


HREE £

-+

—

SRS E RN .

1R
&l Y S

PoE% K 106 & 12 *

g1

=

o



Symposium on Pests Management and
Safety of Facility Cultivation

Edited by:
Feng-Chi Lin, Jih-Zu Yu, Jih-Nong Tsali,

Cing-Hua Kao, Jyh-Rong Tsay

Taiwan Agricultural Research Institute

December 2017



Fe

FlEE 2R FL A G L H R iARS > AR A ek
Hole Bow ke v HES By en® o FP AN R ¥4
PR e E R BT AL AAE - &

Ad AREFTOEER M AR EE>FE O RIK

Wik A 0 R ERRITHRIFEHEE S Bk

AT S E B IsHe ?uﬁdﬁﬁﬁﬁé%%%“&me4ﬁw

SV T#i«ﬂ .4;/—»9;,\; PR 2 A

TAFEEERNAS > B EREKRTEWEE 2016 % *wﬁ%flﬁﬁﬁ%‘

BRTFLX 22 AFNE P FFAFEFECAR - £ LR B Y

woteiE AP B B IRAT ) U E R I RBES RETHZ R o
*%WWE@P)%‘ﬁ* ﬁﬁﬁ\{?%ﬂﬁﬁgﬁ§ﬁ§

VLT R R Jﬁééﬂfﬁimi’ TR E R PR AT
FEPBip T & 22 A H Afhe A kRS REMAY hd AM ko
AAFVEZ 2L AR FHEAS R RRTPOBFAHTR G
WARE > HALRE DT DEFFTHE X o ROUREPN Th

ﬁ%i@%’ﬁﬁ”ﬁ@ﬁﬁ%ﬁﬁﬁgﬁﬁﬁﬁg&%,gﬂ%ﬁ
AAE >R HFEFZ LD R

Frcle ¥ LR 6 R FidmT

55k,



2016 %% FEEBATFRES
Ay AR 4

22 ARG

ﬁ g%q‘-rzé‘%”l‘

B R :105# 127 21p (R#z)
¥ B R ERRATRY ERR

2 RAZ ER L
09:30-10:00 1 A PEE
10:00-10:10 RE®RFPEENR) MEE T
10:10-10:30 F A A PEE

AL e
A REBRLBAT F R
10:30-11:00 3% * S 1 AL FHE L 17 47 * B
11:00-11:30 1% A5 & FRE G XS HEF X 22 A2 Y| HhBE (3FE 2L
11:30-12:00 % * T4 2 5 F B 3L ¥ FE
12:00-13:20 = £ 1 yEE
i4E: ERFATZWRIZE BIoE
13:20-13:40 241 & R E AR T m AT R E PRI Y| AX G
. FAEA AE
13:40-14:00 |~ + 7 fi4c i B i BIEKF O M2 ET e
14:00-14:20 fe. 4 s # Jp & P 87 2 AR E
14:20-14:40 | * A9k 2 A K% § iv 2z (R ek
14:40-15:00 | § * K% ac%k (v4 2 s $ FHA8F T
15:00-15:20 I¥es A PEH
AE RFEF L 22 AR
15:20-15:40 % F & v 4 A 2 B F & § L F AR
15:40-16:00 3k £33 H ivmht ¢ 2 A
BRSNS
16:00-16:203 ¢ » A % > 4 & =Rk
16:20-16: 40K ¥ £ F i m i d B2 KR AT
N =
16:40-17:10 =& 3t
% ’_l_?‘;g_&




2016 & %

*ﬂ
..si»
Ew
ok
i
e
4
A}
'
\ N
m'

\,
‘_\..
Wy
¥
d

RS iﬁmﬁ@m B
......................................................................... F R FALP - A

|
T
4‘,\7.
o
ER
4
;1:3
b=
<l
Ty
N
it

wht
e 1
2

......................................................................... ALG BRI -FIA

......................................................... R A - - F
ek R et L
......................................................... IRE s M E e ~ BaEL S BT 4

et SRR RREE A% § e

B 7 60k (T4 2 s b FHA
''''''''''''''''''''''''''''''''''''''''' Ik~ RFE PRI FIE B4

18

32

42

54

64

76



- ELE Y
......... q—%’ﬁéﬁ"ﬁg*ﬁt‘?@bﬁ*l‘5:’:‘.%‘%:»)& ’H“y&}ﬁ_‘rﬁ$*fs 86
gaﬁbéw@ﬁggg

......................................................................... Ty AR EE 4 06

......................................................... ,—r :u/& A:\?:u ifm > ﬁﬂﬁ‘k—‘i N 1”‘;,;‘4%? 110



016 %5 FESpAT FRET 24 AP ¢ 1

AR I AR LS ST
TR Fam? gared
BE

BE BT PR TEE R R R e TR R A E
RRFEF o ANNIE AN RE A T SERT AL BINEGERTH
Ao T RG22 PERRI LER on P RGEEE DI AR E LA 2 E R
FHEEFFENEALLRTIEY U ERT A EAF L AR
BEEHERAER A T F SR A T BAPM A e S P ER A PG
R TR h T FEF ~%§@ﬁ%‘%$%@r1’“‘*~*ﬁ4§
TR R AT 2 BER R ARSI MR L R E R

NER 0 MY BFAER E“ﬁm&@mﬁﬁp”’“mﬁﬂ“10&3&7“
WA P ERT 2 PRV RL RS R ARSI AR TRERS
Sb o NEE{ REGE T o TR Fffflﬁﬁﬁ% EF Ry o

Matse B~ B EET R

2 >

CIREY

17ﬂﬁ#$’ﬁﬁﬁiﬁﬁgﬁ*%%1’Jﬁﬁﬂﬂ@’ﬂ“%%ﬁ%%
R R FRVEIO S AFFEY R ER SR SR E R B
B W S S PR AR AER - BERE RN EAHE LS4
SPER R RE o G TR A LB H A RARF AT o RERNS
HEAP o EFREREPSRCRREZ O EZ o EFIRF AT EZ
LI R ¥ ga,y,xz\o_wu__ja NN E AN AR /] a}j—}’\»ﬁﬁ?j)\
TEF-BELZ RERSATHIEE B FEROTEFTALF B S 9

-

T ~ KM~ B R b ~FEEEZZAAETEZ > $H0EF

¥ T

Fra p £ g
f"JT(Pmﬁ—z g
ARl £ €

T

W 3

f

BEsdskethF izt @y f o

PRaserh e R ol o9 o
)‘%’Q#Féﬁhﬂé%ﬂ BEepFTELE 15 TS S A
+ 2R hangoshan@tarl.gov.tw T 7% - (04) 23317717 -

Eal N



2 2016 %5 FE R AT FRES 24 AFH ¢

VIR ERC IR N F -V NP - A0 2/ IS N O A I 5

’

v tid 2~ BRESF) 3
TEMEMRARNEEIRBALAS o
RKWER[T Fie

NP RAT MR PR R 2R I XN T H
W&@%Tm1*»ﬁ%€%*%g@’%ﬁ?%ﬁiwﬁ~Vwﬁiéﬂ&ﬁ
A B BARERF AR FFLE VELERE FFRS FLAR
KRR ERES A FITRA RPN AR TR RERE L
HPEIRE PR RIS 5 G BANE RN 2 yﬁaﬁiipﬁ,‘; o

£ (2007) dp MpF fu e PR fR < AT A R A ERAIRC] T 4o # ‘%T*J
%o PR B B R AT dE h hgEr 16 P & 24 P B ALESTHE S GRS o -
LA T RIS §FF R AT AR BT AR YRS AR
MMTEMEN o AR ERERN o X AN B R LA T G dod iR
BREH AT B AR DS G L R G RE PN IO MR
ThBR o A FhF HeR ¥ PR PR RS BIEE (1) 3ok T e
(2 U AN B IR pwm s 2o nd Az B2 g FE fIY B A
VLR 50%E 0% R ER Y E o B ARRED TN EAZ L RS H TR
FUIS AR SUTAR 5 0 32 P A - BT g fF 0 - #1532 kS
¥ - 85 32 FRs b A R S 32x32 mesh o & 55 E /T 0.2032 mm (0.008
Fed)o BT 45 06mmx0.6mme FlL K E R T R- LG X LRBE R
AT RAKEHEEFTERAA 0 a CFF RN EN T R BR B FIBET
MALRD S SHEMeR 2a ks Famh KR Y@ Ez BP0
Az WM ARG FRF IR ETFE TR BRI 4 105 £ 9 7
&fﬁﬁ%ﬁﬁ%m’uﬁﬁiﬁ 5M5§£’i£ﬁ$ﬁﬁ~§%%£§§
THARGEEL  FREGEFERGEE LML F  HFLRwER T
ATERZ A A BRE o TR LR R *i%i?ﬁﬁ %ﬁ?ﬂ%ﬁ*
I Ak m R A e
Ry 2t T

i EELFRR RRMFAAE SRR R FERE U RE
& 3K IR %—%ﬁqjdﬁix&’#ﬁ“%xﬁﬁwwa TR FA AT

LHF L LT A

IR



KGR B AT 3

()4 A 5k 3 i

(2)F1zh 3 F 34 @ 33

Q) Ha x4 57 L)

(4)774m K AF %25

()Rl ¥ AR+ B o

TR FTRNT > HGIABFPAFFEIRG R LE He
J%*lTﬁﬁﬁiﬁﬁoujwﬁgmggﬁ
PR REETA 1kr"$ﬂt$ 4
XA 2ZPERpBREIALEL B
i’éﬁ%%@ﬂ4m?(m?fa~%),dﬂ%#a¢,J
(BELghom <4 ) d ik 2 $4bkif o d S0R 3 Bipv
Ede FINMTRIEESHT BAE R OE o ok S 2 D
BEAG LI L  REWREER T HA
Rk o2 6L ATAHAR I RERK

g

ii—g#*u‘% mi*iﬂi#”"!i‘i‘“#ﬁ'#ﬁ ﬁ?’f#i%i'%/‘ﬂii’;%ﬁf#i

B AAET R o RER

FI A S —%‘&iw’é‘é ’ ’%ixe’i«lf HHEEER

1R E S T AEHE R pt&’ ifm)k (eI VA R R SLE 5
FFh ok R G RRB AR LS AR R ML A AT A ko
BACE bt 6 AR IR RIE (FLKJ’?/;H‘ Ter7]) > S B w RN i
* m)ﬁilﬁﬂ'J%fuﬁﬁnE%Av\@E T REBRETRZARAK S A2 TAHAWSVIUSSE K

S

LA

Uizl METEE  BRfEHd Sy es  REL%F Hlzeiesy

RPN R A

SAFHATETEE KLNG 2 BT ¥ o 2B %2d b v o 1%L
Sl R AL R R AL -



4 2016 %% FER HAT FLEL 22 AP G

BEHE OIS AR T3 I 4 HHREEP R AN e XA
PAeip g A BT (2 HER) B (A ) Ao o VM RJRR M A AR RME
kAT G AR U S CAAF YW £ 2 PET-FETE~PC % ;P 4 %
WH > X EVAPE~PEP-PO 2 H i #a B myBs % o

6 FIRE Wik p set g S F R Z AP AR KR 2 R (2006
W) GRITRBRR T HNUEFSHEYE > HRARE AP RS o Bl ¢ AR
BB BT PRI A BRI - 5 p R
@HAWﬁH?ﬁ§°§w%H#%&%%\Hgﬁﬁ’ﬂﬁiﬁ@%$ﬂ$<

oo m P AP hidre s > RBER N TG IR SR R
BELT o

%‘réﬁﬁl ﬁ ﬁi&@mi?‘ Tﬁ]fi
W6 AL ATAHEFHERR  BLEENRP Mo XWHEY &
ﬁi*ﬁy*7ﬁ¥ FHE KT Ees > Fd AR TEELEAANS H
M gpErafl £4 0 620%2 6 58 EEE»QW%ﬂma@ T HIH e
7)) e RABFEZT Q) kTR Q) ewdkTPERETE 3 AR
%ouﬁﬁﬂ%¥ﬁi$%@aw’w*é’-ﬂma’ %&ﬁ.@ o % 1
B bfadrmpe - % 27 2R ERE - % 3
AT BECAEP F 5T oI R LA B A B ﬁ%a ﬁ‘kﬁlﬁ
AEEFFTRRL 55T Rlo)-
%—f# BWRATLFY
KW S Mg RE v g WP HAENE = F U E RiER
“hoFEREFHE ﬂ$1kﬁﬁ&?% ST B R RE T S0l AN A
o EEPN TR AR ROP R T U 24§ (CFD) f
BEFAY
B iR~ 170t ANSYS 1P 5 B ok Az Rk o~ R 2 oo 4 &
FHPBREERR A 0 G AR FEE R O RE - AP B
B S HE TR EE ARSI LATY (RE A 0 2016) 0 B 2 5 HOEUE E B4
Rl R 410 BR TEF T o BRI AL G4 5 27T0MPa & A AT B A G E TE R
5% B (353MPa) > AT e dg {7 5 E R BEE R EES0 24 5.4 2 R BE 151 31.8
x 1.8 mm #E&4 B SIS B ik a4 (10 b 2 A AR R & 325 mfs) ©

F,t——w

>
&

e

%

%E



Rl e nad v

Bl 45 A 28 % 5% W (%5F)-

Bl 2. BEESAM 4rsg @ 5 B 30 A AR R # 325mls T R4 EREESE -



6 2016 %5 iR AT FRES 24 A4

G R AR R AT AR B T B e R e
Wer AT o i e R B B A e R AR A T
FOrOATIBR(E R RS ) R 2 okl AR A R P 2 AT S
PO AR RREAATE

k34
=4

W

¥

Wk b At AR RS R R SRR 0 R 3 {1 T4 L
ZF R PR PRI R R AT RS HETRALES
P e A atE 105mh 2 A S ERET L SHRAVBI RS LHRA
ﬁﬁﬁﬁoiﬁﬁ%?ﬁ%%%&*’H%éiﬁ%ﬁﬁi’éﬁ%éﬁ%iﬁ
HERARBRELAN T FRALT

71 A Xk

23402007 THRLARBRETAFAEIPISZMG FRREELR ¢ R LR%THE
T % 130 Bi- (T4 BT 2 2P F s p.81-86 -
REA SRR HREL KRR 20160 B FE & J’ﬁ&#‘rilﬂf 02016 P 24 48
Bt g o
PR R F 02006 0 R AR KRR fRE o S o
http://www.afa.gov.tw/peasant_index.aspx?CatID=1077 - R #r% - = AL £ B 2 R HE Rk 2
By b3 -z pH 2017+ 107 317 -



WL RS BAT D P !

Greenhouse Structural Technology with Disease and
Pest Control Function

Guo-Shiang Hwang™*, Li-Duhng Huarng?, Chih-kai Yang®

Summary

Various materials were used to construct a greenhouse facility for crop cultivation
to improve the growth environment, increase production or improve quality. The
purpose of the facility is to prevent wind and rain, and to prevent disease and pests from
entering the greenhouse. Therefore, to build a sturdy greenhouse is very important. At
present, the facility construction level is different, some construction contractors built
greenhouses based on the rule of thumb to choose materials and practices, and in some
cases caused the collapse of the greenhouses or damage of plastic films and thus leads
to presence of pests and diseases. To improve the above-mentioned problem, we should
investigate the cause of the damage and design a wind resistant greenhouse structure.
The structural mechanics analysis and numerical simulations with the finite element
method can be applied to solve the construction strength problems and to design a better
greenhouse structure. During the year, our research team conducted a study on
greenhouse strength topics. We have completed the structural design and strength
simulation analysis of the greenhouses that can withstand the pressure generated by
force 10 gusty winds on Beaufort wind scale. The results can help farmers build strong

greenhouses and keep the function of reducing pests and diseases.

Key words: Greenhouse, Structure, Numerical simulation.

1. Assistant Researcher, Agricultural Engineering Division, TARI, Taichung, Taiwan,
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3. Associate Researcher and Director of Agricultural Engineering Division, TARI,
Taichung, Taiwan, ROC.
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Application of Integrated Pests Management Program for
Safety Production of Vegetable under Facilities Cultivation

Feng-Chi Lin®, Yi-Ju Chen?, Jin-Zu Yu, Jau-Yueh Wang?, and Cing-Hua Kao*

Summary

Integrated Pest Management (IPM) is based on monitoring techniques and
economic threshold, combines various practices to suppress pest populations below the
economic injury level (EIL). The key pests on vegetable and fruit crops which are in
protected culture are too small to be controlled of their occurrence in time, such as
whiteflies and thrips. If we could apply the effective integrated management, for
instance, to release natural enemies or spread eco-friendly plant protection agents
depend on densities of pests; it’s helpful to produce safety and good quality agricultural
product. In the case of tomato in protected culture, silver whitefly (Bemisia argentifolii
Bellows & Perring = Bemisia tabaci type B) was major pest which transmitted virus
(genus Begonovirus) and caused serious injury on Yyield, quality, and product prices
under improper control. Therefore, 30 yellow sticky traps can be used to monitor the
whitefly diversity every week in crop facilities. It will be right time for pest control and
use high-effective insecticides when whiteflies reach 50 adutls per trap. Act with the
removal of diseased plants and mend of the insect screens simultaneously could keep
the incidence of Tomato yellow leaf curl virus (TYLCV) below 10%. Natural enemies
were released to substitute for chemical control when starting harvest two weeks ago.
Test results showed that density of whitefly could lower than the EIL for 16 weeks
without sooty mold by releasing parasitoid wasp, Orius flower bugs (Orius strigicollis
(Poppius), lace bug and more than 70% of the pesticide were saved than the traditional
practice. Another case results of sweet pepper showed that Orius flower bugs could well
control the populations of Thrips palmi Karny and Frankliniella intonsa (Trybom) at
0.3/flower by releasing 5-6 Orius bugs on each plant weekly. Besides, lime sulfur
powder and plant oil mixed could control broad mites and aphids to achieve the purpose
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of safe production without pesticides in the whole cultivation process.

Key words: Silver whitefly (Bemisia argentifolii Bellows & Perring), Tomato yellow

leaf curl virus (TYLCV), thrips, Biological control, Integrated pest
management.
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Disease Management of Crops Production under
Structure

Jin-Hsing Huang?
Summary

The so-called crop production under structure refers to the cultivation of crops in
the simple type structures, such as insect nets, advanced, such as greenhouses,
high-level, such as closed artificial light plant factory. The purposes of crop cultivation
under structure are not only to avoid the impact of adverse environment and climate but
also to reduce the pest damage, thus the production and quality of crop products may be
improved. During the cultivation process, most of the pathogens can be isolated outside
the structures or difficult to spread under the structures, but it is very difficult to
completely keep the pathogens out of the structures. Factually, a small number of
pathogens will access into the greenhouses and cause severe diseases. Occurrence of
plant diseases may be comparatively less in greenhouses than that in fields; however,
sometimes some diseases happen more severe in greenhouses. It is not as we imagine
that the plant diseases will disappear or diminish under structures. For disease
management, it is important to realize what kind of diseases will happen on the crops
cultivated under structures, and then to avoid the pathogens coming into structures
accordingly. Once the diseases break out inside the structures, it is also important to
survey the pathways of pathogen transmission. Therefore, the disease can be controlled
by changing the cultivation processes, adjusting greenhouse condition, spraying
chemicals and/or biocontrol agents and/or safety plant protectants to mitigate the yield
loss.

Key words: crops cultivation under structures, disease management.
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The Utilization of Non Synthetic Chemicals for
Crops IPM in Net House

Jih-zu Yu'*, Jih Nong Tsai®, Pei-Chen Hsu*

Summary

For the pests control on crops, we can use friendly non synthetic chemicals,
combined farm management, field monitoring and other technologies to design a
workable integrated pests management (IPM) strategies. Achieve the purpose of
producing fruits and vegetables without synthetic pesticides. The first, by preventing the
pest invasion ways that are five: loopholes on net house, Resident pests, The foreign
medium, Carried by seedlings and Carried by human and farm tools. In addition, by
field monitoring, early detection of invasive pests is also the focus of work. According
to the species and abundance of pests, the appropriate control methods and intensity can
be adjusted to work in time. Hanging yellow sticky paper after planting can play
monitoring and assisted control. The powdery mildew and smaller body size pests as
aphids, spider mites, silver leaf white fly etc. will be slow down if spray "vegetable oil
mixture” or “emulsified sunflower oil" 400-500 folds of water dilution weekly.
However, all of above acts are intended to fulfill the spirit of prevention rather than
treatment, early detection and early treatment. The synthetic pesticides can be really
gotten rid of in many crop pests management.

Key words: Non Synthetic Chemicals, IPM, Net House.
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T A00 reng PafE 0 Ve Bk p £ hf % 546 - OP (open pollination) &-f8% >
FEsE 5 iTanFEFEA G R B E RS TR 2R84 F RS
1) BETHEM B A ERS L 022 250 BAEBPCHER o S fPCc R ¢
FTHEEE (K% H o5 S F R )0 7 4% 2 bell ~ cayenne ~ cherry
squash ~ paprika ~ pimento ~ wax ° ¥: < fa R kR FikE 15 B @?]ﬁ(é’ 7 &
FEFHSBRFS T ;s FHER S FR v & BN KRB S8E)
FHH G 2 5 (OP Fasfh) - B E A w2 b BRHAE 273
AAF CFRESAEE (PR W) FFRR/REDRS FZET -

|

BREBELERPICp R h2EE
FI* 250 B &t o R > £ 2005-2009 & H B 0 £ (7 HiT (7 #-% P iF)
FFEM R AT p B GEPE36 B ERRE P A (P8R
b5 S8) ot 36 B A MEFEFIRILET 2 Z THEEI (K
i AR o~ Ftd S dE % )25 48 % 4 (bell ~ squash ~ paprika ~ pimento ~ wax)
E“—Eréi'li (GFRAET HRfcp Beri> 95 %) B 5 gtk UA B AR atd s % at
HREA 236 Bp 2 AEANOBREEE Rt LI FNEF AL
R IEESHBREFERESBU Y > HIRAF 250 2ose b 3L EE D 18 B
4 EFpcs (REMEES) o p R ke 18 BRI p X AR RN T
3G BELEFRZ A EFTREEE (Ko F A Y
% %) ~5 fa% A, (bell ~squash ~ paprika ~ pimento ~ wax) > + 3+ (AL H P
FitAt05 X)) F o

ZHEIFR/EDCBRIELEHERTR
F1% 18 Bs f 2k IE R AL A 0 20 2012-2017 & 4 B2 4 57 B e

X RF LR OFEMRA BB £ A4 R o MR
ZX2BERIABHIE (¢ 2 2BLFHIF) cAFIELRAEL UZ é_?-i_%,%

Ml o fe s mAMEAD B 24 % A7 (Reddy & Kakani 2007) ¥ & =

S

ﬁ} [
P
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SRR P TN R R S
L %At e k(041" % 17(2016/08/15) o453 il 4 4Lk -

M2 f1* 5t § LRV LRERT 2k Lol -
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EA FEEE 8B A (H R TieE R 80-100 & R) 2R ko
L4 R2AA AR (BIe- 7 28hFRERE 4B FRHhEHRAE S
880-1,300 = 5 » FIBE PR 10 %4k oo gt b UL SAE S HHR B S IFD

B TTR (F4) -

e s (7 AEEEA) %15{‘? SH Fhg B3R A
F 22 AAARFLEL AP f 2015 EARLRY A AT HA TRy IcTAS
Fepied o wiEkE (BPiF) 24376 HHABEERLAFEL RS L E
% oGk R AHG

o FF A& ik B EGERE R

SHH AT HEBRATE L FT 2 pAPERA TR (Kumpatla &
Mukhopadhyay 2005 ; Yi et al. 2006 ; Wang & Bosland 2006 ; Ince et al. 2010) > & =
500 #F SSR 31+ & » 35 pl3E ~ FE P17 323 SSR 31+ &> 7 &5 2 PCR A
PEIRARE BRI EFBBFLEE D 2 BHLE RS TR SR

B3 BAV WA T 4(A)B0; 3 AT 4! B4 3 FRBREDLERER X

(B) 20x80 ; (C) 80x04 ; (D) 60x80 ; (E) *10404’ %, 1 (2016/06) 7 FF
KMx80; 22 (F) 546 % ¢ % 4 % 100x31 ik B A o

% A o
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Lz FBE R AT A I GEET2 I8 B E D L AFE ST
MISSR 3 F s HEMLIRIELEHRTLY o TEHU RS ﬁ_iﬁ'h‘—;}% 5N
AR AR E 2 e Ed A R ETHEFE TR Gk
e E B2 2 E o (R 5~ B 6)

F5 5M18B A4 (HA 541920314041~ 44~4660 6371+

e
|

80~ 96~ 98~ 100~ 102 ~ 103 ~ 104) » A" )it {7 (A)ykra s 4 A& FHEzk punl' &
5 (B) ,(C) iz % ¢ A F]#&34 CCS_1500bp f= CCS_240bp 4 45 ; (D)2 SNP-C
APS 1£:5(CaSGR+FokI) & (7 fEfff % ¢ (4hd )% & 2 f T4 4 47 2 B3 o
(A) £+ Punl' 1063 bp % £ skek > punl’-746 bp % ykerdk £ ;5 (B) o
CCS_1500bp ‘(C)CCS_240bp PRk f# o #4 CCS_1500bp
CCS_240bp % £ 5 % % (D) 3 SNP-CAPS #:4(CaSGR+Fokl)_190 bp s
&‘c% ¢ A EE S w‘w » @ (CaSGR+FokI)_175 bp ik % ¢ ffs R /¥
W% RRANF E R F2 A o
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B 6. %H# 20 B Fpie % (4x41 ~ 4x98 ~ 19%98 ~ 41x31 ~ 41x40 ~ 41x98 ~ 60x4 -

6031 ~ 60x40 ~ 60x98 ~ 63x4 ~ 63x31 ~ 63x40 ~ 98x31 ~ 100x4 ~ 10098 ~ 104x4
104x40~ £ P & ~ A 4R % ) 0 A wiE 7 (A)fheka: 2 & FlHE4 punlt 2 45 5 (B)
i % & L L5 CCS_240bp; (C) 12 SNP-C APS 1£:5(CaSGR+Fokl) it {7 &
ﬁjﬂ*%éﬂﬁ 2 F1A A 7 B

(A) 913 Punl'_ 1063 bp f- pun1'-746 bp £ 7% £ 3] £ 4 skex & punl'-746
bp % 3krkdt 2 ;5 (B):S 7 CCS_240bp & £ %4 _5 %#5 0 444 CCS_240bp *
B L% % 5 (C)E SNP-CAPS {£24(CaSGR+Fokl)_190 bp,175 bp £ % 4 & ]
2 W (CaSGR+Fokl)_ 175 bp» H &9 AU RPFESF €52 & ifuﬂ'.—‘% 5

%2 ek & A o
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ﬁ*%ﬂ¢%*¢+%wﬁﬁﬁﬁfmﬁ

4t B iR ek ) s R BT R B A v AT e
i %E‘ HEHE R AT A AT 24 W A ek A FIFF 5 (Stewart et al. 2005
Rodriguez-Maza et al. 2012) - ‘5 & iF 2 = 2 % InDel marker (pun 1! 2 MAP1)
BB A (FRZ 2 AT B2 tkplon &EY R AT Punl £ 3
Pikih o 22 pun TR AFERR BV R4 ML G ACAGRE B L BT RL

F’té’;gvjtl , l«LLAfI Ny Hp éﬂ’—lﬁ s W 4‘3@{'\5}*&—13&%@7‘%—_‘% o

53¢ ATNRAR S D2 EH4

B A AT 2 E AR nATIRGE - TH P ER %5mwﬁ~‘

#& (Popovsky & Paran 2000 : Efrati et al. 2005 ; Borovsky & Paran 2008) ° ## % #x
(QmmmDéﬂ%ﬁmeﬁﬁ%y)éﬂ’c¢6%%5%’s@ﬁéﬂw
Bz % (capsanthin) 2 & = chBf 4 A F] Ccs (capsanthin-capsorubin synthase)

@4y 5 F Ces ATk 4 (deletion) » RIZRF % - F XA FAN@AL v 2 &R
¥] (Thorup et al. 2000 ; Popovsky & Paran 2000) °

" SGR AFIBEE L 2GRN ESE iR A SREFHESEE[R o
Borovsky £ Paran (2008) # I 4 #& CaSGR 7 F1%# 2 ¥ d& A& (single nucleotide)
& & % % (missense mutation) - ¥ & % 114 B=A A d W (tryptophan)—R
(arginine) > @ SR F F HEFEF " fE (2 A FIE] 5 sgr, stay green) > & A5 cl
(chlorophyll retainer) A F1 L tpk £ 3 2 EBAF ccl@yY (EH5Y) AR
PR 5d AMEAhG P EREI TRl B2y ATFF A RS FR
B S SRS A 2 HIWEI BEATINL Uy ER
AR TR E SRS L E AT

4 2014 & 3 2016 & et A7 5 T 1% 5 B AR Fy %R HE & 200
RGP 5 £321000 B R BRtRE o FE 2T NN d (Y AT A ren
SCAR (sequence characterized amplified region) 3% - #* T SR B 438 F] Ces %3+
T EFE T Ces_1490bp ~Ccs 240bp & B A+ 4Rk > 7 % GRS T o

T FE s E 522 M4 T CaSGR k7 * MBI E S E 2 "2 cl
7~ F14] 2. CaSGR_dCAPS (derived cleaved amplified polymorphic sequences) #:& °
ERRE2 BF TR R EE L 200 0 £ A3 B R EBHRE CBEL
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FHRzhsgr_195bp > ¥ 2t T EAT S % F N Ahd & g o
MbEE AR E R 2 23R LB FTr T A B

FoORFHTES 2o HENR T EPRES 2 UmERARE -

4

ﬂh\

v

T f e (Cooannuum) SfERT L auE R 0 S HF £ R F Ik e g o
MR AR EBP RS SRR BE E LR T RR (B ;F‘) .
Sp ERfCAGL R (R F) SR F oA P R ESFEEY b Pz
TRAR g4 ’3% s 2 R e g VIR AES (Brix) AR ReHE

RS (7 otE s M@ﬁi)m%4ﬁ&1§?’w4ﬁ W BE B
PR F e r‘%vfé_’ A REF2 Ao pow LEery BE L oh T AR
@%iﬁ%%Jﬁﬁ@éﬁ&ﬂjﬂ“%ﬁiﬁbiéﬁa@uiﬁ~%ﬂﬁg
TR BENFRERE2ZRI L NRETFAFERET LAY o ¥
ﬂ”ﬁﬁﬁ@ﬁ$ﬁ@ﬁﬁiﬁ’$$$@%# HeETh s pis-
FOoHFEcEREES > s BT o T2 AL PR A R HS

mu"%i
AT ARF L ¢ RSB (103-105 £ B) 2 5% AF Bh s W K e
51 A Xk
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Acceleration of High Adaptability of Color Pepper
Breeding by Molecular Biotechnology

Jau-Yueh Wang'® Yi-Wen Wang* Da-Gin Lin* Feng-Chyi Lin?
Summary

Peppers (Capsicum annuum) include all sweet pepper and some of chili
varieties. The classic fruit color of pepper is green or red (ripening fruit color); however,
the color peppers have become more and more popular in the markets based on their
nutrition and flavor. Due to without heat-tolerant of commercial varieties, the yield and
quality of year-round production in the facilities are poor in Taiwan. In this study, we
have obtained the hybrids with better growth vigor from diverse germplasms through
the techniques of purification and crossing. At the same time, the molecular markers
linked with fruit color or pungency were also developed for the early selection of
germplasms or hybrids. The techniques of pollen preservation and vitality investigation
were also established for improving the efficiency for the selection of highly adaption
hybrids.

Key words: Molecular biotechnology, High adaptability, Color pepper.
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e Wnim i ETETET

HRE Y e’ v mita !
&

%a#ﬂ)?aaf‘ 2 (T nd & :}F%aﬁt{wv}g#}}%@z}b )];‘34}};5:?&,ZME
ZFoerlfpis s B o .'J«fm-)?fa TR EERAY e A ER })’3‘5 B e
BLE R s RS e fip R T BT - o AL dup A p T A
gﬂ\ﬁfﬁfﬁ:’ | %7 R 4“7}?5%7}@&\?’%’-@%@5%@ Bl A RB e e ﬁ}?ﬁ—% ',—}xl«lag\'-},?ﬁ
o 4 Ptk T2 (bioassay) £ B 5F &Y TR Eb s LEE HERL PG o BF
% T+ B sl (electron microscopy) BLFRE miE A BN dump A ARG Bk
050 &£ AW P F R 411 * dua e T2 (serological methods) & {75 A
N ER R L 14 mé%%%%ﬁ%i%iiﬁﬁoi%%i&%@?ég
o B P HTIE (|mmunod|ffu3|on) %% % %% (immunoblotting) ~ e 5 & 5 2 (tissue
printing) ~ & & & & ;2 (immunofluorescence) ~ f% % i % & & % (ELISA) ~ & & iF
4% (Western blotting) % & # :# % (immunostrip) % - “* T TR T2 P
2 b o T E L FEFPEE TS (nucleic acids methods) INEIR s ¥ 40 S R E
(hybribization) ~ ® & f% % 4% * & (polymerase chain reaction, PCR) N A
% W4 5 & (real time-PCR) ~ 2 # & % (biochip) & 12 8 K #H# 5 &
(Ioop-mediated isothermal amplification, LAMP) % -

BEEEEF & Jpd P e WA PIRRETS -

%\mL g

2Za

M

nu\

:}ﬁa% d e 72 3 P (deoxyribonucleic acid, DNA) # 1% #% % &
(ribonucleic acid, RNA) 2 F-d B etif o2 54 > AP F 2w p 1+ 4
4 é‘. =% J< ,LAE'_f‘TZ'}E @l‘%’?;g’ T £ G\'J}'jf"ﬁ &’J"’}i‘ﬁ}n s _ﬁ‘_ ‘_E_'_g = %f_g?\}l%.%. ;FT;}f_ » H

“Khﬁiﬁﬁ$$%%ﬁhﬁﬁﬂwpzﬁ AR
7 Felin ig% pi‘%?”r’fﬂffﬂffigm WEATEE T R o S S0 o
Frcih A f R ERA T S I E e R o S 50T
R A f R E R LR R e R r?‘dﬁo

W iFH o+ 28  yhcheng@tari.gov.tw 5 T %  (04) 23317517
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Ay R S SR E IRAE o B RS SRA S EF RS 0 P R
#X73 1000 A& o BE B EF A EMIEFERTESE PR
P RETE 10 ~ £&p 4 (Rybicki 2015) > -~ ¥ Lhf v X B 4
(Tomato spotted wilt virus, TSWV) (Yeh et al. 1992; Zheng et al. 2010)~ 4 #v% * # &
:},%Jr (Tomato yellow leaf curl virus, TYLCV) (Jan et al. 2007; Tsai et al. 2011) ~ #*
4 %4 (Cucumber mosaic virus, CMV) (8% 2011) £ 5 # % Y -+ (Potato virus
Y, PVY) 88 F 5 & B¢ TYLCV {fr@f 4 5 saym + (Melon yellow spot virus,
MYSV) (£ TSWV I - 54 B) (Chen 2008) € 54k %3 7 £ & 4 5
3o “,% 7 TYLCV 2 MYSV 2 #t > & A EEEF = (Squash leaf curl Philippine
virus, SLCPHV) (Liao et al. 2007; Tsai et al. 2007) % A #E4%%F i }?a* (Cucumber
chlorotic yellows virus, CCYV) (Tseng et al. 2009; Huang et al. 2010) » fiT#& k%
LSRR B h SHpEE HT -

Bd B FLES S NS SABEE AR E  E R R
FEtopAE o %ﬁ%&%@,%ﬁaimﬂq\ﬁg\ﬁﬁ\%ﬁ\ﬁﬁ\
Al ORI T R B 0 RS LS TSR o TR T
ERETERRFAG LR EF G AR R LRI
T4 3 ﬁ“fﬂff")@,‘—{l‘}ﬁ%i;‘T R B BRI R oo ppELRE NN AT
g%*%iﬁaﬁm"é’@%*ﬂ4m¢m%ﬁi§%ﬁﬁ PR FR

BEREFREED R P EAAR T R oo oA - }?“r,‘ur eSS A B R
B F AP o F PEpAkAp i > 2 hrd 2 Ropd R A alde e £ H o B

FiPaegpeahimagd » Fp 2 3 b g REZRAETL RS AT AR
LR bR tRRZZEFLE - WS RS ¥ L ¥ 2 (B 2002; Webster
etal. 2014) # /i 4™

4 M Er ik (Biological methods)

FI* WREAGERE S N Rpa R R rtEd o ¥ Lihdp b e B
%7 (Chenopodium amaranticolor) ~ £ % (C. quinoa) ~ *£ % (Nicotiana benthamiana)
FoSRITPELRF ANOETIFfrAERESAL 0 A THRITH LIRS
- TG FRRASF LA F TR R AFH T I PR OR
Yo it CMV ~ TSWV 2 MYSV & - 1% $efbidp n fe 40 i3 /L § 4odp om 4 o9
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BB ARIE e s B ERER Y B BRI BRBE AT $i1
REIEH et S o

kR AE R 4 4o SLCPHV 2 CCYV # » RII® Gub & fdkdy 7 5 fd -
BB et 14 2] 5] o

4 4L Bri% (Biochemical mehtod)

ANLEZ T RMEBR RS BRI RT3 LB REFE S
dnre A g e 7 48 (inclusion body) c T E F AL 0 SR d BHARS (S
TE LR BREHABBRES L we M A2 N T P F AR T TS ]
%4 (P 2001)

T FRAMSBEIRE % (Electron microscopy)

T MBI BRI LT A RS S T el B o
P Bt 2 LA TRBERRZE > R T TRSRER - I T HRER
Bk i AV B BRBELETIRA AR R EARRIES 3?1[“ A B
B x ¥ & L E & 42 (Direct negative staining) £ & B T B B R 2

(Immuno-specific electron microscopy, | SE M)
£ 75 ¥ % ik (Serological methods)

¥l iR WE R LA BHIGE (SDS-immunodiffusion test)“f¥Z @ % &
%% (ELISA) % ¢4 % %42 (immunoblotting test) ~ & % &3 (immunostrip) % %
# f e £ & R B E (Quartz-Crystal-Microbalance immunosensors, QCMI) % #
GE o FORRTS PRI AUG L FESL o F R A LS T
\QWm@}a§@4éﬂm%ﬁ}PW%ﬁ&’iﬁéﬁﬁﬂﬂﬂﬁﬁi%°

EWICGERARGRAET B > ed FRF RN EE ~Hp > UEE BRI

??u%’ﬂ LHETT PR SR 2 B PR P oo AR G RRE R AT 8 g )
~o 4 F B 0 FRAPHES 3 AREF BT R

LAFRZSH P REDE > HBERBE B FHR 7 PR
EATHE 2 G RE AR RGN R R 0 £ Y AR RS SRR R
ErBERATAR  FFREIATIBEF Ko

S (A ,1%
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LEIRAAT 1 S 2 Pl s S SN B R £ R AT Bt - 5
M o 3 wt,ﬁmﬁmp,& (SRR R RERRREAI SRR &
Hd R et 1 F RS e d mifal,%zifa%ﬁﬁ Lo Rk E
ARG TR RIS o LAAT &Y SRR AL R L ¢ AR 2
BEEIREFTTREFIAFE «f”é‘?ﬁiﬂ PP A - BRSO F R d T
TELHERERREEE e PR FREEME AN REHE R
Pt <~+a4w1§a* R ELISAATE R iE ~ 8% ERMEF -7 MR- L
AR AE PR AR B R E Sk ek T 2 EErR 2
4 < j¢ (Clark 1977) °
zmo; o H 7 Ji/,@;/P'JBgJ,%!IE'_'fE? ELISA #f iz » 11483 en T 3 5 R B~ % ELISA
B ¥ o J;TH'%(LM > I* FE § ¢ (Mass-Loaded) &t 32 > fid 2 4 *’JM*’%] Sh
T * 245 & %z%ﬁ%%;*'mﬁzﬁ Rlepd Rk R > R ERARRIL 3 > #
er3F £ (Eun et al. 2002) -

\\\Xr

5-FZ Brix (Molecular mehtods)

o F TR e P RAF £ 52 fei2 (DNA probe hybridization) £ % & frid 4y &
&% (polymerase chain reaction, PCR) = * #f - {2 &tk & /% B2 784 ELISA a¢R » v
PR A3 PHRE - PRESERZFT 2 ELRF 424
Fo AU Bopd P A h- B T ETRAG R H 2 Rlp A& Ppka 4 e
(hybribization) & & » H F 2o 5 % 003 b 28 b 4 g B 40 2 R Ak o Y
DNA % @ Rlen¥ %A 5 & % iF 42 (Southern blotting) » #* = i# % (Northern
blotting) "* RNA % i p[%f % » 2% iF 4 i (Dot blot hybridization) # 58 & i 4 7 >
BRSSP TS o MRl Pl PRRIFEY  PRFESIEE
DIG-Biotin ¥ 2 (s & ¢ 2 * o4 4 & 7 (Biochip) #-#c+ & I #icg 1 g:(spot)-
Fe(probe) » B BA S S LG S L2 S o I TR S EEER
I pEs g BpIF sk o

FEP g F 1" Tag B Efsp DNA B3B3 — | FL @ o DNA & £ >
" RNA G HFERR ARG F i B 3 4 DNAS £ 11 A #9348 PCR £ 7 DNA
# B > # % reverse transcription-PCR (RT-PCR) < PCR ¥ 3 % &% #§: touchdown
PCR: = & 5 %k & & 57T "% smultiplex PCR: %6 — B F & ¢ & * % 2513 nested
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PCR: A% MR Mol JFH S B HB IR icd L ¥ R 55
real-time PCR : Real-time PCR & # Quantitative PCR (Q-PCR) .- fé%g%’ PCR %
'F’r% 24 Z_§ DNA or RNA (i& 7 RT-PCR) k& 77 2 o fHiIBLL PCR 7 FF 2. e B>t
mETSd R LRI TRF R AP E(FRFT)DR A F BAET L né—fﬁ
AlCEEF BRI EEFEEFBMIT AL - P v Real-time PCR & 5 & 527 =
e TR EA] 2 THRAA] 28 2L AR5 B F Y 4o~ § R DNA
tmfiy kb o pwE ¥ @ * i fluorescence DNA binding dye SYBR
Green > & PCR K Jgcnif42® > L F % DNA 7 £ 4 > &2 DNA B & b
SYBR Green 7= 3 4v » F EMELIRE2 W 4v o FFE A PRIL L J|* PCR A4 ehF&
FIREF - LI RFS ) T AFES A BB P A R F ARy R
¥ 4% Reporter *# Quencher > ##f 4 & 753k > d ** Reporter 2 Quencher
LI EFR Ak 0§ DNA ARAF W o S IREBPE R KfEES 0 Reporter &2
Quencher # # > Quencher £ 2 H i > Jis ¥ % Reporter 5 5k @ 4 i BT o 4ok
FEGERDAS  FERD GRRETIFRLY 04 R § RN kT Y
GE EFREFaE -, 2 W u;ﬁ:} F ey kR 2 fFE iR 0 YR -
wARPER S PR (multiplex detection) °

B PCR 3 & 3 BEAFEHRN iR RE > £ 2R L FFiF
(Recombinase Polymerase Amplification, RPA) ¥ % & H ¢ » 3§ B & s tpLjis o
RPA & iF 3 A3 B WHFEF DI BEFTPEPIH L2 - > &

+# Loop-mediated isothermal amplification (LAMP) - Strand displacement

i)

amplification (SDA) - Helicase-dependent amplification (HDA) % Nicking Enzyme
Amplification Reaction (NEAR) % » i dt ik B 7 Pd e RIPF R - 158 i v &
BOEFFRAARAE BRI G L F"*i*»f« R e

JTHRPCEFLECFELRAS FLARTHKREIFAFMNE ) AREF L Bl
FH R EEERBR TR FIEL NG TR NFHRET D AT
Lenk kB §HEERRA - KL P Bpd LS E D TR G o o

2

RRBRETANRERE

~

FI* RSP REFS FLFE U LP32 P ARSI IEET 1
3 TH T FPLLEERET FANTH o SR AZ @]Ej:l;%_"f‘;'
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ek i 2 RS o 4LE 8 i (Bemisia argentifolii Bellows & Perring) #4% 5 3 A%
he SN EpEA+ (Squash leaf curl Philippines virus, SLCPHV) ~ A #4R.% & 1 5+
(Cucumber chlorotic yellows virus, CCYV) %2 5 % ivft (T4 e § iv i E 5+
(Tomato leaf curl virus, TLCV) ~ & 3=+ i #% ¥ 5+ (Tomato yellow leaf curl Thailand
virus, TYLCTHV) : &[5 @ 3% Tospovirus e - 3k38 ¢ F 4o 3 A8 A
% Birfﬁai (Melon yellow spot virus, MYSV) % @ % ivf 0 TSWV ~ CaCV (Huang et
al. 2010) % Pepper chlorotic spot virus (PCSV)(Cheng et al. 2014) > /L1 = B X fk &
h3f 4 o 4Pt Tospovirus o+ 4k i %2 5 2 (Chenetal. 2010) > B3 2
FA P EHF 24053 B SLCPHV ~ TLCV 2 TYLCTHV ™ rfits 254 5 4
(Chengetal. 2015) » &% L2 PCR &/ » ¥ 4| * H - PCR 247 & PCR:iE 74
Bl LA HRPIH R BF 0 CCYV iR 748 &£ RT-PCR > % ipl (1) -

(C)

Bl L ok lidc i Bifhens ABERS (A) AHARERT B+ 2 mlk (B) 2 1% 47
& RT-PCR # #] (C) °

Fig. 1. Symptoms caused by Squash leaf curl Philippines virus ( SLCPHV)(A) or
Cucurbit chlorosis yellows virus (CCYV) which were transmitted by whitefly
efficiently. Detection of SLCPHV and CCYV on cucurbitaceae samples by
duplex RT-PCR (C), amplified fragments from SLCPHV (upper) and CCYV
(lower) were indicated by arrow.
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Fr R L LEELNF AT R LA pd PR R ERG IS TR
PR a A kA R T PR &2 o T BB 1 (FIRE M E Tl sk
Dr* ks T HEFIREAFF > BT o PRIt b L2 e
WA CBEE RS EE (2 Y Fp S BRIUR S BT kB IR
TEB2 - o PSRBT AR E RIS PR SR S
AR R AR o (3) AILitarie 1wy F T 5 R A (P A K chik
BB TR LD IR A R fE I o o 5 e
Hd L4 AT R AR o (4) v BHL CRORR S RTE B LR
%%°@%9@ﬁ#’ﬁi%lﬁumiﬁﬂioﬁ)%ﬁ&ﬁ%ﬂ:¢ﬁ~$
PR R PHE T FEISA R A N E I RS R R A - BT
HRAFTEREX RS FEFT *;‘?{ifﬁm hoEB o R ;P‘E:E»%ﬁl (+k 2017;
Jones 2006) -

@%&J%ﬁ P AR A T fen x%’wwﬂﬁm*gz@\ﬁ&z
AANKRF REHARE RSP RE AT AT 252 o T AREX
'ﬁmﬁﬁﬁgﬁﬁﬁ”ﬁ* AT R kfﬁwzxﬁﬁﬁ S F RS VA
A7 EHFETAMEE R REFFIEREAT > AL g RMILRASE 2

g;

% Rk

HRBE Bl FHRE ¥4 B 20172 2 R % Facp AT FEFIRE X 22 AH -
%%%ﬁ%ﬁ%%x#%@%#%wﬁggmsa%

PG S §a B~ R R 22001 % FRAE - T F HMES & 5§ HFL 8T
%@%+oﬁ#@ﬁ§gm13m&um

BHA S RN AR 2002 A RARS GRIFEI I ERDAKRA T AD WE
Y € (=) pp.35-52.

BT o201l = E R AN HRA BT AR FAERAR L TFT AL BN ARTE
L iR 2 € & ) pp.147-164 -
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Diagnostic Methods for Plant Virus Diseases
Ying-Huey Cheng™®, Chin-Chih Chen?, Chien-Ming Chou?, Ting-Chin Deng’
Abstract

Plant viruses cause major losses to several agricultural and horticultural crops
around the world. Unlike bacterium and fungus pathogens, there are no chemical
methods available to control viruses and, consequently, the current measures rely on
resistant breeding, healthy seedlings and control insect vectors to manage the viral
diseases. Diagnostic methods for detection and identification of viruses are not
reliable based only by symptomatology since many factors may affect the appearance of
visible symptoms so that it is necessary to apply some more sensitive techniques to
diagnosis or identify viral diseases. The first technology used to diagnose and identify
plant viruses is bioassay, followed by electron microscopy. In the late 50's, scientists
began to use serological methods for the identification and diagnosis of viral disease,
still were the major technology for virus detection. In addition to the diagnostic
methods performed by antibodies, nucleic acids methods have also been prevalent in
recent years. It is expected that more detection methods will be developed in the
future so that virus diagnosis and identification is no longer a complicated task. These
advances will help to ensure that plant quarantine, disease-resistant breeding and disease
management are implemented accurately and essential for sustainable agricultural
development.

Key words - Virus, Serological methods, Nucleic acids methods
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J& IR AR BE & 2 3256 & o
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BacAe R ivd o 2P f 245 FAO 53t 02014 £ 23] 476 § 27
P EF T 4% (1920 § 2T) 0 RS (B) (392 § 2f) &iacs
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FERFRAESAT IR ARLEET A RRwY HEY I EERE
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Fom)e %yp 2004 £4R L KL RS ALRFET LA YF > g
ri?aaiialmi;fé AR fF LI 161 F 2F o 7 687 7F g <]
FRFET88F6F T ARERFTENE; 3FOF AR A
BAERBGHFAELN 2 Y ROERFFFH 38 F TS 2EREYS
55%%. 5 > @ P Al A gag o P WF 608 2F 0 F 28 R 75% ) 7t A A
%5 2004 & 3R 4 ’,;r’-“‘!rtv’ Rt pAnbFlF T Eamdg 408+
BERS BRI EZ A6 2FEETFIT 45 6F 0 EnERFRR
o) i‘J“ﬁ;ﬁi%ﬂﬂ“ﬁf’ e prenb g4+ org 2 AH2HT7F 0 ZR2

FOF A< JI1F 9O+ E 82 1 8F2Elariy 15+ 2843 o
ARIFEFR N EF L1 F 2 RS Al FE eI i BH Y 54
2*E (Peet &Welles 2005) - £ AR ¥ FE5F £ o f > 2 2015 #cnic B - 947 § 3
+ 2 g (http://www.hortldalIy.com/artlcle/23258/GIobal-greenhouse-vegetabIe-area—
increased-14-procent-over-2015) » £ A X fHivH R o F T 5 R Bdg 0 L ER
BEHive HAcd 12-,72“5’41 DEAED B mSOF*ErIa' % @ H 4 3 250-600
MRom &G B F] S 2 thE 0 50 P ;umimﬁah 400 ¥ 0 BEom Ao e
Brbrd & X i SR 2 A 0 FIUM R F oo & & 3 4o (http://www.cropscience.bayer.
com./en) °

R
ok

AN

B F AR AE- B0 BE

BFMEEF RS N RIEET 0 RS AL ET (Leeetal 2010) > 90
ERERIFTMN P AT vEH s P s p2h P 2 %4 EAPARES AR %
FRFEE 0 FRP AG 60%  5EMT 8l%H IR P AF SRRV ARE A AP
hovEFEr RV B R B S BER (T5%) 7 (50%) P ~ (48%)~1 2 H (25%)-
¥ B (15%) ~ 1 d 7] (15%) ~ # "H (2-3%) > REDEE G R A 5 T 5T (4500
2E)~ 2R (2800 2tE) >~ & <A (1200 ) ~ F H T (170 2F) o (Yassia &
Hsussen 2015) » 34 L & st w @ * 43 » H 3 REeFH L * > 5T 100%4RE 5 7
WOE Y GRReN(TR L faceicS > 53252+ 57§+ (Michel et al. 2015) -

B g factlrEEfa e * 5§ eh i ‘Maxifort” (De Ruiter Seeds) ° Rttt
3 ‘Eldorado’ (Enza Zaden) ~ ‘Beaufort’ (De Ruiter Seeds) ~ ‘Big Power’ (lek Zwaan) ’
AR DE AR T 50-100% 0 T ¥ dR IR 4 2 (Peet & Welles
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2005) - H s g @ ¥ v ivilEE e 35 ‘He-Man’ ~ “Unifort’ ~ “Natalya’ ~ ‘Spirit’
F &4 # ¢ Solanum lycoperscium x S. hirsutum & @ 32 < ¢ 4% ‘Beaufort” &
‘He-Man’ -

Wds Ao Rb S $ i soehip Bhde™ o

#34AE

PAZE AR EFEKRITEML €L R L Higashide %3t p 23k §iv
f ok é;&rmgﬂy}_ﬂ’j‘:‘%?d 80 & e E & T3 o> 30 o 7 F) 2005 #
560 27 pARAEIF 30 STAEN > AR RFF AL P ALR ?‘%I“i
Vo aTAMAGFEAE S f M (Higashideetal. 2012) 5 ¥ — B 5 1 * 43
L £ o p oA A FE S AR B4 ‘Momotaro York™ £ f i S48 Gourmet 47 B i rwﬁ%éﬁ
‘Maxifort’ €2 p » {3 £E*Spike 237 % % j7 i 134E Maxifort” tem B 4548 548 % % iR
% A £ (Higashide et al. 2014) -

B H gy AR K3 B A So ks ' Beaufort” &2 ‘Arnold’ = fE1REE 0
FRERAGET BRASF 2 RE AL ‘Beaufort ®Amold’ T 35@E % > e £ B 7
k¥ > ‘Beaufort’#e A 4t t 3 8 4 404 W3 4 & £ 36% ~ 25%%2 37% > A & B3
4v 50% ~ 11%% 20% - 3 A »c% P & (Turhan et al. 2011) °
. a‘%r’% ﬁff“'l“*

BHRSHFIcE RBIHREERE ¥ AZRY 23 "4  BRITHR
(EC) > i&m #ftrs b ek > Danlela’ 4 v &85 ) 0 EC2 BF > P 3 LHA 5 2 £ 4
48> EC6 P B 1 ¥ 6.3 ECOPF» 3% 1 80> w534 1 EC (ds/m) > & & i
> 10.5% (Cuartero & Ferndndez-Mufioz 1999) o #-# i+‘Big Dena’#5d% i 13sk 544
‘Maxifort” % v* fdREE 2 AR 7 B 2 %2 EC (ds/m)shA € > B 5% & higke
TOoOREECHFAEMR PIREBRIAGELTIFEC Y ARKRFAE 0 A AR
EC(ds/m)1.2 =& € 2 4xf EC(ds/m)8.4 thA £ 4p % » BT iRET H 3 B |+
(Semiz & Suarez 2015) o & 317 ¢ 14 § de-fE ' Moneymaker’ & #4844 p 19
% AR FFEUC8B2B’ > £ /i B 42EPera’ ‘Radja’ » " 4c » 0~ 25 22 50 Mm 1%
LA e G B % 50mM & 140 p PR ERE AR UCS2B s E R A K 2500
w0 @ odd B4R Pera’ & ‘Radja’ B 4~ %) %) 7 3500 #3200 2 A E 0 AT R
FAF 0 dRdE P 19w £ Pera’ ¥ 8.3°Brix 0 @ 474%‘UC82B’ ¥ ‘Radja’ A X3 10°#
9.6°Brix > B AN e A Rk P A T EPRATER VT AR EAR
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A AR Rt 7 &< 2 (Flores et al. 2010) « & 8 § 3oi3fE+™ 3% § A B
IEIRFROCRELEDF BT IE TSR H (Estan etal. 2005) ¢

v dt g AetIRE RX-335" 445 ‘Tmknvf2” » b bt 22 A 4d % 25°C 22 35°C 4
£ 35 %% 4 25C &T;iﬁﬁ’ %&%:#%-Ei RichE£E AR > 2 a3BCHRET D, E
12.7 2500 B 2T ASRIE 5.5 2 o0 PTIARERE £ 1AL § B iR B A (Rivero et
al. 2003) -

LA XK e

FOE2005 F 10 1 p Ak 2 AR T R r o H i 1 Ry
% - AR UF > bl4o@ 1L (Dazomet) £ 27% # (metham) | efp - v = &
daig* 1 =X m¥&FIFG A "T'l@?#m}ﬁ‘ﬁﬁﬂ:j\/ﬁ\‘ > 2 iﬁ},}% P R A E
LiE > PR HNLRRT > ¢ Fusarium B F5IAh% B (F. oxysporum
f.sp. lycopersici, FOL) # 32 ] /& 2 % 232 - f& 1 % /s (F. oxysporum f.sp.
radicis-lycopersici, FORL) » = %p}ﬁa (Rhizcotonia solani) > Verticillium E #3142 5
% s (Verticillium dahliae) * Jﬁ%mlﬁaflﬂrwﬁ S¥m T 15 % 2 30 = Fulide
Z 1% o B¢ g ‘Maxfort’ 215 % & 30 A by X A H 2L fE L & 2
34l By E 30 X w4 3 4t (Collaetal., 2012) ©

poAfI* RRESER R E 0 P ABER L 2E R B S 1Y FUERE S R OR)
T{Leeetal 2010) > v IEL R L HAF I F L g~ P2 /KT o - BLF
B FrHE2hwmplmET-Fop Y- REDFIHL DI FRBET -
Colletotrichum coccodes 5 !4z 71248 f 5 (brown root rot) > 1 & & cisk 5184t 2
Hop d duttde 2 2 (Yamakawa 1982) © P A AL R IPUAFE EARE A T RS
TMV Fg t7 - 5% 0 7 i R 8 Rl dup £ 0% 0 g pivaRRfR e £ e i 3
(‘YYamakawa 1982) -

B2 R FieR P ERS B (TYLCV) 548 Castlerock’ & t s & 18
‘TH99806’ 4% 4% ‘S. chilense LA2779’ ~ ‘S. habrochaites LAL1777 ~ ‘S. pennellii
LA716” ~ *S. pimpinelifolium PI211804" % 4 f 4w TYLCV 3£ g s 1375
‘Moneymaker’ » % % & % ¥R TYLCV ke f),%#%»i%é’rvfﬁ‘Castlerock’:ﬁfaz;ij?;;&jz
BRERpOTUGESBEN AP AL RAE T RAGRERS E 254 B Ridiin
TYLCV 13zk4t@t TYLCV #44 548 TH99806° '] &£ »= % (Mahnoud 2014) -

"\'
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% 1. 2 &S AE 7 2 a@fga:g 15 %2 30 X g ¥t s R
Table 1. Resistance levels of different tomato rootstock cultivars inoculated with different soil
born diseases in 15 and 30 days seedling.

F. oxysporum  F. oxysporum  F. oxysporum Rhizcotonia Veticillium
f. sp. f. sp. f. sp. solani dahlia
1rE&Fa lycopersici lycopersici  radicis-lycopers e * % I
(FOL) (FOL) ici (FORL)

4842 4211

15=%30=x 15=%= 30=x 15=x 30= 5= 30 15=x 30=

He-Man R R PR R R R R R R R
Maxfort R R R R R R PR R R R
Beaufort HS R PR R R R PR R R R
Unifort S R R R R R PR R R R
500267 S R R R R R PR R R R
500292 HS R R R R R R R R R
Natalya PR R R R R R S PR R R
Spirit HS R PR R R R PR R R R
— HS HS HS HS HS S S S S PR

P Ry

P FMF 4R (R pdpdic t 0-10) 5 84 it (PR pdpdie 1 1130) s B (S0 &
Jdpdic 1 31-60) &2 % B (HS > & pdp ¥k ¢ 61-100) -

¢ B p ok icH R S48 ‘Cuore di bue’ -

2. P A FArREES AR T i
Table 2. Resistance levels of Japan tomato rootstock cultivars inoculated with different diseases.

Fhem 1mEE A Ffsji'fm FEp  FRARA T
A NEEEA Bacterial Brown Fusarium Wilt Verticillium Nematode ;34
Wilt RootRot  Wilt Wilt Root Knot TMV
(FORL)
BF OkitsulOl 0 X 0 X X X x
il LS 89 0 X 0 X X X x
% = PFN 0 X 0 X X 0
B pENT 0 X 0 x x 0
KNVF Taibyo X 0 0 0 0 0
panas Shinko No.1
258, KNVF Tm Signaal X 0 0 0 0 0 0
/g*.-?; KCFT X 0 0 0
Kurogane X X 0 X 0 0 X

IO xR e
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1

T iRk d A6 4

%3 § PR RRAF T Raopd g (TMV) 7 k2GR G F R
Table 3. Responses of different tomato grafting scion and rootstock inoculated with TMV.

1 =R
BaFTm s F.Tm-2 %3] F1Tm-2% %2 7]
B 2 4 Tm 57 3) 0 A? x 1
FTm-2 573 ¥ AY 0
FLTm-2" 24 © x 9 0

0 % ' x: 2 BIREZE, AT ,gb,,;}g

D SR 2 TMV > 282 2 BE f supiin

D mRAE L T ma A

D BRME A TMV &4 E B § g SIRBBEn
D RN e A

® KCFT, PFNT

® KNVF-Tm-Signaal

YR 3% Fn T AR Bh- 20 4 22 A 97 £ 5k

B ¥ % Fvahy X (Verticillium dahliae) ~ % # s (Fusarium Wilt) £ 1345
Fps B L Lyfpirdfd LT MeEg e &R ficmajiE i
o ¥ - BEAG KRR 5r Lo A T %G EPNESE FOER -

éi?ﬁﬁﬁff%” hivm 2 o (A1l g AR O R g R R = 27100 ~

34050 v o fEE 40X P A (IO de Rk B ALY U mE 40 is 4 At
Boldavo Bea i 2R R R kiR %E’ AT ERELF AR AL

WY R TR B PERRE 2T F R 100 o der AR £
?!Fié_r"s AL AR R AR R0 FIR TV BT e
MARIS > KR > @G EHE A RELEFEERY > Ea PER
o sy e Ao+ R > TR A enR AR

%%é:})‘aaij% TAHER AT ~LRAFE FRERI D 27 B R E N
B8 R 203 R A 20-30% 0 Bef PEiE 50-60% (3 % 2006) 5 LA R Fw B ic
F RIS S 10-30% BRERFE 60% M (&% 2011) 0 Eav 4433 40
~ 4 Peg(Liet. al. 1988; #ktkE 2000, % i3 % 2015) - £ ¥ F 7 +;:r,ﬁsaﬁvﬁ:
FTHICAT  AF AR Pfrd v ®o RS S F b a 10-40%F > L K B
F 80% - &> FHivi A 30% -50% 0 ¥ 3 & (37&%E 2009; &% iz 2015) o A Er



70 2016 %% FER HAT FLEL 22 AP E

BREIELFHp F 8 7= F & 10%-100% @#+ 0-91% A 244
(Kishun 1987) - % B Goth *4r &35 i F e 8 @ & 4 4 Hivd 50% AL 4 o
EEFHERE YN FREHE S0+ 30-80% A E4F % (Opina & Miller
2005) © f s FARp e AR T - AT A HE A SFT F
PeitE R FlRREAd G @ TR A N s AT WIS g
~ =+ (Hartman et. al. 1991) -

Lged g o B e i e F 0 iR ILT fepic T 2R EG203” ~ 4
ivfd 7 ‘Hawaii 7996° ~ ‘Hawaii 7998 ~ ‘BF-Okitsu101” ~ ‘CRA66’ £ g s #8./ ‘1390
S o Bk IS B REG208 ¥ e i B2t B B vk R (Lin et
al. 2008) > # FrdRdE AT 16 £ 301RE Hawaii 7996 24 EG203 » 14 A 4% 5 4
BoXIRIFAXGAF I Lk AN 70 15p 280 129 T
B G R RA G K E N o A KRS AR Hawaii7996 & 48 ] P {E < 38 %
AR A S A B G 3 3.3+-50.0% @ EG203 # Mgt iE -k 3 s 5 4 3 65-96.7%
(AVRDC 2001) = 14 47 H& % % 4¢ CL5915-206D £ & 7 +5% ¢ CHT501 & 4k - 4%
22 EG203 0 WP A UGPSR AP AR EFDLY > BEFLA KD AEF D
B E % % BT R4 CEG203 5 7 S A 2T 90-100% 0 T A kR4 D
CL5915-206D (75 i& 5 /1 ** 16-46%) £ CHT501 (7% 7% & 0%) £ = # P 44% EG203
gt -k (AVRDC 2002) °

LR R 1A 06 4 F R EG203T S R T B 0 1 4 B A f e
AR EG203 £ AR W RAD ARG E B I LR O BEHE AL ARG
AR A R A B H 40 40.8% 0 @ B X P RIURER AR A B 4 4 19.6% 0 K%
BB x5 T R A4 52.7% (AVRDC 2003) -

ik B0 CEG203" AR 2 A 4RdR ) Ao fE yoyo ik 0 A5 R R ERIR
B E A F A0 20-80%2 0 HRIR'EG203" % B I 43 2-50%2 [ 0 BT T AR 0
TRk B e b 2010 RS X 5 R f Ao TR EG2073 1
Gde hActUAR i 4 B B A% R R EG203’ 0% R 8 5 (Leeetal 2013) - &
B s B-RdEEG2037 & ‘Hawaii 7996° it A Tld% % 04 2000 # 1 2012 & 8 7 -
%8 # «Lam Dong 4 = # it 4 ‘Hawaii 7996 » & 2012 & ® & 6,500-7,000 =7 >
@ % F 4246 90% > @ % 3 1 Red River Delta BI4& 4745 ‘EG203" > i * 5 3] 2012
£ A% A H Y DR F R F ARt 22 F £ & FR L Aok (Genova

Hr-
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2013) °
B o PR B @ ‘EG203° 5 1RAESAE 0 e B AR M é_i‘_ 9 &
Foadeacd 2@ s LA EFLeihd 38 —fupidins jkT i

Bl 3 32 T AR FL

Bl srilies SR A S EE SRR S B R AE R AN U
Fu Rz % T A G L 3 bR 1UE e A S REF 0 R A
G 17.3%% 20.0% > ¢ Bdum (R) $5 0 5 Fup R r%;fgﬁ_‘Eezos’ﬁ = ﬁﬁ g
Fipdc: 29.3% (MR) £ 38.0% (MR)e & %> 12 % 2 P et L s G o en
P 68 B SEYH 63H I L AR AR B L1 p L2
B R L3 RCBD Z €480 5 ) % 10 B BT F R BHFET A F o
AR TR RAR B L SRR L 1 2 5LH A 29.2%
Y422% ; T3V RE AL 15 B 28kl 38405 5760

9: £ 82+ ; T & ¢ 3%%\%1& 8.0 27 ~88 28525

104 8% % A RYER T Uit BE i 2 fi0i B R
‘EG203’ ‘B L 2% & ‘B L35 CRD - €4 | B4R 20t B - R
Wk B 3EL R EG203A 4 17.3% 0 ¥ R R 0 BB FIEE A
AREPPE RFAELER < o

104 # % % AR 2R E F B2 PR URTYLCV shff ¢ /] §45634° 5 1%
o REREG203 B L 3F LAY MAMIELHE O RCBD - £4f 0 &
~ ] R %48 210-248 th 0 Fl- SRR ERFIFFE K 3 117 3P AET G E
W 43.5% @ ‘EG203 " L 3H 2 h L 4 5 enT 305G E 5 A b 5 96.8%°97.5%
¥7 99.1% > B T do+ $9REAE K AP BT o A SRR 4R ‘EG203” ~ dRdE ‘B L
35 B4Rk ‘R L 4s, THAEE AN 5 970 27 ~100.3 2 7 ~ 1300 & T &
975 27 > ‘B L 35 K ‘EG203'# A 29.7% -

104 EH % A EE %58 PHF R T > 240 Fivs B 1S B
‘G203’ ‘B b 3 B8 (R 4 B RBERZ F T A 2 0497
R340 0r ‘Bl 3E fROCEG0IEFREAL AR R 15B AF 0y
G 3B 4B i ‘EG2037 4 B3 4e 26.3%%7 20.2% -

Y
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104 # 47 26 P k=D > ERHAET U 2R ) FAvE BMA 1
A G 'EG203T N TR 3 H & CR L AR @Rk R S T RIS N
RT76NTTET2 LB AP 2K LB B L5 B AR L3
# ‘EG203'# A 9.8% > ‘B L 4 5L R EG203 K A 1.9% -

104 E#R2 Ak ERD- ELBITIE FlpOT ®EERY 0 BAS
B RS R B 0 A WA T AR R CEG203 ~ 5% R L 3 B1R
BhL4s oA 5 - %9100tk RCBD = £4F <11 % 18 p ¥ -
THEETAL T - LG FREBF L ARG 481%E % 7t ‘EG203" -}
S BE L 45 ARG 5.0% 2.9%E 29%E AT R 12 9P R E S
- T FRBE A U > AR EG203 - ‘R L 3E & (B 4EY 0 B S
g w5 76.9% ~ 36.0% ~ 3.9%#£7 35.0%° 10 thT 30 E 0 R 4R - 4R EG203” -
AR L 3R SRR B ABY A NG 470270674 27974 274874

‘hl 3 E ¥ th L 48 4w ‘EG203° A 44.5%% 29.7% > A= iE
HRBAFRPIRAF LT RRE R Bk §E

FERBREEEE R 350 & EG203 H i E 0 A Y
PR R TRERAG L g LAR R E - RIS A W Bkt
Box g wlo plE ‘p L350 R OCEG203 M A o' L 3EIP R e L RREET A
Tuod o ARERERELIARY o

¢

e

ﬂll\

B RS S LRI R B HEITHAE S SFTH L - ATE
HBARE W AABEER - hiow 'L%ﬁ-lﬁi* Vg (TYLCV) ~ #mﬁi’{]‘,’\ ‘I}]’;‘i-st
i (TMV) > #< Fusarium & E]aﬁz%}ﬁa $< Verticillium £ f%]’*f{/%}{is FAVB R~
AR ARG 0 3B A AR o B Ff R eic T FREF AR Y & T
%%%’%mﬁﬁ%#@fmﬁ¢p,ﬁ%@g,@%,ga = 3 i ke

TRT O ACI AR LR B LAY FIERKR AL TER KB E L LT
IR A A e B I I B 2 R AU RO S A ERU A A
‘EG2033r+ 1AL 0K A 20% 0 5 & L BIET AT w0 2017 £ 2 F
EY > FFEELETEAERY > ARV ROEAEL > BFRE -
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Production of Tomato with Grafting Seedlings under
Protected Cultivation

San-Tai Wang', Shiow-Huey Hseu*®

Summary

According to FAOSTAT in 2014, global tomato production area reach 4.76 million ha,
less than potato-19.2 million ha, but higher than pepper and chilli- 3.92 million ha and
eggplant- 1.87 million ha. Protected cultivation of tomato in temperate area under suitable
temperature could keep tomato plants vegetable growth and fruit setting with less diseases
of bacterial spot, bacterial wilt, late blight and leaf mold. Hydroponic production or soil
cultivation are used in tomato protected cultivation. In hydroponic production, grafting
tomato could increase yield and fruit size. For increasing brix and flavor, salt would add in
hydroponic solution, but reducing yield. Grafting with suitable tomato rootstock cultivar
under salting hydroponic system could increasing yield and salt tolerance comparing with
non-grafting tomato. Grafting with suitable tomato rootstock cultivar under soil cultivation
system could overcome diseases of verticillium wilt, fusarium wilt, nematode root knot and
southern blight. Scion and rootstock must have same resistance to tobacco mosaic virus
(TMV), otherwise serious necrosis would be a problem in Japan research results. Grafting
with different level of rootstock resistant to TYLCV would influence resistance of sensitive
to TYLCV scion tomato cultivar. Verticillium wilt and fusarium were less happening in
Taiwan, but bacterial wilt is still important limiting factor also in other sub-tropic or tropic
area. Tomato rootstock cultivar coming from Europe were not resistant to bacterial wilt,
Japan rootstock cultivars although have some degree resistant to bacterial wilt, but less than
eggplant rootstock cultivars. Eggplant rootstock cultivar *EG203’ could overcome bacterial
wilt and flooding in Taiwan. Eggplant rootstock cultivar ‘FTHES-3’ developing by
Fengshan Tropical Horticultural Experiment Branch, TARI could not only overcome
bacterial wilt and flooding, but also 20% higher yield than grafting tomato with ‘EG 203’.
Hybrid eggplant rootstock cultivar ‘FTHES-3’ had licensed to seedling nursery, and will be
produced and supplied seeds in 2017.

Key words: Tomato, Bacterial wilt, rootstock, Breeding.
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A0 A RER Y T23-1 4k F B Cud 2154 F B Ydj3 2 CB36 Fik %
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M43 2 H (Sweet pepper) ; #EFuiic2 $+ (Antagonistic microorganism) °
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%5 [Capsicam annunm L] B- # 2 & 2454 > ¢ 3 3k# (hot pepper) % &
Ha (sweetpepper) > RAY FM g FMWEAFE THF B GBFFRITIELE T A E
PO(3% 1008) o ot 80 #£ R SRR T bR 0 d N w0
ForRFEFEGHRLEACOFLELRAEE S mIES T 2 A
AEERN PR ERR TR EARER > RfpEspl L ¢ R F N
£4F 5 2015 & 5 F RN G ff B 93iE 400 208 0 A £ 9iE 6000 2w H
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RA O AET MG A EAPE AV URAESESTEAE o
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AR BCHF RS BCehRBE g +F % RAET™ (3 2000 3%
1998)° 5 # % F B VARD AR T AR SE L TEFRRIF - FE T BT
P F R AR T N AR Rk E 65 A
BYF A G A D RERLEICT R AREET L Bk
Too FRfEtrd B mZ L EFF > T e £ 0 TR RRR
ﬁzTiﬁﬁﬁﬁ‘%JKi?WézﬁHgﬁﬂﬁm§¢@K1%&°
PRRPM OB ARERRET 27 THE 5 kS AT P
HRERBB RS T RRERNE S AL ERYT R F
B B A2 Dl PG TR ( 2008) o d AR PR G F iR 2B
Aok REERES S MRS A D F O EREGRAER AL PRA
%W%ﬁ%’%éﬁsw*# A o TRRRR 9 b E > A ERB SRR A
iR BRERE SRR S AL ARAAZIAETIRL AN L L E
ATERI - AASPRBE G o d WL kpAIE S F L ERRET I ®
RAFTBLAHRB AP LR ERE PR ERMERNS FELRBELST

AR

3

’

L5
|34 A
T

kd

FRCRp R A TR S RS
FEMAFLTERBAPDLETH  HAEPRAISF LG KA PEZ X
HEBEREAFEFE -2 S AR EAFLEDTH - :ié’kﬁ F A g
SRR AR R SUE AU S SR - Vel GNAN EEE A
P AR A k2 4 B UE (T 2 R 2 TR pup il E E ok
Flpt AR gLz & e 4755k (microbial fertilizer) (Ahemad & Kibret 2014) - 2 3£ ¢ 5
ERAEPORFER G TR AL BRORRF] BRI H L F 4R R
4 & 2 3 4 £ 7 2o (Nihorimbere et al. 2010, Ahemad & Kibret 2014 ) » 7]
o AT Y A R AR A FE nzmﬁ'“ 1P FHEE CEREH
P2z et M G R MR A LT FEZL P Do

R 5

ApAs e i
FEB ISR R gt~ £ 30 ML & Fk L dte ¥ o SAIE RIS R FkE
B 714 » %+ PDA (Potato dextrose agar, Difco) 45 > 30°C# % 2.d {5 35~
H-Fpaitderodak e ARETAS I a2 2 FHFR TR A4
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ARA TRE - AERHFERERAAY > NFHEZ I AL G RS
it o FB~ R R & >t 5 mL LB (Luria-Bertaini broth, Difco) # & A& » < ¥ *t 30
T4 4 @2 120pm > 2 a3 4% 16h & > BEREADE L 1x10" cfumL™ >
PR R ES BT R B R A ATRER R R FIERRR 2 e 2
LS
2FIAARZ2 2 2 E LB THA

IAA 2 % £ 3% %% Chenetal. (2010) # Z#i& 7 » 2~ 100 uL Fize (1 x 10°cfu
mL™) ** 5mL LB broth (# 200 ppm tryptophane) * 35 % ** 32°C ~150 rpm 35 % 90 h
"2.10,000 rpm &= 5min 2 i FR 5 P~ 500 UL b iRt e S RHRIEE P 0 4
» 500 uL = Salkowski A 34| (M 7 2% 0.5 M FeCl3 e 35%:% % i3 i%) » >+ 3 F
TR & 30minc At Ak kR R 530 nm | B kT iE 1 JAA R R R
Ao # Y IAA KR (Chenetal. 2010) -

IAA Z_ M35 5+ 2 123t LA (Luria-Bertaini agar, Difco) 32 & A&7 > & LA
Bx AR E- BB (Nuclepore membrane, 90 mm, 0.2 um, Whatman) % -
Fl4 k< (8 mm, ADVANTEC, Japan) B 80 UL it fic2 # Fikif & ms
W 30CH#A2-3dE > #3 BRI E NERA > ALABRE Y 4or 2mL e
Salkowski A z##| » # % & ¢ 12 » 1@ g kix 2 Salkowski A 28 > dpRRzEsr o &
BATTA RIE ey o SO B YR A L 38 R 23 1 B R R LA
Wi R I A
ﬁéﬁ?ﬁ%iif ¢$

HAtafa+ (& B B A ey o B R A2 Biukd &
EEE S A~ %/}z{'}]ml/Z MS (Murashige and Skoog Basal Medium, Sigma) 3% &
Ao »73mL1U2MSHI5 emE BT o REFREEER G5 X 10 cfu

mL? ~ 1 x 1o7cfu mL™ & 1x10%cfumL™ o FREB T4+ e r ¢ @Y 4d hfE

4’ﬁﬁ@—wﬁ+,ﬁ4ﬁm«#%'*u-ﬂ?ﬂt4£¢%%%7dﬁﬁﬁ4
RER T RGGHEES - MRFNARERE 12MS B R4 > T iRARE GRY
fd+ o fAF Fw RIRTE - R SR R T RGE o

B R F| R

g m R AR 2 ABE L R E R AR R
(Colletotrichum gloeosporioides) ~ * f# s 7 (Botrytis cinerea) *# 7 A



FERTABPRLKLFTH 79

(Phytophthora capsici) = & B % % #Ufs F2 $4%38% " PDA L7 > @ § i
B T ]2 $HEEs P12 10% V8 T 5 (100 mL L™ V8 juice ~ 100 mg L™ CaCO; * #
F20gLY) 7 P80l § E ML FR (1x 107 cfumL™) *t 4 g 5 %
BoE 2 R 1 £ 28T C 5d ks R o
REURRALER L A

295 Hankin & Anagnostakis (1975) 3¢ % & 75k % » f#p2 % (cellulase) i #
Bl BamEr 4 (pH5.0) M 7 A= 0 214 (Yeast extract, Difco) 2.5 g L™ ~ i
EA#3%500mlL 5 %22% (Carboxymethylcellulose, SIGMA)5gL™ 2 £ 3% 20
gLt AcE ~#3 M 5 (NH4),S0,2 gLt~ KHPOs 4 g L™t ~ NaHPO, 6 g L™
FeSO4-7H,00.2gL™*~CaCl, 1g L™~ HsBO5 10 ug L™ ~ MnSO, 10 ug L™ ~ ZnSO, 70
ug L™~ CuSO,50ug L™ 2 MoO310ug L™ » # + & ¥ - Bk fefig "er R4 i 0 %
BAPBEZRFIRNERALY >0 30CEA5dE#H “,f R A 0 0 0.4%6] % =
(congo red) RIETF {85k » T RIE S B -

AT F A jap% % (chitinase) ac 4 BRI REA T TR A A7 KHPO, 0.79
L~ MgSO, + 7TH,00.5g L™ ~ FeSO, + 7H,0 0.01 g L™ ~ 0.1% ZnSO, 100 ug L™ ~ 4%
%= %% (Colloidae chitin) 125 mL L™ 2 #3520 g L™ > e drss & 2 2 b 0+ it
# “,/Tf T MBI R BT e
L EMEFHEREREF VR RE R RS e
Table 1. Antagonistic ability of tested microorganism against Colletotrichum gloeosporioides,

Botrytis cinerea and Phytophthora capsici

o 2t

P - fa4E FHR L KB F] R ) 7 AR
Bacillus Spp. CB6 + + -
CB36 ++ ++ ++
GN10 ++ ++ *
LGA4 - - *
PS - ++ -
S22 ++ - ++
Ydj3 + + +
Streptomyces spp. XN10 ++ ++ +
Cu4 +++ ++ ++
Trichoderma spp. T23-1 ++ + +
T53 +++ + +++
G R P T RS BN TR R PR LR e B g T L2 e

Bl "t L g RF LR R 2 I B o
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PR f2E% % (gelatinase) dw 4 BIFECTP AR R AT P YBE A7 NB
(Nutrient broth, Difco) 10 g L™ ~ p* 3% (gelatin, Sigma) 4 g L™ % 3 20g L™ » #c 4 4
ﬁ%%ékrw’ﬁ$WEﬁﬁ¢umﬁw%#¢$ﬁﬁﬁiﬁ’imiﬁﬂ@°
v F o fEpE A (protease) i BRI IV FRAAEF > R0 FRAAZHS
#0155 gLt s 100 g LT 2 EF20gLY MAFRE BRI B
%m&ﬁ&@@%éﬂﬁ*wo

Pa A fAEE % (lipase) av 4 BIFEIT TR R AL (PHES) FEFOBAEAT R
% *f (Peptone, Difco) 10 g L™ ~ NaCI5g L™ ~ 7.5% CaCl,-2H,0 2.665 mg L™ % i %
20g L™ @ s 4e » 4mL Tween20 @ @B E 4 > et 33 &5 ik b bt B4R
22N 15 R B TR TR ¢

FERALfAEERR A A1

1295 Hankin & Anagnostakis (1975) 3% 4 & (74> » f2f% % (amylase) i # i
Womp 4 (pH6.5) 7 NB10g L™~ ¥ i3 #4# (Soluble starch, Sigma) 2 g L™
aﬁ%zowf’%i%%%%%kiﬂ’ﬁ%ﬁﬁﬁﬁﬁul%ﬁﬁ§ﬁiﬁé
BIEF IR o

7 &% % (phosphatase) it # Bl > AT HF %A (pH 6.0) 7 39 "h 14 ¢
CEEA A N 5L HE AR 0LgLT 2 EER 20gLT A S L E R
i AR g S 8]~ 28% NH,OH » I Feied 2 B -

Fek A fRfE A (urease) it 4 RIEE P MURE R A A (PH6.0) M 7 v PR 14
gL EE* I 59l FER0LgLT 2 EER 20g L e RS 8mIL?!
50%/c% @ BH T oA FRAIERIE B e ol W RRA T A
LERM (0.1M BHEL S ek (pH 6.0) 10 mI L™~ 50% 4% 20 ml L™ ~ 0.5%% &
LEIOMILT 2 Eg15gLY) #E 2 B RIEEES EE -

Ffhe 4 & EEFR

ERYRAF S 35 2N T4 K RGERE% 0 #2 £xE 2 27C
TORFAN 12 hEm 12 h 2 B3B8 Zlcd 2 EiER% > 7
- F R EBEr Y R RS 2 F2EIB30mML BT A 1%F BB
¥ 1% 554 > 30°C ~ 150 rpm 2532 % 4 d (SHEE 0 FR 4 ER 5 1 x 10°cfu
mL™ > Zo &R F5 HE ARETAS R I RBiSREE -
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- A VAVANE X A

22 p Chenetal. (2010) #c2 # &2 4 1AA T8 #F % 0 T F%RTG FRkcA
P2 IAA A2 BRATERAME S ST AL 9§ UK BRI RHRLE S
- R (B bk xR - AT EFRESEF T R IR BT AP R
BAEET A2 IAAAL EF RS L0
I TR £ B Rk

AR FTEERY A RPIEHNREIF T MR L ARIFLE A0
s k2 o hbai A/ (Streptomyces spp.) FjiR™ Xst4 &2 Xst8 = & 0 &
& #% (Bacillusspp.) #tk™ Ydj3 % i (B 2) > ~# #/% (Trichoderma spp.) #

Bl L 2 A4 IAA 22 T 8% (ik B) Y € 8 8%k 2 v i o
Fig. 1. IAA Precipitation on medium plate of tested microorganism.

B2 3 ZMAPHEHEFF TR L RERES o
Fig. 2. Root growth promotion test performed by tested microorganism.
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PRt T23-1 5 i (FAAMT) e L Athenfi+ 4 7% - » #kA 1 1x10°
cfumL® 2 4 (B 2) -
i ST U]
d mi g A 2 AR RREME P SRR A 0 A Sl A B AR
- R AR RR > BT EE AL EEARAE S FEFTR N
48 B2 F)tk Cud & XN10- += 3 1% F /62 Ftk CB36~PS~Ydj3 & Ycal (# 2~
3): 2 AKFBL ARTIIE T23-1 B ixE £ 5 i o
i R F| 2 A
FI* Fp 2 HS R R A 0 B R RN Y LA LR
* oo gl FB AR B 4 0 Cud B XN10 2 5 B E BB R B
it 4 10 CB36 B 0 Ydj3 k2 s AEED AT HhFu 4 01 S4B Frdl R i R
o el 5 iE 85% 0 Al fF] S45 & TH3 Fril ¥k g B & 0 Fr Al 5 E 90%
A F) TO3 Fril Pt ACB R & o dr a5 aE 91% o
L 2. FBAUR R AL A RRER IR AT
Table 2. Different enzyme activities between antagonistic microorganisms.

R h e

iR Cellulase Chitinase Gelatinase  Lipase PGA® PTM® Protease
CB6 ++ - ++ + - + +
CB36 + - +++ ++ + + ++
GN4 ++ - ++ ++ ++ ++ ++
GN10 ++ - +++ ++ ++ ++ ++
PS ++ - + + ++ ++ +
S22 ++ - +++ ++ + + ++
Ycal ++ + ++ - + t +
Ydj3 ++ - ++ + - - +
Cu4 ++ + + + + + -
XN10 ++ + ++ ++ - - +
Xst4 - + + ++ + * -
Xst8 - + + + + * -
T23-1 ND* ND ND +++ ND ND +
T53 ND ND ND ++ ND ND +
CUIp AT LG IR ] 'M\ LIE 2B B TR E R R

02 %0 l%?lg Ik ] +">L’"+++" DRORT LR 0 B R ]
® PGA : Polygalacturonase » % zbﬁ%ﬁ“?ygjﬁf ﬁg °
© PTM : Pectate transeliminase » % % #& % fix o
¢ ND : none detect -
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%3 FRA SRR AT
Table 3. Different enzymatic activities between antagonistic microorganisms

Gl iy Rt =

e Amylase Phosphatase Urease
CB6 ++ + +
CB36 + - -
GN4 ++ - +
GN10 ++ - +
PS * - *
S22 ++ - ++
Ycal ++ + +
Ydj3 ++ + *
Cu4d ++ + *
XN10 ++ + +
Xst4 + + +
Xst8 + + +
T23-1 + ++ *
T53 ++ + +
TN AT LS B R UAKE T RT LR S B A TRE R

5_.%é]Lrg]E\‘ﬂL&%."++"k,’t?"+++".}&B‘J\ ipg%‘ﬁ7_‘<’zibg%‘/’blﬁﬁﬂ

e EERE%

Bl A F R CB36 Fth > k3 ~ R E SRR E HiGE stk B 4F
EARABAKR? > T EL - B AR AT DREERE LR R S
E2 K E B FR Y Cud FREHRE - RESHERLE Hile ek a4 (£ 4
® 3) e

FERER b IAAEE A RN 4 SRR E AT B T RIS A RER
WG w TRk RE A B AR Cud -~ X HB AR CB36 & Ydj3 ~ Ak
AR T23-1 7% o d 23 b Rpd LR EET R o dooBpm ¥
FAAFLEFREY o8 AEFR FFL AL RDTE T FR R el &
FHIEZPEE VARFSAFREEIREEF R HFRE* 2 FREFTH -

d Mishra & Dash (2014) R ¥¢ 7 v @ * fig2 H FH 5 2430 2 3 % 4 T i
RECRLE - I URhE - 3 iif;ﬁ” %L?"i'é'lit’ ag it B e ) X R F]L o
L_‘“‘]fﬁi\‘i‘*ﬁﬁi/] P #i#w,dr EAP LI ﬁ':F,L*KAv\F/Q%w =4 ;*_\‘f" £y ’Fﬁ”r% % e fS A8 o
FPRSHEEAP T A REZE - 8B 1 L5 RAETF £ A St #Hin
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BB %Pk (Glick 2012) « %A 5 fF— kP EHE Rog o 43 SR B2 A
PEER T 2 M B TH o ARGT R0 B TR R L6 R R
BiEeflith o UPRFFSTIPLES FHAE -

o4, L FRENDHAT 2 £ RERR LS
Table 4. Growth Promotion Data treated by tested microorganisms

. o Highest Weight of root Weight of plant
Microbial isolate (cm) @ @
Bacillus spp.

CB3 14.43+0.25 b 1.31+0.08 b 4.99+0.92 bcd
CB36 17.47+1.72 2.32+0.77 a 8.09+1.55 a
GN10 10.35+0.32 0.73+0.10 e 4.33+0.11 cd
LGA4 10.80+0.15 ef 0.84+0.12 de 4.66+0.32 bcd
PS 12.93+0.86 cd 1.11+0.13 bcd 5.82+0.27 b
S22 11.53£0.29 def 0.87+0.18 de 5.03+0.36 bcd
Streptomyces spp.
Cu4 13.48+0.95 bc 1.20+0.14 bc 5.85+0.32 b
XN10 10.45+0.19 ef 0.48+0.10 e 4.02+0.23 d
Xst8 12.65+0.19 cd 1.14+0.14 bc 5.64+0.21 bcd
Trichoderma spp.
T23-1 1474023 b 0.59+0.04 e 3.86+0.18 d
T53 1474039 b 0.62+0.07 de 4.08+0.18 d
Control (CK) 11.93+0.42 de 0.75+0.15 cde 4.59+0.35 bcd

B 3. 7 &pcd iR ihfEe 4 £ e

Fig. 3. Pepper seedling treated by tested microorganism.
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Glick, B. R. 2012. Plant Growth-Promoting Bacteria: Mechanisms and Applications. Hindawi
Publishing Corporation, Scientifica. 15 pp.

Chen, M. C., T. C. Lin, and J. W. Huang. 2010. Factors affecting IAA production by
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BL o g2 ¥ A4 L2 0 A5 2520Cw 3 E(F 1984) - ¥ & 1 & #4312 &
fid pAiliez B4R fé"; ke PF- 5L (30 1993) - kg (Tl ¥
TRERMF 104 EFFLAMRATAAE T SHYFRAED f 5 450 28 >
A0 FTHAE L 17,975 27 0 i&ﬁﬂ %8251 awpo H Y 5 ARRA A G 5 409
DA FTEEE L 18,945 ¢ 5 7,740 e o TR LRI 2 I Ko
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spp.) (¥ *,2012)% % p (Botrytissp.) * > £ H X Hpd g3 § > 5F g
SHHERATHERFAFL X ETRREHE B E o RIBEE ERE 0 b
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5if%ﬁ%Em§g:
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BA K (AMV) ~ ¥ FB&RE R ES SLRSV) - ¥ ¥ h§ ¢ 5 p4
(SMYEV) (% 1) FHem*AP > I 5 ROER ~ 6 11,,},;5& ERRBEREE
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s RT-PCR % %
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FEYE 4 I E®EY - - - RT-PCR, 350bp; 840bp; 271bp
WETE 5 IEFEY - - - RT-PCR, 350bp; 840bp; 271bp
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Studies on Seedling Productive Environment and
Management Techniques of Strawberry

Yuh-Jyuan Lee'®, Ting-Lin Chang?, Yih-Juh Shiau®, Jih-Zu Yu*,
Jyh-Nong Tsai’, Feng-Chyi Lin® and Chin-Chih Chen’

Summary

The seedling production environments are usually cultivated in the cold climate
and unsheltered field of strawberry in Taiwan, it is hard to overcome the problem of
plant diseases and insect pests induced by higher temperature, humidity and rainy days.
It is important to seek one protected facilities for seedling production of strawberry. To
cultivate strawberry with greenhouse has increased in Taiwan by global climate change
in recent years, and the application automation environment control and energy saving
photoelectric systems were build. This project is to stabilize the plastic semi-enclosed
greenhouse production system. We intend to integrate and develop technologies of
cultivating strawberry in plastic greenhouse by application vertical culture system and
hydroponic method about 28-31°C (peat moss medium). We are also to maintain
medium temperature, controlling air exchange, set up air clean filter and tougher
prevention of pests and diseases. This technology provides healthy strawberry seedling
cultivation and production of standard operating procedures, can produce 50 plant per
mother plant higher than farmer, healthy seedlings 25-28 Million plants per hectare, the
annual output value is about 375-420 Million dollars per hectare.

Key words: Strawberry, Greenhouse, Environment, Pest and Diseases.
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(1) 7+ s (Virus disease)

& A L fAr g X op & (Tomato mosaic virus, TOMV) ~ &% & 4 &5 &
(Cucumber mosaic virus, CMV) ~ % iv% i # £ 5+ (Tomato yellow leaf curl virus,
TYLCV) ~ §irmB% % x4 (Tomato spotted wilt virus, TSWV) ~ 5 # & 54 Y

(Potato virus Y, PVY) % -
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(2) w ¥ %3 (Phytophthora blight)
TR A 7 - Phytophthora capsici
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% B ] © Alternaria solani
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(4) % zps (Gray leaf spot)
% B ]+ Stemphylium sp. Weber
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(5) 2 £ # s (Black leaf mold)
TR A 7 - Pseudocercospora fuligena
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(6) #f.&ffﬁa (Leaf mold)
J% B [F] © Passalora fulva = Fulvia fulva
ARRIEZE AV REIRELE cF RPN ET R TRAP L A
d ol oagho BRRRAET  RENEFALYRE AL Ad F o IEFRTER
BEE BPHEIED K Ahd o pmii T R R pENELAAEKF S
PR BT S FEARG fotek o BHEN IR o 2RI pEF AL
ML R R B T AT oo AP R A 90-100% 0 E A 18-26
CRdi & BHE S -
(7) A #% (Gray mold)
Jii A FF] © Botrytis cinerea

\

Wi

o



W R AT 101

FREATERE CE TFEEF  EP T - BAFE IR LRIV AR
ﬁ’y%f’@ﬁgﬁﬁﬁﬂ’ﬁéﬁ¥ﬁ?’%&i?3&%#°%ﬁ4%m
DEARY ~HF - SHAL A TR HAE > TRER A REEFTEDL g
WHEPRF G AAIFPRELAEFFILGIEREEEL c BRASET
Fomok s Fon2 AR EF R0
(8) B (Anthracnose)

R 7 * Colletotrichum gloeosporioides Penz (Sacc.)

C. phomoides (sacc.) Chester
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(9) ¢ #J (Powdery mildew)

J% B ]+ Oidium ellipticum Sawada : Erysiphe orontii Cast.
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(10) st 5 (Late blight)
TR A # - Phytophthora infestans
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(11) @ &5 (Southern blight)

R 7 - Athelia rolfsii (Sclerotium rolfsii)
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(12) % % ¥ (Fusarium wilt)

TR A # - Fusarium oxysporum f.sp. lycopersici
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(13) 1344 (Root knot nematode)

R Melmdogyne incognita
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(14) 7+ (Bacterial wilt)

Jii / k= 7] © Ralstonia solanacearum
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(15) ‘m F)ttsa 85 (Bacterial spot)

J% & ] © Xanthomonas euvesicatoria, X. vesicatoria , X. perforans
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(16) ‘m F -85 & (Bacterial soft rot)

J% % ‘m ] © Erwinia carotovora subsp. carotovora
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(1) #2E # & (Silver leaf whitefly)

& ¢ ! Bemisia argentifolii
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(2) % #=7& ¥~ (Tomato fruitworm, Corn earworm)
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(3) # ¥ 4 (Beet armyworm)

& % : Spodoptera exigua
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(4) # ¥ & (Tobacco cutworm, Cotton worm)

& ¢ : Spodoptera litura
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(5) % svzaB4®s (Tomato leaf miner)
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(6) ¥+&7 (Green peach aphid)
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(7) = BLE 4% (mites)
& ¢ : Tetranychus urticae
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FI* 3 WFHEEAARATIE BFT I 6% THRT § %P iR
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2 e 5 7 iE100% (£ 1) o>t e FFAR & "f;"-l’%/““* FRN2:EEH - X AaiA £ &200
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2 1.4-4 N FESREFARRE f??l |41 f & 7 ] (Colletotrichum gloeosporioides)
E—‘]ﬂ‘,ﬁ‘i £ 23385 2 drdlrx

Conidiospore

Mycelial Growth Inhibition Inhibition

fw T2 (mm) (%) Gerr?(:/:)atlon %)
4-4 N/ %R 0 100 0 100
% A Ak 100X 33 49.23 0 100
= AR 200X 41 38.35 0 100
7 4wk 300X 53 18.46 0 100
% A miky 400X 51 21.54 0 100
7 A miky 500X 56 13.85 0 100
7 H Fek 600X 58 10.77 0 100
% % Eik 700X 61 6.15 0 100
7 A Ak 800X 62 4.62 0 100
7 A mikg 900X 65 0 0 100
% A mdy 1000X 64 1.54 0 100
¥ (CK) 65 0 99 0

29 BARNHH A RIRRZEARA EF ISR N RBERE (Colletotrichum
gloeosporioides) 2. »x %

e m RO S (%)
T A ks & A 200X 8.3
T A ks & A 500X 55.6
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