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Fig. ‘Kokuchou' (left), ‘Nesshou’ (medium), ‘Saisetsu’ (right)



Table 1-1. Vase life of cut inflorescences of three dahlia cultivars.

Cultivars Vase life (days)
‘Kokuchou’ 905t1.74
‘Nesshou’ 75%05a
‘Saisetsu’ 4310.5b

“Means separation by Tukey’ s Kramer test at < 0.05 (£ SEs, n = 5).
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Fig. 1-1. The device for measuring drawing resistances (A), ‘Kokuchou florets drawn

out on day 3 (B) and drawing resistances of petals from  ‘Kokuchou'  (C),

‘Nesshou' (D), and ‘Saisetsu” (E) inflorescences.  Different letters indicate

significant differences within the same whorls by Tukey s test (P < 0.05). Bars

indicate SEs (n = 6). Red arrows indicated the florets drawn out from the receptacles
with their ovaries.




Table 1-2. Effects of exposure to 1 ul.'L.™" ethylene on the vase life of cut
‘Saisetsu”  inflorescences.

Treatments Vase life (days)
Control 42%04°
Ethylene 28104
Significance’ *

“Means £ SEs (n = 5).
"*indicates significant at £< 0.05 by #test.

(A) 20
18 @
Z
o 16} a
S a a8
R L S S
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£ 10 b b
C
% 08} ¢ —*— Day0
&) —v— Day 2 control
88/ —s— Day 2 ethylene
' 1 23 4 5 6
Whorls in an inflorescence from the outside

Fig. 1-2. Drawing resistances of petals (A) and the petal senescence (B) of  ‘Saisetsu’
cut inflorescences treated with or without 1 uL-L™" ethylene for 18 h. Different letters
indicate significant differences within the same whorls by Tukey’ s test (P < 0.05).
Bars indicate SEs (n = 5). The photograph was taken on day 5.
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1-3. Ethylene production by individual —‘Kokuchou’
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= 4),

(A)7
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(C) florets 1n the cut inflorescences. Different letters indicate significant
differences within the same whorls by Tukey’ s test (P< 0.05). Bars indicate SEs (n
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Fig. 1-4. The preharvest inflorescence stages of  ‘Saisetsu’  growing in the open field (A)

and the ethylene production by the individual florets at stage A - D (B). Different
letters indicate significant differences within the same whorls by Tukey s test (P<
0.05). Bars indicate SEs (n = 4). Stage A: the outermost petals protruded from the
bracts, but only expanded slightly; Stage B: the outermost petals began to expand;
Stage C: the outermost petals expanded to about 45; Stage D: the outermost petals
expanded horizontally (the standard harvest stage).
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Table 1-3. Effects of ovary removal and fructose treatments on the life of florets in three

cultivars.
Floret Vase Presence Floret life (days)
position  solution * of ‘Kokuchou'’ ‘Nesshou’ ‘Saisetsu’
ovaries (n=12) (n=16) (n=15)
1st whorl DIW Yes 5.6 4.1 7.0
No 6.9 4.9 7.0
2% fructose Yes 7.1 5.5 7.3
No 8.1 5.8 7.8
Significance by ANOVA’
Vase solution (V) *¥ *k* *
Presence of ovaries (O) o o NS
VxO NS NS NS
3rd whorl DIW Yes 7.1 4.9 7.4
No 7.7 5.5 7.8
2% fructose Yes 8.2 5.8 7.5
No 9.0 6.7 7.6
Significance by ANOVA’
Vase solution (V) Rk ek NS
Presence of ovaries (O) * ek NS
VxO NS NS NS
5th whorl DIW Yes 7.0 5.4 8.1
No 7.5 5.6 8.4
2% fructose Yes 7.9 6.5 8.6
No 8.5 7.5 9.0
Significance by ANOVA’
Vase solution (V) wokK HAK *
Presence of ovaries (O) * w3k NS
VxO NS NS NS

“Kathon ™ CG at a concentration of 1 mL-L™" was added to the vase solutions as a
bactericide.
NS, *, ** *** Nonsignificant or significant at £< 0.05, 0.01, and 0.001, respectively.
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Days after treatment
Fig. 1-5. Effects of ovary removal on the changes in the relative fresh weight of
‘Kokuchou'  florets dissected from the first (A) and fifth whorls (B) of
inflorescences and placed in DIW or 2% fructose solution. Bars indicate SEs (n = 8).

fatHE U 7 B B R SRR Z e Nl N EZ T BT S5 2 e TR 1-3 B
JEANAE - iE LA R R [ A EHR AR R~ (Fig. 1-6.A, B, C) » fERBEFRT
RV INEH - S LB R AR R BRUIR S 5 REE R B H £ AAf#(Fig. 1-6.D,E, F) -
MAERER T R/ IMET Al A SR B S £ Fig. 1-6.G, H, 1) »

By T R E A S O oKy R e B 28 K T B 2/ IMELU
BErTF B 2/NME  FHIBERNEEN & 208 FEREFEAY » NEEERE 0K
KR 5 REVBEHACHRILAE mlA M 2 & - SR OREIC O X2 S A0
Rl ~ LU DR HE BERIUR T TF - BT e BRIk ] 457
/METEIHEE RSN > B m] DU IR iR R VAR 2 & REER T B/ IMERI R
PSR > AR S B0 B AT D (Table 1-4) » DL ESERBUR T 52 20k
JE EHIRRSE - TR AR AR R S PR B/K o BN ATCHR ~ G E
b~ TEMRZE A ~ Sendd -
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Day 0 Day 6, with ovaries Day 6, without ovaries
(A) (D) = S (G) :

‘Kokuchou’

‘Nesshou’

‘Saisetsu’ ¢

Fig. 1-6. Resin sections of the florets from the first whorl on day 0 (A, B, C), and florets
with ovaries (D, E, F) or without ovaries (G, H, I) on day 6. Frames show the
abscission layers. O: ovaries, P: petals, C: calyxes. Scale bars indicate 200 um. Note
that a breakdown of the abscission zones occurred in -~ ‘Nesshou™  (E).

Table 1-4. Effects of ovary removal on the sugar content of ‘Kokuchou’  petals held in
DIW or 2% fructose medium.

Vase * Presence of  Fresh weight Sugar content (ug/petal)
medium OVares (mg) Glucose  Fructose Sucrose Total
Day 0 - 252.7 1642 1643 124 3454
Day 5
DIW Yes 161.4 435 508 54 998
No 182.6 488 506 81 1075
2% fructose Yes 131.6 874 1340 116 2331
No 183.3 1387 2334 158 3879
Significance by ANOVA (n =8)°’
Vase medium (V) NS *xk *xk * *okk
Presence of ovaries (O) k¥ NS * NS *
Vx0O NS NS * NS *

*Kathon™ CG at a concentration of 1 mLL ™" was added to the vase medium as a
bactericide.
NS, *, *#* *** Nonsignificant or significant at £< 0.05, 0.01, and 0.001, respectively.
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{E 515 M NMEEEYITE 2 5 pa BEES SRR « P B 2018/ NME S tls Ry 4k
(Table 1-5) > {EfEEmE R IR R EM - /MEF I RNUIACE G » BRIt d
A HACEs AR ~ TEFE NGB R CIFE L - IEE A ERaa AR R - REETE
CIGE PR BT FE9h - B/ ~ fE6t ~ IREREESRBENgELE LM -

(&R NMEREE LG RACHE T 5 Repa H e e SR S 5 R g - “HRdR B

FE MERRERSE 5 K HACREEE R A E AR E R L 155 47

HE o CENE AYEEEANAREER AR H AR S = S IR (Fig. 1-7) 0 A
SesE I T LIS EE (R S o I TR B S A Sy

Table 1-5. Effects of treatments of individual florets with exogenous ethylene on floret life
of three dahlia cultivars. .

Treatments Floret life (days)

‘Kokuchou" (n=7)  ‘Nesshou” (n=10) ‘Saisetsu’ (n=6)
Control 10.2 6.5 6.3
1 uL-L" Ethylene 8.4 5.7 6.0
Significance * kK ol NS

“NS and ** indicate non-significant or significant by t-test at 2<0.01.

Fig. 1-7. Resin sections of the ‘Kokuchou' (A), ‘Nesshou’ (B) and ‘Saisetsu’
(C) florets treated with 1 W L'L™" ethylene on the harvest day. Arrows show the
abscission layers, O: ovaries. P: petals, C: calyxes. Scale bars indicate 200 4 m. Note
that the breakdown of the abscission zones and the petal separation from the ovary
occurred in- ‘Kokuchou’ (A) and ‘Saisetsu’  (C). Photographs were taken on the
day 5 after ethylene treatment.
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(FI1-MCP Rijpz

YIFEE K L HAY 06 (E INHIEA RAEEHY 1-MCP  ROR ARV (AR B R
(STS) » HiF B 3 A FAEVITEWERTRIBER - NS EARUERILA S > &
WAE AU RE AR BE 2GR - 5 85| STS IRAe REiEATE U A B ZHUE A
K BANE R R UIAEBUL - Ee AR B R ERILAATE S - 1 ELAR IR PR st B dd AR
PREER A IIER (R B SR AT DT C RS B ~ i as an AR A 7K e B i
I UFE AT LA Z ST R R B 88 A 1-MCP -

BT PR AR URERT 3 RIEEBHTHY 2 fof7(Stage C > R Fig. 1-4A) >
BBt e He RO FE (R AR BB A L B B B - B ZI&F FIOIARIET 1-MCP
PLSHEE ARSI (E HUREELERFAELY 1 ppm> F45F 18 /NF(PM4:00-AM 10:00) *
ZIRBIBLR T > TP e 2haE &R (Stage D > & Fig. 1-4AVHRIL - &EREEH
AEPRITHTEEEE 1-MCP HYPIFE » MEMFEF Ay i EREY—K - 1CH S JHYE(K
WAEBERR > 1 EAE SN EESNmH MU S AR B B & = (Table
1-6 ~ Fig. 1-8) » BURNE S E THVIMELIGZ ST -

SR ERITAT 1-MCP BB FCERISIR 2% FOBE R BRAY R - S5 RBURHEINPR
WAt 1-MCP BRI PRI SR B B AT e BB E s (B —m B H R HIER
IMEFIET 1R MHERT B RSRE > BB —pa B RE AU/ ME
ZAb > (S a0 2-3 R(Table 1-7) ©

Table 1-6. Effects of preharvest 1 uL-L" 1-MCP treatment on the vase life of cut
‘Saisetsu”  inflorescences

Treatments Vase life (days)
Control 5.1°

1 uL-L" 1-MCP 6.1
Significance ’ *

“Means * SEs (n = 8).
"*indicates significant at 2< 0.05 by #test.
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Whorls of florets in an inflorescence
Fig. 1-8. Effects of a pretreatment of 1 g L' 1-MCP on the petal drawing resistances of
‘Saisetsu’ on the day 1 . The inflorescences at Stage C were treated with or
without 1 g L-L" 1-MCP and were harvested at the standard harvest stage (Stage D).
Bars indicate SEs (n = 3).

Table 1-7. Combination of preharvest 1 ul.-L." 1-MCP and postharvest 2% fructose
treatments on  ‘Saisetsu’  floret life.

Pretreatments Vase solutions * Floret life
(days)

Control DIW 55
2% fructose 6.5

1 uLL" 1-MCP DIW 6.1
2% fructose 8.6

Significance by ANOVA "’

Pretreatment (P) *ok%

Holding solutions (S) *k%

P xS *

* Kathon” CG at the concentration of 1 mL-L" was added to the deionized water as a
bactericide in vase solution.
"kand *** Significant at £< 0.05 and 0.001, respectively (n = 6).
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UIHEHTEA(E?) ~ EE: ~ TR =80k > it e B A S B E—
TE ARG V] EERREHER SR BRIV IRgERR
A PRI - BB E{ B BEE (source) B2 BEVITE R /K KR » BRI » Uk
VIEEEICM IR 2 RERITEF st AT R, IR A R STy AR B RE
ERHER - AUFE BB e Ea B (R ~ R 22/ - BEE(E
H¥ffer&Ea 28 SR EUHE RV BT EM e 2 nI Mt b Ak

(—) BERREHV S ZEE

o CREE B SRR UNMCBERATAER  EERREFEEE S A0 K 40 &
SrIEILA S SREBUNERRAH A HEAL 5y B 5 B (Table
2-1)-

N

Table 2-1. Effects of the stem length on inflorescence life of cut  ‘Kokuchou' and

‘Saisetsu’
Cultivars and Inflorescence life (days)
treatments’
‘Kokuchou’
Detached flowers 7.5%0.6
Defoliated cut flower 7.0%0.3
Significance’ NS
‘Saisetsu’
Detached flowers 45%0.2
Defoliated cut flower 43%0.2
Significance’ NS

" The detached flowers had 5 cm stems and the defoliated cut flower had 40 cm stems.
'NS means non-significant by t-test at 2> 0.05 (means * SEs, n = 6).
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Stage 1 Stage 2 Stage 3
Fig. 2-1. ‘Saisetsu’ cut flowers harvested of different inflorescence development stages.

Stage 1: immature inflorescences with the outermost petals began to expand; Stage 2:
standard harvest maturity with the outermost petals expanded horizontally, Stage 3:
fully-mature inflorescences.

Table 2-2. Effects of removal of inflorescences or leaves on the vase life of three dahlia

cultivars.
Cultivars and cut stem types  Inflorescence Leaf life Callus formation (%)
life (days) (days)

‘Kokuchou™  (n=7)
Intact cut flowers 74%04° 16.7£0.8 14
Defoliated cut flowers 7.8%0.3 - 0
Deflowered cut stems - 19.6%0.3 71
Significance’ NS *k

‘Nesshou'  (n=8)
Intact cut flowers 49%0.2 11.6%0.8 50
Defoliated cut flowers 5.8%0.2 - 37
Deflowered cut stems - 15.8%0.9 75
Significance’ * o

‘Saisetsu”  (n=10)
Intact cut flowers 3.710.1 14.6£0.5 60
Defoliated cut flowers 46%0.2 - 30
Deflowered cut stems - 182%1.0 100
Significance’ * *
* Means * SEs.

" NS, *, and ** indicate non-significant at 2> 0.05 or significant at 2< 0.05 and 0.01 by
t-test.
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* Kokuchou' (n=10) ‘Nesshou’ (n=8) ‘Saisetsu’ (n=10)

o) (B) ©

110
100
90| —® Intactcut flowers % %
—O— Defoliated cut flowers
80

0f —v— Deflowered cut stems sg

Relative fresh weight

04,0 1 2 3 4 5 6 7 8 9 10

. 7 8
() O )

0.1

Daily water uptake
(mL.gt FW)

0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7
Days after harvest

Fig. 2-2. Relative fresh weights (A, B, C) and water uptake (D, E, F) of 3 types of cut
stems of ‘Kokuchou' , ‘Nesshou" and ‘Saisetsu’ . Bars indicate SEs.
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Fig. 2-3. Total sugar concentrations (sum of sucrose, glucose, fructose, myo-inositol,
nystose and 1-kestose) of the middle florets (A), leaves (B), flower necks (C) and stem
bases (D) of 3 types of cut stems of ‘Kokuchou™ . Bars indicate SEs (n = 6).
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Sugars released into the vase water
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Fig. 2-5. Sugars released into the vase water from 3 types of cut stems of ‘Kokuchou’
(A)and ‘Saisetsu’ (B). Bars indicate SEs (n = 5).
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Table 2-3. Effects of harvest stages on the vase life of cut ‘Saisetsu’

Harvest stages Inflorescence Leaf life Callus formation
life (days) (days) (%)
Stage 1 (immature) 58%0.1a° 8810.6a 10
Stage 2 (standard) 49+103b 105209 a 50
Stage 3 (fully mature) 34102¢ 100£1.0a 50
“Means separated by Tukey’ s test at £< 0.05 (£ SEs, n = 10).
— _
> 15 77/
yo]
C
S , I ,
£% 1
= 1.0 -
;2
= |
2o i
cC ]
=9
S 205 -
SE | O  Stage 1: immauture
3 @® Stage 2: standard
S 7 O  Stage 3: fully mature
(/:) 0.0'7/““l““l““l““l‘“‘l““l““l““
07 8 9 10 11 12 13 14 15

Sugar concentration in stem bases (mg-g* FW)

Fig. 2-6. Relation between sugar concentrations of stem bases and sugar leakage into vase

water in cut  ‘Saisetsu’  at different stages. Sugar: total of sucrose, glucose, fructose

and myo-inositol; Bars indicates SEs (n = 5-6). Stage 1: immature inflorescences with

the outermost petals began to expand; Stage 2: standard harvest maturity with the

outermost petals expanded horizontally, Stage 3: fully-mature inflorescences.
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(A) Control Heat girdling

Flower neck ‘

Petiole

(B)

Flower neck SEaiey

Petiole

Fig. 3-1. Cross sections of heat-girdled flower necks and petioles stained by toluidine blue
in  ‘Kokuchou’ (A) and ‘Saisetsu’ (B). Arrows indicate phloem tissues. Bars
are 200 um.
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Fig. 3-2. Effects of heat girdling on relative fresh weight of cut  ‘Kokuchou” (A) and
‘Saisetsu’  (B). Bars indicate SEs (n =7 and 10, respectively).

Table 3-1. Effects of heat girdling on vase life of cut dahlias

Cultivars and treatments Inflorescence life  Leaf life Callus
(days) * (days)’ formation (%)

‘Kokuchou’

Control 6.7a" 16.1a 0

Heat girdling on the flower necks 73 a 134D 42

Heat girdling on the petioles 73 a 13.1b 14
‘Saisetsu’

Control 45a 204 a 28

Heat girdling on the flower necks 50a 16.0 ab 42

Heat girdling on the petioles 4.4 a 14.8 b 57

“Inflorescence life was determined when petals on the first to fifth whorls showed wilting
or discoloration.

" Leaf life was determined when the half area of lower leaves turned yellow.

“Means are separated in the same cultivars by Tukey’ s test at < 0.05 (n=7).
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Table 3-2. Effects of heat girdling on sugars leakage into the vase water on day 1

Cultivars and treatments Sugars released in the vase water (mg+day” per cut
flower)
Sucrose  Glucose  Fructose myo-Ino  Total
sitol
‘Kokuchou’
Control I.1a"  02b 0.1b 0.la 1.6b
Heat girdling on the flower 1.8 a 1.7 ab 1.5ab 0.1a 5.1ab
necks

Heat girdling on the petioles 1.5a 30a 24 a 00a 6.9 a

‘Saisetsu’

Control 05a 0.7a 03a 0.1a l.6a
Heat girdling on the flower 0.5a 0.9 a 03a 0.1a 1.8 a
necks

Heat girdling on the petioles 0.7a l.1a 0.7a 0.1a 2.6a

* Means were separated in the same cultivars by Tukey s test at < 0.05 (n = 5).

Kokuchou Saisetsu
Day 0 Day § Day 0 Day 5
25 A, B) |
A
~ @»n 20 - F20
3 °
= 8
m  E 8 A s
2 2
= 10 ] F10
g 2
N’
> Ba Ba B a
g 5] Ba Ba Ba I l l
.-
e 8B  H N m |, . . _
< (C P mmmm /77y 0-Inositol D)
25 4 F25 r
® A mmm Fructose
=
- i mmmm Glucose
S 9 == Sucrose
- ]
g 2 s s ] I | -Kestose
= £ ABa . Nystose
wn -
@ g F10
Bb
5 5
l ) Ba
Bb Bb
0] N . = B = |
Control Heat girdling Heat girdling Control Heat girdling Heat girdling
on flower necks on petioles on flower necks on petioles

Fig. 3-3. Effects of heat girdling on the sugar concentrations of middle florets (A, B) and
stem bases (C, D) in  ‘Kokuchou” and ‘Saisetsu’ . Different capital letters indicate
differences among all treatments, lower letters indicate difference among treatments on
day 5 by Tukey’ s test at < 0.05 (n = 5-6).
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Table 3-3. Effects of heat girdling on the flower necks and continuous sugar treatments on
the vase life in ~ “Saisetsu’

Heat girdling Vase solutions Inflorescence life Leaf life Callus
(days) (days) ’ formation

(%)

Control DIW 5.2 10.1 25

(untreated) Fructose 6.9 14.0 25

Heat girdling on DIW 6.0 7.1 37

flower necks Fructose 6.5 13.6 50

Significance *

Heat girdling (H) NS NS

Vase Solution (V) Rk Rk

HxV NS *

“Inflorescence life was determined when petals on the first to fifth whorls showed wilting
or discoloration.

" Leaf life was determined when half the area of lower leaves turned yellow or necrosis.
“NS, * and *** indicate non-significant, significant at £< 0.05 and 0.001 by ANOVA (n =
8).

Table 3-4. Effects of heat girdling on the petioles and subsequent continuous treatment
of 1% sucrose on the vase life and occurrence of leaf damages.

Cultivars and treatments Inflorescence life (days) © Leaf damage (%)’
‘Kokuchou (n=10)

DIW 6.7a" 0

1% sucrose 59a 70

Heat girdling and 1% sucrose 6.5 a 40
‘Nesshou”  (n = 10)

DIW 49b 0

1% sucrose 6.1a 40

Heat girdling and 1% sucrose 5.9 a 20
‘Saisetsu’  (n=18)

DIW 39b 0

1% sucrose 49 a 50

Heat girdling and 1% sucrose 4.7 a 37

“Means are separated in the same cultivars by Tukey s test at 2< 0.05
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