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Breeding for Resistance to Bacterial Wilt (Burkholderia caryophylli) and Improvement of Vase

Life by Chemicals or Cross Breeding in Carnations
Takashi ONOZAKI ¢
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Japan Soc. Hort. Sci. Vol.67: 198-203 (1998); Scientia Hort. Vol.87: 107-120 200)IZBWTHEL 72,

Synopsis

Bacterial wilt (Burkholderia caryophylli) is one of the most important and damaging diseases
of carnations (Dianthus caryophyllus) in Japan. Interspecific hybridization between carnation
and D. capitatus ssp. andrzejowskianus, a highly resistant wild species to bacterial wilt, was
carried out in order to introduce the resistance into carnation cultivars. Thus, a new bact_erial
wilt resistant line ‘Carnation Nou No.1' was selected out of the F1 progenies.

Two approaches were used to improve the vase life of carnations. The application of « -
aminoisobutyric acid (AIB) in continuous treatment and pretreatment was effective in the
preservation of the freshness of cut carnation flowers. Moreover, conventional cross-breeding
techniques were used to develop many carnation lines with long vase life. Many lines with long

vase life that show low ethylene production or low ethylene sensitivity were obtained.

Key Words: Carnation, Breeding, Bacterial wilt, Disease resistance, a -aminoisobutyric acid,

Flower longevity, Vase life, Ethylene
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Summary
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il

¥4 7 ¥ X& (Dianthus L) & +7¥ a®
(Caryophyllaceae) \CBL, E&LTI—ayX, #H
FIREDY S BRI TO T V7 #3008 255
#7 L (Hamilton - Walters, 1989; 7k 5, 1989). 410 1E,
SBIEBIUOMEHORERM L LTLECFASIRTY
%, BTY, #—F—3a v (Dianthus caryophyllus
L) & BEZITRIMRHICATS, 7. N5¢L
FATEERDE N, EELREED—D2TH b,
BEOH—F—Va VIIRHEETH), TOEPEL R
S TWABDIE, BERITHTHEHEY V) -, B3
—ay, 77V AH, BY VTR EOHMFELETR
s, BE{LLTEAD. caryophyllus ThH 5
(/NFE - FH, 1989; M, 1996), Z DEMEIZ, F T
(D. chinensis L) % EBBEOBHAEIRMEINTESH
DHh—F—VvarPEREINLLEEENRTVS
(Holley - Baker, 1963; /NFH, 1980). L2*L. ZOFAM
LERBRIZOVWTEREALITIE R,

H—t—varOomERRIIHEIEI S LOL
h (RH, 1989). I7T#EOFEZ TIZHKR, H. ¥ 7,
B, B EOERENFHV, K. Bk, AEOLELH
BL7 GhH, 1996) 0 Loy LI FEEY Y
—H—%—YarvOFBEIMRLE o iR, 19RICA
o THBLThbh, 18402, 7FVADFT VA (M.
Dalmais) (Z& o CHEREMERE ‘7T7 425" NEL
HTER SN (£& - K 1936; /N + HHEH, 1989;
HH, 1996), Z0#%, BEOPLIBIZT AU HITEY,



NI D A =AY a Y OED L) HERERETEL ERB I ORMEFRIC L AR b oML 3

BETIHE IR TOwA Y ARMEEITRING, &
DmBEHDOD LIZH b MED, 1939FICEFR SN
WANTAYE Thd, ZORBIIEEIKED D
LT WEEEZR> T T, 4HE TIZ30020 Lo ffE
PREDLDYICLoTELTYS (N - HH, 1989),
1950 ED 5 HARICEA S, 1970ER 1 o8 Y 1 H —
A= a VOHLHGFETH o7 YARLDRRE
M, 1965FEPSHWEREDRA S V—Fh—% =Yg v
PERLIZLD, EEVEETHLIL, 7977
VY IAYPRIER, 7—=rREIRA LR B
BWIEHhOARFEE ) RE - HREDELHML,
BETREHFEDEHULEZZDA TV —RIEDT
Whe Kigh—d—arTid, 19804 EN &M%
ERENBTHEMBERED, HRBRAHMEL &Y 2RI
TWENTREIC L > TREITER LI Uiz, Zhid,
AFNT ATV 75 A% ETINELF»HF
BINTELIDTHD, F—0y NEHFLICEERD
H—F—Va VEEIEROBELEITWEEL L)
% (Fusarium oxysporum Schlecht. f. sp. dianthi (Prill.
and Delarc.) Snyd. and Hans.) #E#EDEANKE LT
FMEREL SN/ VARICHARIEICKR) 2 — 28 H D,
EBLEH T, HEhLIR\n,

BREARTHRE SN TWE I —R—Ya VY REDEL
i, HETERENDDTH D, BESL OREIE
ABSNTWBEY, HRZEETHDEIEADDLTITH
b, CHIZAARDEHOBRSBEAHT TIX. £br )
ME R (Burkholderia caryophylli (Burkholder)
Yabuuchi, Kasako, Oyaizu, Yano, Hotta, Hashimoto,
Ezaki and Arakawa (IH# % . Pseudomonas
caryophylli (Burkholder) Starr and Burkholder)) # i
LHETHEUBMNED HBERRERCETRESOR
ERLEL, BERORBIZELRNZ LK EREETS
bo ¥z, BALLGEOEGERIER & L0k, H
KANDEEBRESCHALEEGLRVIEHE L, HATO
iR ROLEREITEV,

HADH —F—2 a YAEEERKIZ. 19914 D616ha%
=7 Uk E Y, 20004£121491hak 2D, 2O
& ZABAERAR N TV B MOFHREIEE L OBEA.
EEZOFRIL. WA —F—Ya v O¥ENEEDER
bH BN, REZERIE, WhwWwa /N7 IVEREMES —
A=V a Y OWHMMEHPEERL TV B 02, EREMA
TELENIEZH B, FiIZ, BAERSENFENOH
BREOHRLEHOTHWARADD & T, ffEoas Y
V74 2aDBEBEOHENIREL LD, BELOM

HrhoTwh, OMERRANICHRT2I0E. &
HWEmso/ 7 v P SECREL TV HE R0 5 S
EREE LV, BEEEIMRET A LR, BEAD
FEEEEL - AEERE. BAT R EOANEE
PREEH AL TED TV I LIZEETH 5,
HATOA -2 —Ya YEREIL, 1918FICEERICK
D MOEEREIEL SN TUE. ECRNERROF
WKLo THRZEPIERSIN (1F - KR, 1936). 1940
FIRBELBRELENTVWS ‘a—5 V" MEHER
2o BRHRIC 7 D 1950ECLIRIL, KSR, BRE. WO
B, FIE, SRES SO BERRE CEEIED
b, ‘“HroEoLd' . ‘HE ., FEEVy Y
DEEIER S Nz EEZREOEHE A TOTMEA
EfhkE k), REBTHERCEAOEES b EEICH Y &
ATVA, ThETRIEBPIER, AL XONRIS
BEBOKBICES 2 BOABTEAERTH o120 &
BREIR L - BE - RELEICHTT, BEtk. 1B
Lk, TEE. BAEEEL Vo BEORAZEDTY
SBENDB. ZDH B, HIBERFEICHT 2%

i EERCE S TRDEINIRMEO—DOTH D,

72 BERERBEL V) ARNBESREOEE ST
DEECBVTHEEHRSIODOH 5,
WEEAEFRICEL T, F—ay NEhLc 7Y
VAL BEDL L) RIKIESEOFTEIEAL, HA
WO BEEESESEA SN, EREICBITSBRIC
REZBEREZRND TS, LHL. BERORBHIZBIT
BA—F—Va rPFRHELERELIBRAL LVWHEELwDATY
HEL L IMER (B. caryophylli) DIEFBEFEICD
WTHHERMIZ 2 FHIT o Tw R,

A—A—varyELIIMBERCETIRDORE
(& Jones (1941) WX B7AYHDOTY Y MY MTD
BEDOHETH D, 7 AV I TIRE L OHIRTREIH
HE3N, BLRREBBIZET AV IDPSLTF VY= ~NF
KRAMBHEL. I—a v B R o (Holley - Baker,
1963), LA L. HEIX. KR TORBREORE X4
Wo HARTIZ1964%E I MAR) R BE G T, RAICRE
PHESI, WREZAMESIHRAESL, EHs
WMERE GG SNz (LBD, 1965), ¥/, HEET
HI969FICED & ) MEROREL DD b, 197182
DIIARBYLEENBEL TS (B - FRH, 1976).
AWBEREIEX, Y2v3ryHRA3IvY (Gypsophila
paniculata L), A% —FR « Y X7—% (Limonium
sinuatum (L) Mill) 120 LCTHHEBHIH S (Jones +
Engelhard, 1984; Liu, 1990) o
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%5 rI3MEREIZ. BOKE £5%05-06%1.0-2.7 u
M. B E AT 1~ 7 RORAEBRED, 7T
ABRBEOTHOAVEROIFAERETH S (LED,
1965) 0 Feiid. i rR > LA A5 RS O BT AR P 18
AW EICLAROBONSBAL. EOEENT
HRE LR EEE HET 5 0I5, BRT TR
FLRT ¢, BEOBREICHRAT S, HORERTRE
1$30~33CThH B (£, 1981, 1990). BEHRIZBBUC
%4519 L, BHUEREBLTHTET 5. HEKROE
B0 ThbLESRIEEL, HER, LIk AR
ELLEBOREA S, WEZEY o TKIZDTS
L. BViBY R FRAETOIEHTH S, K
EHpLEFOREBH OBEIL, MMM L BEIRIE
L0, BREO LD REABLED & ) ERIGE
Z5F. HMEOEICHMOBRANE L, BT E 2 HREM
BEBRLBZER (RFA-279v27) 17
(Dickey - Nelson, 1963; L fk - Takt, 1975). F L72A
BRICERTE ABREAIZ RV, Vo tARETS
L. BELCIhEREREDEDTREL, HEOR
KEB CUSHC AR BTG R . BREEAIRE
KiIzE AT BEEBCEoTWAOPERTH S, D&
3hERSS. EHUESERRIEBZENTYE, £
IT. B1EICBNT, b &) HERRAEEEE MR
Hlzo

BT WERIED 3 2010k, KRR ED
ST & BREEOHM A RARTH bo 5T E
HBIHTo T FTEAEFTEEMORFICHAVS
HEREEORRBELBE L. KIZ, TOREEZHW
T L BAMORREO R - EEEEH LU
£33k L7, BARICHBIEREEEEM SRV SR
DT H—rh—¥a v OBERHEERA, EHRETHE
DTEEREAR L BN BEEERHROR, S,
HEEECAHFCE ZHEBREER L. BB, K
FMEREOR R RIK 2 TS 5, WEEICY v
L7-DNAT — & — DYe & i A 720

EEDE & EEOBIMIE, W) EDORBENEL
CHILTY 0 410 ERIERICHIB AT b2 BB
WRLRY, ZORBARISHETETHEMTZ 0
LFEESND, YN EOWBIEBIAEATE), &
EEPOBREYEBZ OIS ETORYD. hETE
DLEL RBHEAICH D, DL BERNIL, [EHD
DEVEREOY VL EBRECRERET H 20,
BB L RERSHFOBBS—BEEEEE L T
Bo WEEICL > THARLERIEELFETH) . RE

FROBEMSEHSNB LD ko TELBETE. E#H
LT 2 EELEL ko Tb, EHbHEV I
WA, BEOTREBICBVTEELTEBERED DI
BrZohBdXHich)o0obb,

WA, h—h— 3 v EORERFERAE LCE
CHE SR TWADI, FHMBRREEE (STS) %Al
L RERERTH B, LEHD, Y ENER DK
HITERICE ) EOL] ) O 2 STSHEHIC 1B ER ELHE
TARME L WS FET, STSRESTLRL TV 5,
STSICiE, fEnZILIcES T 55 L v DEEZEEL.
TR R L v EREWNZSER?SH S (Veen,
1983) 0 B|ATF U EAZEIMT S LIEELS LA
BT WA, RSB DR A+~ (Ag) Tid,
TAFRACHEBELLY ) EEEREBHLIZ WD,
HRELERCREZTHREELoZ £ 7 V5D
Veen * Van de Geijn (1978) 1. FHERSR & &4 HRER T
FU Y AEHLEESTRET S EMIEEDOSTSE &
D, Ty EEENCBTABTEIEEIEXD., -
F=vavolBbEELLERTIILZAWEL
72e SORRELES L DBAPTOI, EOEBLIR
BOROERICERL, 4 TREL OEE THERFO
BCSTSMLE A 1T DA EBRICR o TvD (FH, 1998
T, 2000) 0 STSIZZMI% S 2. KIRE TR E 23RN
HHDWAT VY, TAYH, BRZEDHFDED
TE4E B E T1980E R BB EICE X L 72,

LA L4, MIRBREORSE#ENEL N, STSRE
SBOREGATVAZ LM LREFEIFSIN T
Bo AATIHSTSOEAZHAMMLEL) L IHIFE IR
2. AT v FEIE LD LT AWK TIESTSO M IR
KNz HH~EADDH S (Van Doorn + Woltering,
1991; 52 H, 1998; T, 2000) o
STSHLEICEED Y, H—F— a VY EOEFEHHE
RELEEELHEE LTIE, RELFFTZOOFEN
#2655, TT—ONSTSOABEFZRE - HET
BILTHbB, TFLVBREROBA—F—Ta V2
BOTEIIHENBVOE, =F Ly EGBEER %2
BrFL Y EEEERNTH L. EERES T VREND
BoeEZioh, »pORIFLUVERAOBHRER. &
LRI RO T & 5 REOBHRE ED 5 I E
2oND, b9 —DIBENICEFRBEOBNMEL
FHIC L o THEHT 3 HETH Do AHIETIH, O
ooﬁm%@\ﬁ—%—&aymmﬁ%ﬁ@mﬁéﬁ&
770 82 BTk, STSORBEHOMELITV. 5HEH

DEF AR L ERSDS -7 I/ 4 VEER (AIB)
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BEUH L. ZOABOLERIZOWTERG RS
LIE L7z BIETIE, RMFBECL)A—F—Y
a YORERFLEDBEN LR 2R, T4, BFD
HORREINLZHEERNT, BUBOF L VKR
RILF U VR R EOEEEEATL 12

KA § b BIc o T, SHKEAEES

SHERSKIE K8 EELICE. BUOLHE, B8
B3 & ORBBRSA VI 2B o7 SZICRLT, RBE
hBHELET Do

7, BHOKELEE - FERBBELBY LS
gMEEE WO BE BE ELEEEENELS
B), AEENEE EHECK G EESEEE
RERBTE X EE) 1iE. ABFTRBIARS S Mg 72 72
QLLBICHRELZHBE LBIVHELOBEEYBo
Foo E72, AEOERERD FLDIEHzo T, B
¥ - RERBRPEEHETENEEZE BE KEL &
T BEFNTRREL SRR CE R EZH R mE
B) 21 SIGB A ERE L MR o 7 S5 1S
RIEE - FERBSE KBEzEL GUE B A
SREE RN . B3 - AERRETE S BERENE
EE EEEREL GE BREBINFEBEEETE
FrAERETEACEREWRER). NFEFHELTEE
WRZE TFHEEET GE RHRIALA2H%
1) it Y EE0IcE L CHRSAEEIE & M v
P2tz F7e. EEROBTICH: 0 BE - FERARS
1S WRBHMMEZ EENEE HH—EEL GE
B3R Fo R AL & B Z0 A e R A R Sl B A g =
). FAEARISRETRTES S AAREEL &
T BRI R I SR I SR AT R Re AR AT SR 1%
EBRER) 1. ERECHEUBDRHEEL
Pz, SEDEMICH L, Ob SRBOBEE L Y
%o

72, B1EOESMIICY ¥4 LEDNAY—H—0
BRICEB W22 W R B R B EREAT TR
BK, HikREXRARS MLUEERK, £3EVEES
BRFEOZRAEREF (ETR) S0 7 OWHRICHT
Hnizrin B3 - SRR S BEEMEE 2
HER (B BERMITEMEIT X DIt & B EE
BEEEMER). WEOERTIZHZVHBHV 20w
FIEREME WHRTR, HFHEETR. BE- K
FRBFGEBRMB AN Bk  BEHNHEREEE
FEREF) E L L R,

H—F—2arDESL & 5 HERE
EEE

B1E

Burkholderia caryophyllilZ X o TRETSHH—F—
YarELOMERL. EORRMICERBERT S
IHMNEDO IBEERETH), HERTOI—F—¥
a VEELRLDEELRREL STV, BAHIBITS
H—A—=¥a Y DOEERIZERZBIBSL DT, KF
EORELHEZIHRDACIED E Y FH{EFLEL, 20
720, ZOEHEEIIERNICREFORETH o 72,
ZIT, SOX)BRAIHIET S0, ED & HME
WOBABEBTEICEF L1

F1H ERAMEBREEORR

BIEFR L ARGITED 5720101 FW2OR
ELEHREEDHUNEETH S, b & ) MER
BOBEFEICHEL T, BEOERERERRTIE,
EREEICLZHESIRASIN TN S (Thomas, 1954;
Nelson * Dickey, 1963; Dickey - Nelson, 1963; AH,
1980)0 2T\ AFRICBNTHRBFEEZHVS
TlEl, BREEREICHFEZEBREZRHRSL2D
2y AT =7 RRCT, EERREOEBVILLE
RDERIZOWTHRET L7,

1. MEBLVFHE

H—h—vay WE L)AL CHBRRESR:
EHr )MERE (solatel) M L. PSAKEM (¥
¥ A4 E300gTDIF A, WEEAN Y L05g, V) VEE
2F P T A 2g RURTIY5g ¥ akklsg, £X
16g% 1000m1 D FEFAKICHE» L. pHESICFAE L, +—
P L—THEMLS /o8 H) RICEEL, 27C T3 H
MERLA, BELA-EO—H%, 1HEESFIL
1000mIDOPSHEFEEH (LELOPSARH & D EREKw
TEEH) TR L7z, 27C T3 HEDIEE 5 %,
RRWATTCRECED, BREYRICTS 5 BEOE
TEREER L BELATRERELTVS ‘X4
T OIS, 1 RBRR L) 10~ 14RO BRI 4
~5XNDELFZRNL /2o BLEOETICA V F—
EeBR0.5% & F DORMEBER (FF ¥ ~Xa  H#05) %
WERL, BREM B /85—F 4 b=1:1) 2L, 3
APMTFTTHEREE, 30HE. BREOBEKEKTHE
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o THRBEMEREL, SOIBEEZH LcmWKLZ
. RRERE EREIC IR TS EIRE L CIRIREE
207 (Fig.1). Bk, Bt TRESEFAOKEE
FORASTERIcmOBBY LRy FIZ&HETL.
Vo VT2 BN LY S ARERCRE L, Wil
A B TIREEERET 5 729020TC, %@&i%Ck
o |t SVBRELIC & o CHERT RS SMENE
B;o%mbt%%%ﬁ%kL\%ﬁ#%ma&ifﬁ
AREERREL
EREBEOEEE (CFU) @ARFEREI L > TRE
L7 (Fig.1). BREBICHV-ERRLFTEORE
IcEH, 9emY ¥ — VADOPSARH EI02mliET L.
BREL7-a—r9—YBERHWCY -V F—7 NV ETH
i X TS S REHL T EIC D B, 27C T3 HM
REL, ELan=—Hr o HIRERFE L.

2. BREBIUVEE

3 HEEASEEROBRERBOBREE, 1.8X10°

CFU/miTdh o7zo —H#EIC, MBELIRE S HELIHE
DEKXHBEG, HEOBRICHERER K100 CFU/ml

Ty (FFE 1981, 1990). ZOBAEBE,HFHRL
THREROBELRET 5o 1000mlOPSHEHITH LT

RE

”' W7 "‘

Rooted cuttings
" Tips of the roots were trimmed.

8

Pathogenic bacteria Shaking culture by

(maintained at -18°C)  PS liquid medium
(incubate at 27°C
for 3 days)

Fig. 1.
inoculum concentration.

Cut-root soaking method

Roots of cuttings were dipped
for 30 minutes in the bacterial

14 ESORRETRA LT X-0T, BBTIHEL
SHEHBEICHRLTLENH S LHIT S/,
REBMRITEPOBRBIC RS LEFER LRI BEID
#Hrd L, KEBESTHELLERET ALV ERE
BEARE Y BEL-%. BEATRLKREEDED & HE
WERL, BECKEL. BREFSEWIEZERKET
OEEIEL ., BROBELE,P o7 (Fig.2). Wi
EAS100~10° CFU/mITH % &, HRE%34E BTk &tk
%H 1 IMFE L7 107 CFU/mITiE, SHEH%36H BiC
0% B LIDS, FOROBRIIBRBLRY . 70
H H IR REA100%1E L7 108 CFU/mITIF S 51C
RFEAVRBELRY, RBERTHTHL0%DERETH-
720 10° CFU/mITiE, R TH0%ORKICL & F
oy A

£LrH)ERERLBOEZYYHED, ﬁ%&ﬁ7
ABBHOKICET L. T 055 HE LAREAKE
W LAHAZESERA LN, MEICEELTWS T &5
HENTz, T DHMOEE LomlZEEHELY . R
BH70%L5 / —VCI0REHRE L, X ADETHWE
%, PSANEM FICERL THEET S L. B. caryophylli
MiEDOABBOIT = —2 S MTE 2, Lo T, it
SMBORFE, BELAEL :OMBERAEICLSL LD

THbHILPHERTE
/’éE‘\\ U éi\

I\ A\ //,‘"

Inoculated cuttings

were planted in

sterilized soil.

suspension.

PSA plate

—~@

Colony coummg by
dilution plate method
Diluted solution (incubate at 27°C

for 3 days)

Procedure for inoculation ofﬁ’ad'éo/daﬂa oao'opbyllt and measurement of



NEHE L A — A= a v 0EL & I HERERETEL BB L ORETRIC L A EHLEOm 7

WEE % 3 MR & LIzBEe. Z0MMIC100%0
WYPRRT AL BRICELD L, 107 CFU/mlDH
BESEYTHL LEbN, REOEREEEFRD
BRI, COoHRET AW,

F28 BERMEETFRORR
CBI1IR -2 alHBREICHTIRE

FRICNT HIEAEOMBRERICE LTI, BES
TRV 29 DE,EDNDH 5, Thomas (1954) i3, 55
Er AL TRRECH T2 BAELREL, ‘'Fv o
Y ZEBERBALNT, ERERETHL LHREL
Twb, Nelson * Dickey (1963) &, 213 nikyilE
DEERITV, /S —AFVF', ‘XRF¥—=54 ', ‘T
LAVR BEREABOILE2HELTWS, — KT,
Thomas (1954) MEHMEELHE LA ‘Fovsrd
DWTIHREMTHE L Lo EE - B\H (1975) i,
AIREIZHRVEFE L LT, Nelson - Dickey (1963) @
M| L23REOMIE R - N—H =", Ka—V ¥
VNV T o ANT IR =Y NP
7 RBIPTwWA, KH (1980) . 25mfEICOWTIE
MHERELALLIA, BEICE DERMBICERD Y,
Nelson - Dickey (1963) DRBRTCEMELHEE L
J=AF VR, ZULAVR, BREHREHESh
ATV —=TFRTL PV A O3REOREERIZ
[F# CTd o 72. Nelson « Dickey (1963) DRERTH D
BHREDOB P o7 ) —ATF VN kDb &5
PECHBEL LT ‘=5 —T4 v ¥ r—" (BHR),

Yo vn', ‘Ar=7’ (BRER) ©O6 GELEEL
2o ‘=2 —T 4 v ¥yr—" TRIHKEICHELER
BHLN, BEHRLYIEHRIEWIr oL LTW5,
RS (1991) &, SOEMICHAENICEA SRR T
V—RaEEPLOIC1260TE R R L TR ORE 2
Folzdt, Hb & MERICEVERE 2T REIIA
biahol. BEHDOREBTIE. ‘X7=7" 1£100% D
FL7

EHEREL LT LROBLICHRESN TV ERET
bHERRCREREFAFFABEIA TS Y GER,
1990) . £H 5 A THEMEMEEZRTICTEL2VwE
Bbhas, FE,. Nelson * Dickey (1963) ®XKH
(1980) DH,E TEABEIBNE LTV B RETH 16~
BURDEIREERL, BROEL AbNERE L)
ofze Flay MEENTHWSREIZ, RETRERERT
WENTHWEVEHEWRENS L, AFIERTH 5,
- BEREATIE. BWKEEY - NNV BE0—RE
LT, #—%—=a VRSSS0MBEEEREFEL TV 3,
ZIT, IhooRmfExiee LT, EBREFEEHO
BE LR AT

1. MABLUFHE

BPERRCTHRREL T 5 H3ERE277 58 & 4t 5,
L7z HMEHAERIE. 1990FF L 19965FEE D 2 A4 T
To7zo 1990F X RFRE L BRBAICHRE L. 1996412
BHh—%—va 8L 5% (Fusarium oxysporum f.
sp. dianthi) EHEEL OBE % & 572512, Demmink
5 (1989) DMXICHEEShTVWE RELZERL TRE

VT = arvvhs’, CFURN vavFrs EiTol. BRI, ‘WE 25045 E (isolatel)

100 .

S sl — 1.8x10°crumt ; /./

'@ 8ot ---1.8xi@? ! poe————
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B et --—t.exi® - 7

E' [S17.] 1.8)(1@5 . / ,/
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Fig. 2. Effect of inoculum concentration on the disease incidence of

carnation cultivar ‘Scania’.

=10 ~ 14,
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1%

PR L. BEEZEIHLRABOFETITo 12 B
wﬁ%%%KHBEﬁﬁﬁwﬁéﬁﬁb\%Eﬁwﬁ%
%, 10" CFU/mlk L7z. BHEBE L /4 NI AR
orEEEEAORL (Bt BE  mROEEL(S
UABZEREE)=211:1) DAy F (RS XIEX
X 180cm X 90cm X 9cm) (ZEM L. REH M
DL T ARORIRIZ2U~BCOHBEIH ). B
IFE e R S % MR T & 7 A HI1H (13:8H)
BETREERE ABSCAE L2, #E,LI1BED
RBRIZL o, BHELER (BHRE 0% . # (8
R 0<~=<20%), H (BAREE 1 20<~=40%). 5
(RIFE L 40<~=70%). WE (BWE 1 70<~=
100%) ®52THE L

1990412 7 ) —= ¥ 7 L= RO ERE 2 HRT 5
2z, 1991, 19924EMEIC 4 Bikk (isolate 1. isolate
2. isolate 3. isolate4) ZHWT. LW BEVHIRE
(10* CFU/ml) THHRER%Z T o7z, isolate2, 33T
IELAR B 2 SR ERYS, isolate 4 (3 SLREE IR IRER BRI £
vy—E Y AEL

2. HRBIVEER

HESEICBITAED & O HERENEOREERE
Table 1 2R U720 EHIEZIZKE R RERENBD S
Nizo HABEOIZLALEVRETH ), ERERE
OEEE. R LF27T7TEER207RE (REDTLT%)
PNEPIEREES. 500 (18.1%) %%, 17
(6.1%) HmEHEsnl, EAUHRELREWELL

100
90
80
70
60
50
40
30
20
10

0

<

Percentage of wilted plants (%)

R, w43, 2N, By Fa—F O34
B (&hD1L1%) Thol, BHEBENER (BH
K 0%) ORI BERLAREPICERNEZS R
Mol
BHMREOR LS 4 GBI 2BEERDOERED
W % Fig 3 1R L7z, EIERESBHO "I—-F 0V
Tid, BEE%RI4E B TREDER, 98BI TO
Bl gD &) Lz, —F. ERAERESRO Y
42 Tk, BERE%4OH E I ORBIIEA Do . £

 DBEACRRENEM LA R TONHETY

0%I2E LE o7,

1990ED R 7 ) —= v ¥ CHEAUHBEIBLHES L
IR EREHESN 4 REEAY, ABKRTHT
5> BREBOEE % Table 2 1R L. HAMED W
BEICE, RBREERLZEREAVAERIZE> TS
SOEHHRHI LN, Bl EHRERE v T
. BHEEAN0% (isolate 2, 1991) 4530% (isolate
3, 1992) ¥ TELZ. LA L. L —253biconT
BB LNl T4 L7, HERE
—H i, BRI LRI D b TRV ERE
RL7ze —H, ‘A—F NV RFr=7', ‘FTL Y
A, ERYE TR COBERIIBOLTHIRBNED S
77 AWAMRICL ZBEREBEOKRE. V42 PRBIER
BEAE L RAT Sy ro—3, ‘7 DIETH
5T Ebhol,

Table 1 127 L 72 RER#H R CTiX. Nelson - Dickey
(1963) AEHMBLHE LS ‘ZLF VR, ‘RF—7F
Ab = RTYE DWTR, EHREAES

® & & ® @ &
g \ g g & \g 4

—e—Coral {highly susceptible)
~m—Tanga (susceptible)

—&— Akebono (moderately resistant)
—e—Wiko (resistant)

L 1 1 ! 1 ]

14 21 28 35 42

56 63 70 77 84 91

Days after inoculation

Fig. 3. Disease progression curves of 4 carnation cultivars inoculated with Burkholderia

caryophylli (isolate 1).
n=11~15.
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Table 1. Classification of 277 carnation cultivars indexed for their resistances to bacterial -
wilt (Burkholderia caryophylli).

Disease Percentage of Cultivars
index wilted plants
5 no symptoms
highly resistant Total 0 cultivars 0%
4 0<~ X 20 Wiko, Nocto, Sandrosa,
resistant Total 3 cultivars 1.1%
3 20< ~ = 40  Akebono, Embar Rose, Kolivetta, Sarisprit, Juanito, Swan, Telstar,
moderately Novada, Barbara, Vanessa, Pink Hirisal, Pink Mamie, Florence,
resistant Maj Britt, Linda S64, Revada, Rodeo,
Total 17 cultivars 6.1%
2 40<~ = 70  P.S.N.Pink Sim, Anne Marie, Yellow Stone, Evening Red, Evening
susceptible Red sp. orange, William Sim, Etna, Ooita No.8, Orange EIf, Orange
Beauty, Crown, Kurenainotubasa, Koranja, Samantha, Sam's White
Scania, Sarome, Chinera, Jolivette, Sweet Heart, Scarlet Bell,
Sonata, Solvik's White, Tanga, Tango Bambi, Dark Lena, Dusty,
Totem, Domietta, Don Sierra, Butter Scotch, Pablo, Peterson's
Red Sim, Peach Blossom, Pink Sim, Pink Barbi, Persian Pink,
Honoo, White Lilli Ann, Boston, Portrait, Marina, Ministar, Myan,
Mirna, Yufu, Yosooi, Linda, Luna, Regina, Royalette,
¥ Total 50 cultivars 18.1%
1 70< ~ = 100 C-7, Calibe, CSU, CSURed, G-G, Arthur Sim, Aoji Peter, Akane,
highly Asaka, Anniversary, Anon, Apollo, Alice, Alicetta, Albivette,
susceptible Angie, Yellow No.3, Yellow Improve, Yellow Sim, Yellow Smiling,

Yellow Dusty, Yellow Beauty, Exquisite, Izu Rose, Evening Glow,
[lluminator, Improved White Sim, Edith, Ehigasa, Ely, Erufego,
Elegance, Angel, Ooita No.9, Orchid Royal, Aurora, Orange
Smiling, Cardinal Sim, Casino, Capri, Kaly, Carina, California,
California White, Calypso, Cantaloupe, Keefers Cherry Sim, Xandra,
Kito, Killer, Galaxy, Candy, Quinto, Christmas Fire, Kleopatra,
Kurenai, Crowley's Sim, Glory, Goethe, Coral, Corise, Colorado
White Pikes Peak, Salmon Pink Sim, Sacha, Sam, Sam's Pride,
Sunset, Sunbeam, Zamora, Sissi, Shimada Peter, Shamrock Sp.,
Sirio, Shin Yosooi, Jumbo Cardinal, Super Gold, Scarlet King,
Skyline, Scania, Susanna, Starlite, Stephany, Snow Crown Pink,
Snow Fall, Sparkle, Smarty, Smiling, Setonohinode,
Setonohatushimo, Setonohana, Setonohanayome, Setonohinode, Cerise
Royal, Cerise Royalette, Select White Royalette, Zecckino, Soana,
Solvik, Solvit Sydney, Takuma, Tangerine, .Dark Pink Ministar, Dark
Red Sim, Dusty Pink Sim, Dannebu Rope, Tikushi, Tip Top, Tetra
Red, Dizeel, Tortosa, Tony, Tobia, DookaPink, Donna Lee
Supreme, Doria, Niky, New Red, Northland, Nora, Hollywood,
Harunoka, Harunoyosooi, Pearl Lake, Pamera, Pallas, Paradiso,
Bianca, Beauty Star, Peter Fisher OT, Peter Fisher Nanbukei, Peter
Fisher Beikokukei, Pirana, Pink Ice, Pink Calypso, Pink Smiling,
Pink Mist, Pink Ministar, Fantasia, Fidelio, Fuji, Flamingo Sim,
Francesco, Pride of Woburn, Princess Irene, Pulcino, Hellas, Besper
Sim, Variegated Sim, - Bellona, Page, Peppermint Lace, Pepito,
Percian Pink Sim, Honome, White Christmas, White Sim, White Peter
Fisher, White Benon, White Wonder, Magestic, Manon, Mamie,
Manmail Myriam, Monroe Romina, Miss Kokura, Muller's Yellow,
Myriam, Miltian Maid, Monako, Yufunokagayaki, Yuubae, U Conn,
U Conn NR68, Yukigesyou, Yurise, Light Pink Barbi, Raggio di Sole,
Rasberry Ice, La Rebe, Lilli Ann, Ruby Red, Le Reve, Red Ivette,
Red Gayety, Red Cross, Red Sun, Red Smiling, Red Diamond, Red
Baron, Red Ministar, Red Rum, Red River, Red Lena, Lena, Lena
Super, Romeo, Lolita, Ronkaruto, Lontagu, Ronda, Rondragel, Izu
No.8, Izu Coral, Izunoodoriko, Kibou, Kibounohikart, Hinotukasa,

Total 207 cultivars 74.7%

Two hundred sixty nine cultivars were evaluated in the summer of 1990, the other 8 cultivars (in bold italic)

were tested in the summer of 1996,

=5 ~ 16.

LHEEN: COBROF—FOHEBIE, FRKTIE
HAMBOREBEET L0 LcmBEYHRL T2 0
T, Nelson * Dickey (1963) OEE L Y LEZIZED
HYRICBATE b Bbhb, &5, KRB
TOMOTESN BERE, RE, BROBRILE)
S DEBIZHAR, BRICIFETHo7mdEELS
na,

N LY R BB 29 (Fusarium

oxysporum f. sp. dianthi) DL —X 1, L—RX 2, L—
Z 4 DT RTIEAEER TS, £ £ 5 HREERES
BTH5 (Demmink®, 1989), 19964EIZ1T o 72 EER T,
CD2mEDESL x )MER (Burkholderia caryo-
phylli) CHTARHEIL. SN T20%, LAY
T36% Th Y, WIHERESFIZHESN, BHrHHM
BRI LCH BB CRETH L Livbholz—
B TYR LY = Yy A HARTIA
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Table 2.

Disease incidence of 7 carnation cultivars indexed 91 days after inoculation

using 4 different isolates of Burkholderia caryophylli.

Percentage of wilted plants

Cultivars
1991 1992
isolate 1 isolate 2 isolate 3 isolate 1 isolate 2 isolate 3 isolate 4

Wiko 20 % 0% 7% n. t. n t. 30 % 10 %
Sandrosa nt. nt. n t. 31 % 8 % 15 15
Nocto 7 0 38 38 n t. n t. 38
Coral 100 67 72 100 100 100 100
Scania 100 67 75 100 100 100 91
White Sim n.t. n t. 80 100 100 91 100
Kibou n. t. n. t. 100 100 100 100 n. t.

nt.: not tested. n=8 ~ 20.

Isolate 1 was isolated from naturally infected carnation cultivar ‘Hatsushimo’.

Isolates 2 and 3 were provided by Chiba Horticultural Experiment Station, Japan.
Isolate 4 was obtained from the collection held at Hyogo Prefectural Awaji Agricultural Institute, Japan.

R, ‘owd—, L CTREGERENEHTHo
‘vga i, BB L TBYIERELNT. 1B
BEELTIEL R, £ BTHELHELET
FEELEVOT, ‘'v142 OFTHEREZFBTE
CHEwWAZ LRELWEHT SR, v T
M oEhER, vA420F%R. AVFTUTRICEL.
ML b REFTFROBBCHEEFAVORLLED
NBavnNs MpEETH B, MEIZ "y Fao—3'
LIRS RERFO SR, FrUF4 A —
L ORMEBRIS6R/ME SR L TR E 7225 K
FlEAETHIRMREBEON R0 (F—FH). L1
Ao T, EHEBESKTH o 2 3 REBIZENEFTED
BELTRTBLETH S LOMERITELTZ.

B2 FAT7 P ABHERICH T HRR

%% 1) MERICHT 554 7 v ARFEEOER
HREEZICOWTIE. B2 FEGHEET 5 LD. barbatus.
D. superbus. D. chinensis®#%bH x I L & ¢ % 2%,
D. japonicus\Z I3 FEMN L 0L (BE - LB,
1968) 23HHDAKAT, ThETIELALRARLA TV
Vo FIT F4 7 v ABBHAERBICE T HIEHEOE
P o RO AN

1. MRBLUFTE

BEEACTEEERE LTHERRELTWAT1 T ¥
¥ 2 BEAMMTOEE B L. BERRITIBIFERL
1990 E D 2 HIZHT TiTo 720 BREEEICDOWTIE 7
— (=Y a vERESBIIBITAERLAROFETIT
A

Ay —= vy SnEBAEBOBRRELHET 5720
iy 1991, 1992 D E I 4 Witk (isolate 1. isolate 2 .
isolate 3. isolate4) #HWT, LW BVWERE (10°
CFU/ml) CTEHRABR%ZITo %0

2. BRBIVBE

FAT v ABBEBICBITAED &) MBERIERE
DREMFEETable3 . 4IZR L7z ¥4 7 v T ARE
EBOED & MERERMECE, BERE L FERC,
SRE R EEEMRD bz, ERAREOS &I, B
L 72707 - Rk 2stisE (£140400%) PEREREE
59, 18%HE (25.7%) %99, 15HH (21.4%) A
7R (100%) dHREHES I, HRLULCEFEED
RS, ARECHT A ERESER (BHE 0% O
B8 2 78, D. capitatus ssp. andrzejowskianus  (Ek
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# D. capitatus £W53) & D. henteri® R\ L7,
N0 2Mid, ERHMEEL CEABERE L
72

D. deltoides (BFEXARHEFNo. 34. 35, 38) &
D. plumarius (BEFRRHESNo. 76, 77, 78, 79,
80) 1BV TIE, EHMEICKE LEALEENTD SN,
ZO2@ERVTIE, BRERIR/DE o7,

BRUBREORRAFAT VY ARTHAEEIEL H —

A=Y arv2RBIIBITARBEOWRB #Fig. 4 IZRL
7o IRPLEREABITOD. knappii T, HEH21HH
THREDEN, 28 BICETRTOBRIZRICEDL 15
L7zo BRI, BIEEBRENEFO 25 =7 Tk,
BERIHE> S 88ICEDL £ S A5ETL. 0BBICR
JREDP100%IZE L2 —F, BEHRUBEIHD T«
a0 Tk, HEBOF H F TIRESA SR Do 7258,
ZDH. HAICEFRSEN, 918 HIZRBRE0%IC

Table 3. Classification of 51 wild Dianthus accessions indexed for their
resistances to bacterial wilt (Burkholderia caryophylli) in 1989.

Disease Species (NIVOT accession number) Percentage of
index wilted plants
5 D. capitatus ssp. andrzejowskianus (14) 0%
highly D. henteri (58) 0
resistant N
4 D. plumarius var. albiflorus (78) 8
resistant D. plumarius ssp. praecox (80) 8
D. acicularis (1) 9
D. pontederae (82) 10
D. anatolicus (5) 17
3 D. cruentus (32) 22
moderately  D. hungricus (59) 25
resistant D. pallens (69) 25
D. plumarius (76) 25
D. plumarius var. albiflorus (77) 25
D. uralensis (104) 25
D. turkostanicus (103) 27
D. zonatus (106) 27
D. armeria ssp. armeria (9) 29
D. crinitus (31) 33
D. andronakii (6) 36
D. prolifer (83) 38
D. giganteus ssp. banaticus (48) 40
2 D. giganteus ssp. banaticus (50) 42
susceptible  D. orientalis (68) 42
D. serotinus (90) 43
D. allwoodii alpinus (2) 45
D. gallicus (45) 50
D. pinifolius (73) 50
D. pungens (84) 50
D. carthusianorum var.
humilisgriesselich (17) 55
D. giganteus ssp. banaticus (49) 60
D. japonicus (61) 60
D. sylvestris (101) 63
1 D. squarrosus (93) 73
highly D. superbus (94) 73
susceptible  D. anatolicus (4) 75
D. barbatus (19) 75
D. cruentus (33) 75
D. serotinus (91) 78
D. haematocalyx ssp. pindicola (57) 83
D. shinanensis (92) 83
D. tristis (102) 88
D. lusitanus (63) 91
D. superbus ssp. speciosus (96) 91
D. barbatus (20) 92
D. alpinus (3) 100
D. arvernensis (10) 100
D. barbatus (18) 100
D. dentosus (39) 100
D. monspessulanus (65) 100
D. myrtinervius (67) 100
- D. petraeus ssp. sapineaus (72) 100
D. pinifolius var. lilacinus (74) 100

NIVOT: National Research Institute of Vegetables, Omamental Plants and Tea.

n=5 ~ 12,

Percentage of wilted plants was calculated and indexed for the degree of resistance

91 days after inoculation.
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Fig. 4. Disease progression curves ot 3 wild Dianthus species and 2 carnation cultivars
inoculated with Burkholderia caryophylli (isolate 1).

n=9~16.

Table 4. Classification of 19 wild Dianthus accessions indexed for their
resistances to bacterial wilt (Burkholderia caryophylli) in 1990.

Disease Species (NIVOT accession number) Percentage of
index wilted plants
4 D. deltoides (34) 7 %
resistant D. deltoides (35) 19
3 D. collinus (28) 25
moderately  D. pyrenaicys (86) 38
resistant ]
2 D. gratianopolitanus (51) 43
susceptible  D. arenarius (7) 50
D. pinifolius ssp. lilacinus (75) 50
D. carthusianorum (15) 67
D. seguieri (89) 67
D: superbus ‘Alba’ (95) 67
D. gratianopolitanus (56) 69
1 D. carthusianorum (16) 81
highly D. correnvonianus (30) 87
susceptible  D. scaber (88) 87
D. deltoides (38) 88
D. plumarius var. lumnitzeri (79) 88
D. superbus var. speciosus (210) 91
D. imerecticus (60) 100
D. knappii (211) 100

NIVOT: National Research Institute of Vegetables, Ornamental Plants and Tea.

n=6 ~ 16.

Percentage of wilted plants was calculated and indexed for the degree of resistance

91 days after inoculation.

B FNICH L. EMEERENMOD. acicularisT
i, EERBIE A8 U CRREMEL . D. capitatusTId
L REFEBAONLE Do T

WP EREI R & HE S Nn7-D. capitatus. D.
henteri £ DD, acicularis. M55 DD. knappii & UH
HTHmEHESNA Y4 T, WO I-TF L7,
REZT, RTA4 MYA BRW, 4EKREREAL
THoBRBEOFE R 2 Tables 2R L7e D.
capitatus. D. henteri. D. acicularisid, Fiv7z Wik L

EHLERCEL ST BWRREBER LA, —F T,
) LB AEAED. knappii B IV I—F NV AT =T
R4 PYA Tl BEAETRTORPED &9
HTE L 720 B812. D. capitatusTid. 19924 Misolate 1
T 5 %DEFNFASNIPIHIERY BREOR) T
H0., TRTCOBRTHNEMMEEZR LA 4 EREH
WieBRBROKR, D. capitatushsi b M B 2R
. EEWTD. henteris D. acicularis& ) ATH 5 Z

e hbholt. CO3IEOBFAEEL, H—F—Ta Vi
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Table 5. Disease incidence of 4 wild Dianthus species and 4 carnation cultivars indexed 91
days after inoculation using 4 different isolates of Burkholderia caryophylli.

Species Percentage of wilted plants
and 1991 1992

cultivars isolate 1 isolate 2 isolate 3 isolate 1 isolate 2 isolate 3 isolate 4
Species

D.capitatus ssp.

andrzefowskianus 0 % 0% 0% 5% 0% 0% 0%

D.henteri 11 0 5 15 0 6 21

D.acicularis 13 6 0 nt. 9 ot 18

D.lmappii 100 100 100 nt. nt. n.t. n.t.
Carnation cultivars .

Wiko 20 % 0% 7% nt. nt. 30 % 10 %

Coral 100 67 72 100 % 100 % 100 100

Scania 100 67 75 100 100 100 91

White Sim nt. nt. 80 100 100 91 100

4

n.t.: not tested. n=7 ~ 20,

Isolate | was isolated from naturally infected carnation cultivar ‘Hatsushimo’.
Isolates 2 and 3 were provided by Chiba Horticultural Experiment Station, Japan.

Isolate 4 was obtained from the collection held at Hyogo Prefectural Awaji Agricultural Institute, Japan.

EHTRLEIHEOB Lo ‘42 LB ELICHK
WIRPIEE R L7ze 10° CFU/ml &) RIREOHEM T
DI LZ R LA 0. IS DFEEDESMES
HRASh, /o, BHMETERME LTHFELHNSh
pAS

D. capitatusid. BERI—a v REETHY (Tutin,
1964; Hamilton + Walters, 1989). {EZE3E B L
WIEFF 2 HDo D. henterild, V=T DHNVIRFT
WIREENEECTH ) (Tutin, 1964), BELE LTiZEIR
ESACRTELSGHEL THhekd<y PRICR 5, D.
capitatus. D. henteriDibE, fE@#Platel. 2 IR
L7z

PiEn &Sz, #D & 9 MERICT Lkvigsik 25
THERBRIERMPFEBORICR WS, Kk
FROTRENR SN,

HEIH BMERMBEELSI-F-2 3L EOERTH

—fRIZ, ATV RABIHEMREIBES THY (R
A, 1982; IS, 1989). HAEMPHROELL B2 2
BETOXREFPTRETHAILFMOATV S
(Hamilton - Walters, 1989), BifiTH —%—3 3 V&
bk ) MEROEIEEETRE LCHRERB4AEE R
WRELLDT, BEREREEE ) —F - a v L0
BIZCHE AT, MBI E R, S510, Bohr
MECRBOBIME L2 IRE L. BEROHOEED 7 —

A=Y a Y OBEANCETIHRE 2T 1
1. MRBLVFHE

A—R—arI8mfE L BAEMD. capitatus. D.
henteriv D. acicularis®D B THEXMET- 72,
121990~19924 M 3 ~ 5 BIliT o720 BRTHLFE -
DIZRATE2 ~ 3 BRICETFHOLEEOBRME LTV, B
L7z REBR4~7 HEOBB LT VBN D
TEHEAESELATER 2T, BUOESIT L
FHRBN -2 a VOB EH 2 AR FEEOR
FRHPBBRICEEEEZ2RAETL., RELZTo7-, 1B
LNREFIE, 1990~19929E D 8 A T, 5 9 B LA
THROBAERL (X P23 v 2 2R350) % ANF98KT
STML—ICHBEL, BELBTCTREELSE, 128
BIGEERN Y FICER L TEF S S, BEDS5 AIC
BEGE» O LELI0~ 18RI L. ATEH O FIE T’
HARE L BIKL2RHE, BERNOLEEZEA
HEDA27290cmiBDONXy FiZl0x20cmTEML T,
ABORERIRE13C L LB L YL, =5
R R A L7

EHIT, H—R—Ta v DOHEBMEETRL 120
I2y 1992~19944E M 3 ~ 5 B ICHRMERH (90B31-4.
90B28-3, 91B03-3. 91B04-2, 92B36-11, 92B36-14) &
A—F—2aVERETLIRLREEZITV, EEEEL
RAEL, RELTo 7o BONLEFIE, 1992~19944F
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1w

Plate 1. Highly resistant species, D. capitatus ssp. andrzejowskianus.

Plate 2. Highly resistant species, D. henteri.

N8 ATAL»L I H ECHBOREAE (A b3y
7 A350) # ANTZ8RT I/ b L—ICHMEL, Riksk
BTFTRFESE, H12ARICREANY FIZERMLT
B S, BED S FICEMEAED O LFZ10~18K
REEL ., AIf o) TRt BRE L 72,

2. BRBIUBE

H—F—Ya vk HAEMD. capitatus, D.
acicularis, D. henteri DFE 22 MRS % Table 6 1278 L

720 D. capitatus X #—*— a ¥ OflAGDHLETIE,
KEERNL6.7% & W B o T2 HONLHT D 2 4
T, WL -r%FEET. #REBBOW e o7z B —
*—3¥ 3 ¥ xXD. capitatusTIE. 43KE L7729 BHREEL
72DIix13 (REEH30.2%) T, 1 LR OFETFH
6T EDRTH ), REEDVKNAELEZEREOM
FORRDBEP-720 LH L. 155 7-FEF 12864 H150
KASEEH L. BHFREIED» 272

#H—%—3¥ a ¥ xD. aciculariss #—%—¥ 3 ¥ XD.
henteriClE. HEENENLTNT14%. 76.9% L FH <\
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HBNSBOBTF B LN, BREEDBREER
CROBTHE L, BTFORFRIBO TR, o7 5
FRIEH—F—¥ 3 ¥ XD, acicularisTI1108F 9. &
— %= 3 VXD, henteri C2558 13D A T o 726
BONLHERKEOED & ) MEREHEEZ. JET
BARIREE TR (Table7)e H—R—T a3 ¥ x
D. capitatusTld, 36%MFLIIRIE (&&KD306%) »*
BEHEEZRL, £20) LORMPERBThH oo 1 —
*—3¥a ¥ xD, acicularis., H—F—3 a ¥ xD.
henteriTH ENZh 4 RFEP 1 R, 7 R 3 %t
DEME L R THEBMBEERRIBON DT Eh b,
D. capitatusz &£ 3TWEBOE T HEDS 1 ) MEBERER
WA —F—a v L OEMMIC LY BRARET S

ZEBHELNI R ol I —%— g v XD. capitatus
DFE MM RHI2B38-1. #—*F— 3 ¥ XD. henteri
DFEMHERERBIOB31-4% i3 L - IR EHERIC B
T 5 EMEHRILH H OBF % £ FNPlate 3, Plate4 i
RL7

B L - EBUEEMEE RS & CORRBOEELRE
P, Table8 1R L7z WFNOBERHLHLPE
ERBLEIZOWTRIROPEBELR LIz, A —F—
Y a v XD, acicularisDFHK 90B28-3, A—R— =3
¥ X D. henteri®F#E 90B31-4iZ v 3 b B IRk,
TEREIZH4em T, BRI ~ 13O ENEOHEEZRL
720 FHE 90B28-3IXEK50cmETH ) EEAR R HRFF
ThH o720 90B31-4IZE I 30cm 2 CHFICENIRIGTEMY

Table 6. Interspecific crosses between D. caryophyllus and highly resistant wild species to bacterial wilt

(Burkholderia caryophylli).

Cross combination Number of Number

pollinated of capsule Normal? Abnormal? Total

Number of seeds obtained Number Number Number

of seeds of seeds of seeds

2 4 flowers setting per capsule¥ sown germinated
D.capitatus X D.caryophyllus 6 1 (16.7)% 0 2 2 2.0 2 0
D.caryophyllus X D.capitatus 43 13(302) 29 59 88 6.7 86 50
D.caryophyllus X D.acicularis 14 10(71.4) 22 104 126 12,6 110 9
D.caryophyllus X D.henteri 26 20(76.9) 53 232 285 143 255 13

2 Normal: black and mature seed.

¥ Abnormal: brown, shrunken and aborted seed.

X Values in parentheses represent the percentage of capsule setting.

W (Total number of seeds obtained)/(Number of capsule setting).

Table 7. Segregation of resistance in the Fi populations between D. caryophyllus and highly resistant

wild species to bacterial wilt (Burkholderia caryophylli).

Cross combination Number of Number of seedlings with Percentage ~ Number of
seedlings disease indexes? Ratio  of seedlings selected
2 @ tested 5 4 2 1 RY : S¥ with resistance  lines
D.caryophyllus X D.capitatus 36 6 5 6 15 11:25 30.6 % 7
D.caryophyllus X D.acicularis 4 0 1 1 1 1:3 25.0 1
D.caryophyllus X D.henteri 7 1 2 2 1 3: 4 429 1

2 Disease index: 5, no visible symptoms; 4, 0<~ = 20 % wilted; 3, 20<~ = 40 % wilted; 2, 40<~= 70 %

wilted; 1, 70<~ < 100 % wilted.

Y R: resistant (0 £~ = 20 % wilted).

¥ S: susceptible (20<~ = 100 % wilted).
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Plate 3. Disease incidence 91 days after inoculation with Burkholderia caryophylli.

Line 92B38-1, an interspecific hybrid between carnation and D. capitatus, showed no

disease symptoms, whereas all ‘White Sim’ plants completely wilted and died.

. W a l %
idence 91 da

Plate 4. Disease inc

% o' o 3
ys after inoculation with Burkholderia c

aryopylli .

Line 90B31-4, an interspecific hybrid between carnation and D. henteri, showed very low

disease incidence, whereas ‘Scania’, ‘Kibou’ and ‘Coral’ plants completely wilted and

died.

L WA D o720 H—F— ¥ 3 ¥ XD. capitatus®
MR R TTI, SR 91B03-3. 91B04-2, 92B36-117%%4E
B0 D NEICH L, Ri#9I2B36-5. 92B36-7.
92B36-14, 92B38-1TIRIERESMO—ETHY, —HL
NEOGEEDG A SN T2, 1BIF 7 Rkt e HERB
\ZH W7D, capitatusk A UREBTH D, £OMMOLE
BB L holze H—%— 3 ¥ XD. capitatus®
MERE R L, TEMBLTH S D. capitatus®, THNEEND
i LTEWIS/AMEYREA T 5 L v ) SRR L TlRwv

iDL, YRR —RA—Ya Y OFEME L LTI
D. acicularis. D. henteri & ) b AL L bz,
WP RMAER e h— =Y a VDR LT
X, BELLETIZEEOh, BEMEI—F—T 3
v DML T 5 L. RHEBAMEIEE LML
L7 (Table9)o #—%—¥ 3 ¥ xD. acicularis, 51—
F—¥ a v xD. henteri O ZHETIXSCHEBIANMEAMEK
PodedS QB34 X = —2 a1/,
~ X 90B28-3. 90B31-4 TlE#HFH283.3~888% T 1

H— o — g
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Table 8. Characteristics of selected interspecific hybrids with bacterial wilt resistance and their parents.

Selected lines and their [;arents

Flower color

Diameter Number Height  Resistance to

of flowers of petals of plants  bacterial wilt*

(cm) {cm)
D. caryophyllus X _D. acicularis
90B28- 3 Pink Barbi X D. acicularis  Pale pink 3.9 13.0 54.2 4
D. caryophyllus X D. henteri
90B31- 4 Pink Barbi X D. henteri Pale pink 4.2 9.2 30.4 4
D. caryophyllus X _D. capitatus
91B03- 3 Jolivette X D. capitatus Red purple 4.2 19.8 86.8 5
91B04- 2 Super Gold X D. capitatus Red purple 4.3 18.8 76.4 5
92B36- 5 Coral X D. capitatus Red purple 4.1 5.0 89.2 5
92B36- 7 Coral X D. capitatus Red purple 4.4 5.0 ; 66.4 5
92B36-11 Coral X D. capitatus  Red purple 5.1 20.6 77.2 1
92B36-14 Coral X D. capitatus  Red purple 4.2 5.0  52.2 5
92B38- 1 Kibou X D. capitatus  Red purple 4.3 5.0 68.6 5
Pink Barbi Pink 5.5 44.0 89.0
Jolivette Yellow 5.4 54.0 98.0 2
Super Gold Orange 6.3 36.6 72.0 1
with red stripes
Coral Red 6.7 28.0 75.0 1
Kibou Deep pink 8.4 32.8 97.6 1
D. acicularis Pale pink 2.6 5.0 27.5 4
D. henteri Pale pink 4.3 5.0 50.0 5
with purple eye
D. capitatus Red purple 2.2 5.0 21.2 5

2 Resistance to bacterial wilt: 5 (highly resistant), no visible symptoms; 4 (resistant), 0<~ = 20 % wilted;

3 (moderately resistant), 20<~ = 40 % wilted; 2 (susceptible), 40<~ =< 70 % wilted; 1 (highly susceptible),

70<~ £ 100 % wilted.

CR%UL ) BRABOBTHFESN, BETHEELLE
FHEFOLENE, BRIBFH B LN h—%—
¥ a ¥ XD. capitatus DHETERMIIB03-3. 91B04-2,
92B36-11, 92B36-14% IV 7R LSEHEIC B VT H IEESE,
L& RYAVETFHEOMEL, BREBFISHERBES
e BORBFRELRL,

R, BoNBT2HEL CTEFSEBC (I—%
— ¥ a v XBRIEHAER) KB AR OREEE AE
L7 (Table 10)o D. henteriDIMERERM~NDE LM T
Hb, H—%—Tarx90B31-4 TIE23RMPb 4 ZHk
(&thD17.4%) FEBE0%UTOEREERL .
£72. D. capitatusDHERHENOR LZHTH S, 7

— A —¥ a3 ¥ x91B03-3TiZ19RMF 4 Bt (24D
21.1%). H—3F—3 3 ¥ x91B04-2TIX132RKH16%
#H (&EkD121%). #—3—3 a3 ¥ x92B36-11TiL68
R 5 R (&KDT74%). B —*— ¥ 3 ¥ x92B36-
IATRTTREFLITRIE (&6 0221%) HEFEZRL
720 2D X2, BCHER TR, BHREEKIEEED
B1~28DBETHET LI EFHAL P ol &
72 BEICELTY. FITHskE L REGLIRIL
Ghro 7oA% BCrTIEAR. Bk AICHKRE, —FEvBL
R4 RIEBOTEED A SN,

H—F—a VEFRBREEETLEETH Y. BEHICE
BEINTW WD, BERFZITIOEELV. £
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Table 9. Back crosses between D. caryophyllus and selected interspecific hybrids with resistance.

Cross combination Number of Number

Number of seeds obtained Number Number Number

pollinated of capsule Normal? Abnormal¥ Total — of seeds of seeds of seeds

? o flowers  setting per capsuleV sown germinated
90B31-4 X D.caryophyllus 6 5(83.3)* 115 13 128 256 70 23
D.caryophyllus X 90B28-3 9 8( 88.8) 182 30 212 26.5 115 79
D.caryophyllus X 90B31-4 16 14(87.5) 202 156 358 256 261 92
D.caryophyllus X 91B03-3 5 2( 40.0) 21 11 32 16.0 32 25
D.caryophyllus X 91B04-2 23 15(65.2) 172 22 194 129 194 154
D.caryophyllus X 92B36-11 9 7(77.8) 79 34 113 16.1 113 72
D.caryophyllus X 92B36-14 12 10(83.3) 123 35 158 158 158 89

Z Normal: black and mature seed.
¥ Abnormal: brown, shrunken and aborted seed.

* Values in parentheses represent the percentage of capsule setting,

¥ (Total number of seeds obtained)/(Number of capsule setting).

Table 10. Segregation of resistance in the BC1 populations between D. caryophyllus and selected

interspecific hybrids.

Cross combination Number of Number of seedlings with Percentage  Number of
seedlings disease indexes® Rgtio of seedlings  selected
2 1 tested 5 4 3 2 1 RY ;8% with resistance  lines
D.caryophyllus X 90B31- 4 23 1 3 4 5 10 4:19 17.4% 2
D.caryophyllus X 91B03- 3 19 2 2 2 2 1 4:15 211 4
D.caryophyllus X 91B04- 2 132 8 8 20 15 81 16:116 12.1 19
D.caryophyllus X 92B36-11 68 2 3 5 13 45 5:63 74 6
D.caryophyllus X 92B36-14 77 4 13 7 11 42 17:60 221 20

2 Disease index: 5, no visible symptoms; 4, 0<~ = 20 % wilted; 3, 20<~ < 40 % wilted; 2, 40<~ = 70 % wilted;

1, 70<~ = 100 % wilted.

¥ R: resistant (0 <~ = 20 % wilted). *S: susceptible (20<~ = 100 % wilted).

1 MEREREORERRIC OV T REOERN
BEETELVA, VRt —R—Ya vk D
capitatus & DRMEF AR ) FEH —F— ¥ 2 ¥ XK
RHAEFIOBCERI 81T 5 BRI A > BT
FCEBHICHELTOUAI Ehb, B & ) MEmC
M5 5 REFHEERTFCIRE . BROBETIHS
LTwhLitEIh b,

EEOEEN D, BEBOBOBENELEA Lzd —
F—va vOED &) BERKEEESTETH S
LASRE NIz

~

BAE ERMREER N—-3—2 3 B8 OBFR
H—2—3 g ¥ xD. capitatusDTEFMEERKOF 20
b, RENEDL O MERERELEL. »oEE, B
5, AERSEOBEOENDRHKIIBOL2EEK L 2.
ARGEDVET HBRERIEIESBRRICRET S L 2
BLEOT, A—d—varB1E LLTRERE
Lo DUB. RMOIBOA2T bbb A—h—va Vi
18 % B1E LEET .



19

N A=Ay a Y OED &) MERERETEE BB L OTRTRICL A ER b EomE

1. MEBLVHE

h—d— 3 ¥ xD. capitatusD RILRMH 5 Rk
(91B03-3. B 1%5. 92B36-5. 92B36-11. 92B36-14) &
MBREE A—/S—T—LVF RF=7, a-Fu
AL T, WY RREOEHEBLREL 2. EHK
1 AR, e UCHM200kg/a. FLAK
100g/m2 &9 9 A100g/m?2 CDUAL B
(N:P205:K20=12:12:12) 125g/m*% Fi-LICHER L. ¥V
Ay MgE (BSR4 NAT I MBRED) THENE
EiTolzs 19954 7 B 7 BIZ. #9 RIBEWNDI0cmIE
Ny FOFRRE20cm%Z FHRE L. 10x20cm (FHEFE .
365%/m?) T1 @M - R D 6 ~ItRE ML 72,
FEBRHRRZ1EMOZ L, LHIERERRIST MR
L7zo BREIE.  ADWVWHEE2EF (NP205K20=10:4:8)
DI00FEHRI %8B 1 BEH L7 BIEDKE 721995
FI10A H LIRERT 019964 5 A31H £ TEABOIHE
AEEREL,

1996 4~5 AiC. ‘Bl15 LZOEFHRDO ‘A—
NR—T= ', TERBEDOD. copitatusD T E L%
AELL, ‘B1E5 & 'A—N—T—NF ZNEHR
EHoRk»PL SEDWHNIEEZREIZAH VA, D.
capitatusiIEZE15cmDERICEM L. EBIBEDOH 5 iR
FENTHERFL TV E55H2 SR L 22 RAEICHV 2,

‘B1E5 OBRMLTHRTLIADIC. 4HK
(isolate 1+ isolate 2, isolate 4. isolate6) ZHWT
19924 7 5 20004F 1 2T CTRIEI Tl R FEIC & 0 &8
8 B DEWIEMRE % 1T o 720 isolate 61X, RERIKKE

TR SNz =2 =V a Y D HkEROBEHRTH %,
==V arvlDRERMELRRL 2012, ‘B
15 & 'FE, RFy=7', ‘a-=-sn, ‘RIAL b
YA DETINIED 3 ~5 BICRMETo7, BbHh
7-HETFiE. 19934E 8 A30H KHROREH L (X b3
v 7 R350) BEANTZSRTG L —ICBEL. 2R
FUHETTEFSE, H12RRICREAY FICEML
TEF S, 'BlF ORIEREOBRNO&E
BelNDL 0. BEOS5 BICEBE» B LFEE10~
ISR L., BUET L B0 FECERALEERE L.

2. BRBIUEE

AT ABHERL, BARORREHTTIHS A
o6 AP TRIET 2 —FREEERTEISL.
CNHDOFETIRIEFICHET 5 :DI2134F0 BRIKE
WEBTHIEHPLETHS (RHED, 1989), ‘B1E
DRI EETH 5D, capitatusit. 1990~19914E (=
B 3 LHMRREANTORESENAEER, S, BTE
WWRREREZREOBEFETH ). RIEERIITITHNE
L72BERNTEHEEELZVI EFELI IR o TW
5 (F—%m), LoL, IEREEDOI—2—Ta ¥
& D, copitatus® KR T 5 L, BRICEBLELT
SRET B HE 2 EE L BERHIE SNz (Table
1. ‘B 1% Uso9l1B03-3. 92B36-5. 92B36-11.
92B36-14 Tl RERRBIICTIMBEL 2BERNTL ML
AR LN, 1056 1 AofEicide FfEET.
2SR E o7 ShiZHL, ‘B15 T,
RIRERMES VT TR ERL VK 3 »ATHRIE

Table 11. Seasonal changes of the yield (number of cut flowers / plant) in selected

interspecific hybrids between carnation and D. capitatus.

95 96

Oct.  Nov. Dec. Jan. Feb. Mar. Apr. May Total
Super Gold 0.1 0.7 0.8 04 0.8 0.7 0.4 0.7 4.6
Scania 0.1 0.7 0.8 0.7 0.6 0.6 0.5 1.1 5.0
Coral 0.0 04 0.8 1.1 1.0 0.9 1.0 2.3 7.4
91B03- 3 0.0 0.0 0.0 0.0 0.0 08 1.8 2.7 5.3
Nou No.1 5.7 1.5 1.2 02 02 0.8 0.5 1.5 115
92B36- 5 0.0 0.0 0.0 0.0 0.0 0.0 1.3 0.8 2.2
92B36-11 0.0 0.0 0.0 0.0 0.2 03 0.5 03 1.3
92B36-14 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.5 0.7

Data were collected from the onset of flowering (early October 1995) until May 30, 1996 .

Cross combination of selected interspecific hybrids are shown in Table 8.
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PAME= v FIRIZE S TV A BEIC 2 % L LB DB

EEZMITL. AERFICIIFELA212cmTH o720 R
15 & (ERED IS NET, FEXiZ81.0cme )
DiEE LCHRMMAMRERRLE2RL . 1B, D.
capitatus L AW L 7R BB TH 5o 1E1£1343cm e
‘A—)8—=T—= )V’ ®63cm. D. capitatus?P2.2cm®
T TH o720 BOIEEIMPEL T, T IS/MED
BT L) B - BRERIEMICD. capitatusDTEH
D> T2 12~ 3 AOXMNC 7% 5 L EEDFERD
FWIRIETRIAE L. RIEARBD AT % L) RED D
b ‘Bl Ofef, %L %Plate5. Plate 6 1228 L 72

m e

Plate 5. ‘Carnation Nou No.1’, a carnation breeding line resistant to bacterial wilt.

Plate 6. Plant type of ‘Carnation Nou No.1’.
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Table 12. Characteristics of ‘Carnation Nou No.l” and its parents.

Characteristics Nou No.1 Super Gold D. capitatus

Plant type Upright Upright Creeping

Plant height (cm) 81.0 77.0 212

Flower type Double Double Single

Number of petals 18.0 278 5.0

Flower diameter (cm) 43 6.3 22

Flower color Vivid red purple  Light orange with Strong purplish pink

striated vivid red

Flowering habit Perpetual Perpetual One season flowering

Earliness of flowering Very early Early -

Number of styles 20 28 20

Maximum leaf length(cm) 17.7 126 4.1

Maximum leaf width (cm)  0.52 0.54 0.20

Leaf shape Linear Linear Subulate

Leaf color Green Dark green Green

Table 13. Disease incidence of ‘Carnation Nou No.1” indexed 91 days after inoculation using 4 different isolates of
Burkholderia caryophylli.
Tested year 1992 . 1992 1993 1996 1996 1997 1998 2000 Mean
Isolate isolate 1 isolate 2 isolate 1 isolate 4 isolate 1 isolate 6 isolate 6 isolate 2
n % n % n % n % n % n % n % n % %

Nou No. 1 10 0 7 0 18 11 14 14 13 0 18 28 13 8 14 21 10.0
D. capitatus 19 5 19 0 12 8 n t. n t. n t. n t. n t 4.3
Super Gold 16 94 16 175 n t n t. n t. n t n t. n t 84.5
Scania 14 100 8 100 n t. n t 10 90 12 100 7 100 n t 98.0
White Sim 12 100 i1 100 18 100 n t 11 82 13 100 n t. 18 100 97.0
U Conn Sim nt nt n t n t. n t. nt 14 100 n t 100.0
Coral 15 100 15 100 18 100 n t. 12 92 n t n t n t 97.9
Lena n t nt n t 14 100 n t. n t. n t n t 100.0

n: Number of plants tested.

n. t.: Not tested.

Isolate 1 was isolated from naturally infected carnation cultivar ‘Hatsushimo’.
Isolate 2 was provided by Chiba Horticultural Experiment Station, Japan.
Isolate 4 was obtained from the collection held at Hyogo Prefectural Awaji Agricultural Institute, Japan.
Isolate 6 was isolated from naturally infected carnation cultivated in Awaji Island Hyogo, Japan.
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LTI EEDORVHETHS — A — T 3 ¥ &2ENL,
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Plate 7. Appearance of inoculation test with Burkholderia caryophylli.

A: 0 days after inoculation; B: 91 days after inoculation.

Left to right: Susceptible cultivar ‘White Sim’, resistant breeding line

‘Carnation Nou No.1’, susceptible cultivar ‘Scania’ and ‘Coral’.
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Table 14. Back crosses between carnation cultivars and interspecific hybrid ‘Carnation Nou No.1".

Cross combination Number of Number Number of seeds obtained Number Number Number
pollinated of capsule Normal” Abnormal’ Total ~ of seeds of seeds of seeds

) g flowers  setting per capsule™ sown germinated

Kibou X Nou No.l 7 7(100.0) 140 6 146 20.9 146 116
Scania X Nou No.1 5 4( 80.0) 32 8 40 10.0 40 33
Coral X Nou No.1 3 2( 66.7) 0 5 "5 2.5 5 4
White Sim X Nou No.1 8 2(25.0) 0 3 3 1.5 3 1

z Normal: black and mature seed.
¥ Abnormal: brown, shrunken and aborted seed.
* Values in parentheses represent the percentage of capsule setting.

¥ (Total number of seeds obtained)/(Number of capsule setting).

Table 15. Segregation of resistance in the progenies between carnation cultivars and

‘Carnation Nou No.1".

Cross combination Number of Number of seedlings with Percentage
seedlings disease indexes? Ratio  of seedlings
? g tested 5 4 3 2 1 RY : 8% with resistance
Kibou X Nou No.1 98 4 7 15 8 64 11: 87 112%
Scania X Nou No.1 30 4 1 5 6 14 5:25 16.7
Coral X Nou No.1 3 1 3 0: 3 0.0
White Sim X Nou No.1 1 1 0: 1 0.0
Total 132 8§ 8 20 15 81 16: 116 12.1

2 Disease index: 5, no visible symptoms; 4, 0<~ < 20 % wilted; 3, 20<~ < 40 % wilted; 2, 40<~ = 70 % wilted;

1, 70<~ =100 % wilted.
Y R: resistant (0 £~ = 20 % wilted). *S: susceptible (20<~ = 100 % wilted).
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FFETIZ. ThETEDL & ) MBEROEREZ 81
HCHEL-RBEEICLIREERICL o THELTE
770 L L. REKRLELRBOFLFZEL720I1213H
PEMIEFILLLENH Y. SOICHERELHET
BIIFEE,IS IPALWIREMEET S, £/ KE
OMEEER I KRELFTNELEET B,

FEEOHMERIZB VT, DNAY—F—2FALL

JEREB B R REESH MK OVEH, RERFENDOE
FLVWREBERITCVA, &, ¥4 X EOEEEY
REETIE, REEMMEICES L ALDNAY - — D
W% H¥RE S Twsb (Paran - Michelmore, 1993;
Kuginuki®, 1997; Park &, 1998, 1999; Fazio®, 1999;
Kikuchi®, 1999; Yui®, 1999). BB FITESHL
7:DNAT—# — BT H I LIk ), {EROEN
BREZT) S & LICEMEEETFOFELFMTE
Do T—H—I2 & B BIRIIMEODNAZ FHTHITE
BTEXBNDT, HHHETHBRIRG TR TH D, T2, B
AEOERNRETEEAT IR LHEEZITI BRI
b, ELAMOEMZR/NBRICLT, HIET LWERE
B REIEKT A ENWEBIC R b, £ TARETIE,
%Y 1) MEREPEICES LZDNAT — & — DK
b N A

DNAZ M OB BIZIZRFLP (Restriction fragment
length polymorphism). RAPD (Randomly amplified
polymorphic DNA). AFLP (Amplified fragment
length polymorphism). SSR (Simple sequenced
repeaf polymorphism). ISSR (Inter-simple sequence
repeat polymorphism) 7% &% { DFESEESI LT
5 (fE#7, 2000), SNBHDFEDNSH B, RAPDEE. 8
~12EHBEDOENS VT LARFISPORE T FTA T —%
AW TPCR (Polymerase chain reaction) %47\ 7/
LDNARD 7 J 4 v — & F LEF & Ho#ricikE n
TEREMIEL. Fho 2 ERKE L THREMBEOS
HEBRBTAFETHS (Wiliams D, 1990). HDHE
1A, EBRBEDEETREICSZ S SR E R TE
BEWHIRENDH D, AR TIE. DNAZEKREIC
RAPDEZAWTIT) 2L & L

£11H BEAMIBEFOERETF1v-ORT -

b 274
1. HEBLUFE

D. capitatus\CHE T 2E L 1 ) MIBRRREZ o
‘BB LREEOHERE TVF4T77ER-V 7
ZEHICEE L CTEEORE 2TV, EkS#EERL
BFRL .

FHA D TUF4T77R—L x ‘BIE 22%#M
ZWB . ‘E1E x ‘FTUF477R—-L 112%H

INSEFIMRFEOTHEROEIUEZ AL 120
2. 2 Btk (isolate 1. isolate 4) % F\VTI1998%EH 5
20004E |2 A CHIEST & Bk HECTAEL 6 BlOEITHR
EEEHBL. FHBRELEHR L.

DNA®HiHIZ CTAB (Cetyltrimethylammonium
bromide) # (Murray * Thompson, 1980) 2L U f7o
720 T b HHRM B OEES5g % MAEE THAE L.
LTS, 500 uD2XCTABES ulD AV H 7 b L
¥ ) —NVEMAITHEL, 55CTIOTMA ¥ Fa—}
Lo D%, XPTREL, 500ulnfvrm {(Zu
TRV Y Tan) — a4 UHRE LK) %
A5 SHERE 5 %, LS HELIT o720 LEAREEZI
D, 500 u1»1x CTAB% I 2 TR 2 IZER B IBANRE
LML EEAREZIET, LB %500 4 191M NaCl-
TECERSE, 25BENOTY /- VEMATESL.
DNA% LR & ¥ /2o TNETO%TY / —VTHE L,
$hE % UL L T100 £ 1D TE bufferiZBfE L7z, 7FIVE
B X VDNADREN20ng/ ule 25 LIREL,
PCROSFE L L7,

75 4 < —I21ZDNA Oligomer Set (12mer. FIJE#E
) DAV - (BHFWA) 60, BLUBY ) —X
(M5 WB) 60 NAEI120M8 % 3 L7420 PCREISIZ
13, 5B DNA20ng. ANTP&0.2nmol. 79 4 < —
15pmol. Tth DNA&REF (TOYOBO) 04units &
UV D10 X RISBE WL 1 1% & 810 u O RIS HE%
Wi, ¥ X ASTECH # PROGRAM TEMP
CONTROL SYSTEM PC-700% F\>, HiL¥94°C 305
IZHE &, 94T 30%) - 40T 2% - 72C 3 5 T45H 4 7 VK
B, BABT2CTH ORI TR S €720 DNARIBEY
2, =FVvsaTuYA FEEGUTBERE L% T 7
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O — 27V 2 A T100V TR0 HERIKE L. &5
RIS T TRAPD/S ¥ FOMiH 15 5 720

EIEDD. copitatust ‘B 15 (CH@ELTHEEL.
BEET Bl OBMTFHRTHL ‘X—s—T—F
L. BEBCHBERFERICERLE " FUF1 77K
— L’ ICRFEELEVWDNAMK #IECE 2754 <
—ZIRRZ Y == 7 L7

RIS TRAZ )=V I TCERBBRONLE TS/ <
—78MEE T V. 6 HOEREREARBERE, BN
T PR L IS, FHRERERI20% LT OESLIERE
BV R BEE TR, FHRFEI0%LU LD
DR CTITHBBEEOBR G R LR DNARK %38
BCEBTIAR—"2RAI V==V T Lz
S5, 2RAZ Y=V TCEBIRLETS5 4w —8
faE (WA-1. WA-69, WA-85. WB- 2, WB-26, WB-
62, WB-65, WB-67) %Fi\»T. SHEFE134RMICH
FESHEOSMERAE L, ENEFROT—H =NV F
DFEIZL VT2 200HKEFIIIONT, p/MIC L
HEAERE BIFEL: D 2fFo7. &BIC. Bb
) W R T R BR O I RIRE D £ % Wilcoxon (1945)
D2 UNRFGAN) Y 2 EERAVWCTEREREZTo 72,

2. BERBELVEE

‘B1EB L TUF4 TRV L OTHBRR
134RFE R L CHEIAMEERE L 28R, \EREICK
EROMENRAR LN, FHFEFES2%D R 5100% D
R E CEB A ER L. RIRE60~T70% DHEEE
PR BHRIE2ODE— s S oh: (Fig5).
KHAEEDFHRFEERIISTI%TH o 72, IKMEBED
glaid, SR L2 134R M54 M (&4 D403%) o°

25 r

B REER. 43% % (32.1%) 2°§9. 28%#
(209%) spELHEShiz, EHMHEEELMEHAEL
o RAIE. 9 R (BEDET%) Thol, HILHERE
EPEE (BRE . 0%) ORMKiE. Ru2s&hhhro
P

EL ) MEREIEOD. capitatust ‘B 15 12

TRV P ERHUTEL IS4 RERLEE
£, 120WEOT T4 7= 0 AV — X CLMHE, B
) —XTI6HELE, EF73TEME (&8D65%) TI1294
DEEIINY FHPREB S Nize D. capitatuss 'B15
RN L ERPRAPDEICI VEHEETCEORLLZ &
AL =R A N ol A

ILRAZ ) ==y S CEEPBONL TS/~ —% M
W, SHEEFMOBRERERRZ &S, EBAERKIC
BHEETHN, BEURECIHAEEOBEVWEEN L
WY RERELR. SHEENTIALv— (WA-1. WA-
69, WA-85, WB- 2, WB-26. WB-62, WB-65. WB-67)
THENBHBHNY FEBRY— 7 —DEHE L TEA
7%

COREREDT I A< —%HT, FEHEEFISLRMK
BB =N =N FOFEEZF,

EDL ) MEREIEICHES T 2 BETFIE. EREET
HFED. capitatus & BESZERE A—/N—T—N § &
DBEZHICLY B1E XEDD. S50 B1E
CRREZMERE TV TF4 77 R-L LOREEZLIV S
BEERNEBET S, SO ERND, ‘Bl1E EFIo
BET AT UORETRTH ), BRI IEHHE
FICCOBRETFIZL . IDRICHET L ZE L5005, #
2T, 8D —H—sSY F (WB2-1450. WB67-1050.
WA1-1800. WB26-620. WB65-670. WB62-1200,
WAS5-700, WA69-2340) DA BEERIC BT 5 HHEk &

n=134
mean=57.9%
20 S.D.=25.6
2
8
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Y
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Fig. 5. Frequency distribution of mean disease incidence in the 134 progenies
between ‘Pretty Favvare’ and ‘Carnation Nou No. 1°.



2 LA EATHERS

1w

HIfHEL D 1L OB Ty RERTTo 0 ThH, TR
HEENE] 105 HELIZES L7z (Table 16).

< —H =Y FOBEZE ) T thEh 2 D0k
HicowT, FHRBRNDEL Wilcoxon (1945) @/
YRIAN) v P ETHEEERERZT o0 TORER,
WB2-1450, WB67-1050 & 5 % L XV THEEIRD
bhize &5i2. WAL-1800. WB26-620. WB65-670.
WB62-1200, WAS85-700, WA69-2340Tid. 1%L~

CHEBENDO SN, BHERETEE &) FEICEH
LTwalkEZSNA (Table 17)0 ThHDT—H—
DEECEIERETEIFET 5 Z EPRBRENTZ,

‘B1E (L=UN), ‘FUVF477R=L (V-
YP) BIUZF0OBROEIMERKE (L—1~6),
REWRE (L—v 7~13) »oHil L7-DNA%Z #M#
12, WA-1. WB65% 794 —ICHWwCEbhiz<w—
# —WA1-1800. WB65-6700 %l % Plate 8 IZ/R L 720

Table 16. RAPD markers for bacterial wilt resistance.

Primer Sequence of primer RAPD marker Fragment _RAPD Pattern  x ° value P
: size (bp) + - (1:1)

WB-2 5-GTCATGCCTGGA-3' WB 2-1450 1450 66 68 0.030 0.863
WB-67 5-GCGGTCAGCACA-3' WB67-1050 1050 62 72 0.746 0. 388
WA-1 5-TGCACTACAACA-3' WA 1-1800 1800 69 65 0.119 0.730
WB-26 5-ATGAGAAAGGAA-3' WB26- 620 620 74 60 1. 463 0.227
WB-65 5-GTGTGGAAGCCA-3' WB65- 670 670 73 61 1.075 0. 300
WB-62 5-TCTATGGACCCT-3' WB62-1200 1200 69 65 0.119 0.730
WA-85 5-TACTACTGTGGA-3'  WAS5- 700 700 66 68 0. 030 0.863
WA-69 5-TGGTACGGTATA-3'  WA69-2340 2340 59 175 1.910 0.167

Table 17. Significance tests of differences in the mean disease incidence
between groups of lines categorized in terms of RAPD patterns.

RAPD RAPD Number Mean Difference of
marker  Pattern of lines  disease incidence mean disease incidence
WB 2-1450 + 66 52. 7% 10. 3*Z
- 68 62.9
WB67-1050 -+ 62 52.5% 10. 0*
- 72 62.5
WA 1-1800 + 69 51.9% 12, 3**
- 65 64.2
WB26- 620 + 74 52. 6% 11. 8
‘ - 60 64.4
WB65- 670  + 73 52.2% 12, 5%*
- 61 64.7
WB62-1200 + 69 51.9% 12: 4**
- 65 64.3
WAS85- 700~ + 66 50. 3% 14, 9**
— 68 65.2
WAB9-2340 + 59 51.3% 11, 7**
- 75 63.1

Z Significance was tested according to Wilcoxon method (1945), which is a non-

parametric significance test between two populations.
* **: Significant at 5% and 1% levels, respectively.
+: present; —: absent
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1800 bp —

12 13 Ma

Plate 8. Gel electrophoresis patterns of RAPD markers generated by primers WA-1
(A) and WB-65 (B) on ‘Carnation Nou No. 1’ (N), ‘Pretty Favvare’ (P), six
resistant progenies (1-6) and seven susceptible progenies (7-13).

Mi: molecular size marker (1 DNA/EcoT14 I -Bgl I).
Mz: molecular size marker (100 bp DNA ladder)

A: Arrow indicates RAPD marker, WA1-1800.

B: Arrow indicates RAPD marker, WB65-670.
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$£218 EHRMEICU 2 L DNAY — 7 — DEHERR
1. MBS LVFE

RuRshzgBo~—7—HTOEEBREH LD
2T 5720, SHERICEITHRAPDY—A—DNVF
Ny —rF—5EHCT, DNAZREHMTAD v ¥
a—% 71y 5 AMAPMAKER/EXP 30 b (Landerb,
1987) 12X o THMT 21T o 2o ST ICHIT 5

HucidKosambii % (Kosambi, 1944) % Fiv272,

2. BRBLVEE

MAPMAKER/EXP#% B/ E8iMIT ORER. 8ED
RAPD<— A —3 6 D~ — 75— (WB2-1450, WB67-
1050, WA1-1800, WB26-620. WB65-670. WB62-1200)

Marker
. ——r—WB2-1450*
75 (M) ‘

Distance

———— WB67-1050%

19.6

—t—— WA1-1800**

. 130

e WB26-620**

13.0

——t— WB65-670**

9.1

PO BHER62.ICMOEHEEL 2O~ — 7 —
(WAS85-700. WAG9-2340) #*5 7% 5 &R27.0cMD 2 &
PRIZIHTF O (Fig.6)e L7z o T, Ebx )Ml
BEREREICED R LD 20DBEBETFENES LT
BT Lok

TS DERBICEET AP —DI B, WASS-
700 & WB65-6701% Z N ENDEYBE T —H—/ > FO
FECLARFEOENRDOKE L (Table 17). #EH
HBEEFICERICEHLTWE EEZ BN, WASS-
700 L WB65-6700F I & ) ST - REORKFRFID5
MEFIg TR LA, Wv—h—td, BREDOEHS
(BFE: 0~20%) TRI—H—NY FREET IR
BMOBEEI B, BICKZEOTS (BHE 90~
100%) TiET—5—r3Y KRR WREORENE -
72

WA85-700% 7213 WB65-670% BL D Ig1E & U 7=k
REZ B L. EHRERENKBO I RMTIZLAL LY

Distance Matker
—— WAS5-700**

27.0 (cM)

— WAG9-2340**

o WB62-1200**

Fig. 6. A linkage map of RAPD markers for resistance to bacterial wilt.
Map distances (cM) between markers were computed by the MAPMAKER/

EXP 3.0 b (Lander et al., 1987).

This figure was eatablished from 134 lines derived from crossing of ‘Pretty

Favvare’ and ‘Nou No. 1’.

* **: Significant at 5% and 1% levels, respctively.
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Fig. 7. Frequency distribution of mean disease incidence in the groups
of lines in terms of RAPD patterns.

CEBETE 20, BRABRESEHO4RE T
WAS85-700T 12 19/%t (HBF§D35%) . WB65-670Ti326
R (BEED48%) #EWoTEIKLTLEIZ LIch B
(Table 18)0 2T, 220D —H—NY F, WAS5-
700& WB65-67T0D A ELRICL 2 RFHROFHEZ R
~, Table 191271 L 720 WAS85-700 &£ WB65-670D T 4 %
RORMITURBE (&HED328%). ThHE b#F-w
RFIE3RM (&Hh021%) HEL. ZRBEOEHR
FBIIENENABTY%, 676% L REBBODBALNT,
WAB5-700 & WB65-670 DT 5 & R0 R B FICHHE
20% LT DEFED 9 R 8 RS E TR Tz, K
PR E AR TS D54% 4 T id WAS5-700 &£ WB65-6700
W 2 HORMIZILREE (BFFD20%) WP LAze L
72HoTy TS 20DORAPDY—H —DllAEbEE

BRIZERER 2T L, EHEoBKDRLED S £
THEHTH %,

FHETE, 120805 V52754 <—% AT
AZN) ==V T %fTol. 2EBFLOI—I—HOF
BHEEEARE VDT, 512 DTT4v—%HHAL
THEMERZFEIC L Y E {EH LA-RAPDY — 7 — %
RETLLERDH D, £72, SEHALP IR 572
WA85-700. WB65-6704%&E8H ¥ 5 2 D DIEHLMERIETF
BEDAMC S IEHEICH S 2 BIEFEIFET 5 WHkE
V5o WHMERIEF OESME L OER LB L ER
DEFEBEFRELHOMICTE 720101, BHEEDOE
HHUREERL, 2vEa—-% 70y sL
MAPMAKER/QTL% HWCQTL (Quantitative Trait
Loci) DM %ATH LELVD %,

Table 18, Number of lines with RAPD markers in each disease index class.

Disease index class Total number

Number of lines with

of lines WB65-670 ' WAS85- 700 both 2 markers
1 (70<~=100% wilted) 54 26 ( 48%) 19 (35%) 11 (20%)
2 (40<~= 70% wilted) 43 18 (42%) 23 ( 54%) 11 ( 26%)
3 (20<~= 40% wilted) 28 21 (75%) 15 ( 54%) 14 (50%)
4 (0<~= 20% wilted) 9 8 (89%) 9 (100%) 8 (89%)
Total 134 73 ( 55%) 66 ( 49%) 4 (33%)

? (Number of lines with RAPD marker)/(Total number of lines) X 100.
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Table 19. Segregation of the presence or absence of the WA85-700 and
WB65-670 DNA band in each disease index class.

Disease index class

of lines

Total number  Segregation of two markers

++ - —F —-

1 (T0<~=100% wilted) 54
2 (40<~= 70% wilted) 43
3 (20<~= 40% wilted) 28
4 (0<~= 20% wilted) 9

Total 134

Mean disease incidence (%)

57.9

11 8 15 20
11 12 7 13
14 1 7 6
8 1 0

44 22 29 39

45.7 59.6 62.1 67.6

++
+—
-+

BEom WE

H—d—¥ g vED & MERER T £ IR
Hd B, BREEIC L RS REEERITL
Fro BHEBETENOAZ ) —= ¥ Fi2id. 107
CFU/mlDEIEEF EY CHLZ L 2R LT

it BT RO R RE LR, B
K& B BEMERIRD bz, BRI 3 RIET
L7, EHEEEEN L LTRAES Th ol &
512, BAEGORE OIS L L LR, HEMIC
BUTHEL EBHREODDILI0UBERTIHDET
B VIR O E A 380 Sz D. capitatus. D.
henterit B b IEHMAA ¢, EMETEEMNL LA
YLEZ LN

MK AR L — 2 — Y 3 v L OBERHET
v B S NEEMER Y BRI LT, BARE
DEEFIED H —h— ¥ 1 v ~OEACHET 2RI %
Fiotre BHEME 7 —h— 3 5 ¥ & OB ED
S72h%, BONBEBBRHEO N —F— 3 Y~OR
LA G AR 5 (O R R & S0 Ly SeA A L
L7

h—%—¥ a v XD. capitatus DTEFHERERFEOH %
5. WMEOEDL & O MEREHEE AL, »oEE B
. AEBEOBBOENDRMIIBOA2E B L 70

: Both WA85-700 and WB65-670 are presence.
WAB85-700 is presence and WB65-670 is absence.
: WAS85-700 is absence and WB65-670 is presence.
: Both WAB85-700 and WB65-670 are absence.

RAHDE T HBERIEREIBRRICBRET A L2
BLEOT, ‘HA—F—VavBE1E LLTREERF
Lo ‘A—%—Yavi1% RERREREIL L,
ML X 2R Uiz, BN 3 A TRIET A BEA
T, EEE810cm. EREITISORDONE, TEEITEER
BEThb, BE - BERPLILAICHEEDOEEINIZ> T
BY., LBRROKMWITRSL, BERMNE L TIEH
REOEFRICFHHATE 5,
EHETFEOMELEZR S -0, KIEEETFO
RAPD~—# —1EH %8 Aize SEMORAPDVY — 71—
(WB2-1450, WB67-1050, WA1-1800. WB26-620.
WB65-670. WB62-1200, WA85-700. WA69-2340) O
BIEICE D FHRFRCL. VTR ARENTD SN,
ZNGDORAPDY—H—i 6 O — A —H ok bER
62.1cMMDEERE L 2 DT —F — 45 & HEFE27.0cM
DLEEBICTTONIT. Lo Ty D 1) MHER
EHEICIED R LB 20D EETENESTH LR
biolzo WASS-700 L WB65-6701%, 2 S DIEH
EBREFFNFRICROBECEHLTWEEEZ LN
7= WAS5-700 £ WB65-670D T F % #0 ik i3 4453 %%
(&kD328%), THEbELRNRKIEIVRE (&
"29.1%) FEEL. ZFRBEOFHRBHRBEI TN TN
457%. 676% &L KRE LBV ALNIZ, Thd 200
RAPD —# — DA &bt & LIEITEKET ) 2 &

. EREOBRMEEEDS LTEATH 5.
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B28E «-73/1VEE (AB) 2k 54

WIEh—%—2 a > DRERE
) ROEHC L B BEBRHICOVTE, ThETS

 DWESBThNTE 2, FAHEEREE (MBSTSE
B3) 13, B OMEEICH LTCHERBDHENE L, L
BARELHET, RETH27-0. BERLLELAVS
NTwh, LhL, STSREZBORZEH, HEITE
A & BERBHEGO 10 5 F OFH A EE S h s [
CHhb, RETIE, A—A—Ta YD EEHEIC, K
FUEEREEELVEROMEARBICRIETHRLR
FlL7zo SWIMIT, 5HEEOEA MR L ERDS a-
7*/47%%(U%AB&%T)%EW&LtO%Z
VE3EIIBWT, AIBA -k —a YYD IEDTE
?#15 CRIFTRHEIZOWT, ERANLRELI SEERIT
oo A TIHAIBNDOWHEEA V27 A ORI
DWTHREE L 72
B E2BEEFELVRERENOKS
T EOEBEDL,IIE, =F L Y ABIZE D IERD
LBhRBEEIRES NG F L VEZHOIES L, R
EENRVWLFLVVERZEROEENEET S
(Woltering + Van Doorn, 1988), #—F—3 3 Vit ¥
VYRR ORENLRIEETHY, = FLVidh—%
=2 a YD TEDEMIZERCEE L Tnd, FLAED
mETE, EROBIEIHEELLECZF LV ERED
BMELER (V74227 V v 54X ™Y, &
Mo TRRAICA v =) V7 EFORB~DE X
AB) BEbrIMPEL, BEMELZER). h—F—
ayDE) BIF UV BEREERITE & O R ERFICEICR)
RPBADE, =F VLV EAKBEER 35 L U 1E
HFHEZERTH L, =FLVik, AFF= 5SS T757)
YWAFEAZY (SAM), -7/ v ru7uasyd-A
VARVER (DBACCEIET) #RCTEERENS (Fig
8)o TNENAXET HEELBREINFACCAKREE L
ACCBRILEZETH S, TF L VEAKHEERDOKES
ik, COACCABEE E/-IZACCEHLBEEZHET S
TER %R, RENLER L LT, ACCAREERSE
Ko7 3 74FVEEE (AOA): 73/ bFYE=L
s Y Y (AVG) #dh, 205 L vy ERBEEA
WX A—F =V a Y ORERFIIHNREND B 2 LIH],
HENTWSE (Baker®, 1977; Fujino 5, 1980). AOA

A7y TmBERFERIE U TEAIRAA, AVG
BIRFCEM R OREREA & LCiBRLERTY
o =7, STSIEZF L VMERBEHORKRBITH 5o
STSHLF LV OZEFRIIEELTCREREZFL VD

HEezWHTs0T, TF L 0 HCMBAER A <
NTEEZRT (Veen, 1983),

IF L HEERIPSNC S, B A, REEER
EMHRORERFRICHREERIZTHWELH 5. i
WY REDORIBICLERZ A NVF—FIZR Y, EROME
TRERTEEZREIZROMENDH Y, SOICEENIEX
TRIF L EREIHT 2EHMSH 5 (HF, 2000),
PRI, KB OME ORI & IH L, EEHEIC
LBYNIEDKBIFETEMZ 5. NT DL ITHHE IS
BEEOENER TIAEA O BBV FEIEEH
W RERFHEEUETKROENE LT 57010
WHNDHMBIN LR TH B, 0. Ak RRAESH
RYRF VS —EHEER R EDOW ) IRIZNT 5 RER
FHRVPHESN TS,

$%ﬁi EDEARZF LV VIZHT 5% OEBEH

RBPELAEL, EEREETTREMIBNELEZ
6h\#0f1%v/ﬁm%€76ﬁ£\itu%@m
DERIZE DD EDEIGBEICZI R % RIZTREDOR
HREPHREzI—F—>a Yoo TREL .,
FBIHETEIF L VHEEH & LT, AIB. 4V FIVEE,
WRANYILEY V=V, FL—b ANV T L, B2
HTRY RSP —CHEROMBELREL 72

F1H IFLCBEEHOKEREDE

AIBiZ. =F VLV VORI EACCOEMYUAETDH D
(Fig.9)s a REWXTI/E, ANVEFINELEDq-
TI/BO—HEThb, ¥RV EYEETAT I B
TEZVDOT, F 7B 5 WEARBEE 2w
EWVD DD D) EYREWIIIBAT I B
WX, RBOHEICE AL N TE L (Talbert +
Camper, 1983; Wolswinkel®, 1983: Liu, 1984:
Saftner * Baker, 1987). AIBAS™-F L ¥ DA HEE
FEHDOT LR, 2007 L —7HHZFARSIC T L
THR L7z, Satoh - Esashi (1980) ix. DRI &LEI7 5
SVERG. TV OREREDORBCIF FEIFET
DFEGHICBITBIF L VAR RIFTRESHEL
TWizo T VICHEREICHEEIEML TV BAIBR #
AL CRABOERETo7/2E 25, BRICAIBANEZEIC
IFLVVEREBETLIILERVE L, 72,
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Apelbaum® (1981) 3. VY TOREGNH 2o /2E
BT, AIBRTF LV VEREZHETAERAZROZLZ
BELTw5S, =¥ FynE/LLE#H (Satoh - Esashi,
1980). +v FREOREMEMYA (Edwardsb, 1983).
) a2z by oE#@YE Liud, 1984), ZE£REDOH IV
2 (Katoh®, 1987) 7%z Lif4 ZiElB Tz F 1L V&
RAERHET 32 EBHLMIT R ol AIBIEEREY
YEHESFCHOIF LV ERBEOMEIIEE AN
Sh7d FDIF L v EFEERERE RS S H10EM,
HEOREARBIBFOMEZBOHICIZ LI O RDP o7

Serrano® (1990) ik, AIBDIF L v AERHEEMIC
EHL, AIBYH ——Ya VOZLEBEREIZEMTH S
TEERRL, MIVIEORERFEH L LTOMHADOEEH
Wiz, AIBIZ & B 2F L VERBECERABIEIIDOWT
&, ACCRHLBERZHMANIIAET 5L ST
% (Satoh - Esashi, 1980; Serrano, 1990),

H) FVEE (BIBSALEET) k. 43 v+ OM
BB EERICBVT., ACCRMLERZEREGEEY
BEHE o L ARE SN TWw A (Leslie * Romani,
1986, 1988), V) Y TREB LU a2 b7 OREEIA

»ACC » Ethylene

Methioning ——e——p SAM

ACC synthase

ACC oxidase

Fig. 8. Biosynthetic pathway of ethylene.
Abbreviations: SAM, S-adenosyl methionine;

ACC, 1-aminocyclopropane-1-carboxylic acid.

CHz ———— CH2

\C
/N

NH:2 COOH
ACC

CHs CHs3

N 7
RN

NH2 COOH
AIB

Fig. 9. Chemical structures of ACC and AlB.
Abbreviations: ACC, 1-aminocyclopropane-1-carboxylic acid;
AIB, o -aminoisobutyric acid.

Table 20. Criteria for scoring freshness according to the

stage of senescence.

Score

Stage of senescence

normal fresh flowers

completely wilted
dead (petals browning)

O =N Wk o

slightly discoloring and in-rolling at petal tips
in-rolling began but ornamentally enjoyable
clear wilting and in-rolling
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(Romanib, 1989), 7 A, b2 b, ¥2vVDRE (&
5,1992). A *DELR (Huangb, 1993) TH., SARL
BIZL )TV ERSEEICHR S Wiz v S
H50

WEBRANYILE Y V=V OEAE DD S —
=Y arvDRERLICRIZTHELHAE L BRESDH
(Michalczuk &, 1989), WAV T AL F V= Vi3 #F
NENBEMTRIES 2V, BERA LYY L05g/12
¥ = v20mg/1 2 A E b MEBE CIERL S HE

WCHEER L2, BFRARBIZI ) F LV EREMETL.,

EFoY—73% 2 HENTEN, & V=V 3P OR
EizEBz RIZL., WHRER ToRKIEY OH%E % HlH
L. Yo v eE LAYy AMTEBNCREIES
BylwbhTwsds, SFRAMENSTF LV ERRLIER
BB RIZTAHIZZXLIZDOVWTIEBELH TRV,

He S (1991) i FL— AN TYAHICE B =k
Y UREOFBERLEHREREL LIS, FL—
FANVYTARCRERPOREBLOREYRO
ACCRRALEBEFREMZIHIL, = F L VARERET K
EDHBENHBZLEREL TS,

DEZG, fizF VU EHDSH 5 AIB, SA, THER
ANVYIREIT =y, FU—bINTT AR —R—
Yavil D EORERERL LTHERAL, ERLOER
BMBIZOWTIRET L7z

1. MRBLVFHE

VTF, 7FvkeRT ©2REEBRRA L, BT
RFEROT T ABEBANRY FCETECL)RE LK
PO, SERIKFREOBIER 77— T TH ) L2 RTE
L. EBRICH U720 400 8% ZR50emizE] 0 il 2 7278,
IR 2 WIOFERELIY Rz,

SAERMAOEERE, BEK FEREX). SA ImM.
5mM. 10mM® 4 LBX TI7o 72, SARTMEIX, 5
mMOBET05, 1. 2. 6. 18, 24B5H D 6 MEX TIT
VW, 51T, R, AIB30mM 188FEMLERK % 3T
Too BRI T, FLEEI000mIA Y OIEFRIZE Y
TEERF L7z, BLETIE, ) EICHEORBRTLEZ
Tofett, MINIEDYYOZAEATLTEL, &Y
7K1000mIA Y DIEFRIZE L7z,

WBRANYIALE Y vV ORAGEDERLEIZDOWT
i 2HOERET o, vV ELTRY VY=Vl
HHWA, ER1TIR, BBANVY T L0.5g/]
(212mM) + % = V820mg/l. EBR2TIIMHBHI VY

7 A25mM (059g/1) + % ¥ = Y E40mg/I0EAED
HREE L, HREX, AIB20mME & DfEHD % i
L7

FL—bANVYTLHOERIZOVTIE, FL—17
WV ARNCIE, Ca-EDTA (ZF L Y TV7 3 v 4 BeER
ANT 5 2F M) 7L L CoHiN20sNazCa: 2H:0) #
Hwiz, BEK (HEBE). AIB20mMif. Ca-EDTA
ImM. 25mM. 5mM., 10mM&£&1000mlA ) DIEHEIZ
Wy fExiFELI,

FERIIBIT B0 EOMAARLIEL. Table 21, 22,
23, 24, 25OMIFEICERL 72

VUYL BLERIZREGTOERBRENICEY
7zo B4 DY IEIX, EELEE 5. EREREIHT
PIER -4 O-) vy (BHRONH~OH S AH)
DHLNBIEE 4. 40— YV IHFBEE > TVEDE
B2 AEE3, Bbr) - A vru—yry70oBHLR
BiER 2, b )OBALERZ 1, KL 0 LT HE
BEDFEH (Table 20) THEBFME L7, ERFHMEE. &
FHOEBE LTIER 2 S 8EOFF A 3 RIICELA
AETOHBRDFHETR Lz, BEREDHFEIION
THHEL, BEREOBICIE. FOBMAEREL S

2. BRBLUVESE

SADEFGNBOERE % Table 21IZR L7 SA% 5
mMBEDBETHEHT L LU IEOEEICH L WEE
BFEE L7 B 4 ~ 5 H B ICEECBIAKERFE L.
6 HBIZid 5 mME T ¥#,. 10mME ¢lid&REAiziE
EOFNMAY BEL, BEMENFELIZ, 1 mMEK
TiE, ‘YT OLIEROATEICEWHAKERNSELD
7o, BEMEZETIEREILTRED o7, HEBEK
E1ImMEDERL Rz BT L, ‘VT7 ' Tk
SHREDOSSHICH LIO6H LISHDAEZIEHLER
BRDONIZ, ‘TF R TREELHERESD
RIEBDOEN Lol

SA 5 mMIEIZ & BRTALEORER % Table 221ZR L7,
Mﬁﬁﬁﬁmﬁﬁuiwzfu\@ﬁﬂﬂﬁtﬁﬁ@%
EVRE L, 2HE. 6 RELETEZERZEN AR
1R, 9ARF IRDFETEENSRE LAERIBET
HY., EFHHEMFZRZFN102H, 1078 L. FREK
CHAR 3 EREOEELERLEEDESRD SN,
BEOELBEL V05, 1 HHLEXTIX,. 8L
mERFEHREIDDO N o720 —F. AIBRIMLEK
TRNBRIZESAHOEELRTERDERIRD b,
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Table 21. Effect of salicylic acid (SA) on the vase life of ‘Soana’ and ‘Francesco’

flowers.
Treatment Vase life (days)
~ Soana Francesco
Control (H20) 8.8 £03* 11.6 = 1.4
SA 1 mM 10.6 = 0.3° ** . 123 =03 ns.
SA 5mM Injury to leaves and stems  Injury to leaves and stems
SA 10 mM Injury to leaves and stems  Injury to leaves and stems

2 Values are means of 8 replications = S.E. 7 Values are means of 4 replications = S.E.

Significance shown of difference against control by -test. *%: 1% level, n.s.: not significant.

X One out of 8 suffered slight injury to leaves.

Experimental period and average room temperature: February 10 ~ February 26, 1992. 192°C

Table 22. Effect of time of SmM salicylic acid (SA) pretreatment

on the vase life of ‘Soana’ flowers.

Pretreatment

Vase life (days)

Control (H20) 74*05a
SA 5mM 0.5 hr 85%t02a
SA 5mM 1hr 84+03a
SA 5mM 2hr 10.2 = 0.4°b
SA 5mM 6hr 10.7 £ 04'b
SA 5mM 18hr Injury to leaves and stems
SA 5mM 24 hr Injury to leaves and stems
AIB 30mM 18 hr 128 £05¢

Values are means of 9 replications * S.E.

Mean separation within columns by Duncan’s multiple range test, P=0.05.

* One out of 9 suffered slight injury to leaves.

Y Three out of 9 suffered slight injury to leaves.

Experimental period and average room temperature: February 24 ~ March 9, 1992. 212°C

X512, TRTOSARMBERICH LTI HFEREHNR
Dbz

WEBANY ALy V= Y BOMAEDERBORKR
% Table 23, 24iCR L7z, BHEA VYV 505g/]
(212mM) + ¥ v = VEE20mg/IXTX, ‘T T
5veRa LLEBEZRERENRIBOONE o
72 (Table 23)o ¥ ¥ = Y EEO#EE % Michalczuk b
(1989) 12 & 2 & DED40mg/UZ L CHENDERZ T
o7 HER. WEA VY Y A25mM (059g/1) +F =
Y EAOmMg/IX DFEE L BEuZ, "V 7+ TERHERO

70RICH LCL04H L34H DEELERHFHERFRN
HobNiz, 7T VAT TRHRENESHIIMNL
C10.1H L 1L6HTERHH BHAER L7 (Table 24) 2%
CORBHLEENRZEETELP o 20 —H,
AIB20mMEX Tit, 2 BT 2 HOERT X TTHER
RICHARERICERLAER L7,

FL— MHN YT AL BERLEOKR % Table 25
ISR L7z CaEDTAREASmMEK Tidd) ) FEDIEH 5
#. 10mMR CEEREEIEBEHULRENREL

' 720 CaEDTAZMER ONBEICHT 2 HRELLERHD
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Table 23. Effect of calcium nitrate and tannic acid combinations
on the vase life of ‘Soana’ and ‘Francesco’ flowers. (Expt. 1)

Treatment Vase life (days)
Soana Francesco

Control (H20) 86+ 04°a 104%x02a
Calcium nitrate 0.5g/1 (2.12mM) -+ 87x07a 120+ 10a
Tannic acid 20 mg/l

AIB 20 mM 144£12b 173+ 18b

% Values are means of 6 replications &= S.E. ¥ Values are means of 3 replications = S.E.
Mean separation within columns by Duncan's multiple range test, P=0.05.

Experimental period and average room temperature: March 9 ~ March 27, 1992. 21.3°C

Table 24. Effect of calcium nitrate and tannic acid combinations
on the vase life of ‘Soana’ and ‘Francesco’ flowers. (Expt. 2)

Treatment Vase life (days)
Soana Francesco
Control (H20) 70 £ 1.0°a 85+ 0.7a

Calcium nitrate 2.5mM (0.59g/1)+ 104020 10.1 £ 0.7 ab
Tannic acid 40 mg/l

AIB 20 mM 112040 121090

* Values are means of 4 replications + S.E. ¥ Values are means of 5 replications = S.E.

Mean separation within columns by Duncan's multiple range test, P=0.05.

Experimental period and average room temperature: June 8 ~ June 23, 1992, 200 °C

ERFFIIBO ONLh o7, —F, AIB20mMEK T,
MEBXICHESIHOERLEFLERIFD LN,

£21H URFIFF—EHEHOKEREFHR

YRE VS F—Flidciscis- 14V ¥ VTV HEEEE
T AR OBRL 2 MET HERTH Y (N -
AR, 1982), VARF V7S —EIT L ) EREEIZBITS
D VIREA BRSNS B RbN S, URF VT
F—EOMERIC L ) ERT 5 BRILEED L XVIZEL
REREOEBEDCHERLEEEH LI EAbH, JRF
VP —E RO EEICN T A RSICHET S
E#EZ5NTWA (Peary * Prince, 1990)0 #ZTC.
DY RF LTS —EiERTHET ALEWzHNTED

TEOFELEMEI L) E LI—EDOHEND 5,
Baker® (1985) ik, #—%—Ya ¥y ‘F74 bV AT
ERAV, LBRICELAOYRF VS —YHEEH
(Pyrazon. Phenidone. BW755C. MPB. Tiron) % H
MEFIFL VEERBERHDAOALEAGHLET
AL, DR LZFML 72 TXTDYKRFY
rr—YHEERMEX THREX L) FEITER DA
L, TCHT7z=F Y (l-phenyl-3-pyrézolidone) &
AR ERLBR 07 £/2 77V T X,
A—R—Ya YORFIIBII BV RF 7+ —LHED
EALE AR EROFE T, ) RF S —ElERE
ERVEALTORVAT =V TREN LAV, 5E
ERXFAELAERTF—Yh o LR L, BLTHO L Bhps
GELAT—VTEAELD, EFOBRBANFELICON
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THET L7 (Peary - Prince, 1990)o L72745- 7T, B
DMLY BE VX F—EREHSE LTV BWEEND
BE Lk A—A—vaYERBIROYKRFYFF—
EIEHOEIZOWTIHE, HOHES NV — T X HEER
THEBOEREIE STV S (Rouet-Mayer 5, 1992) o
—FT, URF VS —EHEFOGERFHELTD
FIBICBEN 2 ME DS H B, Peary « Prince (1989) i,
NS, FIIFTR, A—R—varEERL. VRS
A F—ERHREH T ) L NE L ERD A8,
) KE D FF—PHEHIC L BERLORBRIHLTHT
CHY, HENZMEMEICOVWTIRERTHS & L
%72, Prince® (1987) b7 v K¥w 1y 2V HRT
FROEREETLTVWS, COL) I REF VI F—E
HEAICOWTRFEER THR T 2REFHINTS
D, ZOFBEOTWEEIZOVWTIERBEETH S, FZ T,
Baker® (1985) ORETHR D BRERFHMRISE»o 72
Tro Kykh—h—va Y P EICERLEL, TEH
HEFRT,

1. BEBEOTE

E VA, VTR o2 REE AL, 199145
A0 I D EX L, ER%50cmIZ Y #i 2 7o,
EE2MOEEEEFTY Bz, BEAK HRE)., 7
2= FY01lmM, 1mMif. %&800ml% A 7-TEREIZED
DIEE SAT oML, YL LAERIEERSEN
TOERZNICEEX, FMELAROBETERSS Hz
FEL 7o

2. BRHIVEE

FR%Table 261K L7z VA 'VYTFH D2
mEL D, 722 FY0IlmM, ImMTOEBRLE T
HEBX L I2IZE CESES BHERL. ARLERHER
$hE X HNF, Peary - Prince (1989) & EEED#
SIZIE L7, Bk L 7zPeary - Prince (1990) & Rouet-

Table 25. Effect of Ca-EDTA treatment on the vase life of ‘Soana’ flowers.

Treatment Vase life (days)
Control (H20) 89+ 06a
Ca-EDTA 1mM 98+ 04a
Ca-EDTA 2.5 mM 107 *£05a
Ca-EDTA 5 mM 10.7 = 0.8%a

"Ca-EDTA 10 mM Injury to petals
AIB 20 mM 140 £ 0.7b

Values are means of 10 replications = S.E.

Mean separation within columns by Duncan's multiple range test, P=0.05.

Z Slight injury to petal tips occurred on the 7th days after harvest.

Experimental period and average room temperature: May 1 ~ May 18, 1992. 199 °C

Table 26. Effect of phenidone on the vase life of “Tanga’ and ‘Soana’ flowers.

Treatment Vase life (days)
Tanga Soana
Control (H20) 52+06a 61%X02a
Phenidone 0.1 mM 53+03a 61*x02a
Phenidone 1 mM 55+05a 56*x05a

Values are means of 5 replications = S.E.

Mean separation within columns by Duncan's multiple range test, P=0.05.

Experimental period and average room temperature: May 30 ~ June 12, 1991.

213°C
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Mayer® (1992) OHEDHKRI S, h—%—Ya V1
OBV RF Y7 F—EPHELTVE I L IZEE
ERDNDN, LF UV VICHREDFEBIINE WL E R
bhb,

DEME L7/ R, SAOERME, fiLE, Wm;y
Voo A+ Y VBROEFRLEIL, SREXICHLEE
REFARO LI BERRER Y H o A%, STSICH
D5 mEARER & T HIIEPRITRH G LMLz
L—=bMANYTA T2 FVONBRICHTAEER
ERBPERFHFIIBD SN b ol —F, AIBIZENM
LT RTOERTHRBRICH LEER RERFDEE
AL (Table 22, 23, 24, 25), #—R—YavYORE
REFHE LTHCHRESDZZ LD holz, 22T,
AIBOZALEF (F8 - HEBRETOERLE), "L
BE (DERAEREESHAIICT) ERELE) LT
DIBEIZOWT, F28, EIHTHECRFETLS
ke L7

E2H ABEFMEFH—X—2aOEHEBICRIE
T
F1HEICBVT, AIBYSA — A — ¥ a ¥ DS EREH
ELTEYHIRODLZ L EHALIICZ L, AHITIEE
BOERBELEEL CERSOcmOY Y IEZ AT,

AIBEFBMER S — S — a YORELICRITTEES
?;:751’*‘7“:0

F1H ABEFRLEICL S [AEREDR

1. ¥RELVHE

VTFN VA N R O3 REERRRAL,
BEEROT I ABERANY FCETFEICEVHRE L
WS, AERVKFREORIERF -V T YL
L. EBRICH L, VT F 121991481 A28H., ‘%
A REE 4 AI3E. Y5 R ZREES B 2 HICY)
DIEAPHEL, ERE50cmOE I Y RiZ 227k, &
2 HMOBFEEEZWY B\,

STSiX. 05mMi. AIBiE. 10mM. 20mM, 30mM.
40mM 4 BERE D BRI DWW THRET L7, ATALE & &
HREOEAEDLRIZL D, Table 271277 L7- 8 HEEK
ZRE L7z BILEIZIZISTSOSmME % B, $RELL 72
VDRI 2KHEEYYOPSRbETREL 2, & B,
STSORMEIE, A—R—Yary1K47-)Agk05u
molBINE ¥z ZFIEREPRDERE LS h, BEIE
LawneHEENTWSE (FEL, 1986) Z &h 5,
05mMT 2R & Lz ‘VT7FH #AWVTLEMHAEIC

Table 27. Effect of treatments of AIB and STS on the prolongation of the vase life of
‘Soana’, ‘Tanga’ and ‘Pallas’ flowers.

Treatment Vase life (days = S.E.)
Pretreatment Vase solution Soana Tanga Pallas
Distilled water 65+t05a 531x03a 60Etlla
AIB 10 mM 82+ 06ab 73*x09ab 89 £ 11ab
AIB 20 mM 128 07¢ 93%13b 118+ 19b
AIB 30 mM nt nt. 9.0 % 22ab
AIB 40 mM nt 87+ 15ab n.t.
STS 0.5 mM 2 hours  Distilled water 128+ 15¢ 102 £13b nt.
STS 0.5 mM 2 hours  AIB 10 mM 99 08D nt. nt
STS 0.5 mM 2 hours 13.0 £ 08¢ nt. nt.

AIB 20 mM

n.t.: not tested.

STS 0.5mM solution was prepared with the stock solution of AgNO3(0.1M) and NazS5203 - 5H20
(0.1M) at the molar ratio of 1 silver to 4 thiosulfate.
Mean separation within columns by Duncan's multiple range test, P=0.05.
Experimental period, average room temperature and number of flowers tested per plot.
Soana: January 28 ~ February 15, 1991. 22.4°C, n=10.
Tanga: April 13 ~ April 30, 1991. 22.5°C, n=6.
Pallas: May 2 ~ May 20, 1991. 234 °C, n=6.



38 T & RATHT S

B1E

L5 AgRILE & MR # OSTSIH R ILE & & I2FHE
L& Z A, AgINE X053 umolTH o7z, t19
FEld. BILEBR T, VAT OZ K BEL, TE
WL R AIBIR % 7213 5 K800mLA ) DAEMICHE L7z

FERBXIC VT ORI,y VA RN FR
3% 6 KO Y IR MR L. BHIERREGT DER
ZHICEX, E4DEOBEELEARLEL . BEOF
&, Table 20125 - CTHE L7z, EFS HEUS, UE
BEASEENFESAIRMIELZHETOHERDOFY
fETR L7

2. BRBLUEE

AIB20mM O EHMEIZH — % - ¥ a3 YYD TEDRE
BEICEZ2HREERL Fig 10). FBRRICNLEE
IEFEED BHASIER L7 (Table 27), 'V 7 T
AIB20mM CHEEALE L35 E&0ER S BEud, HEEX
n65H. STSRERXMDI128H IS L CI128H &% D, &
MEOK 245, STSMELFEICER L, ThERE
R0 7 HERACRET S L, BEOFANFY

(=
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Fig. 10. Effect of AIB continuous treatment on the flower freshness of ‘Soana’, “Tanga’ and ‘Pallas’.

Flower freshness of each flower was evaluated daily according to Table 20.

Vertical bars represent £ S.E.
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I RX TIRLOLMET L, STSUHEX TH3.7& &1L
AHEAT L7228 Ly AIB20mMX Tldd4 & ELDORRE
PFEMTH S Iz (Fig 10). F72. ¥ ¥ HETIE STS
JLBE X DAEFRES H %102 H 126 L TAIB20mMIX Ti39.3
HT® )., AIB#ie LB ISTSHIMLEL & X5 EfEFEH
HERBNRDRRL o oA B ATR B o7,

VT F v, AIBICSTSORILE % Ml A G b
72STS + AIB10mMIX Tid. fEFEH HEASAIBHLAHALE]
DAIBIOMM K IZHARPLRER L, STS + AIB20mM[X
TIZHMLEL O AIB20mM X & ZIFFESEDOEFE L R R %
AL7ze F72. WRABRIX CTI0H H LAREIC RAZHET O $Efx A
HTHOET HEENEAET LEERL RO Shn, BlIE

Plate 9. Effect of « -aminoisobutyric acid (AIB) application on the prolongation of

the vase life of cut carnation flowers.

A: 11 days after treatment (Left: Control, Right: Application of 20 mM AIB

solution in vase. Cv. ‘Soana’)

B: 9 days after treatment (Left: Application of 20 mM AIB solution in vase,
Center: Control, Right: STS pretreatment. Cv. ‘Tanga’)
C: 11 days after treatment (Left: Control, Right: Pretreated with 60 mM AIB

solution for 24 hours. Cv. ‘Nora’)
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EZET & 51T Tidadho7z, STS+AIBIOMM
K37 BEMBEICIEEREOTNMAY, BRTHY
PRET BERDH o720 2D LS IZ, AIBESTSOH
AR CREEOMENRIIZITILBDONE o710

AIBOBEIIZOWTHEH., ‘V7F DI0mMEX T 6
BEDPOCBEOFRAMET LisD, ERHD BEIZ8.2H
Tholze THIH L. 20mME Tiz128H DiERFH %
RlL7e ‘U Tik. 20mMET93H, 40mMKXT
8.7H £20mMEL LICBEE # EiF B LER LA Lz,
NF R TliE. 20mME TlER D H#11.8H L &RADIE
FbRENEDH D, 30mME TiZo.0H L {ERLIIRNRI
L7co L7250 T, EHALET S L E0ORERER
20mMBETH 572, COBETIE, HfH3METHE
B, BICEES LWERIZED ShEh o,

Serrano® (1990) MEERTIX. AIBIZ10mMDIREE
THEAXN, TFLVVEROE -4 HEEELTY
5o L2 L. RERICBWTIZIOMMOBETIERER
BHRIA TS THolze TOFR—HOHEMAI,
Serrano 5 NEERTIX. H—F—¥ a3 Y EER20cmDOE
si2Eh, REBRERTAIBBROEEN L2 ~ 3emlil
PAPNETZIRETUHEZBLTWBHDT, FE
BREHRTAIBOBRASFEEIIBEH THo 72D BD
Nb, BB, FERTIE. EBROEEBEHZEEL T,
ZE50cm TENAIBRRICHICMIRED B &METH o 72

VTFTF A BHVWAEEEOIIHE. 9HH
DY Y DR %, Plate9 A, 9BITR L7

N [
(3] o
T 1

N
o
T

—
o
T

Ethylene production (nl/gFW/h)
o P

5217 ABHEBREEH-F—2 a3 YOI FL
CERE

1. HRBKVTE

‘FTAL VL BERALL, LTIV ERER
S5cmDESIY Y EEOFEFELIY vz, R,
AIB 10mMEK., AIB 20mME DA 3 REEAR 2 3%} 72
RIBE QMG % R 236mlTOoFEL, 1Y E%E
IARTFOMLA. 1RBRIZO& 4RO ELERAL
720 RERECELAWIEE, KiR2TICHEL, &k
ITIZX 0 128 H B ol L2 BRSRNICEW 2, LE
#%3HE»SEH, ZFLVEREBRXHE L. WIVTE
DEKEZHZEL. 22 ARBIMIOFHIZ2T T1
BEEmE L%, AT X% Y Y T05mIERE L.,
HAzu= b7574— (BEGC7TA) TEELZ,

2. BRBLUVEE

BRBRIZBITEIF LV EREFFig IR L
HBRTIX4HEPSZF LY OEEMBE Y. TEFO
A ra—1 Y7 ORTICHE CRBICEREIHEML,
6 HEICHRKAME (256 nl/gFW/h) IKE L. €Dk,
ERPEEIZED £S5 T Ao TR L. Zhich
L. AIBIOMMEK T3, =F L VERED Y — 7 SR

—o— Control
—=—AIB 10 mM
——AIB 20 mM

o
—_
TN

Days

Fig. 11. Effect of AIB continuous treatment on ethylene production of ‘White Sim’ flowers.
Cut flowers were held in distilled water, 10 mM or 20mM AIB solution at 22°C.
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X&hdb2HEBN, Fi2. ZOZFL VERBINEREK
D3FDIRECHR Nz, AIB20mMR Tit, =¥
VVERBEOE - ¥ BR L) b 3 HEBR, 207
VUAERES AIBIOMME L ) d & 5122 5h, W
XD5501BETH-72. AIBOERRMEIZL Y H—
A=Y a YOI F L VERIH E B 2 & A5
binkoln

$E38 ABRIRENH—X—2 3 OREFEBICRIET

2

AIBZ EILEA & L THVAEEORERFDRIZD
WTRINETHEAD» L, Bo2ICho TR,
ZZ T ER30. 50emDYI Y FEEF VT, AIBORTML
BIZIZRPZORELLBERICHET2RET %27
pAS

1. HEBLUHE

5, RIL YA D2RBEERRLS, IUE
L7-8107E%., 28E30cmT 721350cmDEXIZY D iz,
EMIMEZ2HOBFEELERY Bz THEFE
BEOAIBER 15mlA D D20mIA XY ) ¥ &F—|2 1%k

TOML, FLERTRICHKELZHEL, AIBRIE%
ﬁﬁbto1ﬂ%§%t@@ﬁﬁ@@ﬁﬁﬂ4~5$k
L7z BB T#, Y100y O2 AT #iE
L. BEAKAY ORBE L /3B L, BBET
ZZETEREEREH T OEREANICE X, Table 201357
L7BEOFRTHEA DY EOREE #1184 L 720
TEFS HEE, DUEH 2 SEEE DAL 3 RBIEL
HECTORBDOFHECTR L "

2. BRESUER

Table 28. Fig. 12i2E&E30cmD Y ) I THOERIER
ZRL7%. AIBid, RILEAE LTHEALTHERHD
ERICHEERHMRER L2 BLRBVERLERLED
B L7z 2 A L b 60mM T1SERRT LA L 7= 554 G
MEEICH LTHRICERLIER L, B85 B
‘77 THREDI0IHIIHNLTIS3H, A7 4 b
AT THREDSIHICH LTISETHolze FTA F
VA TISTSHUERK #5317 TAIBRERX & H#iL1,
STS0.5mM 2 RFHIMLEXICHER S &, AIB60mM 188
BAAEX DR ERRIIRPRL - 0 FELRETI
ol 7T RIAL VA OWBET, AIB
TRIREA3H9200 4 mol F T3 AIBIRINE AT 212 L7

Table 28. Effect of AIB pretreatment on the vase life of
‘Nora’ and ‘White Sim’ flowers. (Stem length: 30cm)

Vase life (days &= S.E.)

Pretreatment Nora White Sim
Control (Hz20) 101 203 a 51+ 04a
AIB 30mM 2 hr 108 £ 05a 73+t 05ab
AIB 30mM 6 hr 13.7 = 0.5 be 6.1 £0.7a
AIB 30mM 18 hr 145 = 0.5 be 63+05a
AIB 30mM 24 hr 133 02b 74 £10ab
AIB 60mM 2 hr 132X+ 040b 56 03a
AIB 60mM 6 hr 135+ 08b 63+09a
AIB 60mM 18 hr 153 = 08¢ 93+ 04 bc
AIB 60mM 24 hr 13.8 =202 be 73 £ 0.6 ab
STS 0.5mM 2 hr n.t. 106 £17¢

n.t.: not tested.

STS 0.5mM solution was prepared with the stock solution of AgNOs3 (0.1M) and
Naz8203° SH20 (0.1M) at the molar ratio of 1 silver to 4 thiosulfate.
Experimental period and average room temperature and number of flowers tested

per plot.
Nora:

April 9 ~ April 28, 1993,
White Sim: May 10 ~ May 24, 1993,

173°C, n=4~35.
220°C, n=4~35,

Mean separation within columns by Duncan's multiple range test, P=0.05.
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Ko THEBLHPEE L7725, FhUERIT 5 L1ERHD
A2 i o TETT AMEEMH 72 (Fig. 12), RERIE
b % b 72 b3 ATBIRIUR12180~230 1 mol/ ARRE TH
277

ZENE RS, EE50ecmDY Y FEICOVWTHH
DR T\, R % Table 29, Fig 131IT7R L7z %
E30ecmDBE L AREIC, AIBIC & 2 RILEIZERED O
EEICHERMREER L, /T Tik, 60mM 24K
BB TR LR BEMFEREL, HREDOHIIH
L. 1890 L WBR 0#2.1ENEREE R L7z Plate 9C
CICIIHEOM Y EoOBEER Lz, £/ I0mME TR
6. 18, UMEMEOVTNTIRELLFIRZMRL,
H1sHBEES RSN, RTA YA TR T
AT OAIBHMER THBRICH LE B R & ERENR

ASEH HiLTz, 60mM 18EFEIMLEE, 90mM 6 BFRILE
TRLEFLHMSERL. FRBRENCIAICH L,
FhH126H L ERBEOH2IEICIER L7 (Table 29),
BELEHED 2 725 TAIBRNE X EROcmDSGE
LoimL: (Fig 13)o /7' TIHAIBRINEDH
400 p mol CAERE B ATY — 7 1TE L, HlRINE 1E£350~
450 u mol/KBETH o720 ‘KTA M ¥ & TIXFEIL
mH| L LT D5 ERIE12250~350 4 mol/ ARBETH
277

AIBORLEH & LTOERICHzoTid, BETS
BIFORER, BESREDEHBICE - TAIBRRE OEE)
HPEENLDT, LEEDAIBRNELERT HZ L
WEETH b,

18 r
16 |
14
»12 |
3o
2 . y = -0.0001x” + 0.0479x + 10.125
Eg | R? = 0.526
3
Set
4 I
2 -
0 1 1 L L L 1 )
0 50 100 150 200 250 300 350
AIB absorption (¢ mol/cut flower)
12

Vase life (days)

‘White Sim’

4 " y = -0,0000007x° + 0.0002x - 0.0011x + 5.08
" R?=0.337
2 L.
0 1 1 1 1 1 1 ]
0 50 100 150 200 250 300 350

AIB absorption { ¢ mol/cut flower)

Fig. 12. Relationship between AIB absorption and flower vase life

in ‘Nora’ and ‘White Sim’. (Stem length: 30cm)
The amount of AIB absorption per cut flower was determined by measuring
the amount of AIB solution absorbed.
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Table 29. Effect of AIB pretreatment on the vase life of
‘Nora’ and ‘White Sim’ flowers. (Stem length: 50cm)

Vase life (days £ S.E.)
Nora White Sim

Control (H20) 90*16a 61+03a

AIB60mM 6hr 126 £ 12ab 94+ 06b
AIB 60mM 18 hr 147 £ 13 be 126 £ 04 ¢
AIB 60mM 24 hr 189 £t21¢ 941+ 06b

AIB 90mM 6 hr 15.5 = 0.8 be 126 =04 ¢
AIB 90mM 18 hr 14.8 £ 1.6 be 11.0 = 1.7 be
AIB 90mM 24 hr 153 = 0.3 be 114 = 0.7 be

Pretreatment

Experimental period and average room temperature and number of flowers tested
per plot.

Nora: January 20 ~ February 14, 1994. 224 °C, n=S.

White Sim: December 9 ~ December 26, 1993. 16.7°C, n=4 ~ 5.
Mean separation within columns by Duncan's multiple range test, P=0.05.

24 " ‘ ’
29 | Nora
20 |
18
216
>
314
£12
810
S8

- y =-0.0000001x" + 0,00003x? + 0.0237x + 8.96
L R? = 0428

oON Ao
T

0 100 200 300 400 500 600 700
AIB absorption ( ¢ mol/cut flower)

18
[ ‘White Sim’

— =
[= 2 N

Vase life {(days)

y = -0.00005x* + 0.0332x + 6.1
R*=0514

0 100 200 300 400 500 600 700
AIB absorption ( & mol/cut flower)

o N o+ (2] 0
T

Fig. 13. Relationship between AIB absorption and flower vase life
in ‘Nora’ and ‘White Sim’. (Stem length: 50cm)
The amount of AIB absorption per cut flower was determined by measuring
the amount of AIB solution absorbed.
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Thbo AIBFERT SH7-0I121E. IR P OERVFLE
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Rickauer * Tanner (1986) & # NI T AL F VA
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BB AR, CaHET CIRAIBRINASEHE IRES
72 L& 12, 72, Saftner (1989) Kk b PREM
R R RV ERICB VT, CarOFEEIC & b e~
DAIBEINAMREE S Wiz L ME LTS, €T, AIB
RO BICMET BT, ANVY I AL F I EMASLT
LIk D) EADAIBRINE % DT AIBOFAR
B R {ER T A W AR MEIC D W TIRET L 720

%1 ABERMECHT BHEANILY T LAOFMHR
1. HRsEUFHE

V7F BERL. 2EEREZTo . BRARD
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DK EREOBIERF— VT IELRIEL, EBR
B L7 SR HDEEF0cmOE S 128 ) #2728,
EWMoOMOBEELIMY) RV, WY REELTLEN
smmmmﬁﬁwxot%ﬁmﬁt\iﬁ%ﬁTusw
7=, Table 2012 L7-MEDFE AT, H4 0 IEDOEE
ERERFAE LS. b, IUEH»HEBEDRF
HEA 3 RBIEL-AEICOAKOTEHETR L. 1
REAR 7= ) QR Y 7B, EBR1 TR 9 ~10%,
EER2 TS AL Lo EBR2 Tk, ERGHTYYIE
DEFELBEHNEL Lo

2. BRHLUVEE

AIB1OmMME I 25mMDREEE S V¥ 7 AR IRMT %
k. AIBIOmMEMX., FEEEA V¥ 7 A25mMEMKIC
Fol UCEBICIER D HEssEhn L7 (Table 30)o C
®OAIBIOMM L 8 # Vv ¥ 7 A5 2.5mM O B L X,
AIB20mME A0 ZERBPBRVBO LN,
AIB1OmMM & RSER 7 v & 7 5 2.5mM % Bl CALE L 7255

& FEX LB CEELERDEESREBOLA
ol ER1IOEFLERTLE TS L.,
AIBIOmMEK Ti388H., WEEH V¥ 7 A25mMR Tik
86HTHAHOICHL, MEEHAETSHLI4LIBL
AIB20mME D 14.08 L A% 0fEFEL £AR L71z. Plate
10A. 10BICEER 1 0&FMBERO12AHICBIT A1) 1R
ORAEF L0 EB2ICBVTHRBRLERPELN
7ro 512, 2 EOERIZBTHAIBIOMMEHER A Vv
3w N25mM % PR E L 7 fEDEEDOF R DL,
AIB20mM & 3 1ZR L#EB 2R L7 (Fig. 14),
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7205, WEER ALY AL BT B LIRMEIRIES o 1.
—%. AIBI0mMEIZ25mM®Ca-EDTA% M L 72X
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FELHBIEAD Shirdolz, ThLDERIZ. AIBN
OANY Y LB L ERBERMRIT, FL—FA
NI ATRELT, ANV I T VHBETHIE
ERLTVS,

Y10 EAEREOEICH T BREEE AV ¥ 7 L OTRME)
B ZOEELICHT AR LAKTH o (Fig 15).
FRTOMBER CEARZ 2 HECEE LR, OB
HEOZBL L IR L7z, AIBIOmMIZHERR A V¥
& A25mMERINT 3 L1 DB L WE L ARE
ORLDEZ b, EICAIBIOmMEMLEK, FHER Y
Ny A25mMEMMER & ) b AKERTAIH S
7o AIBIOmMM & BSER 4 V¥ 5 L 25mM O AL X 1
AIB20mMIX & (2 1Z R CHEB ER L7

KEBROBR, S, AIBEFLERICHRI VY Y A
BRMTAIEICED, AIBOEHBREZFRTESEC
EHESPTRE o

#2715 ABRILIEICH T BREAN IV T LOFIMZHR
1. RS EVFHE

5w — 02 RELHERLT DL 7Y
DiER. EES0cmOES Y HZ, B2 HOEE
#ZI) R0 L, FREHISMIE AN 7220mIF A
23 v F—ic LEATORML, FEORMIiLELTo
oo RLEHE TR, AEATEYOZ L HEL. 99
6% ZEEK1000mIA ) OEMIZANRT, BREHETO
EREAICE X, WELAROFECERD B RE AL
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Fig. 14. Effect of calcium nitrate addition to AIB continuous treatment on the flower
freshness of ‘Soana’ flowers.
Flower freshness of each flower was evaluated daily according to Table 20.

Vertical bars represent = S.E.

2. BRELUVEE

‘)9 TO2EOERTIX, AIB6OmMMEK B & O
AIB60mMICHEEE A V¥ A BB L 723 _RCTORX T,
HREICHEREZECERLIERE L2, ‘95— Tk,
AIB60mM IZFEER A V¥ 7 A10mM & B L 7= K¢, &
BEICHENERICEFELIER L,

AIB60mM D LB AN REER 4 v 3 7 2 10mM % #R
5L, BMME (AIB6OmM) XIZHA, 14%~28%

R BH#HAEML 7 (Table 31), ‘/ 5’ TR2EE
BafTolze EER1 Tld. WEXH80B XL T,
AIB60mMEX TiZ11.5H, AIB6OmMM+AEER A V¥ 7 4
10mMEX Ci2 1380 &, HMMER 2 b~ TEH S B #
23H¥ML 72, B2 Tk, WHRED70HICH LT,
AIB60OmMEX CTit12.6H. AIB6OmM+AEERA V¥ 7 A
10mMRX Tit143H &, BHSLEX I lTER b H s
L7H¥IM L F9—" TiX. FEEXDIIFIIWN LT,
AIB60mMEX CTit12.7H. AIB60mM+IEEEA V¥ 9 A
10mME TiE162H &, BBHULEX I H~TERHS B 5
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Table 30. EBffect of Ca-EDTA, calcium chloride or calcium nitrate addition
in AIB continuous treatment on the vase life of ‘Soana’ flowers.

Vase life (days=S.E.)

Treatment Expt.1 Expt.2
Control (Hz0) 8.9+0.6ab 74+05a
Ca-EDTA 2.5mM 10.7+0.5bed n.t.
Calcium chloride 2.5 mM 9.3+0.6 abc nt.
Calcium nitrate 2.5 mM 8.60.6a 6.8+x05a
AIB 10 mM 88*05a 9.0£04a
AIB 10 mM + Ca-EDTA  2.5mM 11.0%0.4 cd n.t.
AIB 10 mM + Calcium chloride 2.5 mM 12.5£0.9de nt.
AIB 10 mM + Calcium nitrate 2.5 mM 141X06e 11.8+1.40
AIB 20 mM 14.0X£0.7 ¢ 12.6x0.7b

n.t.: not tested.
Experimental period and average room temperature and number of flowers tested
per plot.
Expt.l May 1~May 18,1992, 19.9 C, n=9~10.
Expt2 May25~June 10,1992. 20.0C, n=5. .
Mean separation within columns by Duncan's multiple range test, P=0.05.

120 1

—_
—_
o

100

Relative weight of Tlower (%)

90 —©— AIB 20 mM
—&— AIB 10 mM + Calcium nitrate 2.5 mM
—@— AIB 10 mM

80 A
—e— Calcium nitrate 2.5 mM
——- Control

70 1 1 I | ] t 1 1 I 1 1 | 1 I

01234567891011121314
Days
Fig. 15. Effect of calcium nitrate addition to AIB on the fresh weight of ‘Soana’
flowers (Expt.2).

Relative fresh weight of cut flowers was based on the start of the experiment.

35HBMLTz. 2275, SOMBA VY7 AR X
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H Ny AORBIRMEEIZIOMMBE L E 2 L1l
COVER ORI WTIE, Ca*BET T, 4177
Y EOBRICBI 5 ABRNAEE CRES - L OHE

(Rickauer * Tanner, 1986) . M=% MREMEMKTIAIC
BUABRBE~DOAIBENARES NI DORE
(Saftner, 1989) HH B ed b, H—Fh—Ya il
TE~DAIBRINACar iz L W RE SN D LIEES T
5o |

Pk XSz, AIBZRAEICHAVLHES. AIBO
BB OV Y Y A REMT AT LICK Y, AIB
K;é%ﬁﬁﬁ%%%é%KWLT%%C&ﬁ%%#K
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Plate 10. Effect of calcium nitrate addition to « -aminoisobutyric acid (AIB) on the
prolongation of the vase life of cut carnation flowers.
A: 12 days after treatment (Left: Calcium nitrate 2.5 mM, Center: AIB 10
mM + Calcium nitrate 2.5 mM, Right: AIB 10 mM. Cv. ‘Soana’)
B: 12 days after treatment (Left: Control, Center: AIB 10 mM + Calcium
nitrate 2.5 mM, Right: AIB 20 mM. Cv. ‘Soana’)
C: 15 days after treatment (Left: Control, Center: 60 mM AIB + 10 mM
calcium nitrate pretreatment for 20 hours, Right: 60 mM AIB pretreatment

for 20 hours. Cv. ‘Killer’)

EoH ME

BT ICEESRAZ ST 25 BEOIEHR, AIB. 4V F
VIEE (SA). TEBANY I ALY V=V, FL— 7
WYG L T2=FrDH—F—Va HYIEICHT S
i B RN 2 Rz SADMBALE, FIALER, ANEE

NI h+ 5y VRO, RIS LA
BRSO b7 R IR A3H - 7245, STSIC
Bb L i B & T 21BN R+ & KL 72
FL—PANVTT L, 72 FYOMBRICHT 2EE
B ERFENRIERD N o7 —F. AIBIdEl
L7223 RTOEBRTHBXICHN LA E L MERFRE
AL AIBY—FHE L HM s hiz,
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Score of freshness
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T T 1T
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Days

—@— Control —e— AIB 60 mM —&— AIB 60 mM + calcium nitrate 10 mM

Fig. 16. Effect of calcium nitrate addition to AIB in pretreatment on the flower

freshness of ‘Nora’ flowers.

Flower freshness of each flower was evaluated daily according to Table 20.

Vertical bars represent *= S.E.
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DIF L VERBIIEEZECHZOSh, FOEROE—2
2~ 3 HEBE L7z

AIBIZRTALEH] & L O LT bIERD OERICHES
ARMREFR L. MBI EOERICL ) ZORE
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BTk, /T TiZ60mM 24RFELE TR b IEH
LABAEE L, HBEOI0H I L, 1890 & EnE
DER2IEDORER L. ‘F74 P AT TlR60mM
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AR BR 061H I Ly Wih b 1260 & ELED
W2 IER Lo RTALERRS O ATBO) B8 LR 1
EE30cmTI2180~230 y mol/ARETH H. £K50cm
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Table 31. Effect of calcium nitrate addition in AIB pretreatment on the vase life -

of ‘Nora’ and ‘Killer’ flowers.

Treatment Vase life
n (days £ SE)
Nora Expt.1
Control (H:O) 3 80+03a
AIB 60 mM , 4 115+08b [100) 2
AIB 60 mM + Calcium nitrate 10 mM 5 138 +08b (120)
AIB 60 mM + Calcium nitrate 20 mM 5 128 £ 05b [(111)
AIB 60 mM + Calcium nitrate 30 mM 5 122 = 08b [(106)
Nora Expt.2
Control (H:0) 5 ~70x05a
AIB 60 mM 5 126 £ 03b {100)
AIB 60 mM + Calcium nitrate 10 mM 5 143+ 08b (114)
AIB 60 mM -+ Calcium nitrate 20 mM 5 136 £ 06b [108)
AIB 60 mM + Calcium nitrate 30 mM 5 139 £08b [111)
AIB 60 mM + Calcium nitrate 40 mM 5 137+ 1.0b (109)
Killer
Control (H:0) 4 93£07a
AIB 60 mM 5 12.7 £ 1.1 ab (100)
AIB 60 mM + Calcium nitrate 10 mM 4 162 £ 1.1b [128)
AIB 60 mM + Calcium nitrate 20 mM 5 115+05a [ 91)
AIB 60 mM + Calcium nitrate 30 mM 5 132 £ 12 ab [104)
AIB 60 mM + Calcium nitrate 40 mM 5 114 £19a [ 90)

n: Number of flowers tested.

% : Values (%) in parentheses were based on AIB 60 mM.

Pretreated time, experimental period and average room temperature :
Nora Expt. 1 : 21 Hours, March 22 ~ April 7, 1994. 20.3 °C
Nora Expt. 2 : 24 Hours, May 9 ~ May 27, 1994. 22.5°C

Killer

: 20 Hours, May 6 ~ May 26, 1994. 223 °C

Mean separation within columns by Duncan's multiple range test, P=0.05.

TIEREICX D BEVIAR SN, AIBORTLELE LT
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Foo ERMEIZEB T, AIBIOMMBEICEEE A VY A
25mMEZRMT 5L, HBRXE LU EHAEK
(AIBIOmMEK. WEEAH VY7 225mME) 2~ #H
BULERLPER L, EBR 1 TOMERSL e gy
5 &, AIBIOmMER CTii88H., WBEEH V¥ 7 A25mMK
TIX86HTHAHDIZH L, WEEHFHTALI4IE L,
AIB20mMEX D 140H & FEOERHL 2R L 72, EER2T
by ARGERIBON. LA T, AIBERLE

BADFERA V¥ 7 A ORIMTAIBOERBREZ LR T
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AIB60mM KX 3 & UTAIB60mMICREEE 4 )V ¥ 7 A % ¥RiN
LT RTORT, BBRRICHEREBICERELIERL
7zo ‘FT—" TIAIBOMMIZHEE S V¥ A10mM %
WMLKT, ERICHREBICERLPEREL 2.
ATB60mM BT ALEH = REBE 4 )V & %7 2 10mM % VN
% &, BAMERX (AIB6OMM) IZH~, 14%~28%71E
FHLHEMBEMLZA, ZoBMMEK (AIB60mM)
AT AR EENRIEE TR o2 ZOEHD
BEIZOWTIE, WAV ¥ AIRINC & 0 & U 7-Ca
XY, A=A —2a YYD EADOAIBRINAEE S h
TelzD L HEEEND,
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BI3E ZHEFRBICLIHI—2—2aDfE
BH5EORE

TEELHEIE, EEORBHLITE - HREERBLS
& BEELGRETH L, NHEBOERLENRVWEEZE
BTaZ8iE BRLLTOERZEVWANNMELSE X
bo BRIZI WIERHLEOBEIEDIZZDOERIIED
TREWV, LA L, ThETHEEERIL. BE, {EE,
BERREOHFRME - FLSREERENO L) bRFEEL
ERTHAHEASH ), EFLEEERLELITEES
FOMVEENT, COFFOMAERIFEE D EH
ol WME. TOEERNREShOOHY, EFLHE
OBRMBRER L EORBICHT RS, F—NTF
(Wernett®, 1996) %21 (Van der Meulen-Muisers
5,1999) THME SN T 5,

H—h—vayEBIIBNT, EEOZFL VAR
RIF L UEZRICKRELEROH DI LPHRESNT
Wb, Wub (1989) . ¥ F9' IZIZEBLRICT
FULVERDZSA< 7Y v 754 ARERDL V0
=Y rr, BbrH)NALNYT, HERAE K7L MY
L DR 2EOERBERTIEEZHLPIILL, L
Ly ‘Y F9 CxF LYy 20REBTHEERDA VT
—J vy (ERONBI~NDEERLR), BEbr I &L
THEMEL £V, HELF L VEERE-BREEEE
bohhole —H. ‘F27 & HREMARIIZF
L VEROBEMZBD NG, T FL yEREBLTY
ERVPENILSLKTEFLOERTHRBTHE I L2 b,
NELF L P HT 5 BEEEIFEZ O Z LA
LT oz (Wub, 1991a, b)e ‘4T DBROS
BTHs ‘TRAF b FAT LEKIIHELFL

VIERSMEER L (Woltering®, 1993)o L7455 T\
ETF L T AEEZEIEERICEET AT
HY, EEROBEPREILLD IR~V a VOERFLHE
BHEOTEREIHER S N

¥ 72, Serrano + Romojaro (1991) &, 754~ o F
Vy BIAE T—Y— LIEITAITU v AR
B x5— ZHOTIFLYERYTIVORBZH
EL, F VY EZBLREOERICB W THMERT
KELERLPAD, T F LV EBILREOERI
=" TRELCOREIFNIIILDA L EITAM
BEMPBALNTD, ‘FF5— TREIEBVERET
BF—ETHolre ZOMRIL, 7T—%—" & ‘F

S— BRIFUYESRICELTER - REEE LS
DZEMHLNC R ol ZDIED. Y FE—H
b HUFI, FI— LEBKICEMROLT L V&

BREVSEICSRL, BRELORVWHETH S Z L0HS
2o 72 (Mayak * Tirosh, 1993)

Brandt - Woodson (1992) & ‘F74 F¥ A" KD
LKL DR WERAMR (799, 87-37G-2, 81-2) DxLF
VUERE, EnFLUAORIE. ERDACCE.
ACCELEBEZRERZ AN, EFbORVWI—F—V 3
VISEEOBETFRENFEET AL ZHLNII L

INLDOMEIR, A—A—TYaryTRIFVVEAK
FRZORZHICKEREENELL, RBYOFE
FEEAVWCEBEHICER ORI —-2A—Ya v 2F
RTEAMEELRBEL TV A,

FITARETIR., EHLEICL 28 EB L UBEIRL
ERLORWHRKBORR L MHET S LI2L D, STS
ZEOREREHLEELEL Ly, BENICERD
DEN A== a3 VEEEMOREZ R AT

Table 32. Vase life and ethylene production from leaf discs
in parental cultivars used for crossing.

Cultivar Vase life Ethylene production
_— from leaf discs
n (days)= SE.  (nl-gFW "'-h 7!
Pallas 10 8.91+0.4 1.52
Sandrosa 10 10.1£0.6 2.18
Candy 8 6.9%0.2 1.10
White Sim 10 5.4%0.2 15. 09
Tanga 10 6.8%0.4 7.39
Scania 10 6.5%0.2

n: number of flowers tested.

16. 29

Vase life was evaluated in standard conditions (23 °C, 12-h photoperiod, 70% RH).
Four leaf discs (5%10 mm) from each cultivar were placed in a sealed vial (5.85 ml) for 3 hours at
25°C. A gas sample was then withdrawn from the-vial and its ethylene production was determined.
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Ethylene production (nl/gFW/h)

Fig. 17.
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Differences in ethylene production from leaf discs in parental cultivars and parental-generation primary-selected lines.
Four leaf discs (5%10 mm) from each cultivar or line were placed in a sealed vial (5.85 ml) for 3 hours at 25°C.
A gas sample was then withdrawn from the vial and its ethylene production was determined.
Regular names of abbreviations are shown in Table 34.

Table 33. Cross combinations and results of crossings for parental generation.

Cross Cross Number of Number of  Mean Number of Number of
No. combination seedlings flowered  vase life Range primary secondary
(& X obtained seedlings of progeny selected selected
(days) (days) plants plants

1 Pallas self 1 0 — - — -

2 Sandrosa self 24 15 8.1£2.0 5.0-11.3 6 1

3 Candy self 27 14 5.8%1.2 5.0- 9.0 1 0

4 Pallas X Sandrosa 30 17 8.8+2.8 5.0-16.0 8 3

5 Sandrosa X Pallas 41 18 6.9£1.6 4.4-10.0 3 1

6 Pallas X Candy 16 13 6.8+2.9 4.0-12.0 3 0

7 Candy X Pallas 25 18 7.0%1.6 4.0-10.0 3 0

8 Sandrosa X Candy 41 35 7.2%£1.6 4.0-11.0 7 3

9 Candy X Sandrosa 32 23 7.5x1.3 5.0-10.0 6 2
10 Tanga self 5 3 7.3+2.8 5.0-10.5 1 0
11 Scania self 8 1 5.5 - 0 0
12  White Sim X Tanga 1 0 - - - -
13  White Sim X Scania 3 1 7.5 - 0 0
14 Tanga X Scania 14 10 9.0x3.1 5.3-14.3 5 2
15 Scania X Tanga 12 11 8.2%2.8 4.0-12.4 5 0
16 Pallas X Scania 8 7 5.7x2.6 1.0-9.0 1 0
18 White Sim X Sandrosa 1 1 8.8 - 1 0
19 Pallas X Tanga 7 7 7.6+2.1 5.3-10.8 3 0
20 Tanga X Pallas 1 1 8.0 - 0 0
Total 297 195 7.4%2.2 1.0-16.0 53 12

=+ indicates S.D. of the mean.
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F1H ERLEBBREROBRE

199246 & 0, 6 @M% A ROZEBICEE L TH
BREERB L. AR, ERLORVCGEDBRICE
VOB LEOHS - RHREEDOREERMIL. -
A=Y a yORFLORVREREIZIE 2005 1 7HHFE
Tho =2k, HTFI', ‘F5—", ‘FrFo—¥
DL BEEEOZF VLV VERBOIBNIL T, B
—2k ‘FRT, CTRAF QLI HNEIFL U
WTEREHEOENS AL T THD, £IT IFL VA
BEDNDBNY A FDH— = 7 ¥ 5 BRT HFHEL
LTERIF LUV REEEERL, ERAKICOVTRET
L7zo ¥/ TFLVBRZEORNI A T2 RIKT 5 F
BEELT, BFREFHEOLE 7y YRBEICL 5L Y
BEUMESREEDORRE L RAT,

Z1E YWEAIFLCERBOHE

1. BB LVTHE

RS AT, HYFR=Y, Frx T4 R4
FYA FUH CRFZT O6RBEEBEMEL
LT, 1992EDF (2 Table 33127R LA G & TRE
iTo o 19924E 8 HISHICKRMBE T #1BHEL. Boh
207D EEDS B, RMERTDI993E7 120 £
TR LZ195BE&L BERE L. BohAT T
DY Y EZERHEL OFEICH 2. 19935 7 BICIER S
HEAS8S5H U ED53RME 1 KBIR L. 8 LI LR
LU CHEsE L 2o 19944E10, EFRNR THIE T 2213 REITE
D 3FMERLG0FMELEAL T, ERLEBBOTRE
LERFIF LV ERBROUEERT 72 '

HEHELHBERAET 2720, BEEROT S AREN
Ny FCEFEICL DRE LE2 S, SHERIKRFIR
ROBEATF—VTRIEL, ERRICELZ:. £E%
50cmiC¥] D i 2 7ot EEMHOFEREENYERE, B

Table 34. Flower vase life (days) of parental-generation primary-selected 50 lines

out of 195 seedlings and abbreviations for Fig. 17.

Line Abbreviation Vase life iLine Abbreviation Vase lifei

Line Abbreviation Vase life

216 16 13.5(10) | 3-36 36
14-5 5 13.0(12) | 5-38 38
851 51 12.9(12) { 15-10 10
211 11 12.7( 9) | 18-49 49
953 - 12.6(10) { 14-2 2
4-50 50 12.4(10) | 6-7

9-24 24 12.3(10) | 9-47 47
5-20 20 11.910) { 10-17 17
832 32 11.710) | 6-8 8
840 40 11.3(10) | 14-29 29
14-9 9 1.1(9) | 1946 46
813~ 13 11.0(10) | 228 28
414 14 11.0(10) | 19-15 15
9-44 44 10.7(11) | 7-22 22
4-1 10.7(10) | 4-3¢ 34
15-4 4 10.6(11) ¢ 4-37 37
212 12 10.5(6) {1425 25
15-18 18 10.411) | 43 3
733 33 10.4(10) | 15-26 26

10.4(10) | 2-35 35 9.3(11)
10.4(10) | 539 39 9.2(11)
10.2(10) | 9-43 43 9.2( 5)
10.2(10) | 8-41 41 9.1 9)
10.1(15) | 8-52 52 9.0(13)
10.1(12) | 823 23 8.9(10)
10.1( 9) | 1645 . 45 8.9(10)
10.001) | 4-6 6 8.2(10)
9.910) | 419 19 7.7(10)
9.910) | 621 21 7.5(10)
9.8(10) { 1931 31 7.4(10)
9.7(9) {1648 48 7.4(10)
9.6(10) iParental Cultivar Abbreviation
9.6(11) | Scania A
9.5(11) | White Sim B
9.5(13) ! Tanga C
9.4(20) | Sandrosa X
9.3( 9) | Pallas Y
9.3(11) | Candy z

Fifty three plants with the longest mean vase life (= 8.5 days) were primary-selected in 1993 and

multiplied vegetatively. Three lines (2-27, 7-30, 9-42) were not flowered or dead.

Values in parentheses represent the number of flowers tested.
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HFAK#1000mIA Y OIEHICHE L 72, BRDS BHROAE
i, RiE23C. MAMBEET0%. BBIT CEME @ 104
mol/m?/s) TI12WEf H RICHAM L - BREN TIT o 720
TEFH ML, 4 DY) Y FEE Table 201278 L - BEE DR
RCERFMEL, ERLHBE LTIER» SBEDF

RAIRMIZELLHETOHRRDOFHETR L, &

HHAELE A 1 RBRRAKE MR EAREL,
Table 32, 34iZ/RL 7,
EhrsFVVEREOUEDNID., FEEEFOHRR
il - R SRRE 3 RHOELIRAL . EOHRE
ZY—723F (5 X10mm) TYHEY, V=754
A7 B L. ¥ 7VE (585ml) CEERERE S
DHEZKOBmMIZEAL, V=T F 1 A7 4MEERD
BOEIANR, YV aBRTERLE, F VY FVEIR
BTHEREHOERENNAN, SHBEIZVY VYT
P IVEADHT A Z05mIBEM L, =F LV AKE%
WELZe TFVVERBOWUEICIFA 20 7S5
74— BEEGCTA (#F & Active Almina. 1 5 AREE
80T, F ¥V 7HAN #i#40ml/min) %72, Hl
EiL 2 BT - 72,

2. BRBIVES

H—F—=2a yOREBELEHIZGEELLERNEROD
BT ENBESNTHR o7 (Table 32), 1E#H HEL L
BTsL, ERBEORLELS ‘FT7AL Fva' D54
BicH L., fEHFbHORLENRSL J ¥ Fu—% Tid
1018 &, MREOEICIZER D HEIC 2 R VEIFE
Bbhiz, £l BRIFVVARERIR EFLORW
WY RE—H, NF R AR, BHELDES
RTAMVA, AT T CREVWEBERL S

Rz, BHRIRBERKOER = F L Y EKEZH
E L. Fig. 1TICHERER L. 75 7DRBERMDIE
FitTable 34ITR L2165 HROFERERIZ L h B~
BRTHLRERME - RROER=F L VEREIE,
EFLEORVEE - R TIEILSLL, EHbOL L RE
TREBRICE ol BERRKTIX. BRIF L VAR
BODRERBEIKEETH o 7255 R 149, 154,
15-10. 14-2, 1526 © X H 12, EHZF L VEKEIZS
W, ERLOBRVWRKbAODNA, ERLAKEER
IFUVERBEOBICIE. AELRAOHBESED LN
72 (r=-038"%), BHILF L VREEEERLEOBES
BEBRL LTHRTIEH 2 HEMEL . KEDOAT
BHREEDLIDOIEIBRTH L LHIT L. REICE BE

ROHBBEBER LSV VERE L OHBMECERE L
Tid, BB BHICIEZF L VEREYIC, Sk FL
YT ERERLR EZOMONL ONDER DSBS
LT LICERTLEEZOND, EHLEOTHEIZBIT
LB, DY EORFELEZERICRELUITICL
& L7

B2 BRFEFEOI I RNBICLZIFL R
SRR EOR A

A—F—Ya yONELF LV EEREZEHICHET
BHEEDREERA I, ZF LV idEFORFERECMH
REROHE., MREEDRE. BlZ7 v 2 ORE%
FlaEcyesmbnTwvs (T, 1988 7 - 3K
1998)0 %K OWFEREY TIZ, =F LV 2BRLEN
LEERTCRESEZ LBROMEEREIH S B A,
IF VY BEREOBRCERKTIEHBOMREIIH S hi
Ve YEA XFXFR T TR, TOREBROER
Lo TaF L VBREZEDRRERANBE S LT
% (Fil, 1998),

K#E o (1998), HES (1998). K# - HE (1999)
. N AX e rgEr AL+ Y EFRRLL
BERPTRFRREITV, HoOME, REOREL LR

 HFROIF L VBREEOERD S, BELEOB R,

BHROBRIFTETHEILEER LTS, ZOLET
VRV F VY BREROZRORBERZ, ERTT
PRNTELTF LV EBRALEAPORBEOREEFARS
FEIZHA, fHECKEREOMBZHRIZZ LS, Bl
DIZHOBHREEL LTER TS, 2T H—%
—varYOrF L yBREREEREEL LT, BTREF
BROTL7+ VULBIZE 225 LV BREBREPRELR
PN A

1. ¥RBELVFE

(1) ITE7+0BICHTIRFFEORD
MENZIE, BTFRA-2—Yary 'Yy R (4%
A1) OBTEA . ALV (FREE, Tt
74 V10%EH) LT+ VBEN2, 10, 20, 100
1000 ppmiZ 2B & I FR LB L OEFGA WHBRER)
., ABEH W/ 2 9em¥ ¥ — L2 9mloFiEL.
CHICEFEION T OBR L. 20CHELAETICE V2
6 HEICRF LAEEAORERME L2 EBIX 4 BFT
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(2) IR7+RNBICLBZBREEYUEBOIFL >
RS & DREF

1999 ICBEAME CRELCTH-BTLHVWT, =
7+ Y 10ppmiE THRFRBE L EHBL 70 BIRRMHMH
DREEF 444 2 SR L7z B L BT OREEA
&bt & R HII Table 35127R L7zo 19994 6 H22H,
7H9H. 7H16B. 8 A12HIc=+ 7 * ¥ 10ppmik
ImAY DAEEF V2 9ecmy ¥ — VICEFEZERL,
0CHRBLEAETICEN, 6 HRIIEFL-ZEORE
BEEL . WER. EEEEIKPCHREL, BEH
E—PMERFL (K=Y A FDOSR) REL
720 # 2 BEMBICTHROBERL (X a3 v R350)
EANZZ6ecmE = VR y ISR EFLTEF S, &
Lo/ 1 »ARIREANY FICEE Lz, sE
FUUNOREZEOREIX. EEPSBLNITYEE
ZER20cmOEEIZHY, BE K ANL=ZAT7I R
CEI D EEREL T, 23CORERHFTLSF LV LE (2

pl/1T S EERMLEE) 21TV, MERTHOERELAN
FRAETAILIZE DT,

(38) IFLESHRAERSLCERESHQLE
REBROBRICRIFTHE
BFREBROBEICRIZTRNELS L Y OBESERAN
L7z, TF L VEREREERB X OCERHEER BT
Jh—=tk=varv ‘TryR-" (FX/HEE) OBFIC
MEL, BEZHE, 3674+ Y10ppme D
BERAIICOWT R, A LA, = 5Ly
TEFARRE# DOSTS (Veen, 1983). ACCHBEREEH
MDAOA (Fujino®, 1980). B2 ETHEMREA L LT
R L7:ACCERILEERBHLEH] D AIB (Satoh - Esashi,
1980; Serrano®, 1990). MHEIMIZKRBEHETH 545
FUVEESREERDLLI-VAF 4 (7= VARVE
ZN) I ANNTEF (LIEDPSSERET) (Midoh 5,
1996; Satoh &, 1997) D4FEFHTH %,

Table 35. Cross combination and number of seeds tested for 10 ppm ethephon treatment.

Cross Cross Number  Number Number Number of
No. combination of seeds  of seeds of seedlings flowered
(8 XM tested  germinated  planted to seedlings
soil beds
99A01 515-10 X 64-56 56 49 41 41
99A02 945-15 X 64-56 54 49 31 22
99A03 63-8 X 62-48 24 22 16 12
99A04 Scania X 62-48 16 6 3
99A05 62-2 X 62-48 15 14
99A06 64-13 X 706-47 21 14
99A07 64-54 X 64-56 10 7 5
99A08 63-41 X 62-48 50 48 44 33
99A09 63-35 X 64-56 32 22 7 6
99A10 64-13 X 64-56 55 48 32 22
99A11 66-15 X 64-56 34 25 21 6
99A12 64-13 X 63-7 11 9 ‘ 6
99A13 64-13 X 63-24 9 6 5 5
99A14 62-2 X 717-35 22 20 14 11
99A15 63-12 X 717-35 12 10 2 1
99A18 62-2 X 83-7 5 4 1 1
99A19 945-15 X 64-24 8 6 4 1
99A22 945-15 self 2 2 1 1
09A24 63-24 X 64-56 3 2 1 1
99A25 66-15 X 62-48 7 7 4 1
Total 444 252 189

370
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STS 0. 0.1, 02. 05. ImMi&. AOAB X UDPSS 0.
0.01, 0.I. 05, ImMi&. AIB 0, 0.1, 05, 1. 5mMiK
BLUORMBERIZZ 7+ 2 10ppmDIEEIZR B X
AWMU BEE ENENER L. AEEEH N9
ecm¥ ¥ —LiZ 9mlTOoME L, SHICEFEISHT
DERL. 20CHELGTICEVW2, 6 BRICRFELL
EEORREZMEL 2,

(4) It7+>2EABOGRRIEICL S RFHR

74 v EAIBEHAL T, BHRKHOZEEF
FRCTRFBROREZ R MBHZIZ, 508-22%
945-15D A (ZREHFF9A02) THRLNAEFEHV
2o BEAK, &7+ ¥10ppmi. Tk 7+ ¥ 10ppm
& AIB 05mMOBFAMERZER L, 2HEH 29
em¥ ¥ — Ui 9mlFosE LA, ThICEFEERL.
0CHELHETICE . 6 HRICREF L-EELEORE
2L 72,

Root length (mm)
S & S 3

o

0 by

2. BRBLVEE

(1) It7+ 0BICHTBRFEORS
TRTHOLE T + YRBRX T, BEROROMEIH
flsn7: (Fig 18)o 7+ ¥ 2ppm T CIILHEH
HrBEIh, =7+ VIBEFE RS- TRD
HEAHOBENKES Rols =+ 7+ Y10ppm &
20ppmPO B DEIZIEFEAE R0l T 4 ¥
1000ppmTid, MOMEIBIIMH E N, FLALR
DEBEDVED bNL ol
PEDEIIT, ==Y ariZBTHNTAXN
VERBRICTE 7 4 VILBBIZ L BT REROBROME
ARMFIABB SN, Tk 7+ YRHEIZLBIFL VK
ZUBHREDTRRIEATRIE E N BHRETOEA
BER, b7+ VRBEKEFLCTHEYZEFTSES
VENHBDT, 10ppmBEFEL L EZ SR,

0 1

HEBERL L
10 100

A
1000

Ethephon (ppm)
Fig. 18. Effect of various concentration of ethephon on post-germination root

length of carnation ‘Chaboud’.

Root length was determined after 6

days from the beginning of soaking seeds in 9 cm petri dishes in various
test solutions at 20°C under dark conditions.
Values are means of 4 replicates each containing 10 seedlings.

Vertical bars represent * S.E.
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(2) ITHE7+RBICLZBREGDUEDIFLY
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RiE. SkEITOBRTHETZEESH ), BEANY
RIZIZ252EE# EM L 720 2D 9 HLRAERT D20004
5 HS1IB E CIREEICEY, =F L VY BRELORERIT
32 LDTEIEEKIIIZTH -7 (Table 35),

Fig. 1912, T 7+ VB TREFLI-BTORRL
PO LF LV EEEE DEBRER L. BRELYY
EDTF VU v EBEELOBICIE, BFELHEEERIAD
Bz T T 4 VB X BREA20mmELE,
ThbbI v+ Y ICLAEEMHINA DN E oK
B E33MEEDH o 7285 o LB ETHIFL
VILBRTEICEROED & I PEBSWEZEITH
LR SN EEPLBEFFEEL. =7+ YREIZ
LBABEPDI—2—Va vONELF LV VEEEEH
EYDHOITEEEE HET s i,
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Vase life after ethylene treatment (days)
=y

N
=s = =
[

0 e &

IFL U EARBER B LOERABEHNEY
REFBFORRICRITTHE

IF L EARBER B L CRERBEEROME L, &
— A=Y a YIIBIFIEFEFROBOMRZ IHT 2
ZEMbhol (Fig 20). $FICAOAIXHEE M EIIH
el ZR L, 05mMPLEOBETIXIZE A LBROMED
AbNEhole. CRODERPL, A—F—Va v
FORELF L VIIMOMRREER 2 #HOZ LAFRR
shiz,

IV EARBEEXRIAIB. AOA. DPSSICLt 7+
Y10ppmERM LR EBRML 2K L BT 2 L]
DEENS L IZIME sz, —F. STS 0.1, 0.2,
05mMiIZz7 4 Y10ppmZHRML AR EBEML 2
ReEdsl, 7+ VI2L2MWENHERIZED
Sy, MAERIZIZEALRUBEER LA, hid,
STSIZk o T 7+ Y ORBETHINELF L D
APHES K20 LRSS, STS IMMTIRZ O
NAELF VY OERABENAONLEL kol

(3)

n =189

r=0.11"%

10

15

20 25 30

Root length (mm)

Fig. 19. Relationship between post-germination root length in 10 ppm ethephon
_ solution and ethylene sensitivity of cut flowers.

n.s.: not significant.

Root length was determined after 6 days from the beginning of soaking
seeds in 9 cm petri dishes in 10 ppm ethephon solutions at 20°C under dark
conditions. Flowers were exposed to 2 p Ul ethylene for 8 h at 23°C. After
the treatment, the flowers were transferred to the temperature-controlled
room and assessed daily for wilting symptoms. Finally, the vase life was

determined.

Origin of seeds used for this experiment are shown in Table 35.
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~e— — Ethephon
-4 + Ethephon

X
STS (mM)

-+~ — Ethephon
-s- + Ethephon

—e— - Ethephon
-a- + Ethephon

Bwl
5254
[V —
S20T

25k

0.1 1

—e~ — Ethasphon
- + Ethephon

0. ‘0|
DPSS (nlf)

0.1 1

Fig. 20. Effects of various concentrations of STS, AIB, AOA or DPSS on post-germination root

length of camation ‘Chabaud’ under 10 ppm ethephon and non-ethephon conditions.

Root length was determined after 6 days from the beginning of soaking seeds in 9 cm petri

dishes in various test solutions at 20°C under dark conditions.

Vertical bars represent + S.E.

Ik7 4+ YEBTORFHRRTIE, =17+ VREIC
LBMELYVIEDOLF L U BREUL OMICHEEED
bhidos (Fig. 19) # ChiIBTFREFHRONE
IFVVEPROMREICHE L -LEZLLILNTE
bo TET A YHLBELLZIFLVIZLY HCHERD
IFVVERSEBIN, NEZF LV UNUHFERL,
IF U BEESFEATIROMEREISEE 120
NS S, ThEH IR, =F L v ESRBEERT
MEL, REZFLVVEEH—CTILENH S, Tk

T ELF UV EARBEN T ERALEBT A LICE
V. F L VERZHEFEZ BIHTE ST EEEIRE X
i, '

(4) IET7+>EABOHRARIEBICEZEERR
HRX CTIEFHRENI2L.TmMmTH o 205 =7 %
Y10ppmBETIX12.5mm. T+ 7 + ~10ppm & AIB
05mM O FALEE TIX86mm~ LA Lze Tk 74 ¥
10ppm & AIB 05mMO R MBOBEOSH X, 4mm
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PoH16mmE THOHBICH Y, KRERITSDEPHEL
n- (Fig. 21). REI4~16mm® 6 EEI HBAEY
s v EERZSEERTOOLEFGING, §H2
NoENELEEFTSE TV EEB T, EROZF LY
REWEAETIFETH 5o

Eo2E BHRETHMICEHEHSAHOUR
EELEZTEICIVBRRT S0, RETRALE
EOBLHEERAEL, FofFbitic st 28k L &
KL RHEETOREE WA Do THRYEL, 18

1. M#sEVHE

BMiTRLE S C 6 REEFEME L LT, 19924
DFIZTable 33ICR LIZMAEHETRE LTV, FAE
BT ECICREL195EEA: Bt & Lz, 53R#%
1RBEHRL, EUBLZIRIL T L7 199448 IfE%
LHBEZBAEL, BROBVWEEbERL12R#H T 2
KBH L (RIASBHCRH) o 1994, 19955 DEIZ,
BB RM D 9 B11RM % FvTTable 361ZR L7
G2 A G LR TR ET o 72, 19944 8 A12HE /2

BHbORWI—F2—Ya Y OFHEERMA 12199548 7 B1THICKMB T 2 BE L, 551723991
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N w E-S

—_

17 18 19 20 21 22 23 24 25 26 27 28 29 30
ngth (mm)

Ethephon 10 ppm + AIB 0.5 mM

n=35
mean=8.6
S8.0.=3.60
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Root length (mm)

Flg 21. Frequency distribution of post-germination root length in distilled water, 10 ppm
ethephon or 10 ppm ethephon + 0.5 mM AIB solution.
Seeds obtained by cross between line 945-15 and 64-56 (Cross No. 99A02) were

used in this test.

Root length was determined after 6 days from the beginning of soaking seeds in 9
cm petri dishes at 20°C under dark conditions.
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Table 36. Cross combination and results of crossings for first generation.

Cross  Cross Number of Number of  Mean Number of Number of
No. combination seedlings flowered  vase life Range primary  secondary
(& XM obtained seedlings  of progeny selected selected
(days) (days)  plants plants
941 14-5 X2-16 16 156 9.0+2.2 5.0-13.5 5 1
942 2-16 X8-13 7 7 9.0+2.1 7.0-12.0 3 0
943 2-16 X9-24 14 10 7.9+1.9 5.0-11.0 3 0
944 8-13 X14-5 42 37 7.6x1.4 5.0-12.0 5 0
945 8-13 X2-16 41 36 9.2+2.3 5.0-16.0 16 9
947 8-32 X8-13 24 16 8.6+2.2 5.0-14.0 4 0
948 8-32 X8-51 5 4 9.3%£0.5 9.0-10.0 1 0
949 8-51 X4-50 8 2 10.5%4.9  7.0-14.0 1 0
501 4-1 X2-16 2 2 11. 00 11.0-11.0 2 1
502 4.1 X4-14 4 3 9.4+0.5 9.0-10.0 2 0
503 4-1 X8-13 9 7 7.9+1.2 6.8-10.0 1 0
504 4-1 X9-53 11 6 8.6+1.3 7.0-10.3 2 0
505 8-32 X4-14 7 6 8.5+1.8 7.0-11.8 1 0
506 8-51 X2-16 6 5 9.3%1.1 8.0-11.0 2 0
507 8-51 X9-24 20 14 7.7£1.9 4.0-12.0 1 1
508 8-51 X9-53 14 12 8.7+x1.4 7.0-11.8 1 1
509 9-53 X4-50 8 5 7.9%£1.9 5.0- 9.4 3 0
510 9-53 X8-13 12 9 9.2+1.0 7.0-10.5 5 1
511 9-53 X8-32 34 30 8.64+1.3 6.0-10.5 9 1
512 4-1 X14-5 11 9 7.7+£0.7 7.0-9.0 0 0
513 8-32 X14-5 56 33 7.9+1.4 6.0-13.0 4 0
515 8-51 X14-9 48 41 8.3x1.6 2.0-11.0 11 2
Total 399 309 8.4%+1.8 2.0-16.0 82 17

+ indicates S.D. of the mean.

Table 37. Cross combination and results of crossings for second generation.

Cross  Cross Number of Number of  Mean Number of Number of

No. combination seedlings flowered  vase life Range primary  secondary
(X3 obtained seedlings of progeny selected selected
(days) (days)  plants plants

61 945-1 X945-15 20 19 11.0x1.6 8.0-13.0 6 0

62 945-1 X941-5 71 65 11.2+2.8 5.0-18.0 18 3

63 945- 1 X945-17 44 40 11.6+£2.3  T7.0-17.5 20 7

64 945-15 X945- 2 17 15 10.7£2.1  8.0-15.0 4 3

65 945- 7 X945-25 23 22 9.9%£3.4 4.0-17.0 8 0

66 945-25 self 12 8 10.5£3.0 6.0-15.0 2 1

67 945-31X 945-24 5 4 10.2%£1.0 9.0-11.4 1 0
Total 192 163 11.0%2.6 4.0-18.0 59 14

* indicates S.D. of the mean.

HOEEDH L, FAEBRT D19954F 6 A27H % 72131996
6 A24H FTICHMLL 2309 EAZE LR L L7
19954F % 721319964 6 HIZAERH H#2%9.2H LA 82
Aie 1 RBERL, L2 R THE L7z, 19964F
TRITEIEFHF L HHEFREL, R RVERD
BARLRITRMEE 2 REBIRL 2 (581 HABHRT .
S 51T, 1996FEDFIC, 1 HRBERRKD I b 9 Rk
Z W CTable 371R L7 &8 7 A G & TREZAT

2720 19964 6 A24HICKMETZIBEL., Bohk
12BhRDEED S b, FERT DI9974 5 B0H T T
WCBREL 7216302 8 2 A & L7zs 19974E 6 BICTE
BHHEMPI0B D Eoss%fis 1 RBRL, BLE%
PRECLTHAE L7z 1998 ICER b ABABEREL, &
bRVWIERbEZR L 14RME 2 KBHR L2 (F2R
BHERH) o

TR HBORED D, BELROF T RWEAN
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®1E

v FCEBITEICL DR L8025, SERPKFIREE
DRAEAT— I THRIEL, EBRICH L7 D FEIE, %
RE250cmiCE) D i 2 758, ZRE2HOEEE LY BRE,
A AFS00mIA Y DIERNZTE L 720 TEIRADIEE KT
3~4HEBIZH) B A7, 1D EE AN, Kik
23C, HIBEET0%. FIELT OLEE | 10 £ mol/m¥/s)
TIRREHRICHAHS L-ERZEAICES, ERb>2EH
BPMf L7z, EHLHEIZ, NEB»POBEOFN
(Table 20) 453 RiBIZEL/ZHE TOHRDOTHET
AL7 '
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7', R O4GEEHETHER L. 1998FEDH
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REH LIz, 1998EDFTEREIE. Table 381I27R L7
19994E DFAZIZIZIORDE] ) FE & Fiva Fo B BIRHED
R4 MYA, BV RO CHRHTAEEER. t
REIZL o TI%L NV THRE L7

Table 38. Flower vase life (days)® S.E. of carnation cultivars and selected lines under standard
conditions (23 °C, 12-h photoperiod, 70% RH).

Cultivar or selected line 1998 1999

n Vase life % n Vase life %
Control cultivars ~ White Sim 10 6.1£0.3 100 10 5.4%0.2 100
Sandrosa 12 10.3%=0.5** 169 10 10.1%0.6** 187
Normal cultivars U Conn Sim 10  6.0£0.4ns. 98 10 6.1%0.2ns 113
Coral 8 6.1%x0.2ns. 100 10 5.3+0.2ns. 98
Long vase life Killer 7 10.4%0.8** 171 10 11.1%£0.7*%% 206
variants Chinera 12 10.6=%0.9** 173 10 10.9=%0.5** 202
Parental-generation  4-50 11 12.9Z%0.7%*L 212 10 12.4%0.5%*L 230
selected line 5-20 10 12.47%0.9** 203 10 12.2=£0.6%* 226
2-16 10 11,130, 7%* 182 10 10,270, 7** 189
4-14 10 11.8%0. 7** 193 10 10. 70, 5** 198
8-13 9 12.6%0.9** 206 10 8.7=X0, 2** 161
4-1 6 10.0=%0.4** 164 10 8.9=F0, 2** 165
8-51 10 11.1=0.6%* 182 10 11.1%£0.5*%* 206
9-53 10 10.0=%0. 5** 164 10 8.4=0, 3** 156
14- 9 10 7.9%0.5%* 130 10 8.1%0, 5** 150
First-generation ~ 945- 1 12 13.0£0.8%* 213 10 13.1%0.8**L 243
selected line 945- 2 14 11.9£0.8** 196 10 11.8%1.0%* 219
941- 5 12 12.840.6**L 209 10 10.6%0, 6** 196
945-32 10 13.3%1,2** 218 10 11.9%0.8** 220
945- 7 11 12.5%+0.8*%* 204 10 9.9%0, 7** 183
945-17 12 12.0=%1, 1** 197 10 12.9%0.6**L 239
945-25 11 11.5=1, 0** 189 10 11.9%0.8** 220
945-24 6 10.8x0, 8** 178 10 12.2%0.8** 226
945-15 6 11.5x0.7** 189 10 9.4%0.7** " 174

945-31 10 10,330, 7** 169 not tested
508-22 14 12.9%0.6**L 212 10 13.2%£0.6%*L 244
507- 2 13 11.7%0.7%* 192 10 13.1%£0.8** 243
515-13 12 10.3=%=0. 8** 169 10 9,70, 4** 180
511-15 10 11,10, 7** 182 10 9,20, 9** 170
510-23 9 10.3%£0.8** 169 10 10, 70, 9** 198
501- 6 8 10.5%0.6%* 172 10 13.2£0.6%*L 244
515-10 11 10.2%0, 6** 167 10 11.9%£0.9** 220
Second-generation 63- 3 7 16.0%1.9%*L 262 10 15.4£0.5**L 285
selected line 63-12 5 15.8%2.0%*L 259 10 15.1£0.5**L 280
66-15 3 15.3:k4.4%* 251 10 17.5=%1.1**L 320
63-41 10 15.2%0.6%*L 249 10 15.0%£0.3**L 278
62-18 13 15.2F0.6** 248 10 13.3%0.8**L 246
63-35 12 15,11, 0%*L 247 10 13.9%0.4**L 257
63- 8 8 14.9%k1.0%*L 244 10 14.4%0.8**L 267
62-48 13 14.30.4**L 235 . 10 13.6=%0.5%*L 252
64-56 13 14, 1%0.5**L 231 10 11.1=£1.2** 206
63- 7 10 13. 70, 7**L 225 10 12.1F0.6** 224
62- 2 11 13.2*+1.3** 216 10 14.0X£0.6**L 259
63-24 6 12.3x1.1** 202 10 12.3£0.8** 228
64-13 12 11.9%0. 9** 195 10 11.2=%0.7** 207
64-54 9 11.0%0.4**. 180 12.2£0.5%* 226

10

n: number of flowers tested.

%. percentage of control cultivar, ‘White Sim’

Significance shown of difference against ‘White Sim’ (**=1% level, n.s.=not significant).

L: Significantly longer than ‘Sandrosa’ at 0.01 level.
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2. BERBELUEZ

TRHLEICL2BIKE ZOBRAKB TCORBORE
R, @ELOTHIEFEL BEN, BiEA074820568
1A TIk8.4H, F2 R Tidl11.0B~NEEML -
(Fig. 22)o A, SE 1 RO TOFHYERESLH
BOBEMALOE 20T L, 1A, 58 2 R OM
TI26H & K& RMMAAR SN, EHED B4~
6 HOERENE LRy OEEDEE LK TR L, B
A TIZ41.0%F HEHDTVWEOIIH L, 81 HATIE
123%. 2R TII43%ERELBP Lz —F B

Parental generation

Frequency (%)

]

%mﬁkﬂ_

12 3 45 6 7 8 9 10111213 14 15 16 17 18

BRETRBRT AL, BHEARD216H 5% 1 A TIE
L76~NE WA Lz2s, 82 R Tid#ic259 & £EFDTE
REHBOSHDESDEAEVRE hole FHTE
FbHHEE 2#RBTI6HL W) RELMmMETRL
T edn, A—F—YarolFEbkiikBENSEe
BEFICKESNIFETH L LR EN, MLk
DEREPS, BEERBICE B —F =T a3 YOEREDS
BOREDATETH L LAHELII R o7,

PR L7 6 MIEDB X OBHCRH40FRM L, ERDHE
2B L CI998EDFAETIX60A A 51608, 19994 D
BETIEHS3AMDI7T5AE WS REAERE2RL
(Table 38)0 Z#—%—3 3 Y IEOBILRHERE

n=195
mean=:7.4
S.D.=2.16

Vase life (days)

[ First generation

Frequency (%)

10

T
i
bGR) ] s DERE i

123 45 6 7 8 9 10111213 14151617 18

Vase life (days)

35 p
Second generation

30

Frequency (%)

RE i

t 23 456 7 8 9 1011121314151617 18

n=163
mean=11.0
S.D.=2.59

Vase life (days)

Fig. 22. Frequency distribution of vase life in parental, first and

second generations.
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1 re Kt =
Ry H1F

B3 2% < OMEICBVWTEEMEE LTEbh s 7k
74 YA OfEFEDH KX, 19984 A T6.1H.
19994E A T54H TH o720 —Memblior ‘12— ¥
L', a—F ) OEFLHEIIHEE TH72. —
5. BUBOZFLYDOIGARIT) VI TAXER
BETHH LB REESNRTVS ‘¥ Fu—

(Mayak + Tirosh, 1993). ‘% 3 —' (Serrano -

Romojaro, 1991), 3 X UMETF L ¥ EZMEDME VT
(Wub,

HEFoZ L MESATVE "F2 7'

1991b) DAEFL HEuE. 10~11HREETH 572
ARFSE TR & ZCHLIC X D 13 & N7 BPCRHEIE, 1998
4E L 19994E D 2 MO EBRDWTIIZB VT, 40RHMD
FTRTCOZHKT FTA4 bV L LD LFRICRVIER
LHER L. 2O Lid, BIERKOEN/ERD
PEIZBHEERTII AL, BIENICERINIBETHS
CEERLTVD, X512, A00BHRHED ) H. 1998
EITIZ12R %5, 19994E 12131588845, B E & LTH
W7z 6 DR TR ORY Y Fo—4" X

{0 e
Plate 11.
A: 0 days after harvest.

after harvest.

Variation in flower vase life of carnation.
B: 8 days after harvest.

C: 12 days after harvest. D: 16 days

Left: Sandrosa’. Center: second-generation selected line, 66-15. Right: “White Sim’.

Line 66-15 (center) had a mean vase life of 17.5 days in 1999 without chemical

treatment.
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Plate 12. Ten days after harvest.
and ‘Sandrosa’ (left to right).

Second-generation selected lines, ‘U Conn Sim’, ‘Killer’

Selected lines with low ethylene production (left) had a vase life of 11.1-17.5 days

in 1999.

DDERICRWERH HEE R L7z,

ZCHE &P A 3 AR D E L, BLIEFRL LR %
D725 2 AGRBRHIARM T, 2FOWMEOVTH
THERHS HEA1I0A L EZ2R L7z 150H M EoE
NS BB ER L72D1F, 19984 #48 TRH63-3.
63-12, 66-15, 63-41, 62-18. 63-350 6 A, 19994
B TIEHRM63-3. 63-12. 66-15. 63-41D4RMTH - 720
HFI2R#66-151F, STS7% & 0 WV E R 57 LB 4 L T
RTA MY AT 0254 (19984EFA) A 53265 (1999
) L) EHWICENLIEFELMEZ R L (Plate
11)s Plate 12 BGH “‘a—a N o Ly
EREOBKVWRETHS, FI5—" BLY v Fo—
B8 2 HAGRHCRAE 2 M L 22 EER10H H o) b 16
DOt ZR L 720

EI3IH BHRRROIFLUCEREOHE

1. MEBLUVFHE

Hh—t—=var Pt F L Y AERROHERIZOW
Tk, HEEREIZF L Y ERIMETH S5 D
BwA o=y 7RebeFhiEL L ) PBRINLE
(BALDPD R T =) IZxF L v ERENEEIC
ALTE—2IZEL, EMPFERICELLH T LHIC
RSB T 5T ML TWS (Bufler S, 1980;
Lawton 5, 1989), Y1 ) fEDELEDLF L ¥ A E %

ZHO MM - FfE AL CHKT 272012, fEf0#
erEmMIcBIg s h, BIRlELZ Ko7 HICTF L U4
WEZHE L, TOl%EZ0mM - FEOTF L VAR
Bl Ty &bl

Fig. 231278 L7210l & B HRM38RM & it ik L 720
ol - RIEORD 5 SMEFR DK FIRBOBITEAR 7 —
VTHRIEL. EBRICB L7z, I EIX. EE% 5cmic
B0 i 2 7215, ZBEAKA D OFRBRE I L7z, Y0 fEIE,
S in23C. HXBET0% . LT GLHREE 10 u
mol/m?/s) TI2KEfH H BICHE L 72 HiRENICE V72,
FERIA o= V7@ e B L, Bk
B S NBIEMELZ K-> HICZF L VAR EEHIE L
720 I AEDEREZWE L. 47T0mIBED T T AFHC
23CT1RMEM LR, WETA%Z YY) ¥ P T05ml
BEL, FRAZ7a<xb7571— (BE#GCT7A) TEER
Iias

2. BRBIVUEE

PR L 721000 Ff & PR3/ M D BALEDO T F L~
AREIRIKRERZRZRLE (Fig. 23). 785 A7,
el ATRO LRI RSB R AR R AER
‘—a VYA, ‘T—F) OTFLvAERKZ, BB
Wite 2 i 7 T s Oy Fes el e ok € DR
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Pallas Sandrosa Candy White Sim Tanga

U conn Sim Coral  Killer Chinera

90 | Parental-generation
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P
(=}
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Ethylene production {(nl/gFW/h}
3

4-50 5-20 2-16 4-14 8-13 4-1 8-B1

9-53

14-9
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80 - gsalected lines

[ | o~ |
e | | BERn [

Ethylene production {ni/gFfi/h)
[41]
<

045~ 1 045- 2 041- 5 945-32 945- 7 945-17 945-25 945-24 945-15 508-22 507- 2 515-13 51115 510-23 515-10

i

90 |- Second-generation

80 - selected |ines

~
=]
T

Ethylene production {nl/gF¥/h)
o<
o

i
C - .

: E Gl N |
63-3 63-12 66-15 63-41 62-18 63-35

63-8

62-48 64-56

63-7 62-2 63-24 64-13 64-54

Fig. 23. Ethylene production of carnation flowers at senescence in cultivars or selected lines.

Vertical bars represent = S.E.

On average, 6 flowers of each cultivar or line were harvested at commercial maturity. Flower

stems were cut to 5 cm and placed individually in a test tube containing distilled water.

When

senescence was first observed, individual flowers were weighed and then enclosed in a 470-mi

glass jar and kept at 23°C. After 1-h incubation, 2 0.5-ml sample of headspace gas was

withdrawn and analyzed for ethylene concentration with a gas-chromatograph.

i FTA YA ORESD1920l/gFW/hTH o 72,
—F. HrRo—4 k F5— OEREBIIERIC
B, FREN69nl/gFW/h, 79nl/gFW/hTdHh o7z,
‘FAT, BrFu—%, ‘F75-" OBREKRI,
Wub (1991a). Mayak - Tirosh (1993). Serrano -
Romojaro (1991) ®#f& & —F L7,

BHEA, SIHEREEAKOF L VEKEIL, RHK
4-50, 5-20, 941-5, 945-24% LMD THHRVRED A D
Nz A%, RHK14-9. 94525, 515-13% ECIXHVWERE
L7z

TERLHICL B L Ei e AR YEL-E 2

RBHEAK T, WERHETRTICBWTEREERWE
%R L7 RH63-3. 63-12, 66-15. 63-41, 62-18,
63-35. 63-8, 62-48. 63-7. 62-2TIXAREN
10nl/gFW/hBL T EFEEIZH LS, ZF LD r 4~
TFNVv I ITA IR S eh ol TREDIRMKT
i EROEBMBCEEORBCELE, va—Y ¥
RRMEED LI BALNT ERVERE RGO
BETD LW IERTBEMELZ K- (Plate 13),
BH64-56, 63-24, 64-13. 64-54Tik. EREZIZEDP o
ERIFLYDISARITF Ty T4 XRBESH,
BEORME L RRRELERER L.
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BEER L 7210004 & B PR3 RMIC BT BB LD T (r=-0.65*") DED LNz DX H I, BURHEDOME
FUAERBEEIERED HEE OBR%EFig 2412R L7z MR BHRERZF L VARDO LX)V E B L Tz,

IF L AR EIERD HEE OMICIZAELRADOHE

Plate 13. Difference of petal senescence pattern.
Left: Line 66-15 did not show petal in-rolling or rapid wilting at senescence, but

faded and turned brown from petal tips (20 days after harvest). Right: ‘Pallas’
senesced with in-rolling and wilting of the petals (8 days after harvest).

fer + Parental cultivar
i O Parental generation
Q. M First generation
5fF @ @ Second generation
r z @ Control cultivar
®
L 2

Vase life (days)

9k

TE

5 L " 4 L ) L s . .
0 10 20 30 40 50 60 70 80 90

Ethylene production (nl/gFW/hr)

Fig. 24. Relationship between ethylene production at senescence and flower vase life.

**: Significant at 1% level.

Ten cultivars and 38 selected lines shown in Fig. 23 were used.
Values of flower vase life are average of 1998 and 1999 data shown in Table 38.
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ALY BHRREOIFL O EBSMLERSEREOS
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F1H RHREREOTFLHEZHE
1. MBBLVHE

Fig. 251278 L 72105878 & BHUORM3ORM 2 3 L 72,
BERROT I ABERANy FTETREICIIREL-
Ao, SMEF DK FIREORIER 77—V TU D FEZ R
L. EBRICE L 1D EDERZ20emiZY Y il 2
Ttk EM1HOFEELIRE, ZEEKHLI00mIA
DOZH7F AL, Y0k, EBRFABHET
AiR23C. MMNEET0%. BB CEHEE 104
mol/m¥/s) TI2EMHEICHE L-EREBRICE W,
IF UV EREHR, TF L VBB OEEDL EHEANL
LIk DHE L, NEEHYE (0BH) Fi3WED
53, 6, 9FBIC, ZATIFAICHL-YOEL
501D T 2 U VBLF % ¥ N—IC AN, 2ul/IDHREEI
BBEITFLVERARE LY Y VTEAL, 168/
IF VB ETol, FRBIZSEZHRAL L, =F
L yBEEORESME, 23CE L, Ao FL
VHRABENE—L B LI FyN—RZT TV
ERELTCIF L BRI L2, ©F L ALk
T, ZAT7SAELALMBEEF Yy =D B
DI LT, BEMMLERSE (RiR23C. HMNEE
70%, HEITI2RHER) CBL. £b L )EROFE
FEHFMLZ. 8512, '35 LRH51510. 64-
13, 64-54i%. =F L VigER2MED4ul/1E LTRHRED
EEERITo 72

2. ERHLVEE

—fRIZ. A—h—Y 3 VDRI, SMEDF L CH
LB TRZEEN B o720 TRTOMBALAME - R
iz, =F LV RBIZLVEROED &) PREZ N,
ELHBBRELLRI LIz FOHT, ‘25 B
U3 BHARM (515-10. 64-13, 64-54) Tik. Mo
ARk EF L VB OEBEEFITIC
720 W#H (0HB) 2xF L yUBE%F-5THLOH
DEDEHELZRL, 2F L VEREZELHEL
(Fig. 25), IN#H (0HE) KxF L YUBEEfTo /2
EEBORT % Plate 14IC7R L7z,

BRRBOLF L v BSHIL, TEORIEMT 5125
o TIET T MRS o720 BIZIE. AHE633. 63-12.
63411, 0. 3HEICZF L MMEeT 2 & MBIT
B READERICED £ LSS R L35
6. VHEICTF L AMMEFT) LMEERTHSLOH
BEDOTERES 2R L7 WEE (0HE) CERSHY
R L7=DIZ%H515-10, 64-13, 64-54DATH o 72705 3.
6. 9 HEHICAROEREF LERSEERTREN
B L7 9 HEOBRSEARECRHENS ol

Shic, BESMEERLE $25, RHM515-10.
64-13, 6454 AL T4 ul/IOZF L VLB 2T 72
BADEBRIER S Table 30ICR Lize ‘¥4 &RH
515-10i%. 0v 3H BICLE % Fo 7, MEET RS
BARED &) ERER L. RM64-131E 0 H 2L
W2 L02HOERELTHo 0%, 3 HBICLEST S
L20H OIEHL R L. RM64-541% ¥ DBEBEDTED
BIZBWTH LB M EDTERED 2R Lz, RERKER
o, RF6454NED TF L Y ESEIMEL T
64-13. ‘F2 35", 515-10 WIHHTH B Z L28bro
770

218 RERMREOZIEMFERF (ETR) FEOT

MEICBITAEERICL D, BRLEDORBRNEERBD
s, SELFLVRBEORELZIFICLL, TF L
R BB EAMEW 3 R/ (515-10. 64-13. 64-54)
BRVEENI, 2T, IhHDIF L VEBREHER
MEMRA L. oF LV V2B hEFEFEIU—Z VL,
ZOY—r IV A —RNRRED R M A L
R 52 LRk, '

1. M#BLUHE

IFVVEBE®D RT7A4 PYA, TF L EENE
PMEWEREINTHWS ‘FA2F (Wub, 1991b). &
METEONTF L VEERZEORHE4-13. 64-54%
HAL 72, HAMBOE,NLSDS7 2/ —VETE
RNAZMIM L7z ZF L Y SEGRETFHEERICHRE
L7 4 Y2il— b 7F4 v —% A TRT-PCREFF
v, HE L 3B F L v EBK (ETRE/ZIXERS) &
EFDOWHEFIF00bp % IR L 720 HWIRSN/A2T7 55
AV METAZ U=V T RTW, ¥ — 7 TV ADOM@EF
k1T 770
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Parental and control cultivars

Vase life (days)
after ethylene
treatment

Pallas  Sandrosa Candy White Sim Tanga  Scania Uconn  Coral Killer ~ Chinera
Sim

Parental~generation selected lines ~

(%3

N

treatment
©
o
2
<
]

Vase life (days)
after ethylene

4-50 5-20 2-18 4-14 8-13 9-53 14-9

First-generation selected lines

©

I~]

Vase life (days) after
ethylene treatment

Vase life (days) after
ethylene treatment

63-3 63-12 66-15 63-41 62-18 63-35 63~8 62-48 64-58

Fig. 25. Effect of flower age at treatment on ethylene sensitivity of carnation cultivars or selected lines.

On average, 5 flowers of each cultivar or line were tested. Flowers of different ages were

exposed to 2pl/l ethylene for 16 h at 23 °C. After the treatment, the flowers were transferred to

the temperature-controlled room (23°C, 70% RH, 12-h photoperiod) and assessed daily for
wilting symptoms.

Table 39. Effect of ethylene treatment (4 u I/ for 16 h) at different flower ages
on flower vase life (days).

Cultivar 0 days 3 days 6 days 9 days

or line n vase life n vase life n vase life n vase life
Chinera 10 0.1£0.1 5 0.2%X0.2 5 1.1%+0.1 n.t
515-10 5 0 5 0 6 1.0X0.0 n.t.

64-13 5 0.2x£0.2 5 2.0x0.3 5 1.7£0.2 5 2.0£0.0
64-54 5 1.2%£0.4 5 1.4%0.2 7 1.1%+0.0 5 1.9%£0.2

n: number of flowers tested. = indicates S.E. n.t.: not tested.
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e FZEFT e 9 1%

Plate 14. Effect of ethylene treatment (2 p I/l for 16 h) at 0 days on flower vase life.
A: Before treatment. Line 64-54, ‘Coral’, ‘Killer’ and ‘Chinera’ (left to right).
B: After treatment. Flowers were exposed to ethylene in a 50 | sealed transparent
acryl chamber.
C: After treatment, the flowers were transferred to the temperature-controlled
room (23 °C, 70% RH, 12-h photoperiod). Left: Low-sensitivity lines (64-13 and
64-54) and ‘Chinera’. Right: Ethylene sensitive control.
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2. BRBLVEE

DC-ERS23 X U'DC-ETRID#ET I / BE AT
% Fig. 261CR L7z A LT NTORE - RS S.
ERSS A 7DOLFV VY EBRBEFDOPCRT T I A
k (897bp) AEHNTze TROHDT I BERFIL. &
— A=V arhoyTICHEENTVSDC-ERS2
(accession No. AF034770) - X (2IZFAMETH ). BEH
HEHEICDH INETH LN T B MOREYEDOERS:E
BFOEROEEIZH oo —F ETRY A 7OLF
VY RBREETLELONAPCR7 I A Y TR

TOMME - RS HEEs i, ShETH—F—V 3
YTIXETRY 1 7OMBEI R VD, BONLERESDS
H—R—a VICHETRESBENEET A LD
Polc. KBIEFE. #—F2—a VOETRY AT
IF L ZHEEEIEZTF (DC-ETR1) OHASEFIE LT,
DDBJ (DNA Data Bank of Japan) IZ&E#H L 72
(accession No. AB035806). = MDC-ETR1iZ. A1
Y YIDETRE T I 7 BEL NV TH#IO%DEBIEAEE
b oMz, DC-ETR1EDC-ERS2DEF]iZ. DNAL X
VTTL1% 7 3 VBV ARV TIA6%D T —Tholzo &
i - RRICBIFBDC-ETRIDT 3/ BERAEH % L
BLZEZA, RTA4PYA CHRT ‘FAF T

1 50
FIVLCGATHLINLWTFSMHTKNVAIVMTIAKMATAAVSCVTALMLVHIIP

DC-ERS2
DC-ETR] FIVLCGATHLINLWTFRIHTKTVEIVMTTAKLLTAVVSCVTALMLVHIIP
Cons solclolokdordekaokdokdokk ko sk kol ek ok skeoksoloksorskkoRkokok
51 100
DC-ERS2 DLLSVKTREMFLRHKAEELDKERGLILTQEETGRHVRMLTHEIRSTLDRH
DC-ETRI DLLSVKTRELFLKNKAAQLDREMGLIRTQEETGRHVRMLTHEIRSTLDRH
Cons sefccloleksiclor kel sk Kk kel sekeolekekseksekokskekokoksdok *
101 150
DC-ERS2 TILKTTLVELGRTLNLEECALWTPSQTGMTMRLSHTLNHSMVVGSTVSMN
DC-ETRI TILKTTLVELGRTLALEECALWMPTRTGLELQLAYTLRQQYPVDYTVPIQ
Cons ok * %ok * ok *  kok
151 200
DC-ERS2 LSVISEVFNNTGAVRIPHTCPLVRTRPVSDRYRAPDVVAVRVPLLHHSNF
DC-ETRI LPVITQVFSTNRAVKISPNSPVARIRPVMGKYMPGEVVAVRVPLLHLSNF
Cons % okk o okk Hok % ® ok kkk % soksiekseksokokk dokk
201 250
DC-ERS2 QINDWPDNSAKNYAVMVLISPSDGIRKFRDHELELVEVVADQVAVALSHA
DC-ETRI QINDWPELSTKRYALMVLMLPSDSARQWHVHELELVEVVADQVAVALSHA
Cons sekfesoksk sk ok kek skeksk ke Xk seodestesksieskok
251 300
DC-ERS2? AILEDSMRARDQLMEQNVALDLARREAEMAIRARNDFLAVMNHEMRTPM
DC-ETRI1 ATLEESMRAQQQLMEQNVALDLARREAETAIRARNDFLAVMNHEMRTPM
Cons skl kkokk elokkkokskksoksoolskokg ok

Fig. 26. Partial deduced amino acid sequence of the DC-ERS2 and DC-ETR! in ‘White

>

Sim’.

Cons: Consensus sequence. Identical amino acids are indicated by asterisks.

Sequences denoted with underlines represent putative transmembrane domains.
Sequences denoted in bold represent conserved region in bacterial histidine

kinase domain.

Replacements in DC-ETRI: Tyr'" to Asn, Asp'® to Gly, Ser™ to Thr, Ser™® to .
Cys, Val** to Ile (‘Chinera’), Leu®™ to Pro (64-13), Ser™® to Arg, Cys™ to Arg

(64-54).
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5. 64-13Tid 1 8. 64-54Tid 2 EOEEHIFED
n7: (Fig. 26)o ZDDC-ETRIZA SNz E#ww
A= ayOIFLVUBEEEBLUERELEICED LS
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FoH RERROBCHENIFLEHE

H—tk=va VY BICTZF LB ET) & R
DEWEEL I RFEREIL, HIRIC, BB
IFVVERPREENRIIEPHONTWVS
(Mayak %, 1977; Halevy - Mayak, 1981; Borochov
Woodson, 1989), # 38, F4HiTRLAKIIZ, TE
BHEICL 2 BIREREZHRYET LX), BRE
LD LF L EREPDRVRER, SELFL L
BETo2BFICOBENITS VRESHE O NA, A
Tl THHORMAEMEHIC, EOBMOETICNE) BT
iR = F L R EOBLE T,

1. MEERVHE

TERFLEOENI-E 2 HABKRBKILREE . RS
FBELT RIALPYVA Ay =7 Fa—%,

‘FRT O4FBEEERALL

WY REONELF L NBIZ, H4EHE 1 HOERLE
RO FETIT o7z BHEKICE LAY TR, IUER
M50, 6 HEICZF L VB Qul/ITI6HEE) %17
oo MERTHOIENHEZHEL., REHML 2E
BE (RiE23T. HNEE70%. #ET1I2BER) N
2 S RERIE Lz, BT 26 8 RMZIZEDIEDE
HREZBZEL. 47T0mBOH I AERIZ23CTT 1 B EE
L%, RBTRAZ2YY YV TOSmIERL. AR
0w rr5 74— (BEGCTA) TLFLVVAEREEE
2L7
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White Sca- Sand- Chi~
Sim nia rosa nera
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66-15 63-3 6312 63-41 63-8 63-35 62-18 62-48 62-2 63-7 64-56 63-24 64-13 64-54

Fig. 27. Effect of flower age at treatment on ethylene-induced ethylene production in carnation cultivars or second-generation selected lines.
0 days: Flowers were exposed to 2 1 I/l ethylene for 16 hours at 23 °C immediately after harvest.
6 days: Flowers were aged for 6 days and then exposed to 2 x [/l ethylene for 16 hours at 23 °C.
Then, they were transferred to air.  After 8 hours, their ethylene production was determined.

+,— or £ represent the appearance of flowers after ethylene treatment.

Mixture of wilting and no wilting flowers.

+. All flowers showed wilting symptoms. —:  All flowers did not show wilting. =

nt. nottested. Vertical bars represent + S.E.
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2. BRESUVEER

FIMTRLALDIC, HE L5 2 ARSI
BARBIROILF L VEREN DL WIEFEERT A IR
H (0HE) KHAEZFLV VLB E1TH L RHE63-41
PHNORE - FRMCRF LV VERIF LI RESR
(Fig. 27)o HR#HE64-13, 64-54B LT ‘¥4 T’ |k, =5
VB TRICEFOEDS & ) IXBEDLNTAR LI
BELZREBTH 7205, ZEOIF LV VERIEDO LN
oo —F. HM634ALIE. TFL VMBI L ) ERIE
LEL L) LA, FVVERBIEBED T H Lo
720 6 HEICABOERET) L. BLALORE - %
FETIR O HBICERZF L VERENBA L2 0H
HOERED D T b o 7B #63-41 Tidasi iz 8 m
L7

ULD#HERERIS, FH63-411. IUEHICBIT S 5
LMBIZE DIEROEDL xS idE LS, BB
IF LV VERBVPRENIIENERZAETALI LRV
EE&NT. TORMES4LERBOERED. £ Y AACO
BEFE2EALLERLORWERERY—A—Ta >
THREIN TS (Kosugid, 2000). FhLAoER
RHTid, TEOBOETIC s TZF L VEZENET
THELHIC, BHOMERTIEORIGHES KT 2Em
VRO LNz Fio, RH64-13. 6454B LV F AT’
i, ZFVCRBESENREEEROEL L IRELLTY
WP, ZEOIF LV VERPFEINTEY, BCH
BERTF LV VERBIEEL TSI EFHELII R
Foo L7z Ty F L VREIZ L AR LORG (T8
FOEN) LEOMBEN TS L VY ERIZ. FTHNESKT
Bl EOMY L AR TH D EFRBEEN,
Kosugi® (2000). Satoh® (2000) 24 3 EEizik s
—3=va yERAWEERTH, REOBHIRENT
Wb,

E6E AB. STSUENEHRRBOEIFEICRIFTH

EHLEZHR LB HRRRICHT 5 AIB. STSO R
BIERHEIZOWTRAE L7,

1. MBBIUHE

% 2 WARBHCRRIARIE . WREEE LT K74
FoA E YA D2 B R L, BEEHON

T AMEANY FTEITEICL D EELBE»S, SME
FOVKFIREDORIEX 7+ — VTR RIEL, EBRIC
U7z EERIZ19994 12 A 4 520004E 4 A DHRIZ4T -
7zo VIO TEIE, ERES0cmICYI D #2725, HEB 2 &
DELEZEZIY Bz, SHEX, AIB20mMEFALHEX
AIB60mM 24§ AKX, STS05mM 2 B R R L
R4 Kzikidrz, SRBREOMEAALIL. Table 4012
R U720 TERILIREERIE L2 EBS (RIR23T., S
BE70%. HOGAT128 M B B) PIcB W 7ze 1685 B 8.
&l % DY) Y FE% Table 201278 L7= 8B O FE 5 CHE H 37
L. N OHEORRI 3IRMICEL-BTTHH
BOFHETRL,

2. ERBLUES

REBRE KT R YA YA DR ERIL
MRXD54H. 6.1HIZ8F LAIB 20mM O EfmALE %
NENI02H. 1148 L YWLMEICEE LT, WREIC
AIBRILE %170 234 b, HEROWLS~2EDHE
RERER L STSHAEOERS Hiid. 2h2
NIL6H. 120H L HEBROM 2 ~2208 T EE L 720 =
& 2 HACEIERK63-3. 63-12, 66-15% DX WL
EbROHBROTERS AL kT 5 &, LY
ZREBEICL VB LBKRHKEOH A, STS, AIBTE
FMEE LCHERL 2 ERELBEOREL D TR
BEBI WSk o7 (Table 40), = OFERIE,
RHERIC L Y ERLEORRE ROV, STSE ED
HEHUBOBERNRL 2B EERLT V5,

KIS, TERED OB 5 2 HACBIKRMIC £ 5 ICAIB,
STSOEANMIME T\, DS AMER~720 Rik63-
35Tk, EFLEORRIZED o7, ZH63-41TIZ
ATBIC & 2 B, FIALIEC I3 BR IR 2 Hos B AR
DIEHLERDENTED b hlds, STSHLE TIidAE
BRD LN Dol RFHK63-24TIXMIZSTSHIME T
EHIBX I A 4 BREOTERERMBIRD SN
A5, AIBESLHE, FULETIREIEAFD bNEd o7,
FNLIORHCTIXAIBEFMLIE, BN, STSHTLHE
ko TBELNELIZERE L, LAL, WHBRED
5 R EREOL8~22E &\ S HE 4 BRI
Bohd. BB TRH64-13ICSTSUE % T 565D
LOBEDMPEIZ L 8 F o720 EAABKRM TR b IER
HORVEME6-15Tid AIBEGFMLHEX TH X D18.7H
HPHESI5 AREBLIERELBIAL VIZL (B
TEHL BRER L,
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Ff%63-411k. E5HOERIIBNTZF L U REIZ
IOMERIIFELLED &) LA, HOMENZFL >
ERBRBOTLLEVERER L. RERTOIFL
YRR ER OSTSMEIZ & AERBIEENENRD S
hrnwbkwWIERLDbES L. R#63411TFL >~
DECHMENZF LV Yy EROHI#EE 7Ty 7 8 Tn5
BREETH D EARE SNz, AIB. STSORIED
B 5N WRHE63-35. STSIIZIRAH 5 ATAIBIZ K B
BENASNEVREI24ICEHL TS, =F L VIcH
THINEFTCHERESN TV REWEEREFEELTWAT
CBESHY, SHRRETILEND S,

F78H BEREORFERE

1. MBRELVFHE

B RIEAMIABH L BB R 6 mAE L HHEL
72o EMEALIHENC, ERE UTHME200ke/a. 1
FAIK100g/m?, X9 0D A100g/m2 CDULHE
(N:P20s:K20=12:12:12) 125g/m*% FlLICHEA L. Y
Ay MgiE FERE AT I PHRR) ChHEEE
BiFolke #5 ARENOOcmIEN Y FOHHE20cm%
FIKE L. 10X20cm (GRAEEE @ 36.5%/m? T1 &

Table 40. Effect of treatments of AIB or STS on the prolongation of the vase life of carnation cultivars and

second-generation selected lines under standard conditions (23 °C, 12-h photoperiod, 70% RH).

Cultivar Control AIB 20mM
or (distilled water)  continuous treatment
selected line Vase life Vase life

n (days)= S.E. n (days)x SE.

AIB 60mM 24 hours STS 0.5mM 2 hours
pretreatment
Vase life

n (days)® S.E.

pretreatment
Vase life
n (days)* S.E.

Control cultivars
White Sim 10 5.4%0.
Tanga 8 6.1%0.

(=2 S o
(o2 ) ]

Second-generation

selected lines

10.240.6 (189%) 5 9.8%0.7 (181%) 5
11.4%0.8 (187%) 5 12.2+1.6 (200%) 5

11.6%£1.7 (215%)
12.0£1.9 (197%)

63-3 10 14.6+0.7 nt 5 17.4%0.6 (119%) 5 17.0%0.3 (116%)
63-12 8 14.8+0.5 5 18.4%0.6 (124%) 5 18.8%1.2 (127%) 5 16.0+2.3 (108%)
66-15 9 18.7%£1.7 3 23.7+0.8 (127%) nt nt ‘

63-41 6 15.0+0.9 4 19.8%2.1 (132%) 5 20.60.7 (137%) 4 14.0%0.9 ( 93%)
62-18 10 10.5%1.5 5 17.6%2.3 (168%) 5 13.8%0.6 (131%) 5 15.4%2.2 (147%)
63-35 10 15.2+0.8 5 16.6%0.2 (109%) 5 17.0+1.3 (112%) 5 16.0%£1.1 (105%)
63- 8 9 12.2%0.7 5 16.6+0.4 (136%) 5 18.6+1.6 (152%) 5 15.2+1.5 (125%)
62-48 6 13.0£0.7 5 16.2+1.2 (125%) 5 15.6%+1.0 (120%) 5 16.8%2.4 (129%)
64-56 10 11.1%£0.8 5 16.4%+1.5 (148%) 5 17.0%1.0 (153%) 5 14.4*2.0 (130%)
63-7 10 12.6x1.4 5 15.2+0.9 (121%) 5 17.4*0.8 (138%) 5 16.6%1.2 (132%)
62-2 10 11.6%0.7 5 15.2%1.9 (131%) 5 16.2%1.4 (140%) 5 14.8%1.7 (128%)
63-24 10 12.3+£0.5 5 12.2%0.7 ( 99%) 5 13.2%1.9 (107%) 5 16.4%0.7 (133%)
64-13 10 9.7£0.6 5 13.7%1.9 (141%) 5 14.2%1.8 (146%) 5 15.8%=1.0 (163%)
64-54 10 12.1%0.6 5 16.0%=0.3 (132%) 5 15.4*1.7 (127%) nt '

n: number of flowers tested.  n. t.: not tested.

Values (%) in parentheses were based on control (distilled water).

STS 0.5mM solution was prepared with the stock solution of AgNO3(0.1M) and NazS203-5H20(0.1M) at the

molar ratio of 1 silver to 8 thiosulfate.
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- RS 6 ~126 B B Uz HERRE 1 EE
O L7z A HIBERIR 2 13C & LB RIS & 0 #3E L.
FELREEERAEL

INE. BITERHILA OB, 15 - RS 5
AOY Y EEREICH . 8 2 AR AHIL 19984
BT, REBASEIZ20008FBCHEETo /20 B,
HEMEOHBED SIRIET BV EORTER T TORESE
L7ze FERIL, SMERIKFEREOBER 7 — Y THlE
L7, TERDOESIE, SERORREEE D v 7 24—
I THRAPE L 720

IR, RTEMBHIOREICE L-TIE. 199748 6 A~1998
4E5 A, 19984FE 6 H~19994E 5 A. 19994F 6 H ~20004F
5 ADBERICHARME - R0 HH LEEIRML T
BEL ML THREESH LA S EORELEMR L 720
FERDELE, EM%ETo -4 HidTable 431K LA
B R M S BRAE L 72 LBk 4 72 0 40 ) TEB TR
L7zo BATESGENIL. BEEARKTRIICHEISH SN,
ORI L-H TR L. ’

BohZz7F—r%d iz, X, LR R EH
S, BfEE. BB X OEH S HEHEE M oMEEE
BEFELL, XRAREL E2HAREKRK TR,
1997, 1998FEDEMAICZNZNI0H. 7 HDE VD
50T, BEHEE, WEOF— 7 ICEL TR, 28R
& - RHOEHEH AFE—D19994E 6 A ~20004E 5 Hi25
7e7— 4 BB EICH W,

2. BRBELVEE

F2HABRAM L RERAGEOEELHFHORLRE
R % Table 4LIZR L7z, 85 2 HAGBIKRM T R, Bk,
BCHRSE. HICBkS, + Ly Vickén s BEOERS
SHEL 7z, BEXICE LTI, BB R#63-8T87.2cm.
B BVRM63-12TiIE111.8cmiSEL. WThORKD
VYR T 720D T5LEL»R/O NI, EEILTE
BRAEIZHA, 5 2 RBHRRHKIE PR/ S WER D
D, BHEEOKE VWARHGE3-12. 64-13Ti6.6cm. #

Table 41. Characteristics of parental cultivars and second-generation selected lines.
Cultivars Plant  Flower Number  Petal Vase?
or Flower color height diameter of petals thickness life
lines (cm) (cm) (mm) (days)
Pallas Yellow with red stripes 86.0 7.1 44,7 0.24 8.9
Sandrosa  Pink 93.4 6.0 50.3 0.28 10. 2
Candy Yellow 87.4 7.2 43.3 0.28 6.9
White Sim  White 90. 6 6.8 52.3 0.24 5.8
Tanga Red 95.8 6.9 55.3 0.29 6.8
Scania Red 88.6 7.5 62.5 0.25 6.4
63-3 Red 90.3 6.5 67.0 0.34 15.7
63-12 Pink 111.8 6.6 64.0 0. 33 15.5
66-15 White with red stripes 109.6 5.8 58.7 0.34 16. 4
63-41 Pink 103.6 6.1 70.3 0.33 15.1
62-18 Pink 89.2 5.8 59.3 0.31 4.2
63-35 Red 89.4 5.3 50.0 0. 30 14.5
63- 8 Red 87.2 5.7 57.0 0. 36 14.6
62-48 Red 96.0 6.4 80.0 0.31 14.0
64-56 Yellow with pink stripes 110, 2 6.1 61.0 0.33 12.6
63- 7 Red 107.0 5.9 76.0 0.29 12.9
62-2 Red 104.2 6.2 67.0 0.29 13.6
63-24 Red 103.6 6.4 45.3 0. 30 12.3
64-13 Yellow with pink stripes 94. 8 6.6 78.3 0.32 1.6 .
64-54 ‘Orange with red stripes 101.2 6.5 59.7 0. 30 11.6

Values of vase life are avereage of 1998 and 1999 data shown in Table 38,

Values except vase life are means of 5 flowers.
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b /N O R #63-35TiE5.3cmTdh o 720 [EFEIL, Rft
63-24D 453 & FH62-48D80.0M £ THOHPHITH Y |
REHRME L B LS WEND D o 7 EFOE S,
4 2 HARGRM CIIRER BB I L TEWER A
ELLOR=Y (A '

BiEiatl. INEORAEHLRIL, Table 42ICR L7z, #
2 B RO BB R REIC L TEY
EIAH o7 2, EEDORENRS RHL66-15%°
63-12TIXBITEIREAM VT b 2 A26H &, REHME

Db 3P AEN o7z, IEEICHE LTS, 63
35, 62-48. 6456, 63-7, 62-2. 63-24. 64-54TiIMRY 7z

D IR ABOARL L TRESHE L MEONEL R L.
—F, BH66-15TIRRETIEL ., NE DKL) 19K
LA IRV E R L,

B, BfE RN ERES, RGN, NEB X
OTERE D HEAEE M OB 2 B~/ (Table 44), 165
LHHEEROBMICEBEVARLZ2EOHEE (r=-0.74")
M, ERLAMEERDELLOBICEREVEERED

Table 42. Earliness of flowering and yield (number of cut flowers / plant) in parental cultivars and

second-generation selected lines.

Cultivars Onset of flowering Yield (number of cut flowers / plant)
or lines 1997-98 -1998-99 1999-2000 mean 1997-98 1998-99 1999-2000 mean
Pallas n.t. 10/16 12/13 1114 nt 4.8 6.0 5.4
Sandrosa 10/28 10/16 10/5 10/16 3.8 5.6 3.6 4.3
Candy nt. 10/16 11/15  10/31 nt 5.3 7.0 6.2
White Sim  10/28 11/56 10/12  10/25 5.8 4.0 4.6 4.8
- Tanga nt. 12/25 10/29 11/26 nt. 4.6 6.8 5.7
Scania 10/20 10/26° 10/29  10/25 4.3 6.7 4.4 5.1
63-3 2/18 11/20 12/ 3 12/24 2.0 2.9 5.4 3.4
63-12 3/ 2 2/25 2/25 2/26 2.4 2.5 2.7 2.5
66-15 4/ 6 2/10 2/ 4 . 2/26 2.1 1.8 1.7 1.9
63-41 1/19 12/30 1/17 /11 3.8 3.3 3.4 3.5
62-18 12/15 11/18 12/ 6 12/3 4.0 4.6 4.1 4.2
63-35 12/15 11/ 4 11/1 11/16 4.6 7.3 5.9 5.9
63-8 12/19 12/ 8 12/ 3 12/10 3.0 4.0 6.2 4.4
62-48 12/ 5 11/10 12/9 11/28 7.0 7.2 2.7 5.6
64-56 12/15 2/ 8 /11 /11 5.8 4.6 6.0 5.5
63-7 12/22 12/21 12/28  12/23 6.5 5.8 5.1 5.8
62-2 11/ 4 10/30 10/ 1 10/22 5.2 7.1 5.7 6.0
63-24 11/18 11/20 12/15 11727 4.4 6.6 6.8 5.9
64-13 1/12 10/16 12/15 12/ 4 3.1 2.8 5.0 3.6
64-54 11/28 11/20 12/13  11/30 6.7 5.4 3.9 5.3

n.t.: not tested.

Cultural data of experiments are shown in Table 43. :
Yield data were collected from the onset of flowering (early October) until May 31 every year.

Table 43. Cultural data of parental cultivars and second-generation selected lines.

Culture Cultivar Planting of cuttings Planting of rooted Experiment
year or line in rooting medium  cuttings in soil beds terminated
1997-98  Cultivar June 11, 1997 July 4, 1997 May 31, 1998

Selected line June 23, 1997 July 14, 1997 May 31, 1998
1998-99  Cultivar June 15, 1998 July 7, 1998 May 31, 1999

Selected line June 9, 1998

1999-2000 Cultivar
Selected line

June 10, 1999
June 8, 1999

June 30, 1998 may 31, 1999

June 29, 1999
June 29, 1999

May 31, 2000
May 31, 2000

All cultivars and lines were grown in a greenhouse at the National Research Institute of Vegetables,
Omamental Plants and Tea by standard production methods.

The temperature inside greenhouse was maintained above 13 °C.

Rooted cuttings were planted at a density of 36.5 plants/m?.
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Table 44. Correlation coefficients matrix between characters.

Plant Flower  Number Petal Onset of  Yield
height  diameter of petals thickness flowering

Flower diameter -0.26

Number of petals 0.36 -0.14

Petal thickness 0.39 -0.58** 0.39

Onset of flowering  0.60** -0.17 0.29 0.58**

Yield -0.37 0.19 -0.44 -0.21 -0.42

Vase life 0.45*% -0.74**  0.42 0.82%* 0.57%*  -0.40

** * Significant at 1% level f;md 5% level,. respectively.

FB (r=082") MBwdSbMiz, 7o, [ERLHKEE
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Breeding for Resistance to Bacterial Wilt (Burkholderia caryophylli) and
Improvement of Vase Life by Chemicals or Cross Breeding in Carnations

Takashi ONOZAKI

Summary

1.vBreeding for Resistance to Bacterial Wilt (Burkholderia caryophylli)

Bacterial wilt is one of the most important and damaging disease of carnations (Dianthus caryophyllus) in
Japan. It causes serious crop losses in carnations grown in the warm districts. Two hundred seventy seven
carnation cultivars and 70 wild Dianthus accessions were screened for resistance to bacterial wilt by using the
cut-root soaking method with an inoculum concentration of 107 c¢fu (colony-forming units) / ml. Two hundred
seven cultivars (74.7%) were highly susceptible, whereas 3 cultivars, ‘Wiko’, ‘Nocto’, and ‘Sandrosa’
possessed adequate resistance. However, these resistant carnation cultivars seemed to be unsuitable as
parents for resistance. Two highly resistant wild species, D. capitatus ssp. andrzejowskianus and D. henter:
were found. These 2 species showed no disease symptoms throughout the experiment.

Interspecific hybridization between carnation and D. capitatus ssp. andrzejowskianus, highly resistant wild
species to bacterial wilt, was carried out in order to introduce the resistance into carnation cultivars. Obtained.
T'1 seedlings were tested for the bacterial wilt resistance using screening methods. It was shown that
resistance of Dianthus wild species to B. caryophylli was inherited by interspecific hybridization. Thus, a new
bacterial wilt resistant line ‘Carnation Nou No.1’ was selected out of F1 progenies derived from the cross of
spray-type carnation ‘Super Gold" X D. capitatus and registered by Ministry of Agriculture, Forestry and
Fisheries in 1996.

Linkage of random amplified polymorphic DNA (RAPD) markers with resistance genes to bacterial wilt was
studied using 134 lines derived from crossing of susceptible ‘Pretty Favvare’ and resistant ‘Carnation Nou
No. 1'. Eight markers were found to be linked to resistance genes of bacterial wilt and identified two linkage

groups. These markers should be useful for marker-assisted selection in carnation breeding programs.

2. Effect of a -aminoisobutyric acid (AIB) application on the prolongation of the vase life of cut carnation
flowers. '

In order to detect a non-heavymetalliferous and substitutable preservative for silver thio-sulfate which
contains heavy metal, the effect of & -aminoisobutyric acid (AIB) on the vase life longevity of cut carnation
flower was tested. As a vase solution, 20mM AIB solution gave a remarkable effect to retain freshness of cut

carnations.
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The addition of calcium nitrate to AIB éolution is effective to extend the longevity of cut carnation flowers. In
the continuous treatment, the addition of 2.5 mM calcium nitrate to 10 mM AIB in the vase solution
significantly prolonged the vase life of ‘Soana’ cut flowers, relative to control, 10 mM AIB solution and 2.5
mM calcium nitrate solution. This combination treatment was as effective as 20 mM AIB solution in extending
vase life of carnations. In the pretreatment, the use of single 60 mM AIB solution for 21 or 24 hours
significantly extended the vase life of ‘Nora’, relative to control. Furthermore, the use of 60 mM AIB + 10
mM calcium nitrate solution for 21 or 24 hours enhanced the vase life by 20 % or 14 % over that of single 60

mM AIB solution, respectively.

3. Genetic improvement of vase life of carnation flowers by crossing and selection

Conventional cross-breeding techniques was used to develop many carnation lines with long vase life and
either low ethylene production or low ethylene sensitivity. Two cycles of selection and crossing to improve vase
life led to a 3.6-day increase in mean vase life. All 39 selected lines had significantly longer vase life than the
control cultivar, ‘White Sim’. In particular, second-generation lines 63-3, 63-12, 66-15, and 63-41 had a mean
vase life of more than 15 days without chemical treatment. Measurements of ethylene production indicated
that flowers of all second-generation selected lines had a greatly reduced capacity to produce ethylene. Three
lines (515-10, 64-13, and 64-54) with low ethylene sensitivity was screened. Evaluation by exposure to ethylene
at high concentration showed that 64-13 and 64-54 were less sensitive to ethylene than ‘Chinera’, which is
known for it low sensitivity. The vase life of these low-sensitivity lines was about twice that of ‘White Sim'.
The extended vase life of selected lines was related to low ethylene production at flower senescence rather than
to degree of ethylene sensitivity in young flowers. Ethylene sensitivity decreased with the age of the flower in
many selected lines. The results clearly show that vase life of carnation flowers can be extended by crossing

and selection.



