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Fig. 1-1. Ikenobo Ikebana that I arranged. (Style: Shoka Shimputai,

Materials: Anthurium, Gypsophila, Dahlia)




Fig. 1-2. Ikenobo Ikebana that I arranged. (Style: Rikka Shofutai,

Materials: Gypsophila, Rose, Iris ochroleuca, Iris japonica, Aglaonema,

Sword fern)
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Normal inflorescence Abnormal inflorescence (Type 1)

Abnormal inflorescence (Type 2) Abnormal inflorescence (Type 3)

Fig. 1-3. Typical appearance of normal (A) and three types of abnormal (B to D)
inflorescences in Gypsophila paniculata ‘Altair’. One part of abnormal branching of
Type 1 or 2 involves 1 or 2 nodes or internodes, whereas Type 3 branching involves

multiple nodes and internodes. Arrows designate abnormal branching.



Fig. 1-4. A method of lighting
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OTypel OType2 B Typed
6 - a
g
o a
L4 - a
-
L
L]
L b
2 - b C
d
_h b b —
0 T T T 1
Altair Yukinko Bristol Fairy New Face

Cultivar

Fig. 1-5 Effect of cultivar on occurrence of abnormal inflorescence in

Gypsophila paniculata.

Floret loss (= rate of non-marketable florets in an inflorescence caused by
abnormal branching).

z Different letters within columns indicate significant at P < 0.05 by

Tukey’s HSD test (n=4)
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Table 1-1. Effect of cultivar on flowering and cut flower characteristics of

Gypsophila paniculata.

Date of Date of Cut flower Cut flower Number of
Cultivar
budding blooming length (cm)  weight (g) nodes
Altair 18-Dec b? 4-Feb ab 131.5 b 2438 b 20.8 ab
Yukinko 11-dan ¢ 16-Feb b 131.0 b 180.2 ab 243 b
Bristol Fairy 2-Jan bc 13-Feb b 132.5 b 129.6 a 20.5 ab
New Face 29-Nov a 15-dan a 86.3 a 105.7 a 17.5 a

2 Different letters indicate significant at 2 < 0.05 by Tukey’ s HSD test (n=4)
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OTypel BType 2 @Type 3

30
)
@
o 20
o+~
o
)
T
10
. = T

Nov. Dec. Jan. Feb.
Month of flowering

Fig. 1-6. Seasonal changes of floret loss (rate of non-marketable florets in

an inflorescence caused by abnormal branching).
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OType 1 DOType2 MType 3

10 -

Floret loss (%)

12 16 20 24
Day length (h)

Fig. 2-1. Effect of day length on occurrence of abnormal branching in
Gypsophila paniculata ‘Altair’ in 2009.

Floret loss (= rate of non-marketable florets in an inflorescence caused by

abnormal branching).

30

OType 1 BType 2 BType 3
25 -

20 -

15 -

Floret loss (%)

(&)}
1

Natural

Day length (h)

Fig 2-2. Effect of day length on occurrence of abnormal branching in
Gypsophila paniculata ‘Altair’ in 2010.

Floret loss (= rate of non-marketable florets in an inflorescence caused by

abnormal branching).
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Table 2-1. Effect of day length on flowering and cut flower characteristics of Gypsophila paniculata ‘Altair’

Day length Date of Date of Cut flower Cut flower Number of
(h) flower budding blooming length (cm) weight (g) nodes
12 18-May a? 9-Jun a 93.1 a 99.2 a 20.5 a
16 17-May a 8-Jun a 95.3 a 86.3 a 21.6 a
20 15-May a 7-Jun a 958 a 109.6 a 19.6 a
24 14-May a 6-Jun a 97.0 a 101.8 a 19.9 a

ZDifferent letters within columns indicate significant difference at P <0.05 by Tukey’s HSD (n=8)

Table 2-2. Effect of day length on flowering and cut flower characteristics of Gypsophila paniculata ‘Altair’ in 2010.

Day length Date of Date of Cut flower Cut flower Number of
(h) flower budding blooming length (cm) weight (g) nodes
Natural 7-Feb 25-Mar 126.9 210.4 25.6

24 14-Feb 26—-Mar 120.3 192.2 26.9
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Fig. 2-3. Effect of supplemental lighting source on occurrence of abnormal
branching in Gypsophila paniculata ‘Altair’.
Floret loss (= rate of non-marketable florets in an inflorescence caused by

abnormal branching).
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Table 2-3. Effect of supplemental lighting source on flowering and cut flower

characteristics of Gypsophila paniculata ‘Altair’ .

Types of
Date of Date of Cut flower Cut flower Number
supplemental
flower budding blooming length (cm) weight (g) of nodes
lighting

Fluorescent lamp Dec-09 a’‘ Jan-10 a 127.7 a 131.3 a 21.2 a

Incandescent
Dec-09 a Jan-10 a 137.6 b 155.9 ab 21.3 a
lamp
Metal halide
Dec-09 a Jan-10 a 133.1 ab 141.7 a 20.8 a
lamp

High—pressure
Dec-09 a Jan-10 a 134.8 ab 177.1 b 21.2 a
sodium lamp

z Different letters indicate significant difference at P <0.05 by Tukey's HSD test (n=9)
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Fig. 2-4. Effect of 75% shading period on occurrence of abnormal branching
in Gypsophila paniculata ‘Altair’.
Floret loss (= rate of non-marketable florets in an inflorescence caused by

abnormal branching).
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Table 2-4. Effect of 756% shading period and cut flower characteristics of Gypsophila

paniculata ‘Altair’.

Durarion of Date of flower Date of Cut flower Cut flower  Number of
shading budding blooming weight (g) length (cm) nodes
Oct .17-0Oct.26 Dec-08 b* Jan-09 b 199.9 a 128.0 a 245 b

Oct.27-Nov. 6 Nov-08 ab Dec-08 a 146.0 a 1153 a 22.5 ab
Nov. 6-Nov.15 Nov-08 a Dec-08 a 131.5 a 122.3 a 21.5 a

Nov.16—-Nov.25 Nov-08 ab Dec-08 a 131.5 a 129.8 a 23.5 ab

zDifferent letters indicate significant difference at P <0.05 by Tukey's HSD (n=6)
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Fig. 2-5. Effect of heating temperature on occurrence of abnormal branching
in Gypsophila paniculata ‘Altair’.
Floret loss (= rate of non-marketable florets in an inflorescence caused by

abnormal branching).

Table 2-5. Effect of heatingtemperature on flowering and cut flower

characteristics of Gypsophila paniculata ‘Altar’.

Heating Date of flower Date of Cut flower Cut flower Number of
temperature budding blooming length (cm) weight (g) nodes
8°C 1/5 b? 2/16 b 127.3 b 164.6 a 22.8 a
15°C 12/10 a 1/1 a 104.5 a 100.5 a 215 a

> Different letters indicate significant difference at P <0.05 by t—-test (n=4).
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Fig. 2-6. Effect of average night temperature in each experiment on
occurrence of abnormal branching in Gypsophila paniculata ‘Altair’ in

each experiment of chapter 2.
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Fig. 3-1. Effect of minimum air temperature on occurrence of abnormal branching in
Gypsophila paniculata ‘Altair’ in winter.

(A) Numbers of abnormal branches and rate of Type 3 incidence in an inflorescence,
and (B) floret loss (= rate of non-marketable florets in an inflorescence caused by
abnormal branching). Vertical bars indicate SE (n=6).

Types of abnormal branching: (1 Type 1, E Type 2, Il Type 3, == Incidence of
Type 3
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Fig. 3-2. Effect of night temperature on occurrence of abnormal inflorescence in
Gypsophila paniculata ‘Altair’ in summer.

(A) Numbers of abnormal branches and rate of Type 3 incidence in an inflorescence,
and (B) floret loss (= rate of non-marketable florets in an inflorescence caused by
abnormal branching). Vertical bars indicate SE (n=9).

Types of abnormal branching: [ Type 1, [ Type 2, Il Type 3, =®= Incidence of
Type 3

36



Table 3-1. Effect of minimum air temperature on flowering and cut flower characteristics of Gypsophila

Minimum air Date of flower Date of Cut flower Cut flower Number of
temperature (°C) budding blooming length (cm) weight (g) nodes

7 9-Mar b* 19-Apr b 117.5 b 166.6 a 33.0 b

11 11-Mar b 15-Apr b 95.0 a 143.8 a 34.2 b

15 25-Jan a 20-Feb a 88.5 a 88.6 a 27.3 a

LE

ZDifferent letters indicate significant difference at 2 < 0.05 by Tukey’ s HSD test (n=6).

Table 3-2. Effect of night temperature on flowering and cut flower characteristics of Gypsophila

Night
Date of flower Date of Cut flower Cut flower Number of
temperature
( budding blooming length (cm) weight (g) nodes
oc)
5 5-Jdul a* 23-Jul a 81.3 a 45.6 a 25.4 a
Ambient 22-Jun b 12-Jul b 79.8 a 57.0 b 21.1 b

z Different letters indicate significant difference at P < 0.05 by t-test (n=9).
The average maximum temperature was 34.0°C and average minimum temperature was 19.1°C from

. planting to flowering.
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Fig. 3-4. Effect of soil temperature on occurrence of abnormal inflorescence in

Gypsophila paniculata ‘Altair’

(A) Numbers of abnormal branches and rate of Type 3 incidence in an inflorescence,
and (B) floret loss (= rate of non-marketable florets in an inflorescence caused by
abnormal branching). Vertical bars indicate SE (n=9).

Types of abnormal branching: [] Type 1, [ Type 2, Il Type 3, =@= Incidence of
Type 3
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Table 3-3. Effect of soil temperature on flowering and cut flower characteristics

of Gypsophila paniculata ‘Altair’.

Soil
Date of Date of Cut flower Cut flower Number of
temperature
) flower budding blooming length (cm) weight (g) nodes
8 28-Jan a®> 26-Mar ab 142.7 a 210.6 a 29.0 a
12 30-Jan a 27-Mar b 145.0 a 212.4 a 29.4 a
16 27-Jan a 27-Mar ab 142.4 a 210.0 a 30.0 a
20 24-Jan a 22-Mar a 134.0 a 197.9 a 28.1 a

2 Different letters indicate significant difference at P<0.05 by Tukey's HSD test (n=9)
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Fig. 83-5. Scheme of 15°C heating period and means date of flower budding

in each treatment (arrows) in experiment of Ch. 3-3.
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Table 3-4. Maximum air temperature and minimum air temperature in each

treatment.
Heating 15°C heating period
temperature 0-2wW 2-4W 4-6W 6-8W
Maximum air
. 23.4 21.8 221 21.4
temperature (°C)
7°C
Minimum air
8.4 7.7 7.9 6.9
temperature (°C)
Maximum air
24.6 24.5 24.7 24.7
temperature (°C)
15°C
Minimum air
15.2 14.7 14.2 14.2

temperature (°C)
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Fig. 3-6. Effect of 15°C heating period on occurrence of abnormal branching in
Gypsophila paniculata ‘Altair’ .
Floret loss (= rate of non-marketable florets in an inflorescence caused by abnormal
branching).

z Different letters indicate significant at P < 0.05 by Tukey’s HSD test (n=6)
vy See Fig. 3-5. for details of treatments.
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Table 3-5. Effect of 15°C heating period on cut flower characteristics of
Gypsophila paniculata ‘Altair’.

15°C heating Cut flower Cut flower Number of
period length (cm) weight (g) nodes
0-8W 949 a* 106.3 a 20.4 a
0-2W 142.2 b 122.5 ab 19.5 a
2-4W 146.3 b 123.8 ab 219 a
4-6W 169.9 b 1294 b 20.6 a
6-8W 150.2 b 126.3 ab 21.0 a

z Different letters indicate significant difference at £ < 0.05 by Tukey' s HSD test (n=6).
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Fig. 3- 7. Shoot growth (A) and developmental stages of the apical bud (B)

Shoot length at the start of treatment (cm)

in Gypsophila paniculata ‘Altair’ at the start ( @ ) and the end ( A ) of

15C heating for 15 days.

(A) At the start ( [l ) and the end ( [_] ) of 15°C heating for 15 days on
shoot length. At the start ( ) and the end ( [_] ) of 15C heating for

15 days on number of nodes.
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Fig. 3-8. Effect of heating (15°C, 15 days) at different developmental stages
of shoot on occurrence of abnormal branching in Gypsophila paniculata
‘Altair’ .

(A) Numbers of abnormal branches and rate of Type 3 incidence in an
inflorescence, and (B) floret loss (= rate of non-marketable florets in an
inflorescence caused by abnormal branching). Vertical bars indicate SE
(n=10)

z Different letters indicate significant at P < 0.05 by Tukey’s HSD test
(n=10)
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Fig. 3-10. Effect of low temperature (7°C, 15 days) at different
developmental stages of shoot on occurrence of abnormal branching in
Gypsophila paniculata ‘Altair’ .

(A) Numbers of abnormal branches and rate of Type 3 incidence in an
inflorescence, and (B) floret loss (= rate of non-marketable florets in an
inflorescence caused by abnormal branching). Vertical bars indicate SE
(n=6)

z Different letters indicate significant at P < 0.05 by Tukey’s HSD test
(n=6)
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Table 3-6. Correlation coefficient between cumulative hours exposed to low

temperature and floret loss caused by Type 3.

Exposure period

Temperature (°C) Pinching to
Budding to Flowering
Budding
< 9 0.819 0.010
< 11 0.788 0.016
< 13 0.766 0.004
< 15 0.745 0.010
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Fig. 4-1. Effect of intermittent heating on occurrence of abnormal
branching in Gypsophila paniculata ‘Altair’ .

(A) Numbers of abnormal branches and rate of Type 3 incidence in an
inflorescence, and (B) floret loss (= rate of non-marketable florets in an
inflorescence caused by abnormal branching).

z Different letters indicate significant at 2< 0.05 by Tukey’s HSD test (n=6)
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Table 4-1. Effect of intermittent heating on cut flower characteristics of Gypsophila

paniculata ‘Altair’.

Heating Date of

Dade of Cut flower Cut flower Number of

Temperature cycle flower

blooming length (cm) weight (g) nodes

(day) budding
7°C — 1/1 b 1/29 b 110.0 ab 102.5 b 19.8 a
1—1 12/17 a 1/14 a 105.5 a 69.0 a 19.0 a
15 2—2 12/21 a 1/18 a 108.5 ab 745 a 20.2 a
3—3 12/18 a 1/15 a 113.8 b 70.7 a 19.7 a
5—5 12/17 a 1/12 a 108.3 ab 67.0 a 19.5 a

zDifferent letters indicate significant differenceat P<0.05 by Tukey’'s HSD test (n=6)
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Fig. 4-2. Effect of intermittent heating on occurrence of abnormal

branching in Gypsophila paniculata ‘Altair’ .
z Different letters indicate significant at < 0.05 by Tukey’s HSD test (n=6)

Table 4-2. Effect of intermittent heating on cut flower characteristics of

Gypsophila paniculata ‘Altair’.

Temperature Heating Date of Cut flower Cut flower Number of
cycle Blooming length (cm) weight (g) Nodes

7°C — 8-Apr d* 119.3 a 128.6 a 25.4 b

— 28-Feb a 113.7 a 120.1 a 24.0 a

3D/3D-Dec4 25-Mar bc 119.3 a 112.8 a 25.4 b

11°C 3D/3D-Dec7 25-Mar bc 120.0 a 118.3 a 257 b

5D/5D-Dec4 31-Mar becd 115.0 a 103.7 a 26.0 b

5D/5D-Dec9 25-Mar b 123.6 a 127.0 a 25.4 b

z Different letters indicate significant at 2 < 0.05 by Tukey’s HSD test (n=6 )
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Fig. 4-3. Scheme of heating device.

69



#® 5
AT 3ORRAEANHTHITTCK TR bEmL, TOMODLIEKX EHEL THE
WML (FB4—4X). A4 71 BIRZA 7 20RENFTHITHT DL
HXTH 4~6 2207, 1~5nfiTholz. BAMBII TCRTHBEICELS RY, %
DO OMLFX LB L TR 2EBEP 72, WTROLBEXIZE W THEYE

R, UV HEBLIVUHBICAEREZTIRDOA R > (B 4—-3FK).

E3IH EF B
2012 4, 2013 F L T TCR & L CTRIKRIMMEX D % A4 7 3 ODFEAE
FEICEKTLEZZED, BXRMEIZ 11CHE XN 15CHMIE & [FRE OB R

HAFIHBRENGEOND Z LWL NTR o7, UV EREDORE, 2012

DF

EETIE, MXMEBEXOO Y EHICABERETFAROON ROV AERICAE
RAETRD LN -T2, 2013 FE TIE, VAR, IV AEEICAEREITR
DONBEMholoZ Enh, BIXMET S22 L TREMMMEIZX 200 ELE DK
TEMHT N TER.

P~ T, AIRFEZEFTERCRODEREFOLEBTREZMADL ZLITL-
THIREORE CRE~DORICEM OEREZRT RPN DY, BERFDOIREL
ML LT HMEDOEREEZMZLDIDEN DL EWESNTEY (F
[ - mfE, 1981), REBRTH TCR LKL THA LRI XL ORTK FEIZHE N T
AT 3OREBEFELEFEEPHTBIATICEKTLEZ LS, FLEY DR
eI LIc K VBRREFSEFIMBI SRR 5. £, #i
KEBIOHZEA L HIZ IICINRERBECEEEFILFIMH DR LR D Z
ERTE ., LEHHPICEIT S 9CUTOEAEMIEEERMIX TCX, mi#&
EREBLOBE LXK TEN TN 534.3h, 299.5h, 240.7Th TH VD, 8CLL F DO

BHREEEFIZTCR, A ERB L OBKEX TENF N 444.8h, 226.7h,

70



E,, OType 1 OType 2 B Type 3
5 a
£ 6 -
8 ©
3 8 : a b
€ o
s 2 4 a
e o4
a o a
=
q6 £ b ab
L a
) 2
a
£ b D
=)
- : I
0 T T T
7°C Heating of first Heating of last Entire period
half half
Treatment
11°C

Fig. 4-4. Effect of heating period of a day on occurrence of abnormal

branching in Gypsophila paniculata ‘Altair’ .

z Different letters indicate significant at < 0.05 by Tukey’s HSD test (n=6)

Table 4-3. Effect of heating period of a day on cut flower characteristics of

Gypsophila paniculata ‘Altair’.

Cut flower

Date of Cut flower Number of
Temperature Treatment length
Blooming weight (g) Nodes
(cm)
7°C Entire period 10-Apr a° 117.9 a 116.4 a 25.9 a
Heating of
30-Mar b 121.4 a 117.6 a 26.3 a
first half
11°C Heating of
26—-Mar b 125.0 a 99.7 a 26.1 a
last half
Entire period 26-Mar b 119.3 a 100.6 a 26.9 a

z Different letters indicate significant at 2 < 0.05 by Tukey’ s HSD test (n=7)
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Table 4-4. Effect of heating period of a day on exposure period of Gypsophila
paniculata ‘Altair’.

Exposure period (h)

Treatment
=8 C =9 C
7° C 4448 534.3
Heating of first half 226.7 299.5
Heating of last half 160.3 240.7
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