS FRIT HA TR
R AE BT R DI CL{E - PR K E
IR PR E ERRFR T REMEINMNAIIAGTE
S > HERELE 2% BT B2 T P B i B 2,000% fE
BB 3 FEARRE(E 8 4.5% EIRRZ AR LY DI
<CI(®1)> BURELRHERE/D 7 RITRE
PRI Y E DN & - AHEHHILE 50% B HIfA L
P 7 FE 800x FEIHAH B 30% Bk A3 /K Re T A v
5,000 g2 B 2 1y DI Y CT E ~ RS
f (F 1) RGREW SR IR E
AEEDNFLE - EEONEURIIRE R -

48 F FE 10x ~ 100x ~ 1,000x 3 F& 4.5% E[I
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Effects of 5 chemicals on oriental fruit fly puncture and oviposition to sweet orange and its mortality.
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2
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#1.

Table 1.

Classification index

Eggs per

Egg no. per

Classification

Mortality no. per fruit Deterrence index index (puncture) Punctures

Punctures

Oviposition

(oviposition)

Deterrence index

punctures

fruit

Lower inhibitor

Upper

(oviposition)

Lower inhibitor +

0.735

Upper

(puncture)

L
0.2
2.6
2.4

(o)
91.2 2"
72.8b

Insecticide

N/A
N

N
Y

N/A
0.506
0.506
0.449

N/A
1.494
1.494
1.551

0.000
0.989

190.8
103.6
187.4
164.9

0.0
134.3
274.3

534.2
373.0

0.0
349.2
658.4

v
N
N
N

1.265
1.499
1.356
1.689

0.083

2.8

Deltamethrin
Malathion

0.501

0.977

3.6
2.8
34

1.109
0.386

524.6
560.8

0.644
0.311

0.980
0.540

3.2d
352¢

Spirodiclofen

59.3

83.0

1.4

Abamectin

Azadirachtin

Y
Y
Y

0.904
0.862
0.688

1.096
1.138
1.312

0.036

30.2 2139
87.7 2229

95.1

1,668.8
1,604.8
1,653.8

36.2
105.2
3232

Y
Y
N

0.730

1.270
1.243
1.593

0.217

7.8

1.2
1.2
34

24d
10.4d

10x diluted
100x diluted

0.106
0.307

0.270 0.757
0.747

72
5.0

330.8

0.407

8.8d
“ The insecticides treated (+) or the control (-) within each cages.

1,000x diluted

¥ Mean with the same letters referred to no significant difference by the LSD test at P < 0.05.

ST

* Inhibition effects of the insecticide on puncture/oviposition. Abbreviations: Y: has inhibition effects; N: no obvious influence; N/A: analysis was not available.

BesH 2

WEABE R - WK 7 d Z S RE -
10> ETBR 2 e BRI SR B 2R A7 E B AL RL
HREFHAWEGLER @V EHEE
PG OERE (flavedo) B JE (albedo) [1]
bea (1) - RELEE Y > H IR B % pm H
REHREWMEEZH > B 10x BT
ZIRTE R EARERE 3.45% @ KRERN)
2.45-2.61% (Y ¥ I B MR S g 3 - SROTE
ELARTAR QDI IR i s ~ FRFE 1,000 g
B A o RAZEJE ~ o] 75k [ P B ]
EHEENSREE  AMEEER (R2)-
MR T AL S 2ol B B dnat > R
10x EIfR R BAY R B B Rk > WrFHEZA
REMARME - ke HEIRE A 3 r2sl®
o Ry MR 100> EIBR R iR B R T 2R AR > 1M
FERRHE 1,000 EfIfH 2 p 7 5L 5 AL it ] o
BEIR SR > HW & RGP E ST (R 3) -

B

ERIEWAE 3 L vkt PN A
P aEise &M s S > # & S AR
I~ BYFEREM  FEHRMBE AN
PR T R E WAV EE (Huang er al. 2008) >
MEHME R EWENEZEE SR (R
EREERAIFG G - Bt THYRET
it BUFHIESEHRE > sEE B AEERE R Eik
BB JE BE By 2.4% S5 & /K SR > AH A A
SRV 5 T B T2 e R A At 2] > YR
BEMEENRE AR BAR A EEE -
s ER N BB 2.4% 55 S K R EI Y
EERIG AR RE HERAFETHIETE
#91.2% - B EE (DI < CI) BUR > FRE
o L 4 kB 7 O W A S SE R AR I T R B
EON - BB B RERER - A - slRiEiE
R E R T REW g R R R T L
% o S DA A R SR A AT R 2 B By
e EEREENNEEREE &SGR A
72.8% B G REMILT > BN SRR R
BFiEA FAER o (H7E U R T B s B ah R
TR ISR BRI RER
E o REBNNEEEHEKEYFER - [F
ol A ES > TR R TR
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[l 1. NEDREEIRRE IR 7 d ARSI NE B R - Hor 10x EIBRR R B R A i R E R AT
2P R R PR BRI IR HIEE S (FREAPTERR) fEiR -
Fig. 1. The morphology of sweet orange after 7 d storage by treated with different concentrations of azadirachtin,

especially the fruit treated with high concentration of azadirachtin revealed severely collapse (indicated by arrows) in
the surface of fruit.

2. FRRFEIREERR R HR T R 7 d & 2 REE 0T -

Table 2. Fruit quality of sweet oranges after 7 d storage by treated with different concentrations azadirachtin.

Original fruit ~ Post storage Water Peel Juice Juice  Total soluble Titratable
weight fruit weight loss thickness weight rate solids acidity
Insecticide (g) (2) (%) (mm) (g) (%) (°Brix) (%)
Control 118.78 a“ 115.88 a 2.45b 326a 483 a 41.6a 12.72 a 0.26 a
Azadirachtin
10x diluted 116.19 a 112.18 a 345a 3.53a 41.2ab  36.9ab 11.90 a 0.30a
100x diluted 116.08 a 113.15a 2.53b 370 a 433ab  382ab 1240 a 0.32a
1,000x diluted 11595 a 112.93 a 2.61b 3.65a 39.3b 34.7b 12.18 a 0.30a

“ Mean with the same letters referred to no significant difference by the LSD test at P < 0.05.

%3, IR I R A TR -

Table 3. The organoleptic evaluation of sweet oranges after different azadirachtin concentration treatments.

Insecticide Sour Sweet Juicy Texture Flavor Peculiar taste
Control 1.2 2.6 2.9 2.6 3.6 N*
Azadirachtin

10x diluted 1.9 2.0 2.8 2.2 1.3 Y

100x diluted 1.2 1.8 2.6 2.4 1.8 Y (3/5 subjects)

1,000x diluted 1.3 33 2.7 2.4 3.4 N

* Sweet orange fruit has peculiar taste (Y) or not (N) answered by 5 subjects.
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Bl %2 (Cornelius et al. 2000a, 2000b;
Chen er al. 2001) - Fif 7t &5 5 81 {5 & /5 4
(Dacus ciliatus Loew) K )\ & Wi (Bactrocera
cucurbitae Coquillett) | 275 5 45 S AH L
GRfRaEHER R TR ER LS
(knock-down) {F i Ifij /€ 4= 52 B (REHI R -
AR SR A AR RERE RN 2R
= (Maklakov et al. 2001; Dong et al. 2002) -
BEAh - PIEETT S AR Ry i cE RIFRVEER » Hil R
FE MR AR TS o EE I 2 A (0 R A
FET RS (Albrecht & Sherman 1987; Dong et
al. 2002) » BURBFFREE AT 5 FIETRHER
RER/ D R E MR ZERI AT R > (E o B2 FpR 3
T L E R 2 OV EOR D o A FirL 3
THEER » B Ik5 Al e 2 8 A i R T R E Bl
FEAE RIS -
BEMFRERE T  SRENEIRZER
R REM - JCE S R E W (Cera-
titits capitata Wiedemann) E 75 & Ul = 850 R
(Chen et al. 1996; Singh & Singh 1998; Silva
et al. 2012) - AR{Ep 2 TEHIGAH M =R
RE (FiFE 10x B1 100x) pR¥E » BURE R E i
AMGEH S EBUR - (EERE EAYE TN AL B
FEUN R BRI D 5 (RREEIBRE (FifE 1,000%)
g B ARV R DT SR RIS LA O LS
EREAEBMGFREMEINE - IREHNE
B I 4 55 A XU 0 32 B Dong et al. (2002)
1 Singh & Singh (1998) % JIVE B4t SR AH
[G] o ENPRZEAE R RIR Ik - mliE plc il H =i
Ea K4EAE EHIH (Hasan & Ansari 2011) »
VB TR R AR AR FH A R B B B B S A A5
BREEY) 7 — o AR ST AL B R R B R A
BRE > HREINE - mEPE - FREmD
Bt R o A B IRAH R R R AT -
FRHEBE AT T d 2 AR E - REE -~ A
EEY) - fIEERaEFHBEEZERE  H
10x ENPRZE R B R E L R E S N HA 3 41
RE > BERmIZIIEEERZEREEHHA
BRIEAE - W38 B R IAEH R (K - Beiki e H
JER By 4 4H 7= o BRAM 0 10x EIBRE R Y
FH o JHEC IR M AT - MR R E R
B E RN EERN S RS SRR - 5

rere

]

65% H521

RZEIR R HAR A R E IR R E - SNEEH
S5t - REmE LSRN > HEERRMRE
{EEEREORIR - BIfEEER 100x IR - &
DRABMANERE LA A REK - HEEA
HEPE BB = R S IR R A R e R E 7
2 o

AP fiti LA [ 1 RIS RIS SR 5 SR R 2%
FIBG Sa280ER - DLSR Ik B B EJTR 22 709 e 30UR B
£ - SEIMEERS 2014 538 8 I (e 5 A A AR R
JTREMYTE L o T8 B e T R
BREZE > ASUBTREUR HH R E A
HIPRTERUR © M TP ORTE Ty HES A ZER
PGP € 2 Ze e SRy B 30 d - HE(E
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The Control Efficacy on Oriental Fruit Fly
(Bactrocera dorsalis) with Five Insecticides of
Different Modes of Action in ‘Liucheng’ Orange
[Citrus sinensis (L..) Osbeck cv. Liucheng]

Hui-Zhen Lu', Tai-Chuan Wang’, Shou-Horng Huang’, and Chi-Nan Chen*’

Abstract

Lu, H. Z., T. C. Wang, S. H. Huang, and C. N. Chen. 2016. The control efficacy on
oriental fruit fly (Bactrocera dorsalis) with five insecticides of different modes of action
in ‘Liucheng’ orange [Citrus sinensis (L.) Osbeck cv. Liucheng]. J. Taiwan Agric. Res.
65(2):109-116.

The oriental fruit fly [Bactrocera dorsalis (Hendel)] is one of the most important pests in the
world. The females lay eggs into fruit surface and hatch, then the larvae cause the damages of fruit
dropping. Chemical control is widely used to manage the problem of oriental fruit flies by its low cost
and fast control compared with other practices. This study focused on effects of some registered in-
secticides, which were used for pest management of sweet orange (Citrus sinensis) in Taiwan before.
The fruits were dipped with 2.4% deltamethrin SC (1,500x), 50% malathion EC (800x), 30% spirodi-
clofen SC (5,000x), 2% abamectin EC (2,000x) in choice test. 4.5% azadirachtin EC in 10x, 100x,
and 1,000x were used as positive control of deterrent oviposition, and water was used as negative
control. The results showed that the females directly died by the treatments of deltamethrin, malathion
and abamectin. The treatment of deltamethrin almost prevented the females from penetrating and lay-
ing eggs. The treatment of abamectin also suppressed laying eggs to fruit effectively. However, the
treatment of malation did not have any oviposition deterrence effect. The treatment of azadirachtin
could not kill the oriental fruit flies, but it reduced the numbers of laying eggs in oranges. In addi-
tion, the laying eggs decreased with the increasing of the concentrations of azadirachtin. Both 10x
and 100x diluted azadirachtin revealed the greatest repellent effect in our experiment. The fruit qual-
ity and sensory evaluation for fruits were conducted after the application of insecticides. Drug spots
appeared on the surface, and weight loss and odd smell were observed on the fruit treated with 10x
azadirachtin. Overall, the deltamethrin was better than other insecticides for the control of oriental
fruit flies in this study. Azadirachtin can inhibit the oviposition of oriental fruit fly, but inappropriate
concentration of insecticides may affect fruit appearance and its quality. Therefore, the repellent treat-
ment of azadirachtin integrated with other field techniques may have the potential to develop a new
control method of oriental fruit fly in the future.

Key words: Bactrocera dorsalis, Citrus, Insecticide efficacy, Fruit quality analysis.
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Table 1. New purple cauliflower varieties test in 2002
Plant height ~ Curd height ~ Curd weight ~ Curd diameter Yield Cultivation period

Variety (cm) (cm) (g) (cm) (Mg ha™) (days after planting)
A20-1-3-9 74.4 335 980.5 18.1 11.5 52-58
2001-042-1 73.2 38.1 717.0 17.3 10.2 38-52
2001-043-2 73.5 38.4 679.5 16.9 8.7 4045
TI-168 78.7 37.0 744.0 17.1 11.3 52-58
Purple cape 74.9 - - -

LSD 0.05 6.2 2.1 129.2 1.5 1.6

Significant difference’ NS o *x o *k

“ Sowing date: October 5, 2002; planting date: November 9, 2002; survey date: December 31, 2002. Planting location: Fengshan
Tropical Horticultural Experiment Branch, Taiwan Agricultural Research Institute, Kaohsiung, Taiwan.

Y NS, **: the difference was not significant at 0.01 level, respectively.

*No curd.
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Table 2. New purple cauliflower varieits test in 2003”.
Plant height Curd height Curd weight ~ Curd diameter Yield Cultivation period

Variety (cm) (cm) (g) (cm) (Mgha')  (days after planting)
A20-1-3-9 82.2 28.9 8523 18.4 14.3 52-56
2001-042-1 77.9 28.2 962.5 18.8 16.1 52-69
2001-043-2 74.9 28.8 758.8 17.4 12.7 52-62
Rosalind 71.0 24.7 1693.0 21.2 28.4 83

TI-168 80.4 32.0 856.8 18.5 14.4 56-69

LSD 0.05 7.1 3.4 365.1 2.4 6.1

Significant differences” * wE ok NS ok

* Sowing date: October 8, 2003; planting date: November 12, 2003; survey date: January 3, 2004 to February 3, 2004. Planting loca-
tion: Fengshan Tropical Horticultural Experiment Branch, Taiwan Agricultural Research Institute, Kaohsiung, Taiwan.
YN8, *, **: the difference was not significant at 0.05 and 0.01 level, respectively.

% 3.

FEHBEERT i % A20-1-3-9 JBLLLI I 5 B 20042008 £E4ER -

Table 3. Results of regional trial of caulifiower variety/line A20-1-3-9 in Fengshan area in 2004-2008.

Variety/ Plant height Curd height Curd weight  Curd diameter Yield Cultivation period

Years line (cm) (cm) (cm) (Mg ha™) (days after planting)
2004 A20-1-3-9 76.5 40.1 355.2% 13.7 5.9% 57

TI-168 86.6 42.8 467.2 14.3 7.8 70
2005 A20-1-3-9 66.3 29.6 480.0* 18.1* 8.0* 54

TI-168 68.3 25.7 721.3 21.3 12.0 80
2006 A20-1-3-9 67.4*% 28.7 809.7 17.1 13.5 68

TI-168 77.4 333 869.8 17.6 14.5 82
2007  A20-1-3-9 71.2 34.4 595.3% 16.8 9.9% 61

TI-168 79.6 422 721.3 17.5 12.0 79
2008  A20-1-3-9 70.5% 33.7 476.3*% 20.9% 7.9% 75

TI-168 84.4 453 706.5 16.1 11.8 89

“ *significant at 0.05 level with 40 sampling dates using unpaired #-test analysis.

F570-90 d o PG4 SLAE o B i B
GEE N4 BRICHE 5% DU LA REE K
BB 4R 2 B R B 5% B /K SE « A20-1-3-9
ZERIGHN  A20-1-3-9 2 FEHE F UL R B
58 d: TI-168 1 69 d o 2K % 3 i I [H 2 R
BN A FRERERT S o b

7 4.

FE RS > {2 A20-1-3-9 > AL fEEF ] 2
BB TI-168 FEEEEK o Sra Bl R T AR
B2 6 R EnEEF - A20-1-3-9 BLE IR G
i TI-168 TECEK S BRI 72 S — MR B
> Lk E LB EEER LK b TI-
168 SHEZ R FERUY -

FERRSE A20-1-3-9 2004 LM GRS R -

Table 4. Results of A20-1-3-9 regional trial in Shingang area in 2004.

Plant height Curd weight Curd diameter Yield Cultivation period
Variety (cm) (2) (cm) (Mg ha™) (days after planting)
A20-1-3-9 75.3 349.5 13.0 5.8 58
TI-168 72.0 408.3 14.3 6.8 69
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Table 5. Comparisons of plant characteristics of purple caulifiower varieties A20-1-3-9, ‘TI-168’, and ‘Shiun’.

Variety Plant height (cm) Canopy (cm) Number of leaves (No.)
A20-1-3-9 723+7.1° 73.3+£11.7 225+£2.0
TI-168 61.5+6.5 86.7+6.5 254+1.8
Shiun 589+75 96.3 +8.6 289+25

“ The average and standard deviation of three samples.

1. FEMFZE A20-1-3-9 (A) ~ “TI-168" (B) J& "%3E,

(©) T BELLE -

Fig. 1. Plant characteristics of purple caulifiower varieties A20-1-3-9 (A), ‘TI-168” (B), and ‘Shiun’ (C).

2. fERESE A20-1-3-9 (A) B “TI-168" (B) e "R5E, (C) ZHEEFRAURRELRL -

Fig. 2. Curds of purple cauliflower varieties A20-1-3-9 (A), ‘TI-168" (B), and ‘Shiun’ (C).
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Table 6. Camparisons of leaf characteristics of purple caulifiower varieties A20-1-3-9, ‘TI-168”, and ‘Shiun’.

Variety Leaf length (cm) Leaf width (cm) Main pulse (cm) Petiole length (cm)
A20-1-3-9 59.7+59 26.6 +£2.7 25+04 15.8+3.4
TI-168 56.8 +3.0 24.7+2.3 32+0.3 3.0+0.2
Shiun 49.1+3.5 22.1+£22 3.1+03 0.0+£0.0

“ The average and standard deviation of three samples.

7. A20-1-3-9 B °TI-168 Jt "5 ZAEBRIEIR -

Table 7. Curd characteristics of purple caulifiower varieties A20-1-3-9, ‘TI-168’, and ‘Shiun’.
Variety Curd weight (cm) Curd diameter (cm) Curd height (cm)
A20-1-3-9 657.1 £151.8° 189+1.7 144+2.1
TI-168 691.8 +136.9 192+23 13.6+2.5
Shiun 804.2 +310.8 20.5+34 17.9+2.5

* The average and standard deviation of three samples.

1-3-9 fEBR S E 657 ¢~ {EERE 18.9 ecm ~ f
= 144 cm e

BEXRAENEICTIFHA

Ry AL TERR M it % A20-1-3-9 HHARE B
K2R EITIEM R E SIS AR RETTHE -
AR R AR 8 AR > A20-1-3-9 FEREME S
Y& & - FRAP B [FAE T F TEAC S (bAE
R TI-168 F "RE ) ByE o A20-1-3-9 Bl M5
E) ey C ZEME > HER TI-168 5 -
£ DPPH B[R 7 75 H > BUEME - RARFER
50% DPPH fe JffE ¢ ftatanfdd Ll TI-168
AFRRE B Ry SP-51 R "RE Mg
A20-1-3-9 ff£ DPPH JFfRr I e 72 - HAEHRR A

Y& & - FRAP BE[RAE T & TEAC S (bAE

BRI E RS - ia Eastiass R
A20-1-3-9 B 3 TI-168 f "RE ) A EH
HILRALRE ST - S H A fEME BRI
HEEE: - 2 B E AR A At

Ik
FRAFNAICTIFME

TERSEHT T % A20-1-3-9 ST THIA L
REIME > BB IR AR 9 Fon - A20-1-3-9
TE4Efan C & BEL TI-168 ~ PRE, K EE
FitH e ERIEEYEET5E - A20-
1-3-9 KA TI-168 /N ™82, - £ DPPH

SEBR ST - FRAP BBFAE ) B Trolox H{EHTE (L

FEE4Efay C &8 ~ DPPH J5FR )y ~ &lb&  #EJJ (TEAC) 2 B9/ TI-168 f &

8. fLHRE IR THIE

Table 8. Antioxidant capacity of seedlings in different varieties of cauliflower”.

Vit-C DPPH T-phenol FRAP TEAC

Variety (mg %) ECS50 (uL) (mg mL™) (mM %) (mM Trolox)
A20-1-3-9 0.65+0.01" 541.23 £1.77 325.92 +£0.49 3.44+0.05 3.89+0.18
TI-168 0.46+0.16 517.48 £2.24 266.35 £0.52 1.79+£0.01 2.69 +£0.04
Ziyun 0.65+0.01 521.74 £1.05 248.05 + 1.00 1.88 £0.06 0.97 £0.01
SP-51 1.30 £ 0.01 521.20 £ 0.30 360.45 £ 0.89 2.46 +£0.01 4.27+0.03
50 days spring summer cauliflower 1.82+0.29 527.81 +1.75 343.67 £ 1.65 2.98 +£0.02 4.14+0.11

“ Seedlings are grown twenty-five days after planting.
* The average and standard deviation of five samples.
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9. OB IELRETIE -

Table 9. Antioxidant capacity of sprout in different carieties of cauliflower and broccoli”.

Vit-C DPPH EC50 T-phenol FRAP TEAC
Variety (mg %) (uL) (mg mL™) (mM %) (mM Trolox)
A20-1-3-9 1.60 +0.35" 216.6 +4.7 451.6 £4.2 3.76 £0.17 10.26 +£0.21
TI-168 1.20 +£0.60 1843 +£2.1 389.3+£3.2 4.524+0.08 11.18 £0.04
Shiun 1.00 +£0.35 184.9+£0.9 4949+1.2 6.35+0.14 17.19£0.22
American Broccoli 1.00 £ 0.35 175.6 +0.6 647.5+2.5 7.34+0.20 17.16 +£0.19
Li Snow 1.60 +0.35 183.4+0.5 433.7+4.7 3.95+0.14 9.45+0.43
“ Seedlings are harvested ten days after seeding.
¥ The average and standard deviation of five samples.
%=, - FBEFCRGE DPPH RS Sl R10. FEMSERICH RS RAE -

{b&Yr& & K FRAP BJRAE SIS EM 5 o
TR o e Rt AE R A20-1-3-9 ZF 3%
i TI-168 J "RE, WHLAEALEE T AIK
B SR B M RTEMEAA LR - 23 F
{ERBSE AR LRE ST -
eI e B RS S0

fERBSEM on % A20-1-3-9 ETIEF RS &
HE - SHEpEERNFE 10 iR - A20-1-3-9 155
ZE8E R 1237 M g > § “TI-168 (13.19 uM
g') B PEE, (21.41 uM ) Bl > B TI-168°
EEE AR o DURTEME S O fEAR A bR
HIEMEIEEZ A EEAR 0.05 uM g > BHEEES
RIEMEEEZaE MK -
RRmiraEE

{ERB3E A20-1-3-9 FI| FH 7K & K f80R: WA 18 2
B ETERLAR - slBESREH > K
BRBEICK ETEBFZGAR AT BERE
Bkt BEEKERMMN - EFRBENRK
hE SN - KERFRTLL 3 min CEGEREE
1.5-2.5 min FREETEEK » C1REREE o 7F fH08 =
BT H > (U 3-5 min HRESIRFF R BT E
o RNERE o 0K 5 min FABEK > O
BB ERRZ o DABEORE 4.5 min CIERER ST - B
PABRURE =2 B 07 AT DURFEAEERBA & > HBUKE
J7 A RS ~ 83z A RFK Y o KEZ

RVELE - BIATEHE R 5N KT (EFEBREE)
PR R O 2 H Ak ORYERES - DK 3 min fY

Table 10. Anthocyanin content in different varieties
of cauliflower.

Variety Anthocyanin (uM g
A20-1-3-9 12.37 £ 1.58"
TI-168 13.19+£0.26
Shiun 21.41+£0.90
Cauliflower 0.05+£0.02

“ The average and standard deviation of three samples.

REET S 0 T DAOR R % Rl FE R RN E -

TEIRET R A BE

{ERPSE A20-1-3-9 B IR AL AE TI-168 K

PRE | HEITICER IR B o TEERBR UL IR I
A COKFE ek 14 ~ 24 2 34 d > FHEFEER
RER - RBEROFE 1 iR BEFREK
B o fEERRE RN S o A20-1-3-9 f7jE
% 14 d RERFI R 3.2% > BLEIEAE TI-
168 3.2% K "RE | 1 2.6% ZFBEER -

A20-1-3-9 B7idit% 24 d L ERFI B 5.0% »

7 3 R A AR AEBR S 3 R R R 1y 5.3% 0 ]
FHEEZR - A20-1-3-9 7% 34 d KEEF
¥ h 7.6% > BT L AE TI-168 6.9% K "RE,
(9 8.5% G HEAEZR - &34 Ll » A20-1-3-9
TEBRRTRL 1% 14 ~ 24 J% 34 d KB R L R i
TI-168 K "RE, GHEEEER - 3 HKRIEH
FinfELL TI-168 frjk i 34 d RER(K - fE
BN R o B R A i fE > A20-1-3-9
Rz "RE, IR AERES  EERERE
HH S 1 7 W S B AN T e ) A

Al
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11 {CHESE A20-1-3-9 BLEHHR AT TI-168° K "REE

) ACERATREER -

Table 11. Storage ability of A20-1-3-9, ‘TI-168’, and ‘Shiun’ purple caulifiower.

14 d after storage 24 d after storage 34 d after storage
Curd weight Weight Weight loss Weight Weight loss Weight Weight loss
Variety (2 (& (%) (& (%) () (%)
A20-1-3-9 454.5 439.3 32 4314 5.0 420.1 7.6
TI-168 622.7 603.3 32 590.6 5.3 580.6 6.9
Shiun 815.1 793.0 2.6 771.1 5.3 742.7 8.5
e G TIANEE « i DPPH 35070 » Kk %

RO R EREN - B 1~ 25 4EHE
V) BRARERY » YHEEIREL60 >
5 50-80 cm > ELHIZF - HERIAS - fE3K A
{1 (Currence 1954) < {E3EBIE4F /2 R G2 IR
RiE - ERER R 20-25C [EEBRERE R
18C » HBE(EH 10-12CLL T 525 EE » 5k
BEHEER 30C L > AIETESE R R e
K5 ENGRAEE - BIEEEE (leafy) » M FE{KRG @
{E{& (Chen 2011) - &8~ TEMI S R HAEHEH
RECIEFSE  HaE KRR ZEEEE
HIEZ B EE (Lin et al. 2010) » [HAEHE
EHEEZH S FENEaEY > HitT g/
RO ER - MEARINE A RIS
ol o EMERAE FHHE A 80 d DL E -

LRI E RO EELENIESE
Zo mBER > BRMRE > T EE R A
A AEER (Lee ef al. 2007) - & 3K 09 #
AR (A B HE R S5-65d UL
Hg B LR TI-168 St HIg R4 > BRIV E
17~ RS ER - FERRE A% - B E - B3k
BHERFENRAE  fEERMEE - MEE
fufdE ‘TI-168 SEIPEERE#EARIEAE B R
1 5%, fERk R E > HHEEKRP R > 5
80-90 d - w4 mAE - BAREIE K S EIR
EENE ~ BB AR E - ZEREgHRI

Fod S EME "6 8 197, nIfE R BE3g e
FEMA T RWET R 25 d BRI
EITIEMRE LA bR SHE « Hrp o 44
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J1% TEAC B & bsE ST > BEA S FH

ERK > AFEFR 50% DPPH gE/1ffE - &
B 15 HEEEMmILEYE&E  FRAP EJH
RE JJ K TEAC fii @b AE ¥ Bl v i <T1-
168 Fr ™EZE | k& - Wang et al. (2009) 45
HEAM AR RO EEERCEER
0.11 mg % » DPPH & /15 6.13 EC50 (L) »
FRAP = JH B 77 & 0.89 mM % - 7F B DPPH
B R JI R 69.29 ECS0 (uL) » TEAC Hii &ML ]
B 1.59 mM Trolox - & ## [ 3% DPPH )5 [ /J
F5 64.97 EC50 (pL) » TEAC HL &AL 7 B 1.54
mM Trolox ° 3% DPPH jE[%: /75 42.51 EC50
(uL) > TEAC J1EAEJT R 1.21 mM Trolox - Bl
Al A Eo A+ A AE R R e AEEL - FERRSE "B 1
%) W E AL E CEE (0.65 mg %)
FRAP 3 F £E /7 (3.44 mM %) & TEAC Hi &
{EJ7 (3.89 mM Trolox) ¥R HLELF - T 1k
TR 10 dRRIZFREEZCEE - B
taYesaREEERS AL TER
% TEAC ~ DPPH JEBR JJMHIEF = o 1 5F 32 7]
DHABTARERSEER C o MHEBELME
& &t EAFIZ - EBAVEE (Lo et
al. 2010) « "G 158, BAEEFRICHmE (& 3)
fFaeBHE B HILBKA /N %I E
‘TI-168 T » [ fCEK H B -

— M AE A SR A FH RS BN AR EL
PrAEERSMERM N EE LR - KR e e - =
"B St AEFREELEK - AT &
HEMEMEEOZE AN E S RR LR
HgE OE RS - BULthE 9 A 5] DUEHE
BRULEITEER - (BIEKBE G2 SR E - i
DLRE E00 & A B R 10 HEE - o 0 & Bl
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 Microwave
: Cre .

3. fEHEE A20-1-3-9 EERARR BT RS MNEBA O ELEL -
Fig. 3. Curd color of purple cauliflower variety A20-1-3-9 after cooling by microwave (left) and boiling (right).
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Characteristics of Caulifiower New Variety
‘Tainung No. 1’

Hui-Ling Lo', Chen-Yu Lin', San-Tai Wang™’, Kan-Shu Chen’, Shiow-Huey Hey", and Tsai-Fat Sheen’

Abstract

Lo, H. L., C. Y. Lin, S. T. Wang, K. S. Chen, S. H. Hey, and T. F. Sheen. 2016.
Characteristics of cauliflower new variety ‘Tainung No. 1’. J. Taiwan Agric. Res.
65(2):117-127.

A new cauliflower variety ‘Tainung No. 1’ has been registered by the Fengshan Tropical Hor-
ticultural Experiment Branch of Taiwan Agricultural Research Institute in July of 2012. Prior to this
registration, all line trials, regional trials and storage test for the new variety had been conducted
during 2002 to 2010. The cultivation season of ‘Tainung No. I’ is from autumn to winter in Taiwan.
It can be harvested ca. 55-65 d after transplanting. ‘Tainung No. I’ cauliflower is ideal for family use
because of its vivid purple color, average size of 660 g, delicate fine floret and low incidence of leafy
curd. The antioxidant capacity of ‘Tainung No. I’ sprouts and seedlings (10 d and 25 d of seeding,
respectively) is higher than two Japanese commercial varieties tested in analyses of total phenols, free
reducing ability of plasma (FRAP), and trolox equivalent antioxidant capacity (TEAC). Wrapped in a
plastic bag and stored in a 4°C refrigerator, ‘Tainung No. 1" cauliflower curd had 3.2% and 5% weight
loss in 14 d and 24 d, respectively. This is comparable to the storability of Japanese varieties tested.
The new bred variety of cauliflower ‘Tainung No. 1’ gives local consumers more choice of the veg-
etables.

Key words: Tainung No. 1, New variety, Purple cauliflower.
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Fig. 1. The distribution of precipitation in Chayi area in spring and autumn cropping seasons. (A) Autumn crop; (B)
Spring crop.
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Table 1. ANOVA for rotten sweet potato “TNG 66’ tuberous roots during storage periods that treated with flooding
in different stages of autumn and spring cropping seasons.

Mean square

Cropping season  Source of variation df 10d 20d 30d 40d 50d 60 d

Autumn crop Treatment (T) 3 - 0.67 9.64 72.75% 35.78* 44 .89%*
Block (B) 2 - 0.58 0.08 9.00 12.25 7.58
Error 6 - 0.92 3.64 13.00 7.69 7.47

Spring crop Treatment (T) 3 222 4.75 117.64** 50.00 7.64 4.56
Block (B) 2 1.08 9.08 3.08 233 4.00 0.75
Error 6 0.97 5.42 6.97 20.33 7.89 1.64

*, ** 5% and 1% significant levels, respectively.



FEZK B H 3 AR R o 131

B 5% BUE/KAE © AT RERONEUE 30 d g2
[ 22 L 5% B /KA - HALEEROR S S R
B KHE o BRAE ROR A BRARE (6 e U 3 YR 1
SUAIEEIR o QB 2 o SRR G (E B B E R
Hef o] B T 484 000 = K 1 o S0 1 ¥ 1 B 72
WIE 2A - I aH Bl K g B 4H A & ek 10-30
d o RRE S 2= R E A EE - 30 d TR EE
TE 1.3-5.3 Z[8 5 T /K s B 4H B BR AR AV IR
Y58 1 B FE 40 d BF - SRAR G5 M08 6 S bR R B A
111 EL 78 7K i B B TR A ] SR 5% B /KEE
F£30-50 d fi] > B A4 1.3 0% 16.3 - &
KEE AN A 2.0-5.3 8 hn 5] 21.3-24.7 5 {£
5060 d i Ji o il B el 4% - {EL A /K B 4H B 3
el 2 BRI E B L EZR T 260d

30 —o— 45 DAP (A)
—o— 110 DAP
251 +A(1;5K&110DAP
—a

20+

15+

10
o 5f
e!
E of
c .
)}
-5 307 o 4spmp (B)
° —o— 110 DAP

| —v— 458110 DAP
25 —— CK

20+

151

101

5,

o_

0 10 20 30 40 50 60
Storage time (d)
2. FEABFHREEKEREEKEREEHE B
fE2 66 5% ) BRARGETRCHAR I ME #2528 - (A) BRAE -
(B) &fF (n=30) -
Fig. 2. Effects of flooding treatments in different
growth stages on the rotten tuberous roots of sweet

potato “TNG 66’ grown in autumn and spring cropping
seasons. (A) Autumn crop; (B) Spring crop (n = 30).
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2. FELFHHIEKEEETE "G 66 9t REHEEIMEERAE D RE B ETT I -
Table 2. ANOVA for weight loss of sweet potato “TNG 66’ tuberous roots during storage periods that treated with
flooding in different stages of autumn and spring cropping seasons.

Mean square

Cropping season  Source of variation df 10d 20d 30d 40d 50d 60 d
Autumn crop Treatment (T) 3 0.07 0.08 1.10 2.36%* 2.89% 5.77*
Block (B) 2 0.21 0.00 0.82 0.48 0.92 0.47
Error 6 0.11 0.17 0.88 0.21 0.66 1.22
Spring crop Treatment (T) 3 2.04 6.06 2.72 15.46 441
Block (B) 2 0.22 4.59 0.47 0.71 0.79 -
Error 6 0.99 3.61 1.53 5.90 8.59 -
*, ** 5% and 1% significant levels, respectively.
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Fig. 3. Effects of flooding treatments in two copping
seasons on the percentages of weight loss in sweet pota-

to “TNG 66’ that stored with different storage durations.
(A) Autumn crop; (B) Spring crop.
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Effects of Flooding Treatments on the Storage Quality of
Sweet Potato after Post-Harvest

Che-Lun Huang', Qi-Dong Liu’, Wayne C. Liao’, and Yung-Chang Lai*’

Abstract

Huang, C. L., Q. D. Liu, W. C. Liao, and Y. C. Lai. 2016. Effects of flooding treatments on
the storage quality of sweet potato after post-harvest. J. Taiwan Agric. Res. 65(2):128-135.

The objective of this research was to study effects of flooding treatments during different growth
stages of spring and autumn cropping seasons on the storage quality of sweet potato after post-harvest.
Cultivar ‘Tainung No. 66° (“TNG 66’) was grown in spring and autumn cropping season and treated
with flooding for six days in different growth stages, i.e., initial growth stage (45 DAP), late growth
stage (110 DAP), and both initial and late growth stages (45 & 110 DAP). After harvest, the tuberous
roots of sweet potato from different flooding treatments were stored in the chamber at 15C and 90%
relative humidity (RH) for 60 days. The results showed that numbers of rotten roots and the percent-
age of weight loss among different treatments increased with the increasing of storage time. In au-
tumn cropping season, numbers of rotten roots and the percentage of weight loss between flooding
treatments and no treatment were not significantly different before 30 days of storage, but these were
significant difference after 40 days of storage. In spring cropping season, numbers of rotten roots and
the percentage of weight loss between flooding treatments and no treatment were not significantly
different among all the storage times, and heavy rain in the season was detrimental to the storage
quality of sweet potato roots. Overall, this study showed that the major factor of weight loss during
storage was the increasing numbers of rotten roots, and the flooding treatment in different growth
stages would increase the numbers of rotten roots in autumn cropping season. In order to maintain
the quality of stored roots, the storage time of sweet potato tuberous roots, which exposed to flooding
treatments prior to storage, should not be extended to more than 30 days. In spring cropping season,
the rotten numbers of roots would increase largely during 20-30 days of storage whether sweet potato
was exposed to flooding treatments in early stage or both early and late stages, so that the storage time
should not be extended to more than 20 days of storage.

Key words: Sweet potato, Flooding treatment, Storage after post-harvest, Tuberous root quality.
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mL fEF K > 48198 #% (Han Shuo, UH-500A)
PL2,842% g BRFH 30 s $9/E 1% » Il FH 4y ik 2
TS5 mL EEE & SY KB EAN I EE
e BN 24CIRZEIEERT TAE 24018
FLL150 rpm & RZEEE 3 d - SFIAFKR
£ T E %% 8L (colony-forming units mL™";
CFU mL") - [E]HF BUHE 2 1 B 44 B A SE 2 B
5 T B & E R R -
RNEEERSFE

HURE R g BOR R RS AR LR 10 0 1 5> o
K2 65% S/KE% » 45 AN AR
A A B4 S0 g /£4 o 1F 121C % 1.2 kg em”
TR E 30 min » SAIBEREERESN
B &L B & F PDA A 10 d A4 g 4 BO12 B
ESPS HE 44V E /N (10 mm x 10 mm) » 57
AR 12 PR E G2 R U AREERE - B
R24CHBEEIHARMENER KL FHi
B HAR R BB -

RIS EERIRE
Bl FSURE AN AT (1 B2 e 1 R o 4R 4
mo 7% - AR F A/KEIHE 1 20) JREE 400 kg »

rere

]

65% H521

(] R U R 5 P 7 Y e 2R 2k BEOR MR > 57 I
EKTER - DABEEYENE  KEZ
PIE  60% @ JREFZYIEE 25% KUK 15%
HYoR I « i BB R DURGRFEARE
1% iR 35 - FORGRAEMPENES - [FiF
PR AEEKER 63% £A - Bll—FW
B H BN (BERE - ) &
EE A (1,100 mL 79 BB - 1K 80
mm - GfURELY 750 g) DA ERBRAE
T —{EDRE ~ B E 0 BB E B2
HIRiEZ (ERIR - 69 m) WHE (121C, 1.2
kg cm?, 60 min) (Chen et al. 2005) < J§i %1%
NARANE RS Z R R -
BEAFECRAEERHERERIEREE
BRBIANERRENSE

IR 53 228 5 W HUAE 24CAFE 24 h 1%
2L 150 rpm {55 £ I 28 5% & 3 d A9 & fiE 44
B012 B ESPS i FRKAG H E » EHEE=ES
1 SRR BRI 53 Al 4378 5 ~ 10 ~ 20 & 30 mL HY
RS B 5 M DA R A 15 g [EI RS AR AE
REE > 2l R4 ER > BSEERE DA
12 i - BER B BB RIS HINER 24CHER =
g HIEFEGRWEBRIEE  TREE1
RN E FH SERCAT 7R KB - TE R B 4R R
IR TR EETE S ERIVREEEH
& HESHE WD B R REINEA
Wk - BEREEMSE ANGEE > EF0REE
16°C + 1°C > DUHE & 8z IR 1 £ v B 4 1o A 8%
EIH R ELE 90-93% - FIFH = &AL b ]
e EHIRRIE =N A iR E > EEC/MREFT
BRI’ — SRR ZEHIAE 1,000-1,500
mg L R SIS T BUR B 46 - E 4R
BEEEARMARLBRTERY SRR BRI
R o FRUTEF A o7 dk e R/ N—REER UK - ERUNIRAY
GERE VPR ES BT 2 K - FEEI RIS - 2
A & R 2 fh A IR BT AR 1E A RE
HFNE - FRBIERHE 1 EENESERA
HEERFENFRRE &1 R 4 EE
1 B 120 - B &0 s I ahs i ~ 2=
G EL 4 2E & E R (Peng er al. 2000) -



R A B 139

YR (Biological Efficiency) 2518

IR (%)

PRU G G < i B

“\mEnzamrEng) 0

BB (Production Efficiency) 25t &

FELH SR (%)
_ PRUE RS 2 fF
HspRmACEE B R R LSRN A E
x 100%
MET D

X B & By i DL SAS R ET oy i E 45K
B (SAS" Enterprise Guide 4.1, SAS Institute
Inc.) # 1T 8 75 43 #7 (analysis of variance;
ANOVA) 1% » DU /N2 72 M 0 (least
significant difference test; LSD test) » #£ 5% &4
ZIKE T S EE I ER 2 28R -

EEES

ERERGRIRA A

G EHE ~ RN~ ZFRE -~ AR
FeH M 5 Tk 27 B 7 45 BO12 B ESPS
“EWREGEVE IR ZR8 0 ER%
# B012 k ESPS itk DL UA M oy B & 2R
VIEE R (& 1) - BO12 ) ESPS ZEtRk®
7d% o tEHAMEEEE - EVES AR 147.1
mg 81 142 mg - ¥ #) & MEEEREAAA - &
PREY 72 BPFK - ESPS BERRAE 0l /A MM - #)
EFEBLEREAVAI A LR A E AR > HB012
Bk BRI DA AT 25 M oty 28 R B » 6 7 O AL
RZ - HAEIRETR - R F Y AR
Wi > Hop OUCH S s U =

RESRERRAR
PRF BO12 B2 ESPS R PR R ILANBILE MY

180
A
160 a — B012 A
A [ ESPS
140
bcj b
120 c
100 B
80 |- d

60
40 -

20

Mycelia dry weight (mg 100 mL™)

Starch  Maltose  Glucose Glycerol Sucrose

Carbon sources
1. IR FRFURAS R & gk BO12 A1 ESPS —
iR AR E 2 R
Fig. 1. Effect of five carbon sources on mycelial dry
weight of the two king oyster mushroom strains B012 and
ESPS in 100 milliliter liquid culture for 7 days. * Means
(n = 3) among different carbon sources for each strain followed

with the same letter are not significantly different (P = 0.05) by
LSD test.

A MR E Btk 208 > B4 B 0.3% ok
ME - M 0E - WRlR SR - B ERSH ~ PRE KR
VEcEAFSEZ2ER  GREREME
BO12 Fik{EiE 6 EEE=2BIEF - DIFELEHH
EYECR R RE S A ERARE > HX
Fkn R ~ TRER s LR Rl - REBERERR
i 7 - A4k ESPS Hik > A DIEE R H )
EEHGERRE EWEE SIS mg> HR
FyoRomE > T BH LR i s A R > (EFR Z
Wl A R EREE » LEEHRINGE
AV B R S8 97.6 mg o T A ARk
AR YIS BRI 2 A EE RS
il H ESPS fh A EY)EELL BO12 S A S H
1% (B 2) LMEBA  ZhiREREEE
BEIRARE S ) R it -
BREREIEEREYEMRR mAIEN
=&

7 fi 4% BO12 &z ESPS [ PR H 1 )R fS 5%
BER EACHESE1IdR HEES
'3 d KPCEEMEE T 0B 2 B 4 B
WA (8] 3) o 5RO B B T 1 % B0 ) By
2.83 x 10° CFUmL" } 2.16 x 10° CFU mL™" >
R AR REE HGERIFE T -
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AREFEEN T REEE - HEG RS2
SR R A K S B T R R R A PR e - 383 B
A LUR R E R - EE SE K B
EHE IR o K #5820 mL
8130 mL 2 &&= B012 ;2 ESPS # B4 &
RE R R > H PRI EE RS AT 7 KR8y
Al B 163163165 K 16.4 d; H K 10
mL #EE - BV RIGEBHEHATHR

800

a A
E m— B012

8 == ESPS

= 600
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=

D400+ c a
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Nitrogen-containing source

2. AEAHEEKS SR EERRETE N
%% BO12 B ESPS —fin % 7 d WGV EZ 8 -

Fig. 2. Effect of six nitrogen-containing sources on
mycelial dry weight of the two king oyster mushroom
strain B012 and ESPS in 100 milliliter liquid culture for
7 days at 24°C. * Means (n = 3) among different nitro-
gen sources for each strain followed with the same letter
are not significantly different (P = 0.05) by LSD test.

-

65 52 4

5y Rl 21 d 2 22 d - BO12 K7 ESPS &k H
5mL FEE#FEE > HES I ENERBRR
BEMPT AR KRB Al Ry 21.9 d 2 22.7 d (& 4) »
BT BB L — A% [E RE T FE A - AR RIS
T EEAYAERT 22.7 d 81 23.5 d ik o

EEAFECRERELEERNRERRE
HIREREREBMEMNERRE

EEHEBFEFIENEE

FETR SLE AT B SR RS LR > BRI
izt s E AR F R R B RS
NESRERZE - GREH > HHE4E B012

- 30
o zzza B012
9] * 1 ESPS
> 25+ D d ¢
Q C T b
o % L T
©
D8 20F %
LE;‘E a a
€
5 °f
32
20
oo 10
°
o
£ 50
5
T
o}
o 0
CK 5 10 20 30 CK 5 10 20 30

Inoculated volume of liquid spawn (mL)

4. NFERRRETE R B A Ak BO12 B2 ESPS
TR SERGE E RO RIS 8

Fig. 4. Effect of inoculated volume of liquod spawn
of king oyster mushroom strains B012 and ESPS on
the days required for mycelia to cover growth media at
21°C. Bar = standard error.

3. Aififgsd BO12 8 ESPS “HPRIRAGEE 4 d (RIS N ZESAEARE (RAES 0.1 mm) -
Fig. 3. Microscopic observation of morphology of two king oyster mushroom strains B012 (left) and ESPS (right)

pellets obtained from shake-flask cultivation (Bar = 0.1 mm).



R A B 141

Je ESPS AR IS EHE 5 mL AR
BRE > HEGERBPEEHE - REEEE
Mg - MEREREE 10 ~ 20 K 30 mL HYREH R
RHESERAB RS (R 1) B—KEE
EEEAHML > BUR S mL H#HEE R(K - 4k R

x1. PFEA ﬁii)ﬁﬁ@iﬁéﬁlﬁﬂiﬁéﬁéﬁ@
G SRR RGP Bl RR AP e 8

Table 1. Effect of liquid spawn quantity and solid
spawn of two king oyster mushroom strains on the my-
celial growth and primordial induction.

Treatment Mycelial Days from stimulating
Strain (mL) growth to primordia formation
BO12 5 ++* 13.3+£1.0b°

10 +++ 11.5+0.6 ¢

20 +++ 11.8+1.0c

30 +++ 13.5+0.6b

Solid (CK) -+ 17.8+1.7a
ESPS 5 ++ 105+£0.6b

10 +++ 11.0+0.8b

20 +++ 10.5+0.6b

30 ++ 11.5+13a

Solid (CK) -+ 125+£1.0a

“Mycelial growth: +: few and thin; ++: general dense; +++:
dense and thick.

¥ Means (n = 4) with the same letter in a column are not signifi-
cantly different (P < 0.05) by LSD test.

#*2. EiEEAEREEEEEE N R R E R

B pclsf - A A 45 BO12 B PRDIPE T & 10
mL 81 20 mL sz PRI B AG JR A  o Bl By 11.5
dEl11.8d> M S mL 30 mL FEEAA
f£13.3 d 81 13.5 d PR A - (H5EEEAG B
T R AL RR 17.8 d PREE - ESPS BIRAE T Ak
4G IR AR > R DURERE & 5 ~ 10 &2 20
mL B > 435 B 10.5 ~ 11.0 £ 10.5d >
M F2TEE 30 mL B[] A5 B 1 FI e P e
FEHH #h R PR T 1 > PERE S ~ 10~ 20 &2 30

mL A B T B R AR L BOI2 F iR Z T
BT E R B 174.7 ~ 186.5 ~ 185.6 J

174.1 g » HAEYIRE 53 7] Fs 66 ~ 67.8 ~ 66.2
F2 69.0% 5 $HEAHFIIE E Ky 169.6 g0 £ V)
ROy 61.2%  HEFE 5~ 10~ 20 K 30 mL &
BN ESPS Fitk T HEG  FHEE DA R
186.1 ~ 181.2 ~ 190.2 } 186.3 g » HAEWH*=
SYR0E 69.6 ~ 65.9 ~ 67.9 F 68.3% ; B HR4H
HERR 179.0 g EYIREL 65.6% (£ 2) -
f/\l?ﬁﬁqa/mﬁﬂ/ﬁM&%%L{Qﬁﬁﬁﬂi%& B021
E R DL B RR [ & 20 B2 30 mL AR A4 & H B
o0 53 Al s 17.5 dﬁ,ﬁi 17.7 d - [ B E & 1E
5 mL R RS 2RI R AERHE R
19.6 d » B EFSEEAME - #EFHE 10 mL
RIFE 2 21.7 d - {F ESPS Ek A F#EH &

H g8
7

Table 2. Effects of various liquid spawn volumes on the fruiting characteristics of two strains of king oyster mush-

room.
Treatment” Average yield” Biological efficiency Production efficiency Days from treated to
Strain (mL) (g bootle™) (%) (%) Ist picking
BO12 5 174.7+3.7b" 66.0 £ 1.6 ab 693+1.7b 19.6+13b
10 186.5+1.6a 67.8 £0.8 ab 78.1+1.0a 21.7+05a
20 185.6+3.1a 66.2+1.3 ab 71.1+1.4b 175+19¢
30 1741+1.5b 69.0+3.6a 75.1+3.9ab 17.7+1.7¢
Solid (CK) 169.6 £4.0b 61.2+19b 624+19¢ 19.6+1.0b
ESPS 5 186.1 £2.0 ab 69.6+0.6a 77.0£0.7 ab 18.6+08a
10 181.2+3.7ab 659+15a 73.8+1.6b 18.6+05a
20 1902+32a 679+1.1a 79.6+13a 187+08a
30 186.3 £4.2 ab 683+1.8a 76.1 +£2.0 ab 172+0.4b
Solid (CK) 179.0+2.7b 65.6+1.7a 67.0+1.7¢c 194+20a

“ Each sawdust medium containing 60% sawdust, 25% wheat brain, and 15% rice brain (dry weight).
* The spawn running period required for fruiting was about 30 days. There were 5 replicates and each replicate consisted of 12

bottles of substrate.

* Means with the same letter in a column are not significantly different (P < 0.05) by LSD test.
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RS RUWAT R £ R H &8 AILLEETE 30 mL
FTieay 17.2 d s Pt - HerAy g B AAE 18.6 d
A T B E R B 0 R R
WA AR H 80k 19.4 d > HHRE =
B(R2)-

HE]

R 7E IR RE ' 7 A R B g
PRIVETE > BEREEERAREANREER
TR DURERE 4 d (R E 2 MR REHR R E 4
G RBERHEE R E > W — R E S E SR
77 2T B [ S B T e M BRI
B8 - R R EEEH SR AEYE o T
EERBEYI TS AT R AVBRERE R >
HEE A fE 46 BO12 B ESPS X B bR ERET IR &
REEEGE RN E GRS T FE
HERE PR ZRNF A EAER > BOI2
IR E SR Rty ~ REME - &EVE - 25
Y B o T ESPS Bk AIE A AR
Wy B R E] Fo i fE - HRERTFHEY) -
JH o BREAET AR R R OB SN R EhE
FEME ~ B~ BIEHE - RO EBLHUH (Liu er al.
2009b) Z 45RAE A - 12 0] As Bl ER AT iR
MR Sk R AR E - SR RERN R HEE
Fir 22 EATE > T H IR E G A i B 4%
4 - ERBFEEBEGEHEQEZKERN 2
TCE 0 PL6 A - mIRAY S S B RIETR
B> S AEMEEEBRILEREZREES
H s E 4 R R - (E74 4% BO12 B ESPS —
TER > BB BERESEER
B R R EE - iR RE E &
TRANBR R 8% - RSN ELIR 2 - AIIBA SR 2 -
B 45 B L HA Liu er al. (2009b) J Jin &
Yu (2007) HIBFSE - A& S8 B R B R
Yy~ OoREE - HINEE R R B HFERE -~ %4
ZBH - METENEAHEES > T RRE
HE OB ERAR - IR AR > XEHME
BYE > WL EEEEANARRE - fEE
FURRR R 8% - BEZRTT DU NH,™ 77 208 75 il 45 F)
F B R R B AR 5 18 e 8l DL NOy 2 =X
AL B & i aE AR R - b —45
FH1 Liu ef al. (2009b) FYFAZEAHE -

rere

]

65% H521

EE s il 4t 7 B o ol B [ B T el 3 T 4R R
A E AR > SRR E RS A EEERE R
JE R > 455 6-7 d A A IR > B Liu
et al. (2009a) 5245 KA DL - 11 £E 12 1 75 il
S5 ] 7 B A L 2 2 Y R AR 38 1 4 R
M BEEGERBERERAETA
P R EENIFR S A - JTesds
BO12 HHRFEELE 5 mL W i 4x R I 5 22
21.9d > EPSP iRt EE L 22.7 d - fEFE% R
BRI E R E KB RIS > (E
W = P2 B B 0 i 4 R B R A E IR 0 [F
[ B 4B R R RE - A g BO12 Fbk
BiEfEE 20 mL 255 16.3 d » [ ESPS Etktl
HE16.6d - HE > BHEEIES % 30 mL i >
B 4 R TR R TR R ) I SR P A K > LR SRR
FEAEE o SRS 20 mL » B A SREDH
e RAERATFRHIFEEE o — R[5 G H A S
AL Ve R 2 N R A SR E R - R
& 15-20 d P RAS R E R 8 HE > ik
Y e P e 2 R 12 2 N B AR 20 d
PRI R R RIS B - B (&R IR e 1 =2
BB - RS JOEE - A B
EN SR E > AMARRET]  RER—E
JeE P 2 ] FH AR S R T T B PR 7 P o o B [
A E AL REEEA A EREE - E
B TR ~ GBI T (F 5 (BB (Liu et al.
1997) » ERFRER KB EE S F ERZ %
EREAS - FEER > IZBRHERE > HAE
S ARG A R 1T 5 B 4% T BRI
RIWEE -

AW LURBE R T AR - TER
o ] L BR[O > R4 AR TR A P BT > D
F 2 P[] A8 B R AT R BRI » o > L 10 mL
220 mL HYRETE & Ry it 0 (HIERERE & 30
mL i > QG ISR - 1 ESPS B IR R & il s
MEEHEREEREEZR  BrRBSH
HEEIAHFE  HEEBEEFRENPNK - 25
BLg TR E Bl R M R AR EREN
R — 2P W9E - BIHHETE R B RS B 2
R PRI E > DR G T BT (R 2 B 1R
HURCE R ACRIB A0y T 8 HOMNBARER
T S IR ] e P R (RN R IR R -
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£ BO12 81 ESPS B FEAY H#EE & > DAFERE 10
mL 2 20 mL {935 2 & B8 S S H A g 2 B
BB R (B - (B2 ERY 4 E BRILAT
FHE > —HEHHERBEAMAER - BO12 Bk
20 mL 5 30 mL BEfE & Fyag bl o 11 ESPS Efk
RIE DAFETE 30 mL B & 1Y AT 75 I ] Ry i o
HLEAEE BRI EEEL UL FRIZEAE T
BT REDUERUL 1 TR IR A - 73 1 st
B B ISR > SRS 4 28 R AP R R R L
SEEEEMIETE EE o fEEiEE B SRR
O] PR AR R B VR R RETE - BB AR ERK
A A B RS B YA F 38R T - W 9E 3
BURBS E NS & 1F 20 mL B > HRE g
4k BO12 Bl ESPS ZE#R LA 1,100 mL ¥Rk
o BERENNE > EE&ERIEERTS
B EEEE R E G 6-7 d > FRISE B4
BFULFT Bt aEsE 12 d > HEEEEIEH
fem 11-16 g DLk - (LR - SlmERE
FfE SR & f 20 mL - fE A gk BO12 B
ESPS 7 Ik > HAE R AVRE BLE & A/ -
AR B R A4 ) B R R 1% B 4R R
B B ok 2 R M > P9 DU ESPS B FRIRE -
BN s R EE RO RE G FR A -
EGREMHEEEEER ORE THEEE R
RN Ry B R A R E ) B E BT o (R
B2 ML — iR EEE - A HRH - B
B LINES > EHEMNE RS IR OIEEE
FPRETBE S5 -
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Preliminary Studies on the Development of Liquid
Spawn for Pleurotus eryngii (DC.: Fr.) Quél.

Jin-Tong Chen', Chi-Chu Cheng’, Jian-Tan Huang’, and Hsin-Der Shih*"

Abstract

Chen, J. T., C. C. Cheng, J. T. Huang, and H. D. Shih. 2016. Preliminary studies on the
development of liquid spawn for Pleurotus eryngii (DC.: Fr.) Quél. J. Taiwan Agric. Res.
65(2):136-145.

Liquid spawn of king oyster mushrooms (Pleurotus eryngii) was cultured in shake flasks, and
then the effects of different carbon and nitrogen sources on the mycelium growth in culture medium
of the B012 and ESPS strains of the mushrooms were assessed. In addition, the effects of inoculating
different amounts of the liquid spawn of the B012 and ESPS strains of king oyster mushroom on the
time required for mycelia to completely cover the growth media and on the fruiting characteristics
were examined. Results showed that soluble starch was the optimal carbon source while yeast extract
was the optimal nitrogen source for mycelia growth of the king oyster mushroom. The minimum days
required to achieve complete coverage of mycelia over the growth media were, on average, 16.3 to
16.5 days, with 20 mL or 30 mL of liquid spawn of king oyster mushroom inoculation. The control
checks were solid spawn, which required 22.8-23.5 days before the king mushroom mycelia com-
pletely covered the growth media. The data showed that mycelium growth with liquid spawn was sub-
stantially faster than that with solid spawn. Regarding fruiting characteristics, the BO12 strain, when
inoculated with 10 mL or 20 mL of king oyster mushroom liquid spawn, exhibited highest yields of
186.5 g and 185.6 g, respectively, per bottle on average. The ESPS strain, which was inoculated with
20 mL of liquid spawn, showed the optimal yield, with 190.2 g per bottle on average. The bottle pro-
duction results showed that the average yield was substantially higher with liquid spawn than with
solid spawn. Cultivating king oyster mushrooms with liquid spawn saves time in preparing the spawn,
waiting for the mycelia to cover the growth media, and harvesting. The liquid-spawn cultivation tech-
nique is 30 to 32 days shorter than the solid-spawn cultivation technique for cultivating king oyster
mushrooms. The technique reduces medium cultivation costs while increasing the utilization of the
cultivation room by 4-5 times per year.
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* 1. HEEFERE T ENINLEEHERE 2 8k (2014/2/17 10:00-17:00) °

Table 1. Variation of temperature and relative humidity for both indoors and outdoors greenhouse with blowing
chill fog (continuous spraying) at the period of 10:00-17:00 on February 17, 2014.

Temperature (C) Relative humidity (%)
Time ORG1 ORG2 Outdoor ORG1 ORG2 Outdoor
00:00 15.1 14.9 15.6 100.0 98.4 88.2
01:00 14.8 14.5 15.4 100.0 97.9 88.5
02:00 14.7 14.4 15.2 100.0 98.3 89.2
03:00 14.4 14.1 14.9 100.0 98.2 88.9
04:00 13.9 13.7 14.4 100.0 98.0 89.0
05:00 13.8 13.6 14.3 100.0 98.6 90.0
06:00 13.6 13.4 14.1 100.0 98.4 90.0
07:00 15.2 15.8 14.7 100.0 99.8 90.1
08:00 23.1 21.9 18.0 76.8 79.1 79.0
09:00 32.6 24.1 21.9 42.1 41.9 59.1
10:00 385 254 25.2 30.3 46.9 454
11:00 39.2 22.5 26.4 26.9 67.6 42.0
12:00 39.8 222 28.2 254 72.8 37.8
13:00 40.1 22.5 28.2 259 67.0 35.4
14:00 38.5 22.1 27.5 31.6 66.5 424
15:00 37.4 23.1 26.9 33.7 60.6 45.7
16:00 35.0 24.1 259 36.0 65.1 46.8
17:00 28.0 22.4 24.1 539 64.6 56.1
18:00 21.5 20.1 22.3 71.8 80.3 66.9
19:00 19.5 19.3 21.0 84.8 86.3 73.7
20:00 18.9 18.9 20.1 93.3 88.0 77.6
21:00 18.6 18.7 19.8 99.1 90.0 79.4
22:00 18.9 18.8 19.9 100.0 89.9 79.8

23:00 18.4 18.4 19.7 100.0 93.1 81.3
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A Study on Applying Micro-Fog Chiller Blowing
System in the Open Roof Greenhouse

Fu-Liang Hong', Li-Duhng Huarng’, and Ming-Hwi Yao™"

Abstract

Hong, F. L., L. D. Huarng, and M. H. Yao. 2016. A study on applying micro-fog chiller
blowing system in the open roof greenhouse. J. Taiwan Agric. Res. 65(2):146-153.

This study used an open-roof greenhouse to evaluate the evaporative cooling efficiency of a
micro-fog chiller blowing system in the open roof greenhouse. A traditional blowing sprayer cool-
ing system uses turbulent fan with room temperature fog/mist sprayer coordinated with the control
of spraying amount and relative humidity to cool down temperature inside a greenhouse. Due to the
lack of ability to reduce temperature of the fog, the cooling efficiency inside the greenhouse is not so
effective. Therefore, a micro-fog chiller blowing system by spraying 10°C micro-fog at 100 kgf cm™
pressure has been setup and applied for this purpose. The opened roof enabled the hot humid air
to rise and exhaust from the top openings of the greenhouse, whereas the cold dry air was blowing
through side wall openings for cooling down temperature and lowering relative humidity inside the
greenhouse. It resulted in excellent cooling effect. Experimental results showed that when the outdoor
temperature was 28.2°C at 12:00, the greenhouse (ORG1) without installing the cooling system would
cumulate the radiant heat to the maximum extent and increased temperature up to 39.8°C during day-
time. On the other hand, the greenhouse installed with a micro-fog chiller blowing system (ORG2)
had its temperature to 22.2°C with relative humidity of 72.8%. The cooling effect reached more than
15°C in temperature reduction and could keep it up in a steady state. Results suggest that the micro-
fog chiller blowing system is capable of reducing temperature inside the greenhouse effectively.

Key words: Open-roof greenhouse, Micro-fog chiller, Blowing system, Evaporative cooling.
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R HF R A 548 L A &G (Oryza sativa ssp. japonica) % % & % SM6I »

CWY981128 & CNY911303 % & # #F > £ 5 E # A
JLs iR AT B B
CWY981126 #a % At at 2 o
&Mﬂéﬁﬂ FEsh 0 3 SEH A 28% R T

WA R B o i —

SRk ©

2016 « 8 A5 - BN B R B FE A
CWY981126 » CWY981127 »

100 ~ 150 ~ 200 ~ 250 % 300 mM NaCl % 5 #& 1= F] iR

SR EERAZIHBEM AT HRKRT 150 mM B @ B 0 B R R
VA 4 BAAEAG (Oryza sativa ssp. indica) sa# (%) ‘HY 15"
— B} (PEG 6000) 47848 H K 35 3R 72 -
F A CWY981126 2 i B

‘IR29’ ~ ‘IR64’
HEREH CHYLIS &)

M 0 f HYLS Bt FHE AR 82 RE R

%H+i%kcwwmu6¢ BERMREFBAEY AL BEK > BEEfond F09EK 0 BEBHST

AT EH B M 0 B3 BCF, » BC,F, & BC,F, 9= # % 5 3] % 73.6 ~ 85.5 & 88% ° ¥4

A 0 AR =] AR

FARUL oy BC,F, o0 & &0 T4 AR B RA 7TES A FRIMER E—F o 7TES A B RS,

R LDI
4B & TR A T R
PSSR
F oo i AMEAT

RAHEE

o dre LUEER

&%ﬂ‘vf ;ﬁ.vg*}?\

DT R - R MR~ KA

IS

KIEERR I ERE RN NE  ZHASE
2 HENRRBRE Y axEs—F A0
DUKRBER TR » LHERRTRERARFRE
BEH EZANE - 2008 2 ERILF 15,570 &
O3 HEAY st RS KR - S 3EA E 66,100 E 1
MY FEK [International Rice Research Institute
(IRRI) 2009] - fEZ 2K A H&mW & &8
FORAEHIE 0 - Fr4a BEE RAYBKEL S
B & 2 40 4% (Food and Agriculture Organiza-

LD7 » LD8 % LDI10 % 4 8% A& X &t 8 R B, R 4T » 323 AR CWY981126 © dy sbifeia] »

BT TAZW B F BC,F, B AT e H 88%

:@ﬁé’uaﬁf F 5 RIS FE A BALAS T 0 R H W F R R AR A ) 6
AL B P SR sk R BAL £ e $RIEA A -

tion of the United Nations) {F & 2050 4 1%
FURBEEFT REN 60% » Hp K 2EE
RIRFTHERA I EE > CEHEKHKRHERE
HEFE - BN /KR Az 2 R T G Sk 25 1Y JBR
PRER o ZR1M > RS2 ERRALE A - o B
TTHWE%%E#'?&% FEpR & A3 - AR
SR B E It ERE - E&AF
RKTEH A R B3 » R AR AR IR A W 2 5 s
R R TEY7E B YR T 2R FIR T~ — (Brown &
Halweil 1998; Pandey et al. 2000) - {5 F4y
H35% KIBEENERHE - KR4 E

FERRHEE - 2015 F 8 H 7 H 5 2 HEH 1 201549 H
"EEERE - wuypei@dns.caes.gov.tw

21 H -

URERNEEERRMELL - 58 B8R -

’ ﬁ%%ﬁ%%%%%ﬁb@%&ﬁ o B R
ZyEEABT R EEENR Y TREAMENE - 588 FER
UEEBRNBEEZ LRI - /8 5L -
ZgEAB R REEAR Y TEELRMRR - 88 FRT
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K EEZEH B8 MR f A Ry K
T - 5 S EE % E (Wang
et al. 2013b) o a2 3 & B /K 2 FH AR
/K 8 h 2 8 55 - B R6h = 5275 098 Bk
K AR R L 2 AL - (T B N R
KIEH R 2 - NIt - EERERNNGZE » 28
KigER 25 2 RIFEYHRRHIRE -

B IR /K ff 2: [R §& 5+ & (International Rice
Genome Sequencing Project; IRGSP) 2 1997
FhAEEH EFERG TH AR, (‘Nipponbare’) #E{T
RN PSR > 15 2002 4270 18 fhfE

"H AR | (Goff et al. 2002) FIFIIFE s fE 93-
17 (Yu et al. 2002) £ R4 E 7 &# 8 1% >
2005 FFEHFWSER TH AR, AR ET
HA/NZ) 389 Mb (IRGSP 2005) - 4552 #
ZRE TR SR - s FYIEE SSR
(simple sequence repeat) 1F 7K i3 £ R #8 A
nHEZHESE - LRMS - LB (co-
dominant) ~ Z > PR Ko 7] {58 2 & B 2 55 f
& (polymerase chain reaction; PCR) Ffljf(/E
FFR M BERZERAEREEEL - TR
Hi B E i1 #5558 (positional cloning) » AR TT
T TAEZE (McCouch et al. 1997) - g%
R A I AR R ER - B FH o3 + A R i i B {8
GEtE TE - KIEHEST 7 B Lk 5 iE
FERR o 1 53 TR0 ] AR A VI Re N RE B 2
& RHVFE DNA P31 ~ EH'E » HHETI DNA
R E ) & &2 (Wu & Wang 2011) -

RELHKIGZ IRV 2 R R 2 8
& Mk £ A B (quantitative trait loci; QTLs)
Pl » B R R H A 52 RE T
b i A F A PR S MBLAET T R TR A I B BB
BERIET (Wang et al. 2013a) = I H AR
QTLs [EF5 & fir - A B> 5 i — P IR fig 15 ot
PEIREY 8 EELRRE - 2R /D8 QTLs Etss E
WAE Ry B HEAEAE - R KRS EHY QTLs A [H]
BEHTRBERE T 2EEHERETRFERZ
A ERE T HIFME (Li ef al. 2005; Mac-
Millan et al. 2006; Yue et al. 2008) » H[HEEF T
it 3 3% SRR (B 52 38 e o

7 T Ak i B #E P (marker-assisted selec-
tion; MAS) J& > T2 ZE4 - H H S H AR MR
A2 (B o B A A R BRI R R A 22 42

HEREBHBMERE - W FREREER
BAREEO T AR N - P2 0 B A A R % 8
oy F-REWS IO » 0 bt B AR MR BT B R o
TERR R B M2 T (Wu & Wang 2011) - X &
FH MAS 72 /KRgE 2 e B SR R B AR
FERAEA A28 5 SR R R - it #
QTLs fE & E HE A HEAIEE » Wi
TLEL HHE QTLs S5 B EHAT 77 1k 1% - 7T
o> F IR R B AR S i /K il (Wang et
al. 2013a) » A1 A KR B2 Tt 5 /K A Y 5 1l

it B B i S A S BE A HE AR » SR 25 B
KB 2 EEEHAE - B[R B i 8 R
PR AR M 2 FronfE 0 BR TS HAROK
HRSEIN » BB E R A wIREE > KNHEA
it 25 B R BT R R RE » 1B
WEEERE THESGFEE  WRERK -
b~ BeEAK AL FEIRF A 2 BRI T » &
AT FH i 25 B8 208 5 27 i 230 B R 0 kR B Ay 2R
7E - RIBLi 26 A8 3 B /K AR Y 228 B LR M Ry
FIEEEE R EEEHE - BREOGEF L E Y
¥ AERY 0705 AR E RSB ARGE R 0 B
WBE R L AR A —EETRF > A
AT {5 2 (8 B A R R BT 1 {8 fnfE P (Mundt
1990) - BN B @A E G - EREHES
BEREAGER RS B AR AR
B — R R R o SEITHR B MR
fir PRV FER SR TR S - BB R AR R a1
Z ¥ E 7 BE # ¢ (Young & Tanksley 1989) -
FHEDINEFRI - BONE 2 MR K oy TR R
B o B GE ROV EE 2R
AGREV AR > BB E B 0] ZE H] 85-96%
(Dokku et al. 2013) » {HAM MR EC & 77 F 12
B BT E R EEANEREET -
M 25 e 246 455 7K R ) 288 5 Rl oy B 5 Y o g T o XD
% o

AT EE R BT o i B A B A N
JE 2 2 RE R HAHRCERE - PEHIERREZ A
PAKMEERES » AR EERE T LA K
D8 QTLs & 7 & 1Y # i 5 tff (MacMillan et
al. 2006; Yue et al. 2008; Zang et al. 2008) >
H At A S 8 /D B £ AR £ % QTLs » 40
qtl12.1 ~ DROI 3% 8157 Ff2 % EM11-11 8%
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HEHAY QTLs - fiif 81 MH BH 2 SKC1 ¥l Saltol »
7S b L IR Y i 28 0 FE A 1A 7K F MAS & &
(Ren et al. 2005; Bernier ef al. 2007; Kumar et
al. 2007; Uga et al. 2013) o (Rt - #EFE E oppE
&%~ RO B ~ i B AR A R i o R
% > S 3 T i 2 L B KR L AR ) R TR
HEEAAT (Yue et al. 2008) -
FELEFEE T ETKEEE R
{8 W 306 A iR BB B o T ) A A R H B A
EEYEENA N T B Z— - Iwo (2007) 1£
B F AL 89 (sodium azide) 3% & KHE & & 67
9% (‘TNGO7) ZE88 i & Rk - 1 1 B A
BEERBE W T o &5 SRR 4y B B A i B R RN
EEZE 4 5L 2 - Yen & Lin (2011) HIZE 1,005 (@
FERG 32 2 B 911303 5F (CNY911303) fy FH A
ik £ B5 (EMS) s% %8 A > & 258 i B8 o
% SM61 > 3% bt R i B SR BB Y Pokkali® Jz
‘Nona Bokra’ & T A1 B8 /K A8 L Ad - 2B {855
M7 &5 R 9 B L B 1l B — UM AR R P 2] -
Wu (2013) DL TR64” &% 2 J0A8 E (b 355 2 i
R MORE > 1E My JERF#E(T 20% PEG 6000 7%
W HEK ik = IR - 45 R BTG 126 1k
M, Mif &4k - B ARE M, A 3 DL
28% PEG 6000 5 /& 1T R MEMERD - 455858
WA ERELARRA T SEMEME - Lilss
REURNCERFHE N o] IR A0 SR 1
A B A 0 55 K s 2 F 3
HRhEEBEIEEY I LR S
VR TR > BRI I R AR AR 15 A JE 2B 1) 3 B UK
AR EE - A1 0E 5 RE IR FE 2 ERBRE AV & %8 (Wu
2013) « EL it > A BT 75 F F R RS I B A &
CWY981126 J fill 7 it & &t f HY 15 Ky ¥
Ao BEE 2 REIXE HYLS 2 S A
CWY981126 tf - [MfE[O] 50 @R » Z AT
RIS ETT R K B R B 1% - PR H DL oy TR
ZE RN AR LR B R I M AT M
R Y [F] R B A B R i 2 2 R A R

=5)
HE

)
°
=

M¥F5E
AERMH

fit &

an SR S [E) B 4 R 2 i 32

rere

]

65% H521

CNY911303 52K H | mM B FALHFEE &
BT, Tl s E®REEL L K
mm 2 Mg AU L 100 mM 2 EMS 75 7% F X
HITHE > HEBLDEREFEMLEEE
> Mg A& b Z 7 3 ZE R 15 A A 150 mM
NaCl 75 % # 17 1if 3 & 258 - 45 SR 3 tff SM61
CWY981126 ~ CWY981127 f1 CWY981128 =
4 (E P I 2 IR M EE 2 5 & o I 4 (L A R
FEIA CNY911303 - RI&R[E] NaCl B 53 R
it 32 14 R E AR o B IE S (8 i 2 DUKFE R S
BRI S5 EE - S RILEE 100~ 150
200 ~ 250 Kz 300 mM NaCl 7 7K # % # {7 15
58 B 4y 2 B3 R B > 37 DL RCBD (randomized
complete block design) 2zt HEY] » & AR
NEDRERR IR A 4 E1E > GEE 8 -
e 1 d 1% > BGETITE SRR E - i
B S5 47 R 2% Two et al. (2008) f£%E IRRI
(2002) FiriE K TEEEAE BT Al 21 40 < B 25 o SR AR 248
(standard evaluation system for rice; SES) o &%
PPk RN R IAEE - DIEHE 7 TR B S
T B AR A -

HEEA S R S EL © DLHY15 ~ IR29”
‘IR64* Jz SM1 2 4 {f Fill 75 (O. sativa ssp. indica)
Ftbft - Hrp HY 1S By ERRE S [ 2 it 2
2 fl RS fnfd o T TR29° 1 TR64” Rl Ky [ 5
MKk FE T (International Rice Research Insti-
tute; IRRI) 5[#E 7 GR/K BRI miE - 20
SM1 f% IR64” DL E (L8 B P s ML &
B R 2 fm % - 4 @il (R) ERKE 5
5 24HEH 3 EESEF 0 2L 28% PEG 6000
K R 1T 15 R /K 3 B R B - 3 LA RCBD
ETHEY o & il () RREIFIIERA 4
GEE Sk - IR 1 d 1% FIHGETTIT R
FRE M F R E AR E R A IRRI (1996)
Pt B /K AR AR A 2o 4R HE T  &X L BR T 52
o oI B JROREA -
MR RIERE

it 6 S R A A ¢ R TR R ) R R
HiF - DLRHERSH K (Benomyl) #ifE 1,000x
BROHEME T 1 d o RSP RERE L 80 fL
YR B TR AT /KRS » /Kb E B ER X
EEUARM K B &% /5 (Kimura B solution)
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(Yoshida 1976) #E{T - SEZFFE T LA 0.5% /K#H
RIEE > EARE | BRI EHRE DOKPNR
FrEERE 3 BRI A 1.5 KBHR - &
FAPRPHEE 5 BEHRET - DL NaCl 2 1.5x JKBHR
HELTI B T AR R 4G - [FIRF DUBUEEY ‘TR64” {8y
SOt e o 1 B S B R R ] A B et
PR [R]85 R P T i 2 M 2 R AT - M T
FEHBN H 2 BC,F, [BI5X& A > HIIN B
B ETEKEE - BRI R AE TR647
i B8 5 4 P 3 2 7 ARRF > BT IR KR B (1E]
) - FFEERRAR EHEEE > LREER
fETHH -

ik 5% BB B S AR R A < ORHE T [E B R A
IR TR 1,000x RN ERET 1d> H
i 5% SR LT L RE Y 80 FLAYREE b 1T /KB
I o BEIRERRANRAARK B BHER
Bo 5 > SFRET DL 0.5x KRS &E - &4
RE | BRI EHRE DOKBIR > FELERE
3 BEBRIF FHARL 1.5x KPR - EfERE RS
2 3 TElRH > HETTI A6 AT AG o BITDL 28%
PEG 6000 .2 1.5x /KRB - [F]HF 8 A B
A CIR64” {F Ry ¥ IR AL - i P B F R A E
PR > PRAI IRRI (1996) At KRS IR REA5 2
GHEAT o oy TR B 51 BC/F, » BCF, &

BC,F, [O] 52 1% AN R B 1% » Ty #EATIRAK
T R SR 25 S B L e TR 64 [T SR S5 4R S 19 3 7 4]
- BIAETTIEKERE ([ 2) - /&AL R A
ZHMEEE - TUWEESHETFIA -

BEoh o Ryt i IR ER R R 2 &
2 fEKHHE N 4 AT - B L R4 E
i & K s fir BT A IR64” 1E B ¥ - {F
Ry IR EGERR - FORIRIEE RS S H K%
fE o & IR64 IRILAEFE > %K A
THRE - LHEFETEKEIER - IR64” HYH
IR E R IR FE 1 K R -

0 SRR BN 7K A iy 52 B MY B A5 1 2 M

[==]
[==1=:]
=

PLUHYL1S {fEBERNE - CWY981126 &
W R BT I AR F, AU
T PR B - AR T > BN R HR3
Z i FAREL CWY 981126 HETT [HI S HREF AL -
& [ AL (BC)F, » BC,F, » BC,F,) F 2L 28
% PEG 6000 /K25 5 3 17 A 88 5l B - [RI AR i
FEH 3 HIEKREGTERE— 5 B R H
1 o G HEREAN BT 12 Hr 0
FEEE 30 centiMorgan Z 73 ¥~ {5 HLHE 1T 73 A7
Fery SR > ElER AR AR CWY 981126 35 {H# [d]
EREGZHERAETER R KR > EEZER

1 KRR E M B S R AR - (A) EARERIEY - RS 0 (B) 1ERRER Ferli s Miz#Es= 1t -
MTEEEELR Ry 13 (C) HrREER Selmsicht Bt MTEEEA R 3 5 (D) HERRER &9 12 #2f5 10 > INEESR R 5 5 (B)
TERREE R 49 2/3 BzR AL - TitEESEaRcRy 7 5 (F) fEbE T 2Rib ab o Mt SRR 9 -

Fig. 1.

Standards used for evaluating salt-tolerance in rice seedlings. (A) When plant growth is normal, the scale of

salt-tolerance is denoted 0; (B) some leaves are rolled or discolored, the scale of salt-tolerance is denoted 1; (C) some
leaf tips are drying, the scale of salt-tolerance is denoted 3; (D) about 1/2 leaves are drying, the scale of salt-tolerance
is denoted 5; (E) about 2/3 leaves are drying, the scale of salt-tolerance is denoted 7; and (F) whole plant nearly dead

and wilted, the scale of salt-tolerance is denoted 9.
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B2 KA SR AR ~(A)-(F) By SR S K o i R - R R RS e
SERIE (A) REZFURHL » SRR 0 5 (B) RAPREER BBlisR P86 » 5540 1 5 (O) HMKEER Jetiztiaiit -
SR 3 1 (D) HEMKEER 49 12 826 ML - B9 S ¢ (B) HIER €923 SR Ak - S8R 7 (F) k%
gtk SR O -

Fig. 2. The different scales of rice morphology in response to drought treatment. (A)—(F) Rice was treated with 28%
PEG 6000 at 3-leaf-old stage and scaled as (A) none treatment, the scale of drought-tolerance is denoted 0. (B) Some
leaves are rolled or discolored, the scale of drought-tolerance is denoted 1. (C) Some leaves tips are drying, the scale
of drought-tolerance is denoted 3. (D) About 1/2 leaves of the plant are drying, the scale of drought-tolerance is de-
noted 5. (E) About 2/3 leaves of the plant are drying, the scale of drought-tolerance is denoted 7. (F) The whole plants

are almost dead and drying, the scale of drought-tolerance is denoted 1, respectively.

T K EK BCF, T o £ BC,F, R 4
J&#5E BC,F, 2 T4 BIEUHE LR &
% 2 1% TS B K R R A E R R 0 T
J& 35 2 BC,F, 43 RIS FE 5 22 f& F-3lfi i} 77 BC,F,
o % © BC,Fy i R AIIL#ET 28% PEG 6000 ft
K8 R 200 mM BB 5y i85 > FEHERRT 2 B
R - i E PR RCBD s Bgsk st - 43
B GEE 4P o 5 I B R i
M A R B E EEAINRRE > 0 3 B -
DSIE DT

7K 8 DNA Y ¢ /KFE A R B8 DNA (Y%
HUR W R AT - RHUKFESEER 4 cm
WiEEER > KAREIRL 1 dig > RAB%E
Kazuhiro et al. (1998) #£3 benzyl chloride
JEHETT DNA ZEHY -

PCR X & ~ & ¥k 43 BT S 5k R 2 A1 58 -
PCR [ Jf& % B8 ik 53 17 £k A Liao (2012) 5%
0977 LT > PR T B A PCR B4 1%
P DNA R BeK/IN - 8Bk (B s 5 PR 1 {3

DNA {7 > H 8 HY1S5 fRiFHEZ - Al
FRERMEEGF ARG A HHE 1
{lEl DNA A7 M 8L ‘IR64” R MH[EE » R+
MRERET  BRRALHE B FRFER S
350 A (8 7 I L R R A A (B B R A &
+ - BRI EE S H - Y BCF, ~ BC,F, 15
RBERZ+ 0 R EHCEFARMEE - B
Sl S e A B R B 6 43 i v R B i 2R [
HM&E+ BEENEG T H - EFREREH RS
BEREEMNEFAZ  AIREHEE > o
G TR YD TN =R Ry I

BN R 7 R 0 AR ST A
SSR K STS 7 T IE M HETT 70 47 > 1 53 T IR e
Z PSR HE Hsu (2012) 3% 7 2RIV 7+
REM & RLHETT » BIBEEE CWY981126 A1 ‘HY15°
2 2 B M7 IR AT 0 A o 7 TR 2
frE » AIEESNE{TE%ET SSR K indel HHTH > H
TTa%ET 2 SSR AR FHR B KA 7+ 1k B} EE 4
V5 Gramene (http://www.gramene.org/markers/

microsat/) B2 2 SSR 43 Tk %1 (Sup-
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HY15 x CWY981126

F.

\L | 28% PEG treatment

Selected F, x CWY981126

BC,F,
\L | 28% PEG treatment

Selected BC,F, (44)

\L | Background selection by 51 markers

Selected BC,F, (7) x CWY981126

BC,F,
\L | 28% PEG treatment
Selected BC,F, (34)

| Background selection by 57 markers
Selected BC,F, (9)

BC,F,

| 28% PEG treatment

Selected BC,F, (46)

| Background selection by 76 markers

Selected BC,F, (9)

BC,F| 28% PEG or 200 mM NaCl |

3. TR BN RS 22 CWY981126 B H AL - B 28% PEG 6000 /Koy pa st K FHH
S T RMBER Y - SR BUE Rt 1 (BB 3 AP E AR, -

Fig. 3. The backcross breeding scheme for transfering the drought-tolerant trait to CWY981126 by MAS (marker-
assisted selection), with details of the treatment of 28% PEG 6000 and markers used for background selection. The
numbers of plants selected in each generation are indicated in parentheses.

plementary Table 18, IRGSP 2005) > indel HJ
et AIIE R4 Shen er al. (2004) Fi#$3% indel
A BT R S 55T

G BHE SRR« A E S TR EER
Bt o 0 DU VK SR SR RS R BN LA B
PSR LT 2 {1 i A R B R RO ] L % AL
iY77 T - (£ H] RAP-DB kg it IRGSO/
RAP build 5 it BAC/PAC i1 & » #H # i 1F
IRGSP #41if Build 5 Jfz A 22 A7 Y 75 $54 & 3 fir

B 4SS F A GGT 2.0: graphical geno-
types/2007 edition §X #& (http://www.wagenin-
genur.nl/) BELTHET T > MR E BB 2
I3 TR Y S B 5 4 Y

#Et b+ s P &R ET 20 A 6 Micro-
soft Office Excel 2010 E ZE v 48 » ¥ 5 b
FEEBNEZNSEREHE R ETE
i W E#EEERZIAEHELILSD (a =
0.05) 77 i £ [E B -
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R

FRRII 35 A E

75 db SR B AN R B 20 R R Az 1 - AT A
CNY911303 ~ SM61 ~ CWY981126 ~ CWY981127
K CWY981128 % 5 ([ & >k & % it 1T 100 ~
150 ~ 200 ~ 250 K 300 mM 7 [ i B 4 e feE
M 52 VEEE 8 > &5 2R AE 100 mM B 73 8% 1 >
FERRAE R HE 2 d 157 BIIBH 4R Y BRI B S = 52 -
H R EREE R - SE3HER SM61 Fh o Hifk 4 (85 %
& 100 mM BBy iR B 5 d BF 2 3 &% 0 1M
£ 7 d B 2 CWY981127 5f » HEkm R IR
I 3L > 9 dBEDLE: £ SM61 2 fiif B
FHRERE > HEN 4 dEAMALRUE
ZF T RLLLE o & HER T oM R % E EL g
B BonZNS5~ 79 R 14 d > Hidh & [HE
Z R B B 2 FOKAE > T 14 d Z i
HIERLL CWY 981126 Mt EERIR AR EE (R 1) -

£ 150 mM BE 73 s g BT > Y 2 d B
mAERFBERE RN ESZR 3 diF
PR CWYO81127 4 » Her 4 (Hm A BETEI 4 -
MAE S d i > AEER T SM61 Z4h » HakinZ
BRI 3R L > CWY981128 F A EEF 54 -
FE10 dis > BinHEEE TR LE - BERE
= 1 BL CWY 981126 {5 & £ f (£ #Y firf B %
Boe % 14 dBF > CNY911303 BL CWY981128
Mif B S AR 9 4R EEER 3 mAITRE I &
(F1D-

£ 200 ~ 250 Kz 300 mM #5i #¢ B 43 i 5
FRERNF - B F g 2 d I FRE B E3
BBl b Hor DL SM61 4y i B R IR A
U - MR RE% 24 d 0 HIZ 3 5-8
AR > WHRMEFIMNEEHR IR M
{8 ih Z 48 3 T v B 0 R R B AR 0 SEIR S
CWY981126 fif B L B 10 4 518 BRI (5%
1)

&t LU 733 0 CWY981126 A5 2
£ 100 ~ 250 Jz 300 mM fEEEE 2y R B T 0 5
ERBRERNMME LS REGEHESNHE
B 4 {5 % o A 200 ~ 250 K2 300 mM F5 f¢
B o e BN BRI IR i 0 BOYEHES
SEAVIMT BN > BURA G R A [FRE Y

rere

]

65% H521

M52 M o 75 100 B 150 mM 855 77 R HH ==
i 09 SM61 fl CWY981127 » H£E 200 ~
250 5 300 mM FEEEEE R T o B EE ST
MEAGH —EENBERIE (1) -

LA R MEEIE ¢ HY 15 ~ IR29” ~ ‘IR64°
o SM1 FE TGRS 3 BE#RHE > DL 28% PEG
6000 #ETTIABEG K SR T > 45 SRSk 4K B
KR 1 d BRI HR T R R 2R - &
2dE - FrA MR (R) 2R S ME3d
BEER T IR29 ZEE 7 4] > H Ak it IR ZE
FEH T - HAE 4 dHEB HY1S WS
TR TR29 »(HZ B 48 (E 8 dif 2 F IR29
EE 94 - KEHETMER B A
REGRE G RIEZEFEZKE > BER HYIS 19
i 52 S FESR IR AR KMt 5 bt % SMIL > {H 1 d BT
DLHY 15 YR ERE > WL 8 d 2t &
FH = A B B S TR29° (3R 2) »

bt 4 {5 2 3 EEHR 28% PEG 6000 £5
BHOKPIREE 2 ERAHEE R Hrp
‘HY 15 48 HA 2 i 52 22 3R 30 oK B 2 15 T LR
G E IR64 K IR29 > HJFEATFE R ‘HY 15
i SR T R IR IR 4D B - AR
A FE A RS M 4 REFHAR A RIR it 247
ME o b Lin et al. (2014) S8 > ‘HY1S
B B L M R AAEAOE 4 K e
*%E ‘TKY’ ?ﬁ ’ \le:l:% ‘HY15 & BC4F4 l:IElI:l%’lZ
ERMREREZRVFHEEN  BRTEEEE
R HH B A AR R AR Y =5 FE i 5214 - 280
A T RE BT B A R T A B 2 B
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%2 4 (ERIRGSTELE 3 SERANHILL 28% PEG 6000 3 i 554045 -
Table 2. The scale of drought-tolerance on 1-9 scales of four indica rice treated with 28% PEG 6000 at three-leaf-

old seedling stage.

Scale of drought-tolerance

Days after treatment

Line or variety 1 2 3 4 5 6 7 8

HY15 2.56 5.50 6.69 7.63 7.56 7.75 8.25 8.88
IR64 2.88 5.75 6.50 7.31 7.50 7.56 8.13 8.81
SM1 2.75 5.44 6.44 7.19 7.19 7.44 7.94 8.63
IR29 3.31 5.88 7.06 7.50 7.50 7.56 8.25 9.00

BEAIEG T B0 T B R B SRR K 0 TP
&% 37 % BC/F, B2 CWY981126 (3 {# 48 Ll f&
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3. CWY981126 8 ‘HY15" RN B SR S A TR B & -
Table 3. The number of polymorphic markers between CWY981126 and ‘HY 15’ used for background selection.

Genetic marker

Backcross generation Chromosome SSR STS Indel Subtotal
LD-BC/F, 1 6 0 1 7
2 2 0 4 6
3 5 0 0 5
4 1 0 4 5
5 1 1 1 3
6 2 1 0 3
7 3 1 1 5
8 0 0 2 2
9 0 1 2 3
10 1 0 1 2
11 3 1 1 5
12 4 0 1 5
Total 28 5 18 51
LD-BGC,F, 1 5 0 2 7
2 6 0 1 7
3 3 1 2 6
4 1 1 3 5
5 4 0 0 4
6 2 1 1 4
7 3 0 1 4
8 3 0 1 4
9 1 1 3 5
10 1 0 1 2
11 2 1 1 4
12 5 0 0 5
Total 36 5 16 57
LD-BC,F, 1 14 0 6 9
2 14 1 1 8
3 10 1 3 6
4 3 0 4 5
5 11 0 1 7
6 9 1 1 7
7 10 0 2 6
8 6 1 4 8
9 3 0 3 5
10 4 0 3 5
11 7 0 3 5
12 14 0 0 5
Total 41 4 31 76
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Fig. 4. The polymorphic markers used for background selection in backcross population. 51 markers among all
markers were applied to BC,F, background selection (star), 57 markers among all markers were applied to BC,F,
background selection (triangle), and 76 markers among all markers were applied to BC,F, background selection (cir-
cle). The prefixes RM indicates SSR markers, C, R, S or E indicates STS markers, and CH, STS, SLS or RI indicates
indel markers.
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5. CWY981126/'HY 15> 73 T8k B [ 5S JEE+E BCF, ~ BC,F, fil BC,F, [Bl{EHH AL CWY981126 FLA#GEL
BRI » fo EAREFEACHIE » FEINABUE BIREE -
Fig. 5. The frequency distribution of recurrent parent genome (RPG) recovered rate using marker-assisted back-

crossing in BC,F,, BC,F,, and BC,F, populations derived from the backcross of CWY981126/‘HY 15°. The numbers
in the upper left indicate the mean values of RPG recovered (+ SD) in each generation.

4. LLT76 (85 THHEIE R o3 T RIS B B LA A CWY981126 B ‘HY 1S RS & (X BC,F, Z A NASH

BZ °
Table 4. Marker-assisted selection analysis of genome composition of BC,F, derived from cross between
CWY981126 and ‘HY'15’ by 76 polymorphic markers.

A B* H" - RPG recovered Total
Individual® (%) (%) (%) (%) (%) (cM) Recombinant" H-segment'
CWY981126 0.0 100.0 0.0 0.0 100.00 1,363.2 0 0
38 0.0 92.9 7.1 0.0 96.45 1,363.2 9 5
4 1.1 92.4 6.5 0.0 95.65 1,363.2 8 3
18 0.0 88.9 11.1 0.0 94.45 1,363.2 13 7
37 2.5 88.4 9.1 0.0 92.95 1,363.2 7 4
3 8.7 87.7 3.6 0.0 89.50 1,363.2 6 2
13 5.6 87.4 7.0 0.0 90.90 1,363.2 9 3
46 4.9 87.3 3.7 1.4 89.15 1,363.2 14 3
9 4.4 86.1 9.5 0.0 90.85 1,363.2 6 1
40 1.2 85.9 13.0 0.0 92.40 1,363.2 10 5
14 7.3 85.8 6.9 0.0 89.25 1,363.2 9 4
17 4.8 85.8 9.5 0.0 90.55 1,363.2 11 6
11 0.0 85.6 14.4 0.0 92.80 1,363.2 7 4
10 5.8 85.5 8.7 0.0 89.85 1,363.2 10 4
8 4.1 85.3 10.7 0.0 90.65 1,363.2 13 4
6 3.7 85.0 11.3 0.0 90.65 1,363.2 3
16 8.4 85.0 6.7 0.0 88.35 1,363.2 9 3
32 6.5 85.0 8.5 0.0 89.25 1,363.2 12 4
19 0.8 84.8 14.4 0.0 92.00 1,363.2 9 4
29 5.5 84.7 8.4 1.4 88.90 1,363.2 14 5
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Table 4.

Marker-assisted selection analysis of genome composition of BC,F, derived from cross between
CWY981126 and ‘HY'15” by 76 polymorphic markers (continued).

A B* H" - RPG recovered Total
Individual” (%) (%) (%) (%) (%) (cM) Recombinant' H-segment'
22 8.5 84.6 6.3 0.6 87.75 1,363.2 15 5
12 8.2 84.1 6.3 1.4 87.25 1,363.2 11 3
20 9.5 84.1 6.4 0.0 87.30 1,363.2 11 4
35 5.6 83.8 10.6 0.0 89.10 1,363.2 9 4
7 9.3 83.4 7.3 0.0 87.05 1,363.2 7 2
24 8.8 83.0 8.2 0.0 87.10 1,363.2 13 2
21 7.1 82.7 5.8 4.4 85.60 1,363.2 14 4
34 2.1 82.6 15.3 0.0 90.25 1,363.2 14 7
25 11.8 81.9 49 1.4 84.35 1,363.2 14 3
44 23 81.3 16.4 0.0 89.50 1,363.2 12 6
1 6.1 80.9 11.9 1.1 86.85 1,363.2 17 7
5 4.1 80.8 15.1 0.0 88.35 1,363.2 16 7
15 0.0 80.4 19.6 0.0 90.20 1,363.2 11 6
41 7.6 80.2 12.1 0.0 86.25 1,363.2 14 5
31 7.8 80.0 9.7 2.5 84.85 1,363.2 20 5
2 4.0 79.4 13.9 2.7 86.35 1,363.2 14 6
45 0.6 79.2 18.7 1.4 88.55 1,363.2 17 8
28 10.7 79.1 8.8 1.4 83.50 1,363.2 16 5
26 6.6 78.6 10.8 4.0 84.00 1,363.2 16 4
39 9.0 78.2 12.8 0.0 84.60 1,363.2 16 7
43 11.0 78.1 9.5 1.4 82.85 1,363.2 14 4
27 9.1 76.9 12.6 1.4 83.20 1,363.2 12 3
30 5.1 75.8 19.1 0.0 85.35 1,363.2 18 8
36 14.4 75.6 10 0.0 80.60 1,363.2 16 5
23 14.0 73.8 12.2 0.0 79.90 1,363.2 20 8
42 9.0 73.7 17.3 0.0 82.35 1,363.2 14 6
33 13.5 71.2 13.9 1.4 78.15 1,363.2 15 6
HY15 100.0 0.0 0.0 0.0 0.00 1,363.2 0 0

“ Arrangement by the percentage of RPG (recurrent parent genome) recovered.
* The percentage of ‘HY 15’ genome.

* The percentage of CWY981126 genome.
“The percentage of heterozygote.
" The percentage of missing data.

“ The frequency of crossing-over happened in chromosome segments.

 Amount of heterozygote in all markers.
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#5. HY15 ~ CWY981126 FI 10 {E[fif 55 % 3 TEESHE 1L 28% PEG 6000 [ {4 2 [if 525547 7 JE -

Table 5. The scale of drought-tolerance in ‘HY'15’, drought sensitive parent CWY981126, and 10 drought-tolerant
BC,F, lines by the treatment of 28% PEG 6000 solution at 3-leaf-old seedling stage.

Score of drought tolerance

Days after treatment

Line or variety 1 2 3 4 5 6 7 8
HY15 5.00 ¢ 4.67¢ 450d 450¢ 450d 5.00 ¢ 4.67¢ 450d
CWY981126 6.17b 6.67 ab 6.67 ab 7.17 ab 7.00 ab 6.17b 6.67 ab 6.67 ab
LD1 6.33b 6.17 bed 6.50 abc 6.50 bed 6.50 abc 6.33b 6.17 bed 6.50 abc
LD2 7.67a 7.50a 7.67a 783 a 7.83a 7.67a 7.50 a 7.67 a
LD3 5.67 be 5.67 bede 6.00 be 6.17 bed 6.50 abc 5.67 be 5.67 bede 6.00 be
LD4 5.50 be 5.67bcde  6.67 ab 7.00 abc 7.00 ab 5.50 be 5.67bcde  6.67 ab
LD5 6.33b 6.33 abc 6.50 abc 6.33 bed 6.33 be 6.33b 6.33 abc 6.50 abc
LD6 5.83 be 6.00 bed 6.67 ab 6.83 abcd  7.00 ab 5.83 be 6.00 bed 6.67 ab
LD7 5.00 ¢ 5.00 de 533 cd 5.67 de 517 cd 5.00 ¢ 5.00 de 533 cd
LD8 5.33 be 5.33 cde 6.00 be 6.00 bed 5.83 bed 5.33 be 5.33 cde 6.00 be
LD9 5.17 be 5.17 cde 5.67 bed 5.83 cd 6.00 be 5.17 be 5.17 cde 5.67 bed
LD10 6.00 be 6.17 bed 6.33 be 6.33 bed 6.50 abc 6.00 be 6.17 bed 6.33 be

“ Means with the same letter of a row are not significantly different at 5% level by LSD test.

6. HYI5 -~ CWY981126 F1 7 {55 % 5 BEHSHF DL 200 mM NaCl fE B % 7 MifEE 40 S JE -

Table 6. The scale of salt-tolerance in ‘HY15’, CWY981126, and 7 drought-tolerant BC,F, lines by the treatment of
200 mM NaCl at 5-leaf-old seedling stage.

Score of salt tolerance
Days after treatment

Days after rewater treatment

Line or variety 4 5 6 7 8 2 4 6
HY15 32a 40a 4.7a 6.2a 7.0a 72a 72a 7.0a
CWY981126 30a 3.3 ab 3.8 ab 56a 7.0a 72a 72a 7.5 ab
LDI1 30a 30b 3.7 ab 4.3 be 6.0 ab 7.0 ab 6.7a 6.5 ab
LD3 33a 3.7 ab 4.0 ab 6.0 ab 72 a 73a 72a 7.2 ab
LD5 30a 30b 3.5ab 5.2 ab 6.2 ab 6.7 ab 6.3 ab 6.3 ab
LD7 30a 30b 33D 4.7 abc 5.0 ab 6.7 ab 6.7 ab 6.7 ab
LD8 30a 33 ab 33b 4.5 abe 6.0 ab 6.5 ab 5.8 ab 6.2 ab
LD9 33a 3.3 ab 3.5ab 5.5ab 6.8 ab 73a 7.2 ab 6.7 ab
LDI10 30a 3.2 ab 30b 33¢ 57b 5.7b 6.0b 6.0b

“ Means with the same letter of a row are not significantly different at 5% level by LSD test.
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Increasing Drought Tolerance in a Salt-Tolerant
Japonica Rice Cultivar Using Marker-Assisted Selection

I-Chun Lien', Chieh-Wei Kuo’, Su-Chen Kuo®, Yann-Rong Lin*, and Yong-Pei Wu™>"

Abstract

Lien, I. C., C. W. Kuo, S. C. Kuo, Y. R. Lin, and Y. P. Wu. 2016. Increasing drought
tolerance in a salt-tolerant Japonica rice cultivar using marker-assisted selection. J. Taiwan
Agric. Res. 65(2):154-172.

Five mutant lines of Oryza sativa ssp. japonica, SM61, CWY981126, CWY981127,
CWY9811268, and CNY911303, were evaluated for salt tolerance by treated with 100, 150, 200, 250,
and 300 mM NacCl solutions, respectively. The CWY981126 showed the most tolerant cultivar under
all concentrations except 150 mM of NaCl. On the other hand, drought tolerant cultivars were evalu-
ated among four indica rice cultivars including ‘HY'15°, ‘IR29’, ‘IR64’, and SM1 by treated with 28%
PEG 6000. The ‘HY 15’ showed the best tolerance to drought stress. To improve drought tolerance in
the salt-tolerant japonica cultivar, the ‘HY 15’ was used as a donor parent to pyramid the drought tol-
erant trait into the CWY981126. After two backcross generations, the drought tolerant trait was suc-
cessfully introgressed into the salinity tolerant line, CWY981126. For each generation, all progenies
were visually screened by drought or salinity stress tolerant phenotypes combined with a background
selection using molecular markers. The recovery rates of recurrent parental genome in BC,F,, BC,F,,
and BC,F, were 73.6%, 85.5%, and 88%, respectively. Seven accessions of BC,F, exhibited better
drought tolerance than the recurrent parent, and four of them such as LD1, LD7, LDS, and LD10 also
showed good salinity tolerance, indicating that these lines have dual tolerance to drought and salinity.
Thus, new accessions harboring both drought and salinity tolerance were bred and could be applied to
cultivate in fields with water deficiency and high salinity in Taiwan.

Key words: Marker-assisted selection, Drought tolerance, Salinity tolerance, Rice.
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BT AR MRSy > #ER R T Re 2 B YY)
HY [ 8215 2 /E B (Yang et al. 2013) - Kessler
& Baldwin (2001) B755E8 & I0H B i FH S JE &
A e KR B IE SRS K (Manduca sexta
Linnaeus) UNAVHH &2 o 4P > I EREEI =
BRI 45 (Populus nigra Italica) HR1& 3%
51 %] > fE % F} (Ichneumonidae) 2y 4 14 1Y #5
H » 8 Ol B HE4H 2 6 % (McCormick et al.
2014) -
FAEMEHH AR EES T/ R EN
MR B /B AT > K
] FE s E S Y MR TR
EEEAYIE =B E i1 (Dicke 2015) - Mallinger et
al. (2011) N REHZ W& R &= it K
1ol Rl e 5 [ K ZUF (Aphis glycines Matsu-
mura) FYRHEL > 7R K SRR > B
a5 o B MY S MR Ry AT O 5 [ R BIE PR
FaaAVIERTE - AT K ER 40 7E A BRI 2T BRET W]
o e ok B 2 YR ERREE E
LR Y R E a2 A6 (Penaflor &
Bento 2013) o HfE 7% B /A b 98 35K i JeE it 4
Bt o AEUER AR S B 2 B A M /K A5 B8 S
=X 3-Cb-1-8% ~ 2-K 202 J & B bt 4 7
a2 EYES R Y I RS S IR
R DUEBESER S NHEGES I Kz &E
b SRR EE B N FE # AR T -

MRS E

HEEE - (FREM K BEE

7KA5 % F g (methyl salicylate) » 4/ 99.0% ;
JIg = 3-2 #-1-% (cis-3-hexen-1-ol) » 4fi &
98.0% ; 2-7K Z [i# (2-phenylethanol) » 4f &
99.0% ; JJL & (linalool) » 4lifE 97.0% K /. f%
(ethanol absolute) » 4fif& > 99.9% > HEH &
BERRGARAE  KEEFHE =R (&

rere

]

65% H521

28.0 cm » & 16.5 cm) fEE IR EARAFE
FEHSENEE (B 1.5 cm £4.5cm) [§
H 2K Kimble 2\ F] °

KR & 5 7% 275 James (2003b) - FIJ A
w5 o g MV HR SRRy (RN B & &I
HE) o= RGN H [ RSB HH K
B S E Ryl 3 mL e SR EHEE
WHEN - RIEES FRERK 0.3 cm [EIfLH
FIRHH - BLS0 em BEBRSR RGN (Y B E 1%
(EB R AR L > W F R IR R T m e e
it EETE BRI R A E R R B E 2
TERREHR b (8 RAAT) - BRDUS 2R T I (R
SRS - RIFYIAR S EETRE) (E 1) -

i B it B T A Ry R AE BV DURCH R
AR BV HE - DR A AR ZE 7R
REGERATE 4 HE D B R R BT
(6 HFEE R 189 57) (plum, 1.1
ha) ~ fit#C[E (loquat, 0.5 ha) ~ E>KH (maize,
0.3 ha) K& B H (lettuce, 0.3 ha) » F it 4 #f
H & 77 J& el ~ 18 & i3 3 A EEYER
5 - EAEE S EEEREE - DR
e B & DR E T A EHH R &
/N EROR R E IR Y A s B R el & B
& i EYE 4 R IR D F (22 gE
P H S R - & &SR T > Y
AR B E Ea S A o AR - MR E
FRICEE RN - Fo A Faa HAE - e KiE
f 5 ML BATCAE R - RS A E R A
B EORH ¢ B o F R A AR R A K
a5 SEH - FACH] > THEEFR LS
Fe it o BEAN 0 b 4 5 FH I S 3 A SR B ok
Jit FH AL B2 | -
NEABEFEZBYIER TN D ¥ R
BEIbYES

Fy BRI 4 Flas 55 8 2 T Y a8 Ml oy
REHIFE IR > RO (R 60m - 5
60 m) #JE 50 PRt CRPE A 10 ¥k » m LA
5Pk BRI ILEREER S m DL ) K53 Rl
SRR Z KGHE PR - THX 3-C0%-1-5
2-RZWEIIBERNEGORNR > DLERERE
faf a7y <~ $HHaAH s L Rh iR - BETR AR Y B E
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1. (A) &2 EEAE YRV Bl R 2 FEIC LU (B) AR A [EIEY) H e i s R
Fig. 1. The photographs of (A) the combination of a herbivore-induced plant volatile and a yellow sticky paper, and
(B) the schematic diagram of the heights of yellow sticky papers hanged in different farmlands.

A E o B EEL L7 m - &2 wk & >
AT [ B = E - WAL R _E Pl i€
Z R R AR 10 EHE -
NEIREKIZEE FRBR Y KEGAS IR

Ry ABOKG R P A FDRE R &R 8 EH K
B Z A5 IR > 2% James (2006) ¥ £ R E
i 5% 5 1 80 SR Bk B o BT (0 ) 2 7K A5 B T I O
(99.0 ~ 10.0 } 1.0%) > i HFEF %R 0.1% 2
TEFE > Hf10.0 - 1.0 K 0.1% = FE R L Fs i
KA e B DL Z B A 1 - A P L B E 60
PRI (RPEE 12 #k > mFdLmE Stk - SRR
BEEIPEEESE 5 m DLE) > B ECA BRI KA
BHB = O - BiESRIBEZRER
B~ PUR AR B BC B sy Z S IR 4 = (A -
E R R Y B E R AR A B RHE S Y
1.7 m e &2 wk & > RE BB =%
A ECERAEIR BT R R B E - Al
B 10 4R -

KiGERFERES T EREFEEYE
SR D R EIRAEAS IR

FAEURG CHE &S HE YR
SrRE A1 m KA EE R R EHIEA S RUR » 2
# Maeda et al. (2015) P& ENH S M E
o Z YRS MR R G - B AEE
I {6 PRI By 388 50 ) e L s 5 [ SR S BR P A
ZEWRPIRE T - RIGETOEEE 50 PRI
fa CGRPG1E 10 #k > BG5S #k > EFREILMHE
PEEEREE S m LLE) 5 B RS FC R A R K AG R
Hflis ~ KGR 1 2 REIER 3-C0%-1-82
KRS 1 1R G 2-58 28 KoK L B
1: REIIEREZ = ORI R AR sl
ZHHR A B (U Rh A - BERAR S 188 X Mg At Y A
b BEEEL 1.7 m - £802 wk 1% > KRR
et bR = A > WECER AR AT R
TSR EE - Al 10 HE -
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KiGEEFREEIR N EFY)HE ¥ XEGES|

FIHE AR BEYIRR & s 8K 50 F B
HRE ZFH IR > 77 Rl B 2wl B A R AR
CREORHE KRS EWH I EAEEY H & ET
HE o A EBESE HPRUEE O (R 25
m > & 25 m) EE 20 FRALIER CGRPEA 5 %
m b 4 B IR LRI 5 m DL L) > B
e AR K 1% B 2 5 e R A B R FE it 5
oy 2 B IR AH = RN - PEARIGHE A B E AT
B F o B EEL 1.7 m - &2 wk ik
AR AT A = B A > WL sRANR L P&
Kz @ E - A 10 EE - £~kH
AR E AN FOREF L (25 m H 25 m)
BIL20 fRSZZR (F 25 em v /5 1.7 m > P A
AL SR - EdLm 4 iR > B 2R RRE S m
DL L) BB R W KA L s~ & B
R EE RO SRk oy 2 $H IR A 5 Akl BRI
HPVEE S E - 82 wk 18 0 BRI A
EnEBlE > WECskAN b A& R T
HE - ARl 10 EHE - BEHRBKE B
FHEHPL (R25m> %25 m) 8517 20 fRZ
B (R25cem> 580 cm HEMRILS
b 4R AR IERERE S m PLE) >
FEBC AR R K45 1 B B 2 o Ca Rh AR B AR F5 BT (2%
s 2 HIRAH B RN - B GE N B E
2o &2 wkig o BN OEREBRZ
WGECER RN AT K s R R > A
B 10 E15 -

KIGERFREREAS |\ RIcBREBHE

By MoK 5 e P B e & v R A 5 5 |
INBAEIER - YRR 2014 52K 2015 SER{EF
FER—R ] (1-2 ) PgEET R A -
B B R EE L (R 25 m > T 25 m) &
JE 20 PR GRS S B > ML 4 7k 0 Bk
e pEREIIR S m BLE) - RS EC AR5 B /K ik
B B ORI ORI IC sty 2 iR = &
R - BERRRRHE Y B E IR o RS
JEZ) 1.7 m o 881 wk 1% » KRG 015 B == 81
£ WA L AT RE S R B
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]

65% H521

wk & 1%
& -
AT DT

Al B P 15 % TH el B & k9 DL SAS-EG
(Version 4.1, 2006) &t5t o7 Hrek g8 #E 1T o747 -
A [E] a5 28 M P A T o S R R 5
R ~ N [EDR K50 B R GRS 13
B oK Gl FRRES N E S EFEZEY
EEER S BE RS R AR 3 B
Frte 2 sl B &L - RETTE T 017 (analysis
of variance; ANOVA) & » L FE/NEEER
1 A B (least significant difference test; LSD
test) AT EEREE N - KGR HRERAEE
V) & KR 5 B oK S B R Bash o /N R
L REERHER B 2R BER > AL -test
73 M 7K A5 B Y B pe B 4H B A S E RS &

HEHFE 4 wk o A5 10

fER

NE 22 EFE 2 BYDIE RN D ¥ KA
BSIbYES

Kl H s~ H 3-C%-1-8 - 2- K 2
B J 0 E I 4 T8 = 0h H 2 MY S Mk oy
oo (EKIG R F BN BICBR A BE S
W EHEEHER T EN/NREEEREE
R2S5% MESHHIAEN 0.4 &5 FR/NE
EWEEIN > 4 e BHE 2 HYEE R
B S B0 &R (Cheilomenes sexmaculata Fabri-
cius) ~ EPF[E ST 82 (Cryptogonus orbiculus
Gyllenhal) ~ KH[EETE (Cryptogonus ohtai
Sasaji) - {EUC K f5 58 H #9248 16 5 K i BH
AR R D) -
ANERE IKIGES FREE I KGR S IR

99.0% 7K 15k H B P 17 18 2 /N B AT IR R B
B (52 &) Fm o HRIR 1.0% (4.9 &/%
) K 0.1% (4.8 &/46R) KiGHE B Z 4
AR 3 R Pr i 2 /NRICIHE R B B
=R ERAE (0.9 E/A6HR) < 10.0% /K45 8% H B
BREEAH (2.1 B/AER) Fril s 2 /BT SR8
BHERHIGME S - (B 2R - [E)
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#1.

Table 1.
attracting natural enemies in plum orchard”.

ZKAGEE TS ~ EEC 3-C0-1-1% ~ 2-R 208 RO R B E T35 [ RR WOk -

The effectiveness [means (+ SE)] of methyl salicylate, cis-3-hexen-1-ol, 2-phenylethanol, and linalool on

Natural enemy

Mean number of natural enemies (+ SE)

(species, genus, family or order) ~Methyl salicylate Cis-3-hexen-1-0l 2-Phenylethanol Linalool Control
Orius 25(04)a 09(04)b 0.8(0.2)b 0.7(0.2) b 0.4(0.2)b
Coccinellidae 4.3(0.7) ab 2.9(0.3)b 5.0(0.8)a 4.3(0.9) ab 5.8(0.8)a
Cheilomenes sexmaculata 3.9(0.5) ab 29(0.3)b 4.7 (0.9) ab 3.9(0.6) ab 55(0.8)a
Cryptogonus orbiculus 0.2(0.1)a 0.0(0.0)a 02(0.1)a 0.3(0.2)a 0.2(0.2)a
Cryptogonus ohtai 02(0.1)a 0.0 (0.0)a 02(0.1)a 0.1(0.1)a 0.0 (0.0)a
Syrphidae 23(14)a 1.6 (0.5)a 1.5(04)a 09(0.2)a 0.5(0.2)a
Hymenoptera 9.5(0.6) ab 7.4(0.7)b 10.3(0.5)a 83 (1.1)ab 8.9 (0.9) ab

“ Experiment conducted in a Taiwan Agricultural Research Institute plum orchard.
¥ For each natural enemy, means followed by the same letter are not significantly different at P < 0.05 (Fisher’s protected LSD test).

99.0% 7K 15 % H s i 2 4H AT 4/ J€ 2 7~ iR Tl 22 B
B (3.7 &3 BEENEEIA (1.8 &/3k
) > ELeR A [F % R i B AH P 47l 1 /X (R P aa B
AR IR % o H B IR EE I
A2 FE T 25 R P FE A P 7 1 B A e B
BRI E AR (R 2) -
KiGERFIERESTNRREFEEYE
SEIERN DR EIRBGAS IR

K5 W B R A I 3-C 4 - 1% Fr 4 7€
ZNBILESEE 3.3 8/H) &Y HAR
Kl R E A (3.2 B/35R) - W PTiliE
ZNBALBERME B EE SN E I 0.6 &/
#itR) ¢ KR R ERE 2- K 2B RO B BRR &
Z pr FEAH AT N CEE R B E (2.1 /35
HE PR IRAH (0.6 B/RAR) % > [ERILRE R

2.

FEER - KGR S 2-K LR HE ATl
T TENME %R (Campylomma chinensis
Schuh) #& (1.8 &/3h#R) » #FE = N H A
(0.9 &/36HR) » H &k % R P 4H B IR 40 R B f
BEER - RILZAN 0 KEGEEERES 2-K4
B i B AH P 2 N IR BIER B E (2.5 /35
HZ/DNHIEH (5.5 /75K » mHEGSEHE
HFTE ANRIISEE > UK EHEAER
i 2 ST S 2A 55 B K H IR 20 B a5 8 2 B B
IR MEAE =R - EfEICFrifEs 2 8iE
b BrOKAG R B R & H 3-C - 1- 12 g
GHAN (9.1 &/3h4R) - Hek & R HAH P&t
RS IR (4.3 E/35R) % 0 DK
M HERG 2- R LR AT ER M E
= (30.8 &/F54R) 5 M £ P B AH P R 8 2 B A
gy E B IRAH ] B A R (R 3) -

IR Z /KA T BRI e h ek 5 [ RBLZ B8CR -

Table 2. The effectiveness [means (+ SE)] of different concentration methyl salicylate on attracting natural enemies

in plum orchard”.

Mean number of natural enemies (+ SE)

Natural enemy

Methyl salicylate

(species, genus, family or order) 99.0% 10.0% 1.0% 0.1% Alcohol Control
Orius 52(1.h)a" 2.1(0.2)b 49 (0.5 a 48(1.3)a 0.5(0.2)¢ 0.9 (0.3) be
Coccinellidae 4.0(0.7)a 2.6(0.5ab 3.4(09)ab 22(04)b 2.5(0.3) ab 1.8(0.4)b
Cheilomenes sexmaculata 3.7(0.7)a 2.4 (0.5) ab 3.1(0.7) ab 1.9(0.5)b 2.3 (0.4) ab 1.8(0.4)b
Hymenoptera 11.6 (0.9) b 16.0(1.7)ab 18.1(1.0)a 157(0.8)ab  16.6 (3.6)ab  15.2(1.5)ab

“ Experiment conducted in a Taiwan Agricultural Research Institute plum orchard.
” For each natural enemy, means followed by the same letter are not significantly different at P < 0.05 (Fisher’s protected LSD test).
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% 3.
Table 3.

65% H521

KA HIE L PR SIFEE 3-C0f-1-1% ~ 2- R 2R s (B EE MR E A5 | KRB 80R -

The effectiveness [means (+ SE)] of methyl salicylate mixed with cis-3-hexen-1-ol, 2-phenylethanol or

linalool in 1:1 ratio on attracting natural enemies in plum orchard”.

Mean number of natural enemies (+ SE)

Natural enemy

Methyl salicylate/ Methyl salicylate/

Methyl salicylate/

(species, genus, family or order) Methyl salicylate  cis-3-hexen-1-0l  2-phenylethanol linalool Control

Orius 32(0.9)a 33(09)a 2.1(0.6) ab 1.7 (0.7) ab 0.6(0.3)b
Campylomma chinensis 1.8 (1.1) ab 0.5(0.3)b 32(14)a 0.6 (0.3) b 0.9 (0.7)b
Coccinellidae 5.2(0.9) ab 6.1 (1.1)a 2.8(0.5)b 4.9 (1.7) ab 59(1.3)a
Cheilomenes sexmaculata 4.8 (0.9) ab 52(1.0)a 2.5(0.6)b 4.4 (1.7) ab 55(1.3)a
Cryptogonus orbiculus 0.3(0.2)a 0.5(0.2)a 0.1(0.1)a 0.5(0.2)a 0.3(0.2)a
Cryptogonus ohtai 0.1(0.1)a 0.2(0.1)a 0.3(0.2)a 0.0 (0.0) a 0.0 (0.0)a
Syrphidae 21.2(5.7)a 9.1(2.1)b 30.8(5.9)a 21.7(4.1)a 43(09)b
Hymenoptera 27.8(3.3)a 26.5(3.8)a 22.9(2.6)a 282 (3.1)a 258(2.7)a

“ Experiment conducted in a Taiwan Agricultural Research Institute plum orchard.
” For each natural enemy, means followed by the same letter are not significantly different at P < 0.05 (Fisher’s protected LSD test).

KGR FRBR S N E (F ) B ¥ KBRS
RIVER

7K 5 B PP i 45 e B Ca R AR AL AT (R P 4
FNEIEEREE (3.3 &/350) BB iR
% (0.5 &/3R) ¢ £ IORH/K Il B 2 4
B/ NRACRREE (1.6 /3 THES
REFIEEE (0.2 &/350) © B E A RS
R K5I H ERmHE P BRI E 5.7 &
INRIERES - 1B IR PR A 12 0.8
& FR/NBIEESRSL > A5 ETRHE S PR -
fEIC R By A b > MEBLH IR B R E =
(F4) -

# 4.

INIGEEFRERESS /) RIC B S BB g

K5 B B e 55 0 R RER 5 [/ NRTE I 5
ZHEGEHE T o 7 2014 FFEEE 4 wk YA H
AT Ery NBACHE S 3E (4.8 2.3 3.0 k2 3.8
/R HEELNEIRE (1250305 &
0.9 &/F6HR) 5 2015 /K5 1% FF I i T4 45 P 41l
NBICE SRR (3.6 2.1 ~ 4.1 L 4.8 €/
) TREERE LY BREE (0.5~ 0.1~ 1.1 f2 1.7
E/ER) (& 5) -

S
&3 F o B Z V) S VR T R YY) - 5 -

KL BRI RLAT ~ FORKEE 3 TR EEYHERES R R -

Table 4. The effectiveness [means (+ SE)] of methyl salicylate on attracting natural enemies in loquat, maize, and

lettuce fields”.

Mean number of natural enemies (+ SE)

Natural enemy Loquat

Maize Lettuce

(species, genus, family or order) Methyl salicylate ~ Control Methyl salicylate ~ Control Methyl salicylate  Control

Orius 3.3(0.7) 0.5(0.3) 1.6 (0.2) 0.2 (0.1) 5.7 (0.8) 0.8 (0.4)
Campylomma chinensis 0.9 (0.2) 0.8 (0.2) 2.6 (1.4) 1.8 (0.7) 1.4 (0.3) 0.7 (0.2)
Syrphidae 0.9 (0.4) 0.7 (0.4) 0.1(0.1) 0.1(0.1) 0.1(0.1) 0.1(0.1)
Hymenoptera 10.7 (1.5) 9.4(1.3) 21.2 (4.6) 17.2(3.8) 22.2(2.2) 20.1(1.8)

“ Experiments conducted in Taiwan Agricultural Research Institute loquat, maize and lettuce field.
" For each natural enemy, the asterisk indicated a significant difference from the control at P < 0.05 (¢-test).
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5. 2014 R 2015 £F 1-2 HE AT 4 wk PG E T EKSEE R AT NBICES7S [BOR 2668
Table 5. The investigation results [means (+ SE)] of the effectiveness of methyl salicylate on attracting Orius in
plum orchard for four successive weeks on January—February in 2014 and 2015".

Mean number of natural enemies (+ SE)

2014 2015
Week Methyl salicylate Control Methyl salicylate Control
1 4.8 (1.0) 1.2 (0.6) 3.6 (0.7) 0.5(0.2)
2 2.3(0.5) 0.3(0.2) 2.1(0.4) 0.1 (0.1)
3 3.0 (1.1) 0.5 (0.3) 4.1(1.4) 1.1(0.3)
4 3.8(0.7) 0.9 (0.3) 4.8 (1.3) 1.7 (0.4)

“ Experiment conducted in a Taiwan Agricultural Research Institute plum orchard.
For each natural enemy, the asterisk indicates a significant difference from the control at P < 0.05 (s-test).

KBRS EEEAT  PEESRD
AT B IR % FEYISUE R A YT E B 2 78
1 Rt =52 EEH (War et al. 2011; Pena-
flor & Bento 2013)  SLAfF5E 2 B H /K5 HE H S
%4 MR ERE L EYEE MR > NEEH
M KA R E RS R -

AR KGR F B - IH 3-CME-1-
B~ 2-RZME RO R 4 e ERE 2 HYE
BERSY Rl ORI R TERE K
MUA /NBACIE S ~ NIRALER - fOIC fe a7 A g
o BEIR 4 T N FRTER ~ fOIC R AT AR
RO A BEER 5 R E /K R F B S/
BACB S A BAEENF SRR -

5 B M 5 7K A5 B B B P a5 5 | 26 F K
(James 2003a, 2003b; De Boer & Dicke 2004;
James & Price 2004; James 2005) » & 28 A Wf
FEI 7K 45 % B B 5]t FH R P 1 el B B /K 5
FBE R G A & 5 E 2 AV 3 MR A
Sarh > KiGHE R R R R AH B E 55 5 [ /S IR Bl aa L
fEgT - HIERLE ~ FoREEEREEYHEZ
B o HERER T/ NRICE RN 2 KR
SIRRAIREE - THAX 3-Cha-1-82 - 2-K 4
B} )0 BRAE R S 7 B H A B K i R R
S5 (Zhu et al. 1999; James 2005; Williams
et al. 2008; Yu et al. 2008; McCormick et al.
2014) - HAG R ELE A AHER 2 - [E 3
i o 36 R I S S 55 5 [ R < James (2005)
o H R EUEEGIREE - 261 - (EY 4 REFHEHE
i NIEESMER F B e g B aERE I E
YIRS MR R 5 TR - AR

B HITEY) S AR Rt ~ #ETT 3R A A I DA
FEESHE P &EFSENEPERE » &
REHEEIRIERGEE -

7K R B B 7S = A I 7 e 2 ]
AW T RE A T | B/ N RICE SR - B O
laevigatus Fieber ~ O. tristicolor F O. similis
Zheng (James 2003b; James 2005; Yu et al.
2008; Lee 2010; Stepanycheva et al. 2014) -
ENTENIN TGN eI A=W i el a RN
TRl R EF TR 0 99.0 ~ 1.0 k2 0.1% K15
B R EHME 2 NRICE R B E SR E
I EIEAH > 10.0% K51 B Bep PR AH A &
/NG A S B B 2 IR A 2 (H R
5L - James (2006) WFFE#EHR 25 99.0% /Kim
FEEEZ 10.0% K 1.0% 7K#5 8k FH BE il 1E 5 20 51
% (Chrysopa oculata Say) ; De Boer & Dicke
(2004) R /K 158 H g DA IE C e iR A [E1R
(0.02~0.2~2~20~200 F 2,000 pg mL™) >
A DAY B AE At 3 R R A A e 2 55 S8R
G5 SR BURKAGEE F EE Y 0.2-200 ng mL™ 2
i B B A R EE 5 R - HRLL2 pg
mL" i FE A S R AR WA 5 S R AT - R
HKAE (0.02 pg mL™) SERFEES ROR  iRE
K5 (2,000 pg mLY) AR A SRR - B
T K A5 B B B S R 5 5 | R R R s R
FER R e - Aak B 0.1% K58 H Bs Al
HNBICBREBEES IR - HEFIRR
1 99.0% 1 1.0% k8135 72 5 - 12 H i g FH I
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EEYE Y ERGEERGTHEEANES
MRS ARR L JREEER A TR B
A 1 FE oy R EOA A aVEE 5 3R » JRA]
HE% 5 | FI 5 2 @AY Kl (Kaplan 2012) <l 3-
C-1-1 ~ X -208-3-C /%5 (cis-3-hexenyl
acetate) /K5 B R A AT A W4T o B ) &
e 2 A5 (James & Price 2004; James
2005) - Macda et al. (2015) 1% %5 @ L&
MR FLL R S IIE 3-C /%-1-82 ~ IH
H-28-3-ChiE foK G il #PEE%
HEZWEBMEH | EE R EE SR
F# o [hAh > Toth et al. (2009) JREEF AN
% | 3R 2. (phenylacetaldehyde) %512
(Chrysoperla carnea sensu lato) B 5 [ UEE »
b ARy R R A 7K 5 B B e R 5 2 T R
F o AE KGR PR S HEr 3 EaES
B YRR - A REEE I INE/NE
TGS ~ REEDTRR S5 - AN IRTIE T 08 &
fiEriiEEE 0 HEKGRFERREAIHER 3-
Ci%-1-B2t% > SLE (& {1 R /K58 B FEEL -
HACIC Y E R E M EZ AR - HalEnds
RUIE5 - KPR S HAr s EFE 2 HE
VIR R 12 G R B HE REEE S 1R
N ZESRFEL R —ERA 11 FERH
il FEE P IS B 1725 S HE AR AY R ER 204h
THEEHEMEREAZE - MR
Al KGR FEEF LGRS IES 3- Cf-1-
B i (5 FH /K5 B FE B P PR A F B 58 26 /N R AT
W5 BEAN TGRS REEEZR - A
i > B ] FE R RS Z LEBE R e T
HNBICHE R 25180 - QA R g Sl batE
o7,

James (2006) > A M8 i b B2 EE 7| 2 &) &)
[ DL &5 35 15 L /K 15 e HF B 3 e IR AR
(Chrysopa oculata Say) #E{TIHE - 45 H Y
&S5 wk (VEH & S 0 JT 3 wk /K5 g H e iR B
2 E O e R R E i iR % 5-8
% - IR FSZ L FE M 0T &6 & EimEE
w2 B R M RE > TR R 5 RS N i &
BIEHREEEREEYG et E R EEDN
K (James 2003a, 2003b, 2006) - [ i & HE
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nigricornis) i ¥ L 5 /K45 B FH s s 2 FH &
NEE - KGR H Bl B AR TE IR R
HEITRHVEM - A E Rk o IR IS
oG H At FH P K B > 7 B K Y R B
BRI EDIGIERR (James 2003a, 2003b;
James & Price 2004) - Kruidhof et al. (2015)
e TS AL SR T e e B R
PR B & 35 58 2 AE Y 8V o HO S ERE
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REE R B RE RS EYE SR W R
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BIEMTE ST - 2014 4 K 2015 4 [ 4F [ i 1]
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al. 2002; Lu et al. 2011)  Kelly et al. (2014)
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Evaluation of the Effectiveness of
Four Herbivore-Induced Plant Volatiles on
Attracting Natural Enemies

Yaw-Jen Dong' and Shaw-Yhi Hwang™"

Abstract

Dong, Y. J. and S. Y. Hwang. 2016. Evaluation of the effectiveness of four herbivore-
induced plant volatiles on attracting natural enemies. J. Taiwan Agric. Res. 65(2):173—-183.

Four synthetic herbivore-induced plant volatiles (methyl salicylate, cis-3-hexen-1-ol, 2-phenyl-
ethanol, and linalool) were field-tested for the effectiveness in attracting natural enemies at the Tai-
wan Agricultural Research Institute. Orius, Cheilomenes sexmaculata, flower flies (Syrphidae), and
Hymenoptera parasitoids which are major natural enemies can be trapped by yellow sticky papers.
In four volatiles tested, only methyl salicylate significantly attracted Orius. All volatiles showed no
significant attraction to Cheilomenes sexmaculata, Syrphidae, and Hymenoptera parasitoids. Further-
more, the attractions of methyl salicylate to Orius were different at different concentrations. Besides
10.0% methyl salicylate (2.1/trap), 99.0% (5.2/trap), 1.0% (4.9/trap), and 0.1% (4.8/trap) methyl
salicylate attracted significantly more Orius than control (0.9/trap). Comparing with control (0.6/
trap), more Orius were significantly trapped on yellow sticky papers in the treatments with a mix-
ture of methyl salicylate and cis-3-hexen-1-ol (3.3/trap) and with methyl salicylate only (3.2/trap).
Investigations conducted at a plum orchard for four successive weeks in 2014 and 2015 showed that
methyl salicylate attracted significantly more Orius than control at every time point. In addition, yel-
low sticky paper with methyl salicylate also trapped significantly more Orius than control in loquat,
maize and lettuce fields. In summary, methyl salicylate has the potential to be a field attractant against
Orius. However, the influences of methyl salicylate at different concentrations and mixed with other
herbivore-induced plant volatiles need to be considered.

Key words: Herbivore induced plant volatiles, Methyl salicylate, Orius, Attractant.
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1k 7% A% 4 K B B U SR B R T 0 R /D R SR B
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bag) ~ F 1 H 3 E % H LS (half-white bag) -
£ H %% (white bag) ~ =48 (yellow bag) B
43 (black bag) % 6 f&E - 4443 Ky [6] J7 45 4k i
MARAF4LEZ 16 HELEL > £30em - T
45 em - FHEPEZEHRAE AR LG RN
EAE > 40 om0 H 20 em o EASBIRASR
Rt A EAE > &30 cm 0 H 25 om - B
e A Ry 2 B % SR 1R 2 T SR (2014/4/23) - i
4% e JE B0 FE KOS 44% FL B (dimethoate)
40.8% [& #F #4 FL 7 (chlorpyrifos) ~ 2.4% 5
W% K B 75 (deltamethrin) ~ 50% %5 % FA 2L 7
(fenthion) ~ 33.5% 1 15 %5 7K £ % (oxine-cop-
per) ~ 80% 1@ £ P 15 Z 1] JR M ) B (fosetyl-
aluminium + oxine-copper) Eil 40.64% fl {#
BeoK SR (carbofuran) » i 5B ES£SRE R 3%
#1- GEESE | HEHE  SELEEET
SEE  ENAETEZERYE  UTNSRESE
HIN 2 B sk A IR T S BUR T 5 (HOBO
Pendant Temperature/Light Data Logger UA-
002, Onset, Boston, USA) > 10 min 3¢ §% 1
&R HEEECEE 1 mo o
RERETINAE

SE T 2014/5/25 [F] W BR UL AT R E
EEMEREE - BREHEESERERIK
REREE BHEEREHSHE - SEH
PEREHL 25 M R BT ERELE - ZOhf
12 0-100% LL 10% By &fE 73 &% > S HUHS 10
R AL > B TE AL o 1]
B E GBI oy A BE L 10 R SR E DA A B
& 2t (PAL-1, ATAGO, Tokyo, Japan) M jE °
B EEEEHEZEE (color meter ZE 2000,
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1. A BRI ERR 2014 FE3-5 H ) »
Table 1. Record of pesticide applications and bagging treatments (March—May, 2014).
Bagging treatment
No Net  Half-white ~ White  Yellow  Black
Date Treatment bagging  bag bag bag bag bag
March 22th  Deltamethrin 1,500x, Chlorpyrifos 1,000x, o’ ° ° ° ° °
Oxine-copper 2,000
March 28th  Carbofuran 1,200x, Dimethoate 1,000x, ° ° . ° ° °
Fosetyl-aluminium + oxine-copper 1,000x
April 7th Deltamethrin 1,500%, Fenthion 1,000x, ° ° ° . ° °
Oxine-copper 2,000x
April 17th  Chlorpyrifos 1,000, Dimethoate 1,000x, ° ° . . ° °
Fosetyl-aluminium + oxine-copper 1,000x
April 25th  Bagging
Aprial 28th  Deltamethrin 1,500x, Carbofuran 1,200x, °
Oxine-copper 2,000
May 8th Deltamethrin 1,500, Fenthion 1,000x, °
Oxine-copper 2,000x
May 16th Deltamethrin 1,500%, Oxine-copper 2,000x °
May 25th Harvest and investigation

“ Pesticide treatment; note: all these treated fruit were harvested and analyzed for pesticide residues on May 25th.

&R M (Yang et al. 1998) » 7 5 57 #] Bl B
F 1% FEMEL 0.2-0.3 g » DAEEFRSEHIER BN
bk DU RS SRR ERE - FF A 1.4 mL 80%
acetone ZEHUR BN 1.5 mL HELE < INE R
LL 16,000% g By (260D, Denville, NJ, USA)
5min - Bl | mL _BJER - BEAATFEADEE - ?
TSR (U-2900, HITACHI, Tokyo, Japan)
I TE 663.6 81 646.6 nm JF £ E - AL
AETHBEELRZE a ~ b R (Porra ef al. 1989) >
Chlorophylls a + b JE[E (ng g') = (17.76 x
A646.6 + 7.34 x AG63.6)/EREERETE (g) - PE4E
{EFEE R EETET ZMAE - R H R
F % BE%EL0.2-0.3 g » DI K PHIER
B Wk R R R R - A 1.4
mL 80% methyl alcohol Z£HY - & A 1.5 mL &
ODE R AEOR T LA 16,000% g @0y 5 min > HY
I mL BB - BEAAEANER T HEEES
(U-2900, HITACHI, Tokyo, Japan) JH[5E 530 Ei
657 nm Jff & Z R HE - EALNHGEIEFTE
TS - HIEEZEE (ng g) = (A530 - 0.333 x
A646.6)/FRIESEE () (Giusti & Wrolstad 2001) ©

EEEIEB O
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RREFEEYEY B ETRERY 2T %
Pt ABR T 0 AT RAE AR A S
QuEChERS 73 #17A #47 730 (FI F &M Ko A8
ey £ Bt =B B R 1 S e B #T)
HET DT

Fff B & #l &  Microsoft Office Word B
Excel #E1T & fHE A BL[E 48 - S SAS
9.13 MAHET T8 ET 0 » W DA/ N 22 5 Ty
#7172 (least significant difference; LSD) #E {T
7531 -

EES

NEERAZRERIL
MRS B IR G R AR ERN G ERIN
REBEORE > FRTRRERARBLERIZ
fh > BEEREHEIPOREEEMEE KR - #
A PRULHT 1 mo HYFHIRE - 7Y 13:00 Z F i
= 0 T 06:00 O AR K o PR B E R R T



EARD > MEMERERD I HESARE
B X 2 afRE &S - &S
BEEZZ13:00 2R E > RESAERAES
&> HEREE N 1-2CEA - dEE
ZEHREE(L &R 20T - e Rz
48C > 2A/N P THEFERAENEERE
5 3-7C - o] REL SR/ 22 RmE - R
HEREORE BT (B 1A ~ 1B) » 2RI
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SyATHR o DLE LS 2 A M [E AU 4 20.5°Brix
B HAES  PARESONERESEE
% ([ 3B) - MEBERI KR TZERNEN
{ES oA M E R YIS TR - Zabpikk TR
BESEGOILFRR 1 & HREZEGL
Bl 46-65% [ > REIELKEH A
‘L] (18 3C) - AEELSETEFUER
VEERE > (HRET RN A2 L R REE MR
ENEES (B 3D) -

R RN R T 75 i R R R
REEBZVE REEGZINMERET > =
CHBOESEH Y RGEGRE B SHE)

ZERENT (&

=18

O(.) ig (A)—No bagging ——Net bag —— Half-White bag ——White bag Yellow bag —Black bag
o i1 ‘ L
= 40 {. ' [ l‘ |
“('6 35 ‘I | [ | | -FI | J 1 hl \ 'R RN
@ 30 ‘ VLI Mo N
g' 25\ B W Y\ VRRWANAVAN R AN ’rr i
o 20 ' : ¥ >
- E
é’ O ¥ VO N~ DO DO T N O T WO~ D DO = N®TE WL O N~NDOD OO = N
A3 dd 88 8§ ® 09 @9 @ 9 9 9 O« “T v = - - - & N o
8 g;;;;;;?BBBBBBBBBBmBmmmmmmmmmm
S
Date
38 (B) === No bagging 60000 (C) === No bagging
8 36 s Net bag ’><\ == Net bag
= 3 4 === Half-White bag 3 50000 == Half-White bag|
9 === White bag ; = White bag
3 32 Yellow bag 8 40000 Yellow bag
g- 30 — Black bag E — Black bag
2 £ 30000
o 28 =
b —
()
% 26 8) 20000
5 24 o
> 2 10000
<< 22 <
f
1234567 8 9101112131415161718192021222324 1234567 8 9101112131415161718192021222324
Hour Hour
1. AEELSEHEISNE HREEE (A) ~ /NG ZREEE (B) ~ R/ NS Z e IREE(E (C) -
Fig. 1. Diurnal variations in temperature (A)—(B) and illuminance (C) inside bags made of different bagging materi-

als.
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0.3 mg L JHE L 0.2 mg L ZF7RHA ﬂ¢
FRECEBEDNCEREZYEAE0.2 mg

~ White bag

2. TEfE, SRR EESERE Y R IRSNE -

The peel color of “Yu-Her-Pao’ litchi fruit packed on tree with different bagging materials.

Fig. 2.

BesH 2

BRI H A O 2B AT AE 0.5 mg

o 4SS IR B i BR %] 0.01 mg L™ Fa 7 fA 8
0.01 mg L 558 » LKL FEIETRRBJAZ:EJ 0.01
mg L™ PR » i H4S - SN ESREE
SRR LE B R R g Y (NLD.; non-detective) °
TR i R EE R B M EDHT R PR (58 3) ©

SE

TR, BB A fy e fE TR -
CREORMEL, R TEDR, BERd BEAKE - 4
h R EBINREEZKESEE RS £
"R, B UK EE S EEEE R
TS EE  EEEEREEEERE - AKX
7 e v B 0 AR P S5 G BG (Teng & Fang
2012) - fEEAZ 2L AN TEfirf, EELS
KA EARET > Rl a5 BB W 7 1 4
FRERAEENERREZ  §7-10 d g —J0E
TR aEEE - ZERILET 10-14 d {2 1EF % -
PR 5 FE e R R UGB 49 2 wk o A U 0 2 %
PRI 053 e BR R i s SRR 55 0 i 2 58 AR 1T P

“Yellow bag
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Fig. 3. Changes in fruit weight (A), total soluble solids (B), coloration rate (C), dropping rate (D), chlorophyll
content (E), and anthocyanin content (F) of “Yu-Her-Pao’ litchi fruit packed on tree with different bagging materials.
Means with the same letter are not significantly different at P < 0.05 by LSD test. Bars indicate standard errors of the
means. The numbers in dropping rate (D) mean total fruit set number at bagging and harvest day.

2. "KW HRRELANEERE R EAEE -
Table 2. The peel color of “Yu-Her-Pao’ litchi fruit packed on tree with different bagging materials.

Color characteristics

Bagging treatment L a b

No bagging 36.63 +3.43 bc” 3.16 £9.08 ab 16.94+321b
Net bag 33.52+£285¢ 7.17 +£5.70 ab 14.08 £2.17 ¢
Half-white bag 33.97+431¢c 5.88 +£7.96 ab 14.53 £3.64 be
White bag 36.73 £3.59 be 2.06+4.94b 16.37 £2.82 be
Yellow bag 38.79+£6.18b 9.12+11.75a 16.38 +4.74 be
Black bag 56.82+3.85a 1.57+622b 2371+2.18a

“ Mean separation within columns and lines at P < 0.05 by LSD. Data were the means + standard deviation (n = 12).
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Table 3. The pesticide residues of ‘Yu-Her-Pao’ litchi with different bagging treatments.

Pesticide resides detected (mg L)

Pesticide residue (mg L) No bagging Net bag Half-white bag White bag Yellow bag Black bag
Chlorpyrifos 0.01 0.01 0.01 N.D. N.D. N.D.
Deltamethrin 0.30 0.01 N.D. N.D. N.D. N.D.
Fenthion 0.20 N.D.* N.D. N.D. N.D. N.D.

“N.D.: not detected.
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Effect of Bagging Materials on Pericarp Coloration and
Pesticide Residues of ‘Yu-Her-Pao’ Litchi
(Litchi chinensis Sonn) Fruit

Hsin-Hsiu Fang', Wen-Li Lee’, Chi-Cho Huang', and Yu-Shen Liang™

Abstract

Fang, H. H., W. L. Lee, C. C. Huang, and Y. S. Liang. 2016. Effect of bagging materials
on pericarp coloration and pesticide residues of “Yu-Her-Pao’ litchi (Litchi chinensis Sonn)
Fruits. J. Taiwan Agric. Res. 65(2):184-193.

Fruit of “Yu-Her-Pao’ litchi was packed on tree 55 days after fruit setting with different bagging
materials to improve the pericarp color and reduce the pesticide residues. The anthocyanin content of
pericarp increased in all bagging treatments. The chlorophyll content decreased in fruit packed with
yellow and black bags and increased in net bag, half-white bag and white bag. The fruit drop and fruit
growth reduced in all bagging treatments. Pesticide applications were stopped after fruit was bagged
on tree. The pesticide residues were significantly reduced by bagging treatments. Three kinds of pes-
ticides were detected in control. Two of them were detected with lower levels in fruit packed with net
bag and half-white bag. None were detected in other bagging materials including white bag, yellow
bag, and black bag. The results of this study indicated that bagging the fruit on tree with suitable bag-
ging materials can increase pericarp anthocyanin content and effectively reduce pesticide application
and residues.

Key words: Litchi, Bagging, Pesticide residues, Food safety.
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W ok 2 BL9m 82 KIRAE (Haemanthus multiflorus Martyn) 4k 3£ R+ & ¥R B 48 5 & 3L (Chenopodium
quinoa Willd.) 3 K 7% h 3L By 30 s B 9% 4 » A 3 R B — s 25 5 B E AT 1 18 2 Btk (HM4) « 4% & % HM4
Z KRHRAE R AR AE 15 2 A 3 g 4 dk Wl K- B £ 4 9% 5 #77% (indirect enzyme-linked immunesorbent
assay; indirect ELISA) & & 77 R 257k ¥ » 34 7T #iL €42 Nerine latent virus (NeLV) £ 165 37 5 84k (NeLV-LY56)
Z A il A B RORE o AR %8k - T A Bk 45 R & (reverse transcription-polymerase chain reaction; RT-PCR)
J& ) NeLV-up/Oligo-d(T),, 51 F# » T3 g th HM4 KRB B 358 & 1S kbp X R B B AFHEETILA
Fidh & NeLV 2 2k E #%& & (coat protein; CP) &% & F A B & & (cysteine-rich protein; CRP) Z #7# 42 4k
(open reading frame) ° s HM4 R H 4t 6 182 74 B K362 Carlavirus B 7% 3 5 AR A% B2 A 71 > $2 GenBank
E &A% NeLV (Acc. no. JQ395044) 4T 247 tb ¥t » & R I8 T F 5 & 5 715085 & & 4 B2 Al JL B A )
J& (identity) 34 ¥T 3£ 96-99% * #E% HM4 B H 4t 6 18 E 58 A 7 3 % NeLV © 5§ sk 7 18 K3k 76 NeLV i# 78 #k 51
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$E B Carlavirus &R 3 2 5y S LI (Wylie

& Jones 2012) o 40 » DA{E A% (05 52 K 3
F K2 i A% B Y T A B NeLV 2 #H [E 9% 5
#Y Hippeastrum latent virus (HLV) (Maat et al.
1978) » 1% B IZ L e 511 76 LRSS W & R 58 &
FEEZ%H (Wylie & Jones 2012) 5 54} »
2006 FF FE] KFEEE (Chen et al. 2006) 7K
I E45y 8 1S 2 Carlavirus 57 8tk > K& BF
NeLV % 751 16 At 23 Bl 48 R 1 A LR -
TR B 3 77 % B Fr 51 2 18 5 M e 8
@ %4 By Narcissus symptomless virus (NSV) »
S B E 5% NelV 885 L8 5L
Wiz - JMEER & NeLV #Y 77 Bk (Wylie & Jones
2012) ©

EEHEFE NN 2004 FHIR > HEBEA LM
ERIRTEAr &t ams by et 1 B Car-
lavirus B3 > BlEF GenBank | 25 8%
IR E eI LL Y o i R B E %
F o O R B R ERR R
Witk > B dr44 By Lycoris virus T ( f§fg LVT)
(Chen et al. 2004) « LVT 4 8 £ -LY56 (Gen-
Bank Acc. no. JX880023) (Chen ef al. 2004) >
41 GenBank 2 NeLV & H P4 LL¥ % -
INGEE By NeLV 73 @tk 2 — « & fE A% NeLV
SRR Z W BN RE4Y 617 nm > ¥EH 7
TRAEFEL]32.7 kDa - KE = CRHFH R
J&E LY 56 sy Btk &L s Rk 2 2 o hile - I
2 T FE F P 38 2 T e i M BAEE E (Chen et
al. 2004; Chen et al. 2005) « i 4} » NeLV
WM PETEY 232 (Chenopodium quinoa Willd.)
R IVBCEDE > R IR TR R BRI E
% NeLV it~ # & fiki% -

AW TR KERIEEER Eordd 1
TEE N Calavirus |& 2 &R E > IR ELE
fea 7% NeLV-LY 56 73 ft ik 2 Hi % (Chen et
al. 2004; Chen et al. 2005) A] EALERE - %
SR o B K ERTERY R 2 B B AR L
BT ~ R AL ITEL B R o S E H AR NeLV
Z T BERE o ARB UL B HESY B 3 7T DUEE
indirect ELISA J it B % =~ H — 1 5[ T H 0
RT-PCR T 17 G The H fe s o - HHREIER & 38
B NeLV B R £ N e Am - EESE - K
L FOK BRAEFE AR ETT -
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MK E

REHRR - BERRE

RHFFETY 2006 4 EREEAL N F I 2 1T
b2 g B 2 st B A b 20T i [ Fi A 2 K BRAE AR
PRER #ETTRE 2 ol E - B A
#r NeLV-LY 56 %% % 77 BE MR DLITLE A TR EZ
R ETRERR - FERB I KER
48%% 1 g L 10 mL = 0.05 M (pH 7.5) W% 5%
%% & )% (potassium phosphate buffer) Fff JE [
KR > DA A R Y 2282 (Chenopo-
dium quinoa Willd.) BER » 4910 d B E4S =
L/ ERHBE 5 TS 3 KDL AR
TR — 7T BERE (5% HM4) » i 5 AR 98 % 11
R 2 R ME T BERR - 2006-2014 A HARE B
BEOKERAE ~ &ftamn ~ AT RoKAItEREER
FRRT T 2 mEsE TR WRATE 2R
WA VIRE 1 ecm IE G/ NHEIR - RAER
50% (v/v) glycerol 775 % Hilli ({72 -20C T >
Ry R EACRFRF L -
MINER = A D T

I 32 38 il 00 7% W P S (enzymie-linked
immunesorbent assay; ELISA) : A2 A
indirect ELISA JE#1{T NeLV A K BR{E 5z HoAthr
A e EIE S amT ~ IUETE oKz 8
TE R g IR E > DLEEE NeLV NI EIEAH B2
SR -

Indirect ELISA J£ 752 18 DUAE M7 iy 25 2
7T (Chang et al. 1988; Chen et al. 2013) » X
[ FEZBRANT © (1) o5 4H &5 78 B ST - HUHT
R 0.1 g =R JIA 3 mL 2 15 mM iR fi% #
%% 1 )% (sodium carbonate buffer, pH 9.6) &
& 0 HUAH @OR0R N 96 fL ELISA 2 & £ o
(100 pL LY B2 HEE > BN 37C4E
464 h (B 4CHR®) A& LA 1x PBST (137
mM NacCl, 1.5 mM KH,PO,, | mM Na,HPO,,
pH 7.4, 0.05% Tween 20) 7% 3 X 5 (2) Bz
HIEH 2 PLia S E © DL NeLV-LY56 gy i
EIKE R (1gG) = 1,000 77 & K FEK > /A
A& R EFLSF (100 uL L") » § 25CE R E
34 h (B 4CHRTE) > Z1& 2L 1x PBST % 3
K5 (3) EZRHIAEIE - i ATHRE 6,000%

rere

]

65% H521

2t M b B TG % R4S L LR 1gG (AP-
conjugate goat anti-rabbit immunoglobulin,
Jackson, West Grove, PA, USA) » 100 puL £
B 25CZERMAMNNE 3-4 h 3 FHLL 1x PBST
MERIE 3 K (4) BENIE  IIARER
1 mg mL™" 2 i Mk RGBS % 22528 (p-nitrophe-
nyl phosphate, p-NPP) (Amresco, Solon Ind.,
Ohio, USA) » 150 uL L' fZ € 30-40 min >
PLELISA F51{H & (PTI max micro plate reader,
Molecular Devices, Sunnyvale, CA, USA) =&
HUR & 405 nm T Z B W{E - B st E KRR
fERERBOLE 2 5%  FEMMREREZE
S

P4 /5 2 2L ¥ (western blotting test) : /&
WFEER I 7E 7 SR BEVE#ETT NeLV i K ERTE fE s
S B2 B pE 7 MUB R E » S st ¥ A0
Fwr ~ IS FoKAL Z M 4H 48 7 DARHTE 77 20
AT - DLURERE NeLV Z 88/ -

BT BRI T ¢ HL0.1 g PR EEAHER - DL
R R A B > A 200 pL 7 K b i 3
& (240 mM Tris-HCI, pH 6.8; 10% glycerol,
2% SDS, 4% B-mercaptoethanol) & &35 4] >
HU 100 pL WHER A ERGTE 2 LDS /5K (250
mM Tris-HCI > & 2% (w/v) SDS » 4% (w/v) 2-
mercaptoethanol 5z 10 % (w/v) sucrose (Laem-
mli 1970) &5 1& » LUK 3 min - L& 5
‘AT -20C2 IR  IRHR 1% 2 B in &K SDS-
PAGE & k1% » HUFE 86 1 H #05 j* PVDF &
(Millipore Co., MA, USA) » 7 {%EiNeLV-LY56
74 5 DUAG HE AT L% S & - K PVDF J (K 2
& BRI AR RE 1,000x 2 NeLV-LY56 1gG
FIHTRA R (1 mg mL™) ~ 7% 6,000% 2 AP-
conjugate LIFEHREEREL T - FNEMR
TRIE 1 h> PRI LL 1x TBST 2% 2
K (2 10 min) - 541 A BCIP/NBT £
& (Alkaline phosphatase substrate kit, Bio-
Rad, Hercules, CA) (Blake et al. 1984) [ &
Z o MRHER R B R (R T R i 2 KR

REREREEFY < EIEHEE R D
S $5% - 55 5 g 8 85 [ FE (reverse tran-

scription-polymerase chain reaction; RT-
PCR) A5l B 358 ] B NeLV-LY 56 #7145 & /&
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1E R FE 2 K BRIEFE R 4 &8 - #E 1T 3 FE s 35 1
E ORI 2 7 B iR DL B8 0E B E e e
ETHRAT (1) BREYES e 8%
ik AR ELEY LB E A
#I4H (Plant Total RNA mini kit, Viogene, Viogene-
BioTek Corparation, Taipei, Taiwan) 7 f5 7/~ #E
THHAEY 2 EZ X RNA) ZZHL: (2)
RT-PCR M fE % F E% > DATE Y4 & RNA Fyfil
R o FI A 51 % NeLVup (5°-ACCCTTCTACT-
TAATCGTGTCTTTG-3") il Oligo-d(T),, » #1T
RT-PCR [ZJE - Ffli v 15K 3" nixbs 5 B
KINGT 1.5 kbp 2 Mg ZEY) - RT-PCR J5 DLpg
(L EEIPEE RT-PCR {40 (Faith Technology
Co. Ltd., Taichung, Taiwan) #E T & » K JE
EIRELL2 uL RNA ~ 5 uL 2 5x RT reaction
buffer ~ 0.5 uL 2 RT enzyme mix ~ 15.5 pL
<~ nuclease free water 2 2% 1 uL 2 10 pM
Sl % R EVEER K FE & (Biometra T3000
Thermocycler, Germany) H 1T o & FERE B
S50°CT T 8% E 30 min » FFLL 94CT &
P 1 min > 50CTEEA 50 s> 72CFE4A 2 min
Fo VETR » (T 30 (B ER - m ik — (20 B
PL72°CH & 6 min  [ZEAS SR LL 1.2% &k
H2 (SeaKem, Agarose, Cambrex Bio Science
Rockland, Inc., Rockland, ME, USA) #k {7 47
e

B IR P BOE T R e 1 40 -
i RT-PCR H1iE {5~ 1.5 kbp DNA J5 EZE0E
* pGEM"®-T Easy #;#% |- (Promega, Madison,
WI, USA) » FHA Y E. coli DHSa 15 ¥ &1 >
Al #E 77 H B B8 DNA 2 4li{k > FIH EcoRI[R
FIBE RV EER B S A TR R AR B2 5
TR ARG E A E (HIREIRNEE
RAE - gE&GILH) » LEEIZEEF&T
MHEZEREFY] > B 2 551 2L Vector NTI
Suite (InforMax, Inc., Bethesda, MD, USA) #x
BE 1Ty AL o I 82 GenBank R E B3k~
NeLV yiH B 7 7 T E O BRI Z Lk
o AREERER KERTE HM4 73 EERRSN » 558t
H A2k H 6 flil K BKAE Carlavirus 5 5 4H 4%
57 5 47 B (HM15 - HM94W6 ~ HMO3w1 ~
HMO03w2 ~ HM03T2 ~ HMO03T5) # {7 H 3 I

KNG 1.5 kbp #%1 J7 Be 2 BV B TE 7 o7 A

K44 K ERAE NeLV 43 Bt ik B HL At 5 BHws
AT HERR B B AR EL B - AR B D R AU
e = By E K ER T (HM4 ~ HM15 ~ HM94W6 -
HMO03wl ~ HM03w2 ~ HMO03T2 ~ HMO03T5) -
STEFE (LYS6 ~ LYL39 ~ LY7 ~ LY9) - 70
& (ALGC6 ~ ALWF36 « ALHL14) - % /K i
(Nar86 ~ Nar87) Z NeLV 43 B ¥ > K Gen-
Bank b L& §% 2 NeLV R Al #E{TLL ¥ - 55LL
6 By Carlavirus |& 2 LEEAE EBE 7 (Hipe-
astrum latent virus; HLV) & Narcissus com-
mon latent virus (NCLV) {E B ¥fia 0 fr 2 yh &
(outgroup) - £t ¥ CP &5 =~ fie BBk
HIHEFTE % H(E M7 (phylogenetic analysis) »
ST ¢ % Tomimura ef al. (2003) frag 3
#7775 84T « BB P35 L CLUSTAL X ver-
sion 1.8 (Thompson et al. 1997) F¥&5r#71% »
T F| F PAUP 4.0 f2 = (Swofford 1998) i
1T NJ (neighbor-joining) 4% & BRM % (boot-
strap resampling method) (Felsenstein 1985;
Thompson et al. 1997) {E47#7 » H 1 bootstrap
values J5H1 2 EE 1,000 HUEFrat & 2 &5
R S 2 HGELBH D TreeView 12 #~
(Page 1996) -

NeLV #8857 H < HE— Mkl : 2L HM4
FEAREDKIRAE Tk 2 B P 5 R BAR - Bt —
2H 51 7 % NeLV552u/NeLLV552d (5°-ACGTCCT-
GCATTGAAGCCTAT-3/5-AGTTGCCTATG
TGTGGCGTTA-3) LL#ETT RT-PCR gl - %
M A KERIE ~ &fEam - IEEFEFIKA
ZEWAEER - DLEOKERTE ~ &fCaw ~ IUEAE
PR 7 BB - RT-PCR J7 AR E R EFE
Fe 4l B Pl » YR AL o] 3B i HY R/ 552 bp 2
e R ER - RIESEF DL 1.2% BB T
e

R
BB R R
B NeLV-LY 56 i 86 2 4 IE S i 2 S B
BB KERIEIEF K MIEERN 2% (C
quinoa) ¥4 > #910 d EAERER ERHFH
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PEEL o 5{BE b 25 T B NeLV-LY 56 i A K JE
ZOKIRIERE > ERENERER Y ES
J5 BN BT B K2 E o L AE 058 {2 2 B 1T B NeLV-
LY56 fiife A R IE 2 e EH R AL TE 2 B i
FINVEBHEEGER o RG4S R b
#J7% indirect ELISA 7 4 1F 7 JEEH (455
KHR) ©

DIvE 77 2B AT 2 SR EUR > K
KICBWER REEBZER TR TEL
32.7 kDa J& £ FH 81 NeLV-LY56 i &£ F K7
JEZ &R (B 1) EEAmamRFE R
FESIEER ~ IIETE R AL 7y Bk 2 [ S
R - AR EFERH S RLN 32.7 kDa g £
HHBE A — 2 E0E K ERT > MRE
% X FRFE 4G > 32.7 kDa 5 (9 {5745 i i il
&> BEMAEHEMS FEREZEABRTEE
(@ 1) > HERR 38E A R 2 STk
WG - KRBT KRIEFE A RHE i i
581 NeLV-LY 56 fifig & 4= 1E S e > I e s
indirect ELISA 4~ IERJE » BRI E R
PR EAFRFEA 2~ NeLV 2y etk > 891 )E

BesH 2

KNBKTE D Bk < SRR B R EER S DT

1R OK BRAE HM4 53 B i » DL NeLVup/Oli-
go-d(T),, 5| F ¥ 17 H 3" Im % B 1 Bt 2 RT-
PCR 141E S &% » TYEE K317 o A B S — TR G
B4 1.5 kbp 2 #%BE 7 Br (A5 ARHIR) - 485
TEELE P s REURE R E 1,560 [@f% g OF
fIHE 3 I 2 poly A) - HM4 [t B¢l GenBank
BB 8 2 KAl 7 B #& NeLV-Marijiniup 5
(Acc. No. JQ395044) 7 1% W Fe Hi 5 1 AH [
FEIEEE 97% DA b (1) « H - ¥ E HM4
L REHED ZEEZHE (open reading frame
of coat protein, CP ORF) 7 891 {f#Z & » TH
fli TR EE 297 (AN © HIE "B & FEHRE
& [, (cysteine-rich protein; CRP) F75 405
E% B BE » TRAG TGRS 135 (EReERE - b
At 37 Ui 1,560 {18 1% 5 Bz 77 7 EE B 45 R - BUR
HM4 81 NeLV 4 Carlavirus J& 5 FE 2 i & ©
&~ HM4 #% 8 Fr 51| 2.5 8% 7> GenBank &}
[EE > FE9k ks KC505177 -

H#E — 25 1 B NeLV-LY 56 i #5 2 42 IE [
ZARETERIRZ W E TR BIETEEE K
BRAE ~ &ftars ~ UEfERAKNMIE » BEHE 3
If# 1.5 kbp K/NZ K% B8 7 B E > W07 i

Blood lily Golden spider lily H-CK Amaryllis Narcissus H-CK
kDa M 4 T2 LL 7 56 LL Hm Hy M GC WF LL 86 87 Ha Hg Hn
43 e
- g - -
26 -
17 e

1. DAPGJ)5BEBEE K Nerine latent virus (NeLV)-LY 56 $ &4 R K BRI K HA A FRRHE R 2 dad 4 -

fTM: EEHE S TEEE 3518 HDKETE (blood lily » 1T 4 K T2 > 4371 K HM4 k& HMO3T2) ~ 7t
(golden spider lily » 1T 7 K 56 » 43 H R LY7 & LY56) ~ JIHESE (amaryllis » 17 GC K WF » 43 Hll 5 ALGC6 K
ALWEF36) : {7 LL » HM4 ~ LY56 K ALWF36 2 Z5#2 B pTAR 4% 7KL 4R 4% (narcissus > 17 86 Kz 87 > 47l
Fs Nar86 J Nar87) ; {E#4H&, (H-CK) ELFEKIKIE (7 Hm) ~ 040w (Hy) ~ JIHEAE (Ha) ~ 2552 (Hq) KoKAl
(Hn) »

Fig. 1. Western blotting for the detection of Nerine latent virus (NeLV)-infected tissues of Amaryllidaceae orna-
mental hosts, including blood lily, golden spider lily, amaryllis and narcissus, using the antiserum against NeLV-
LY56. Lane M: protein marker; lanes 4 & T2, HM4 and HMO03T?2 isolates of diseased bloody lily; lanes 7 & 56, LY7
and LY 56 isolates of diseased golden spider lily; lanes GC & WF, ALGC6 and ALWF36 isolates of diseased amaryl-
lis; lanes 86 & 87, Nar86 and Nar87 isolates of diseased narcissus; lane LL, local lesions on Chenopodium quinoa
generated by respective diseased host tissues of HM4, LY 56, and ALWF36, respectively. Lanes Hm, Hy, Ha, Hq, and
Hn, healthy control (H-CK) of blood lily, golden spider lily, amaryllis, C. quinoa, and narcissus, respectively.
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J& CP k. CRP Z %75 - s EH CP 2%
W Jo B B B Fr 51189 81 NeLV (JQ395044) 7z 5|
96-99% ZAHE & (% 1) - [l CRP X EHE &
B R FE I HE 97-100% Z FHEIRE (GEEAH
) e LA [E 57 HERREL CP 751 2 GenBank
BTt HRR L

NeLV DBtk SBIERATR D AT

o3 A bR BT 52 B K ERTE % 4 T o wr 7
fEFTFATIETT Z NeLV 2Btk 2 CP ARl 751
BUR > BT A KERTE /T BEbR Z CP Y N I 2F 6
A% el =y Asparagine (N) - S50 H A 57 PR
Z Lysine (K) » BAHBFE (& 2) © SN

1. KERAE Nerine latent virus (NeLV) T BEPRELEAN ER] NeLV 55 2 Mk B AL Fr 5 | AH R FEER L -
Table 1. Comparison of the identities of nucleotide and amino acid sequences of the coat protein (CP) of Nerine
latent virus (NeLV) isolated from blood lily with those of other known NeLV isolates available in GenBank.

% identity of CP*

Isolate” Acc. no. nt aa

Marijiniup 5 JQ395044 100.0 100.0
HM4 KC505177 97.0 98.7
HM15 KC505178 96.4 98.3
HM94W6 KM396456 96.5 98.3
HMO3W1 KM396457 96.7 98.7
HMO03W2 KM396458 96.9 99.0
HMO03T2 KM396459 97.0 99.0
HMO3T5 KM396460 96.7 99.0
LY56 JX880023 98.5 99.3
LY39 JX913805 98.3 99.3
LY7 1X901048 98.3 99.3
LY9 1X978442 97.5 98.7
ALGC6 JX848395 97.9 98.0
ALWF36 JX848394 96.9 99.3
ALHL14 JX880024 97.1 98.0
Nar86 1X524884 98.9 99.0
Nar87 JX524885 98.9 99.0
Marijiniup 4 1Q395043 77.9 77.9
Hangzhou-2005 AM182569 98.2 99.3
IVT80054 HM119498 99.2 100.0
Ext07 HM119497 97.5 97.6
191191 HM119495 98.0 97.3
281299 HM119496 99.1 99.7
HLV DQ098905 49.3 389
HLV NC_011540 49.3 389
NCLV AJ311375 52.1 383

“ Percent identities (%) of the respective nucleotide (nt) and amino acid (aa) sequences were analyzed by the Vector NTI Suite (In-
forMax, Inc., Bethesda, MD). All of the nucleotides (nts) of NeLVs coding for coat protein and cycteine-rich protein are 891 and

405 nts, respectively.

” The sequences of NeLV: Marijiniup 5 isolate was used for leader comparison. Isolates collected from blood lily were HM4, HM15,
HM94W6, HM03W 1, HM03W2, HM03T2, and HMO03T5; from Golden spider lily were LY56, LY39, LY7, and LY9; from ama-
ryllis were ALGC6, ALWF36, and ALHL14; from narcissus were Nar86 and Nar87 in this study. Two Carlavirus isolates of Hip-
peastrum latent virus (HLV) and one Narcissus common latent virus (NCLV) available in GenBank were used for comparison.
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HHPDKERTE T Bk 2 56 13 {ERE B BRI Ky As-
paragine (N) » [ B2 I tir 73 B £ K 26 5 Serine
() thAmZER - E—HI5 - 22 EHeftam
JrEERR (LY39 & LYS56) J 1 {41 HE £E 77 e
(ALGCO6) » {EILALE T BOKIRAE 53 Btk A
tH[E] 2 Asparagine ([& 2) > 84/~ LY39 ~ LY56
Fo ALGC63 % Bk 3R T 43 i He A7 16 261
& (& 3) -

65% H521

ALWF36 k2 ALHL14) Al 53 A d M 3T 2 B 4H
> HEEE AP R (E ABEAE S ik (191191 Rz
Marijiniup 4) Al AN [E 2 BE4HAE (& 3) -
BAE AR Z Sy BEdk - HE&G Ao
B (18 3) -

A A 3 BHEJF NeLV Z RT-PCR #; i
Wl o DU 813 NeLV 2 CP Rl ks
B VLS| F%f (NeLV552u/NeLV552d) #:1T

Bt - oy Bl B & R B A R AR ST 2
NeLV 7k » BLAT R A mr BRI [E Ry Carla-
virus J& 2 HLV Jz NCLV J 4p Bf (outgroups)
Rz EITEGED T - RS E &S
HER > REZRJE 2 NeLV 47 B fR B HLV 5%
NCLV E B A FRY 3 B4 4T~
NeLV 73 #EfR o » SKERAE 70 Bk H B — AT BT
4H ([ 3) 5 ML AE &8 47 B £ (ALGC6 -

KIRAE ~ &EAF ~ IEFE KKl Z NeLV
AL AR B 2522 B BE 2 RT-PCR gl - P&k
Sy RS RBEURFTE 2 2 R AR ST T
R/ 552 bp 7 AL B Bt (18 4) -
NREERATAmBEASTERSE
NeLV ZAE

2006-2014 4= HA RS » A BfF %2 F1] F NeLVv-

Nar86 ——-MSTIGKTASPSGSDEERENTRKALDERLKKRTEEANKEFTGNNSDDELEERFRKLKE 57
Nar87 ——-MSTIGKTASPSGSDEERENTRKALDERLKKRTEEANKEFTGNNSDDELEERFRKLKE 57
LY7 ——-MSTIEKTASPSGSDEERENTRKALEERLKKRTEEANKEFTGNNSDDELEERFRKLKE 57
Hangzhou5 ——-MSTIEKTASPSGSDEERENTRKALEERLKKRTEEANKEFTGNNSDDELEERFRKLKE 57
Marijiniup5 ——-MSTIEKTASPSGSDEERENTRKALEERLKKRAEEANKEFTGNNSDDELEERFRKLKE 57
IVT80054 ——-MSTIEKTASPSGSDEERENTRKALEERLKKRAEEANKEFTGNNSDDELEERFRKLKE 57
281299 ——-MSTIEKTASPSGSDEERENTRKALEERLKKRAEEANKEFTGNNSDDELEERFRKLKE 57

HM4 ——-MSTIENTASPSGNDEERENTRKALEERLKKRTEEANKEFTGNNSDDELEERFRKLKE 57

HMO3W2 —-MSTIENTASPSGNDEERENTRKALEERLKKR TEEANKEFTGNNSDDELEERFRKLKE 57
.| Hmo3Ts —-MSTIENTASPSGNDEERENTRKALEERLKKRTEEANKEFTGNNSDDELEERFRKLKE 57
3 HMO03T2 ——-MSTIENTASPSGNDEERENTRKALEERLKKRTEEANKEFTGNNSDDELEERFRKLKE 57
& | HMo3w1 ~—-MSTIENTASPSGNDEERENTRKALEERLKKR TEEANKEFTGNNSDDELEERFRKLKE 57
HM15 —-MSTIENTASPSGNDEERENTRKALEERLKKRTEEANKEFTGNNPDDELEERFRKLKE 57
HM94W6 —-MSTIENTASPSGNDEERENTRKALEERLKKRTEEANKEFTGNNSDDELEERFRKLKE 57
LY39 ~—-MSTIEKTASPSGNDEERENTRKALEERLKKRTEEANKEFTGNNSDDELEERFRKLKE 57
LY56 —-MSTIEKTASPSGNDEERENTRKALEERLKKRTEEANKEFTGNNSDDELEERFRKLKE 57
ALGC6 ——-MSTIEKTASPSGNDEERENTRKALEERLKRRTEEANKEFTGNNSDDELEERFRKLKE 57
ALWF36 ——-MSTIEKTASPSGGDEERENTRKALEERLKKR TEEANKEFTGNNSDDELEERFRKLKE 57
ALHL14 —-MSTIEKTASPSGTDEERENTRKTLEERLKKRTEEAKKELTGNNSDDELEERFRKLKE 57
LYo —-MSTIEKTASPSGSEVERENTRKALEERLKKRTEEANKEFTGNNSDDELEERFRKLKE 57
EXTO07 ~—-MSRMKETASPSGSDEEKENTRKALEERLKKR TEEANKEFTGNNSDDELEERFRKLKE 57
191191 —-MSTMKK TASPSGSDEERENPGKALEERLKKRTEEANKEFTVNNSDDELEERFRKLKE 57
Marijiniup4 —-MSTSDKQVPPPEQENERERNRK ILEERLRKXAEETVIETGSGDSDDALEERFRKLKE 57
NC_011540" -MATKVADNPSDPNVGEPKATKPG—-——DNVDPAAAADLFDDARLMEDQIEERMARLRE 54
DQ098905* ~MATKVADNPSDPNVGEPKATKPG———--DNVDPAAAADLFDDARLMEDQIEERMARLRE 54
AJ311375™ MSGTTGAESFPAPSQSEQRARDRAGASQK TNENLRKHATAEGDTSDEEVSLEQRLNNLRE 60

2. R[E] Nerine latent virus (NeLV) 53 8ei% K Wi carlaviruses #4728 [ > AL FE 7 ELE E -

Fig. 2. Alignment of the amino acid sequences of different Nerine latent virus (NeLV) isolates and two other carla-
viruses. Fifty-seven amino acids (aas) in the N-terminal region of coat proteins of 23 NeLV isolates were compared.
Isolates collected from blood lily were HM4, HM03W2, HMO03T5, HM03T2, HM03W1, HM15, and HM94W6; from
golden spider lily were LY39, LY56, LYY, and LY7; from amaryllis were ALGC6, ALWF36, and ALHL14; from
narcissus were Nar86 and Nar87 in this study. The 6th and 13th aas of blood lily isolates were both Asparagines (N).
Two isolates of Hippeastrum latent virus (*) and one Narcissus common latent virus (**) available in GenBank were
used for comparison.
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0.038

Nar86 JX524884
‘I Nar87 JX524885
Ext07 HM119497

E191191 HM119495
LY7 JX901048
[ Hangzhou-2005 AM182569
Marijiniup5 JQ395044
IVT80054 HM119498
L 281299 HM119496
L 19 Jx978442
- HM4 KC505177
HMO3W2 KM396458
[ - HM15 KC505178
[HM94W6 KM396456 | Blood fily
mleosTs KM396460

HMO03T2 KM396459
HMO3W1 KM396457

0.357

0.196

0.052

LY39 JX913805
LY56 JX880023
—ALGC6 JX848395
ALWF36 JX848394
L—ALHL14 JX880024
Marijiniup4 JQ395043
| HLV NC_011540

Golden spider lily

Amaryllis

0.205

I HLv DQo9ss905
NCLV AJ311375

— 0.01 changes
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Fig. 3. A phylogram derived from the analysis of genetic distances based on the amino acid sequences of the coat
proteins of 23 isolates of Nerine latent virus (NeLV) and two carlavirus isolates. The tree was constructed using the
neighbour-joining (NJ) algorithm with the bootstrap resampling method (1,000 random resamplings), using PAUP 4.0.
Numbers at each node indicate the percentages of bootstrap samples. Horizontal branch length is drawn according to
the scale bar indicating 5 substitutions per 1000 amino acid positions. Isolates collected from blood lily were HM4,
HM15, HM94W6, HM03W 1, HM03W2, HM03T2, and HMO3TS5; from golden spider lily were LY56, LY39, LY7,
and LY9; from amaryllis were ALGC6, ALWF36, and ALHL14; from narcissus were Nar86 and Nar87 in this study.
Sequences of Hippeastrum latent virus (HLV) and Narcissus common latent virus (NCLV) isolates were from Gen-

Bank and used as outgroup elements.
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4. FlIFH NeLV552u/NeLV552d 5|77 ik - B G Bl s K e s g MDD BRAE R FAML A 77 RHE T~ Nerine
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Fig. 4. Reverse-transcription polymerase chain reaction (RT-PCR) detection of Nerine latent virus (NeLV)-infected
tissues of Amaryllidaceae ornamental hosts including blood lily, golden spider lily, amaryllis and narcissus. Lane M:
molecular marker; lanes 4 & T2, HM4 and HMO03T2 isolates of diseased bloody lily; lanes 7 & 56, LY7 and LY56
isolates of diseased lycoris; lanes GC & WF, ALGC6 and ALWF36 isolates of diseased amaryllis; lanes 86 & 87,
Nar86 and Nar87 isolates of diseased narcissus; lane LL, local lesions on Chenopodium quinoa generated by respec-
tive diseased host tissues of HM4, LY56, and ALWF36. Lanes Hm, Hy, Ha, Hn, and Hq, healthy control (H-CK) of
blood lily, golden spider lily, amaryllis, narcissus and C. quinoa, respectively; lane D, diseased tissues of bloody lily.

The predicted sizes of DNA fragments amplified from NeLV-infected tissue were 552 bp by NeLV552u/NeL.V552d
primer pair.

2% 2. DLindirect ELISA ¥ H Nerine latent virus /> KEKIE R AR B AT RHETT 2 284 -
Table 2. Survey of the occurrences of Nerine latent virus on blood lily and other Amaryllidaceae ornamental hosts
detected by indirect ELISA”.

Host Detection rate (%) No. samples No. positive detected samples”
Blood lily 18.4 49 9
(Haemanthus multiflorus Martyn)
Golden spider lily 32.0 106 34
(Lycoris aurea Herb.)
Amaryllis 79.0 115 91
(Hippeastrum hybridum Hort.)
Narcissus 133 45 6
(Narcissus spp.)

“Indirect ELISA was conducted using the antiserum against Nerine latent virus (NeLV)-LY56. Immunoglobulins of the tested anti-
sera were diluted 1/1000 to react with antigens in a dilution of 1/30. The absorbance readings (A s,,,) Were taken 40 min after addi-
tion of enzyme substrate solution. The absorbance values are an average of two replicate wells.

¥ Detection rate (%) was determined by [(No. positive detected samples/No. total samples) x 100%].

* Positive detected samples were determined by those ELISA reactivities higher than two times of the healthy control (As,.,)-
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Serological and Molecular Identification of
Nerine latent virus Infecting Blood Lily
(Haemanthus multiflorus Martyn)

Chin-Chih Chen"’, Chin-An Chang™’, and Fen-Lang Chiang’

Abstract

Chen, C. C., C. A. Chang, and F. L. Chiang. 2016. Serological and molecular identification
of Nerine latent virus infecting blood lily (Haemanthus multiflorus Martyn). J. Taiwan
Agric. Res. 65(2):194-206.

A virus isolate (HM4), obtained from a symptomless blood lily (Haemanthus multiflorus
Martyn) plant, was established on Chenopodium quinoa Willd. by three successive single lesion re-
isolation and inoculation. The original blood lily plant and inoculated C. quinoa leaf tissues of HM4
were reacted strongly with the antibody against the LY56 isolate of Narine latent virus (NeLV) from
golden spider lily in indirect ELISA and western blotting. A 1.5-kbp DNA fragment was amplified
by RT-PCR from HM4-infected blood lily and C. quinoa tissues using a primer pair specific to the 3-
end of genomic sequences of NeLV. Sequence analyses revealed that the amplicon comprises 1,560
nucleotides spanning the entire open reading frame of coat protein (CP) and the complete cysteine-
rich protein region of NeLV. Comparison of nucleotide and amino acid sequences indicated that the
CP of HM4 shares 96-99% identities with those of the other six blood lily isolates and the known
NeLV isolates documented in the GenBank. Results indicated that HM4 and the other six blood lily
isolates are the isolates of NeLV. In phylogenetic analysis, these blood lily isolates and those NeLVs
from golden spider lily (Lycoris aurea), amaryllis (Hippeastrum hybridum Hort.) and narcissus (Nar-
cissus spp.) were grouped in the same clade evidently differing from that of Hippeastrum latent virus
(HLV) and Narcissus common latent virus (NCLV). Phylogenetic analysis indicated that the blood lily
isolates are grouped in the same sub-clade. Our studies also confirmed that all the NeLV isolates from
blood lily, golden spider lily, amaryllis and narcissus can be detected by the same antiserum against
NeLV-LY56 in indirect ELISA and western blotting. Moreover, a 552-bp DNA fragment can be ampli-
fied from all these NeLV isolates in RT-PCR using the primers designed from the genomic sequence
of HM4. Field surveys were conducted during 2006-2014 by indirect ELISA and showed 18.4, 32,
79, and 13.3% of the incidences of NeLV in blood lilies, golden spider lilies, amaryllis and narcissus,
respectively, in Taiwan. Based on the serological and molecular evidences, NeLV naturally infecting
blood lilies without showing discernible symptoms is first reported.

Key words: Blood lily (Haemanthus multiflorus Martyn), Nerine latent virus (NeLV), Serological
detection, RT-PCR detection, Phylogenetic analysis.
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chrysanthemi > FHJ> Hauben et al. (1998) F|H
16S tDNA 7453 M7 i R & Y Erwinia & 2 X
BB » BFHENY Pectobacterium & » AR
E. chrysanthemi B ¥ i J& X Pectobacterium
chrysanthemi ; FE4) » Samson et al. (2005) f&
2 DNA-DNA #& K JE ~ 16S rDNA 41 ~ i
BRI R RIS R ET R B P
chrysanthemi i 28 1> ¥ J& Dickeya & » Dick-
eya & 29 R AN R A& T IR PR MR T ~ SEMESRE
C AIRERG R A LA ] EERE
TTIREEER o Sy REE Y AR BE B TR R g h 2 REB
Vg o ERE YA S s S C B g R - (AL 0 1E

rere

]

65% H521

IR FHEYIE A RS E > AR SR
A (black-leg) ~ ZZ 5 (wilting) S5 « Bt
WIRE RS T EREFEEY) B
TEVIBR T KR Z 40 » HpthinEok ~ BicE - &
B B H AT (Samson ef al. 2005) » BV B
Harth SR EZE Y R E - BB EREAR
EriEk (Stead ef al. 2010)

TEEE - S /KA B M B i L i 1T
RS > B508 DN AV SR - Fyitt
AR IER AR EEEIRL » NI TR ERE
B8 Z KA M A T B 2 e M R e
AR EAKESEZ PUBR M - [FEIR TR
VBRI B o DIRLSREE A2 F -

MEER T

BRI

52 72 0 & PR B2 B R < /KRB E ok > 0%
Wiz 1% o VIHUR ST 4HER - 48 0.5% TWEBE B
(NaOCl) k& 70% % 2R H H 5% 30 s » F LA
R TR 3 WAk AU RE B A & K
BRI o FI B RS BUG R B4R 7
NA (Nutrient agar) (Difco Laboratories; Bec-
ton, Dickinson and Company, France) 5% &
AR E o B 27TCENRFE PR 2-3 d RFHE
R > PREEE RS AE 2R NA 58 A
AR B 3 RPAGIEHHE - 4 big 2 kIR
FRAeEeEKd Dt EREBEA -
RIR M

A EREE 2 @A 2KERE E
M8 ut, FRhaliiEy  #HalEYEER &
FEIAEE & (54 cm x 43.5 ¢cm x 13 ¢m) >
FAMEME 20 PRKHE > L3 EE - ZHAET
HEMk Ech-1218 {F Ry BEfE B bk » HEME R B4 7
BN RFE D BERELEEN NA R A
PR 1 d REEH O EEE R YDC B A&
(yeast extract dextrose calcium carbonate) 5%
#FE (Wilson er al. 1967) » T L) 4 15 7 g8 /K i
B A B RO 0 R P SR LAY R 107 cfu
mL" o BEfE T AT ¢ KRS E RS ORI 8
FEH R KFEEEEL 1 em jE - FE A 1,300
mL 7 ERE L fE A KNG 2 SRR T
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T o RN i 2K BB > BEtm
TEREREY > Z1&FHEEE R RN
GorEEdlE -t R A E A -

Biolog Identification System & EE Ik

HF Ech-1218 it & B #% ] F Biolog # &
ZEELT 08T AR BN 5.7% BUGTM
agar (Biolog Universal Growth Agar, Bio-
log Inc., CA, USA) &R » N30CTEE
16-24 h - DL IF-A #:f&E )% (Biolog Inc., CA,
USA) BRI 0T » I 3 2 HORE 2 90-98%
T (Turbidity) 7% » Jill A Biolog GEN III [ JE##%
(Biolog Inc., CA, USA) > FfLJIA 100 pL
ZRFIR - B 20-24 h1& - DOEERERNGE
KEFT 5 & Biolog GEN I & HHE (2.6.1 i)
L3 - DU A s A -

R DS HEE

£ Wang et al. (1993) 22 775 RS &
M ETREE > KB NA B EA L
2 &AL Pk Ech-1218 DI E o %5 HL B —
7% > LA 50 uL 2 0.5 N NaOH - EBIFUE %
B > B 150 pL 2 1 M Tris-HCI
(pH 8.0) JE &4 - B 10 pL fIl A i & /K Fi
B 10 £ > HLULBHIR 2 uL 7E R - FI A
168 rDNA [FAlEs st Ay ERMES 1% (fD1/rP1)
(Weisburg er al. 1991) DLK #1#f Dickeya &~
DNA gyrase gene (gyrB) il DNA polymerase
Il gamma subunit gene (dnaX) %52 5[ F%
gyrBfl/gyrBrl (Pu et al. 2012) ~ dnaXf/dnaXr
(Slawiak et al. 2009) #E1TH &I ZHiH X FE
(polymerase chain reaction; PCR) » i jff H &
VAT € P B Fp 51 b3 DA e 4 R R
RIREE A BE)ZBURIE

P B A R = 49 s 20 om 2 gk R
kinfl "G 198, FREREY - HElEY
TG 45 EFL/XHE - WEER L - BERJTE
DU 2 O 8k B A B R0 GRS B 10° cfu
mL") & ZERI FORME R EEFLED - U0 LA A
BR 7K 2 oF 3 28 R R e i ERLAE Ry BB AH - AR
BIEHE LHBSRIR 24 h ik RETBES
BEME TR R - SR B E 8

B ZI& T B AR PR RER A 4 oy B 4 i
TERE IS i B [ R i A A (] - St > EHEEE)
BRAR ~ R - BB E R AL H A
FIFASHRERAES 7720 - 1 50 uL » S 10° cfu
mL" 2 YRR A A B A S
FREL 2 B - MABE R TIRE  TE
7R 27CRE A TSR B - 5 DU R K%
TP EF Ry H R4 -
BEHRREERIEE

DA i B 72 65 7KFF O ol 6 R B L P AT T 807
0 M R P 4 By 107 cfu mL > HY 100
uL Z 4B R A 5 mL 2 LB Broth (Difco
Laboratories; Becton, Dickinson and Company,
USA) 1> 3 HIEF 10CE 40C » fifg SCZA
AR fE 2 AR EAR T (R 100 rpm) > &
B2 EE - 24 h R - DLARSIMRPARUEST
REEEIL  HEEERERBE

REREHAEKERE R) ZTURITH
E

H B R/KEHEGE - YIEeBEEmE
10 KZKEnEsERERER BT
B RFEZamE (F) Fr 0 SRBEEL 26 EKHS
mil (F) ETHE - R aaiE18E: 'a
L6758 (TNG6T') ~ TERET05% , (TNGT0) ~ '&
L7258 | (‘TNG72) ~ TG 7495, (‘TNGT74)) »
"B TS5R (‘TNGTS) ~ "GfE 2 5%, (‘TK2)
"G4 5% (‘TK4) ~ "G 8 58, (‘TK®) ~ &
MO 5%, (‘TK9) ~ & 14 5%, (‘TK14) ~ 'S
1658, (‘TK16%) ~ "Eilf 139 5% | (KHI39) ~ &
B 1L5R (TNID) ~ TRRE 3 5%, (‘TY3) ~ "6
30 %8, (‘TD30’) ~ & 192 98, (‘TC192) ~ 2
EL & 941001 (CNY941001) £ 5 2 & 941002
(CNY941002)» FlF547FE: & oAl 10 58,
(TCS10)~ &Rl 1458, (TNGS14) &
A9 5% (TNGS19) T& & fill 22 9% |
(‘TNGS22’) K AlliRTE 4 1 : 32 EAliR & 892220
%E (CNSY892220) ~ B EAIFEE 892229 % (CN
SY892229) - HEEFIFEE 892233 %% (CNSY
892233) Hl & & fill ¥& & 892234 9% (CNSY
892234) o &l K 2 F A T RE R &8 2 1%
A4 R R 2 mo 1R b EEfER SR - BEfE U7 A
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s R s BB A - B 3 AR 0 &3
HE o SEREE 2 R - SHa A s IR o
BT 2 wk FHE TR R (disease incidence) °
SE| RS2V

HEEEER - A Y ReE TR P E
KRS B 1 97 5 e AL A P A 1 P B TR 0 2
SR E Ry it B A > L 10 e BLFE : T7%
A AL S A& PEA K (copper hydroxide » i
TREEEYIRER G AR AT ) ~ 40%
15 == 1] R 48 %) (copper hydroxide + oxine-
copper » i 75 R EFH P (RERL D B IR A E) ~2%
FHMEB K (kasugamycin - KFFLEE TR
I AERRAE) ~ 81.3% 72 B 8 v B M Al (ka-
sugamycin + copper oxychloride » X 5 1k 2
TR ERAT) ~ 20% BURMEE 7] R M
7l (oxolinic » 17 BILERAD AR A E]) ~ 10%
7 V0 B3 fd]l &% (streptomycin + tetracycline » 4
SEEAR AT 10% 3¢ 5 1] 02 M
(tecloftalam » KL TR AR AF)
14% 3% 15 5 Aifi i ©] 0% M 8 B (tecloftalam +
kasugamycin » KRB TR AR AE)
30.3% VUIR M Z A MK B (tetracycline » 4
BREEEEIRATE) K 68.8% % (Rl £ n iR 1
¥y 7l (thiophanate methyl + streptomycin » ¥
TR EEYRER G ARAE) o DL AtEEE
T BT B 10 ~ 100 & 1,000 mg L -

fR#% Tsai et al. (2001) 2757k - i E 1K
0.8 cm Z JE4K[EH (TOYO ADVANTEC) &
PR BT A FERBEGE AR RER
TIRE 24 h (R AR B AL Pz BHIE
MEEMH 0.1 mL 4B MIHR CREL R 10°
cfu mL") 7 NA B# R PAR - (EE9 em) -
1 B2 AR 4 (B AR [EIAR - 36 DU IR /KRR
B ORAREEEAHE RN - KSR 2 B8
RIE R 27 CHLIE RN > ' 2 dk
HU B 22 4R i 2R R AR TR 0 00 & 4000 i B K/
GOz E4R B B 1€ 8 mm) - HEH 3 HE -
ABREE 2 X -

S B E R
SER BRI TR | mo KR B
rg 1L SR, EREREY) - EUEREEN TS

rere

]

65% H521

HIWBE (17 em x 17 em x 8 cm) » 7% 3
o BINVRETER o BEEEER D= N EER G
B R4 A R B HIHIEE 1) 2 20% BUER
B DR - KA BERIHIEIZ 7%
AL TDRIEM BIE BBt 55 IR g (F
R BRI B3 EE - FEETAR
MR E T et MR BB 1R RREL
F5 10° cfu mL"' Z A EBIZK > BREE 200
mL > AP o g% T R 20% BRI
AR MER I 1,000% 5588 > 77% G E AL AT
MR I DL 800x FifEI% - 43 HI AT R EE R
ZER 200 mL I AZH - EEERF R By 2 7 o
— R PETERT | d BT | WEE - 55— Ryt
& 1 dETE | TEE > ZBMEENE 1 X
JigE 7 d & FFAETTEE 2 TMEE - A5E 2 WG
%7 dETHRERE  RFEZR/ND R 0-4
o0 MBS 1 HEBERAE <lem;2:1
em <JEHERME <2cem; 302 em < HEHERE <
3em; 4 FEHEERE >3 om o EEREEEE(L -
[ AR T AT AHBEHRRE

TR E (%) =

(R8O ZIGBIRRIRED)
(4 < REREVRED)

x 100%

AT DT

& IH e 5B & ORHF A SAS 9.1 kit 4
S ATERES S HETT S U7 0t (analysis of vari-
ance; ANOVA) » H DIz /NBHZ MEE 5 (least
significant difference; LSD) JHIEHTE 5% 3 1%
HE/KET > (LR 2% -

TaR

RRIE A B

H P TE R 7> B Z Ech-1218 {F R (i 5 &
PR DT ESHRDEBETE "B R 8 Bt KK
EHEiig > PEEfER 2 wk 3R B EUKREEIR Z
LA B KIZAR 2 4 AR BN 5 AR R
BE ([ 1A) > MAEM - BRAVEPEL B8
Rk B A AR DUt > St R 2 i
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L\ R o )

1. AEEYEEUKREAE B Ech 1218 12 Z T - (A) ZKREHEHE 2 wk R 2R (B) TOREEE 4 d 122
TR (C) BB VIR #1E 1 d iR 2 (D) BHZEEHEE 4 d R 2T (B) B0 E S 1 d R ZIEHE (F)
PR 3 d IR IR - AT R 2 (I E -

Fig. 1. Symptoms of different crops inoculated with Dickeya Zeae strain Ech1218. (A) Two weeks after inoculation
on rice seedlings; (B) four days after inoculation on maize; (C) one day after inoculation on potato slices; (D) four
days after inoculation on carrots; (E) one day after inoculation on Chinese cabbages; and (F) three days after inocula-

tion on onion. Arrows indicate the inoculation sites.

B T o3 e L RH (R AV AR o i AR R /K B2
Z H IR AE PR A e 2

B Tk 2 Biolog ldentification System &
EED S E

L =4 B #F Ech-1218 7 Biolog Identifi-
cation System 437 ¥} 95 @b Z 5 AT A FH BT
A 3 &S SR 7Y Biolog GEN T & BHE (2.6.1
W) EE¥ 18 - & RBURHEEE KRB Y Dickeya
chrysanthemi » fH{U{H Fy 0.685 - [E4h » fiE &
FPRIR LA 168 rDNA 2 Eg 55 1% fD1/rP1 5]
THHELT PCR HE1E - AT MR 1 BZ4Y 1.5 kb
Z DNA R B > FIH 5[5 ¥ gyrBfl/gyrBrl 8
dnaXf/dnaXr Hi 53 B =] 84 i H 49 2,412 bp K&
536 bp 2 DNA J F - it 3 %54 & 5, 2 DNA
F BY &8 %E [ % » ¥ 2 B2 NCBI (National Cen-
ter for Biotechnology Information) % [K & f}
AT AL > S RERERIEE D, zeae
EC1 strain 2 16S rDNA (CP006929) ~ gyrB
(JQ284042) K dnaX (JQ284041) = [ 51 {1
FE 3 99% DI E -

RRELH N EEY)Z BURE

B 7 H R KR T s [ R B o - IR
NEEZEYET SR TR - BREEBALR
R Z TRk R H AR FER 2 SHEE R PRAR ~ R
% BRERERELEY - GRET > b
Z AR T 1% B T R P EOKk A
RN R 4 d > B AR R 2 2 4E
BAEZNESE (B 1B ~ 1D) 5 B EHE IR
FALLE SR B 1 dBEIHH IR B EREE (E
1C ~ 1E) 5 FREE SR 3 d N EEE N
A7 W R ACZR ~ WIS 2 (8 1F) -
BORILREE R AR AR 2 Kfg ~ EKkZ40 > I8
W EZ ERENELAREEMEREUR
e
BEHRRREERZEE

i FE B B Y AR R Bl sk B T | 0 A 9
P Ech-1218 43 BIFY 10 ~ 15~ 20 ~ 25 ~ 30 ~
35 R A0CHEATHIE - 45 REBUR L E R TR
10-40CEHRERRE T4 E > 10-35C 2 H
A RR S B R S T = T 5 7 35C & 40T »
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Wk A RORE AR T M4 e T (&
2) o« HfLL30 R 3SCTZEHREFEERREE
A 8 Log,, cfu mL™ PAE > HW& 2 5%
HEETRBEAE LR (HEEAMR TR
HEEEER  RREkRREE NS RRE R
30-35C -

MREHAEKERE (R) ZTURITE
E

FI 26 faE /K hg m Fel DU 0 e VB (T 3
TR 2 wk REIZAEGE (R) ZBRE
GERBWHIANEFKELE () 2 EEH
B IR s R SN AR B 2 e 3
AT 26 (B TE () B HEEG, - Hf o B
14 il fnfd (F) ZFHRWEE > 72% > BN
MR () BRERE R B8 5%, -
T3 94.44% » HRWBZEEE 941001 5881 T&
192 5%, > MR R 83.33% (R 1) - A
7T ESTE (R) ZBRE < 60%  B1E 1 {EFRE
rofl ("6FE 2 9%)) ~ 3 ERIfESAE ("Gl 10
9~ TRREAl 14 5%, 'EEAI199%) K3
& Rl iR A7 (B2 R AR & 892220 5% ~ E Al
B 892229 5% K 5 AT & 892233 %) » H
R R RENEE (2) B TBRA14 5%, 815
BEHIIEE 892229 9% » HEWERE K 44.44%
(E&1-

10

rere

]

65% H521

EREEIRRZIEAE

FIF B4 B2 A TE NA 528 & FOHE 10
T B ) 6 7K 4 B 1 B TS A 1 97 B A Ech-
1218 7 4 FAIHIEE /7 » 45 F B R fh sl g2 A o
LA 20% BRZE kg TR MR I~ 10% 8 DU ER 3
F L 68.8% % O (B R AR B 3 FE AL
SEET 2 BERUEfE - ML FRERII RILA R
RHCRET o SR Ky 1,000 mg LB
11 71 Bl A /N By 30.25-19.08 mm 5 G P i
B 100 mg L™ B » HIH]E AN B 29.08-16.17
SEPERE Ky 10 mg L™ I I BE A /N By
24.33-3.88 mm (3 2) o FCA {5 8 AL g
A ZEHRE > B 40% S B AR ERE -
2% G E S ~ 81.3% 32580 nR I -
Ko 14% 52 55 5o it fl o] D8 MR B 4 4 T L
JREINE PRV AE RIHIGE ST > BRT 2% =5
ZARHYRE 100 mg L 6§ > B ELHNHIE A
/INEy2.00 mm b > HA 3 FEEER]E Y 1,000
mg L 85 B 2 4 10 mm DL 401460 BBl > 4001 61
WIREERZAETS « A > Rl EER A 3 1
e KR RS IS B 1Y 4 & 52 20 A il A
3 BLEER 53 BBy 77% G EAL S n R M
10% e A J 7] % P 1 B2 30.3% VU IR 2 7]
B (R 2) -

mm ;

10 20

30 40 50

Temperature (C)

2.
Fig. 2.

K RERSREE R T -

Effect of temperatures on the growth of Dickeya Zeae strain Ech1218.
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K 1. KREEBRE Ech1218 FtkA /KRS (F) ZBURIENE -

Table 1. Pathogenicity test of Dickeya zeae strain Ech1218 on different rice varieties.

Disease incidence (%)

Variety Exp. 1 Exp. 11 Average
TNG67 (&2 67 57) 77.78 66.67 72.22
TNG70 (&£ 70 58) 77.78 66.67 72.22
TNG72 (512 72 %8) 66.67 77.78 7222
TNG74 (B2 74 5%) 77.78 55.56 66.67
TNG75 (B2 75 %) 88.89 55.56 72.22
TK2 (& 2 58) 55.56 55.56 55.56
TK4 (&ff 4 58) 88.89 66.67 77.78
TKS (&7 8 %) 88.89 100.00 94.44
TK9 (671 9 5%) 88.89 55.56 72.22
TK14 (57 14 5%) 66.67 55.56 61.11
TK16 (57 16 95) 88.89 55.56 72.22
KH139 (= 139 5%) 88.89 66.67 77.78
TNII (575 11 %) 66.67 88.89 77.78
TY3 (Bk 3 5%) 66.67 66.67 66.67
CNY941001 (FZEEE 941001) 77.78 88.89 83.33
CNY941002 (FZEEF 941002) 77.78 66.67 7222
TCS10 (5 Hl 10 5%) 66.67 44.44 55.56
TNGS14 (BEFl 14 57) 33.33 55.56 44.44
TNGS19 (& 2Fl 19 %8) 55.56 55.56 55.56
TNGS22 (A1 22 57) 66.67 55.56 61.11
CNSY892220 (GEEAIKES 892220 5%) 55.56 44.44 50.00
CNSY892229 (GZEFIKES 892229 5%) 55.56 33.33 44.44
CNSY892233 (ZEEFIKES 892233 5%) 44.44 66.67 55.56
CNSY892234 (ZEAIKES 892234 58) 66.67 66.67 66.67
TD30 (A5 30 9%) 88.89 66.67 77.78
TC192 (& 192 4§) 88.89 77.78 83.33

“ Disease incidence (%) = (number of plants with symptoms/number of inoculated plants) x 100%.

= BB

= DAY % T i 25 111 71 7R 4 B M 5 FE 9 T
SR BT Ry 20% BRE MR BE AT R MR
PRIIEL 388 i 20% R PREE AR LRI T 1,000 7
FERGET R = 285G - 9 o REE R S op
Z 11% GAALH R IER T 800 MifE R T
il B - A 2 RZRHVGE RG> BN
TR AT Y 20% BRZR MR m] R M TR A R
HBRE R 25.0% > ERFMEREMA - AIHERE
A By 100.0% (3% 3) » 1] 77% @A (L5 TR

M BAURR R R PR A B R (R e P 1% 2 PR
J& > 53 AR 90.3% K 97.2% (£ 3) - AH M
AT FH 20% BK2 PR B m] I8 14y 7 s e i 2 B
HIRm AR R HE (FEIE R 95.9%) 7 1% #
ERETAAREER > Hr g [H A #2
EER (R

ENEVN

e
Dickeya J& R % E. chrysanthemi B¢ P.
chrysanthemi (Hauben et al. 1998; Gardan et
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2.

BesH 2

FEMCEREERIB KRR Ech1218 2 AR RANHIBCR

Table 2. Growth inhibition of Dickeya zeae strain Ech1218 treated with different agrochemicals.

Inhibition zone (mm in diam.)”

Agrochemical 1,000 mg L™ 100 mg L' 10mgL’
Copper hydroxide (77.0% WP) 0.00 £ 0.00d 0.00d
Copper hydroxide + oxine-copper (40.0% WP) 6.78 d 0.00d 0.00d
Kasugamycin (2% SL) 7.67d 2.00c 0.00d
Kasugamycin + copper oxychloride (81.3% WP) 133e 0.00d 0.00d
Oxolinic (20% WP) 30.25a 29.08 a 2433 a
Streptomycin + tetracycline (10.0% SP) 19.08 ¢ 16.17b 14.17b
Tecloftalam (10% WP) 0.00 £ 0.00d 0.00d
Tecloftalam + kasugamycin (14% WP) 7.33d 0.00d 0.00d
Tetracycline (30.3% SP) 0.00 £ 0.00d 0.00d
Thiophanate methyl + streptomycin (68.8% WP) 20.22 b 16.45b 3.88¢
CK (dH,0) 0.00 f 0.00d 0.00d
LSD 1.05 1.31 0.34

“ The inhibition zone did not include the diameters of paper disks (8 mm).
¥ Means within a column followed by the same letter are not significantly different at 5% by least significant difference (LSD) test.

3. (LEEEROR = /KRR R 2 BUR -

Table 3. Efficacy of agrochemicals on the control of rice bacterial foot rot in the greenhouse.

Agrochemical Fold of dilution

Initial usage time Disease index (%)”

Copper hydroxide (77.0% WP) 800
Copper hydroxide (77.0% WP) 800
Oxolinic (20% WP) 1,000
Oxolinic (20% WP) 1,000
None (CK) -
LSD 1%

Before inoculation 90.3 b”
Post inoculation 97.2b
Before inoculation 25.0a
Post inoculation 100.0 b
959b
11.489

“ Disease index (%) =

[X(index x diseased plants)/(4 x total inoculated plants)] x 100%.

¥ Means within a column followed by the same letter are not significantly different at 1% by least significant difference (LSD) test.

al. 2003) > BITEFEIINTE > LBEES
& f# - A 45 D. chrysanthemi ~ D. dadantii ~
D. dianthicola ~ D. dieffenbachiae }. D. zeae
(Samson et al. 2005) - FHAE & 7 KFGAHE M:

HIGHIREFEI E. chrysanthemi pv. zeae » ¥
SAIE XS D. zeae » RH5E H 532 FEEDKIE
BETE v U 7K R R oo IR 4 7 e 4 A b R /K R
T B A E TS [ - AR 4CH Biolog
i E R HMIE » 455 s D. chrysanthemi » FH{E
1B 55 0.685 » BHRILAH T & Y Dickeya & » Hi
i Biolog GN &iflE (Biolog 6.01 fi7) N4 D.
zeae Z o7 HWE ZHEGMGIL > 5

PAAEALRH M S B — R A & 7> (Marrero
et al. 2013) « At » RHFEFIH 77+ 8 E 0%
DL FEEN (15 16S tDNA ~ gyrB F dnaX)
(Pu et al. 2012) Z Fp 3151 NCBI K&
TEE ¥ » 45 R 2RI D. zeae ECI strain 7
HIFEIEI S 22 99% DA b » ik bl &Rl iE 3% B
Fy D. zeae > KEWIEHM IR D. zeae (£ &
B RAKEHEEEER  aERMARS -
Dickeya spp. Z R R # % LHEE K > BIE
11 H 16 R 2 EFEEY &S5 H 10F} 2 H 1

BEREY) > H D, zeae T EZF T H Lk - B
% JFERFAES (Samson ef al. 2005; Ma et
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al. 2007) o RFEHAREF T FETKEHE
MEBREEUR AR - SRERILFERR
RREZ KRG~ ERZAN  TRE B B8 E
FELEFEEEMERERN  BERESRE
A SHOA 3-4 d NEN AT ZR B4 810 K
KIZRERE I - [hoh I HKG4HE
MR RRE Ry R o e RS R 36T
i 5 A i TS By 43°C (Goto 1979) » ARHFFEIR
A &l & B 10-40CHK [
BETEHEARENE  EMRELEERE R
30-35C- BELKABEEBNHLET > &8
RAfERAL > REIHE LA AR ILEEE A
B4R o [LIN o MR K RAFER G I K 5% 4 5
FEME R > IR ~ e &0 H, 87 7 B B2
B ERERED  BhRAFEEREZE
JIE A% - G B 5% B\ 52 PR 5 i i K RS AR R
A K TR 1% > &% AR E TS R
o EORERNIBEE O IR E S AR E
M (Hung et al. 2010) - F Rl 2 K# 1 2 7Kig
H o WWRE#ES T BB -

ZK A B 1 G 97y 20T A T B 2 K A
= TR — 2 B R B R Y KA R B
GEERAERENRE hEZHRREE
A FER KRGS L 2 [ KRR SR 2 Dt =
FLEIE - Wang et al. (1987) ¥} 622 fd /K7 i
T AT KRG R R Z Bt oy A > R 127 {8
rafE Ay T~ 210 (B S A P WS PR
ufE 2 R RS R iR As - AR D ARG
7 P S SRR o AT FE 3 26 fE KRG T o
BERRE - RURERE RS - BT KRR E
R - ERER > ArA R mE B e R
Fu o Hoop DUIRERG 2 355 SRR ~ R A dn fEE
s o fEal 2 18 [EME MRS > o 14 (&
R mEESHERE SN 712% > LHD T6F 8
R B AR E AR ARG RS AL 8
T2 3R A Ky 44.44-66.7% > H PR E R
RV ETE () B "BREAN14 5%, BEBIRE
H 892229 BE » HIEFREE B 44.44% o FHILT]
o aEREAELEZMEETEER > &
B DARUAS ~ RUE A So AR AR U T R B
UG PL ST 2 ik 72 B R B > Bhas e
Wang et al. (1987) Z A1 -

ME MRS ZBE > BT ERPRLEZ
Ab o TR DLEETI B 6 DA AR E e B -
JK R4 M R S 9 B i ol 7 ] (AL By
Rt v 2 E [ 2 a8 - A ERETR
R 2 ENEER B > R BIME Y 10 &
sl b DL AR 2 > 20% BRZ MR ES TR MR
070 F 4 B 4 e 2 ST B e K > HE By 68.8%
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Rice Bacterial Foot Rot Disease Caused by
Dickeya zeae in Taiwan

Ching-Yi Lin', Chiao-Wen Huang', Hong-Ren Yang’, Chia-Hsin Tsai’, Sui-Li Hsu*, and Hui-Fang Ni*’

Abstract

Lin, C. Y., C. W. Huang, H. R. Yang, C. H. Tsai, S. L. Hsu, and H. F. Ni. 2016. Rice
bacterial foot rot disease caused by Dickeya zeae in Taiwan. J. Taiwan Agric. Res.
65(2):207-217.

Rice bacterial foot rot is a new bacterial disease of rice found in Taiwan recently. Symptoms of
the disease include brown sheath rot and dark brown decay of the tillers. The diseased samples were
collected in Chiayi County and bacteria were isolated from the symptomatic tissues. Pathogenicity of
the bacteria was verified by Koch’s postulates. The pathogen was further determined as Dickeya zeae
by Biolog identification and multi-gene (16S rDNA, gyrB, and dnaX) sequence analysis. The pathogen
could also infect several important crops such as maize, potato, carrots and Chinese cabbage. It could
grow at wide range of temperatures, 10-40°C, with optimal range in 30-35°C. The selected 26 rice
varieties were all infected by the pathogen. Among these tested varieties, japonica rice variety, ‘TK8’
was most susceptible to the pathogen, with an average incidence of 94.44%. An In vitro agrochemical
screening test showed that 20% oxolinic was the most effective inhibitor on bacterial growth. A green-
house trial showed that the chemical could only protect the rice plants if applied before the pathogen
infection. The results suggested that 20% oxolinic could be recommended as an effective chemical to
control the rice bacterial foot rot disease in the field.

Key words: Rice, Rice bacterial foot rot, Agrochemical screening.
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