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Continued on next page.
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Stage

Inflorescence Close-up view Front view

P1

P1

P2

P2

L .

Fig. 3. Observation of development of flower bud from several views. 1st F.: 1st floret, O.B.:

Outer bract, I.B.: Inner bract, S.P.: Stamen primordia, S: Stamen, O.P.: Outer perianth,
I.P.: Inner perianth. In close up view pictures after A - P1 stage and in front view pictures
after P1 stage, outer bract was removed. Stage: I, vegetative; BR, outer bract visible in the
first floret; BO, inner bract visible in the first floret; A, three-primordia visible in the first
floret; P1, stamens and outer perianth visible in the first floret; P2, inner perianth visible in
the first floret; G, pistil visible in the first floret.

Stage G Bud of 10mm length

Fig. 4. Observation of pistil (arrow) in the first floret.
Front parts were removed.
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Fig. 5. Observation of flower-bud development at various chilling temperatures(C).
1st F.: 1st floret. Stage: See Fig. 3.
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Fig.

Flower developmental stage

4 ) 6 7 8
Chilling exposure period (W)

6. Effect of chilling period at 10°C on
flower development of flower bud in
freesia cultivars shown in Table 1.
Corms were planted on October 7.
Stage: I, vegetative; II, apical meristem
enlarged; III, bracts visible in the first
floret; A, three-primordia visible in the
first floret; P1, stamens and outer
perianth visible in the first floret; P2,
inner perianth visible in the first flo-
ret; G, pistil visible in the first floret.

100

Days from the end of

110

100

chilling to anthesis

I I 1O A P P2 G

Flower developmental stage

Fig. 7. Relation between flower develop-

mental stages at the end of chilling
and days from the end of chilling ex-
posure to anthesis in 29 cultivars
shown in Table 1. Stage: See Fig. 6.

'Kayak'
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@ Golden Crown'
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'Blue Heaven'

'‘Elegance’

o) 9'Rijnveld‘s Golden Yellow
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[ ]
'Golden Queen’

30 40

50 60

Days from start of chilling to A stage

Fig. 8. Relation between days from the start of chill-
ing exposure to A stage, three-primordia visible
in the 1st floret, and days from A stage to an-
thesis in 29 cultivars shown in Table 1. Square
symbols (®) indicate means and bars indicate

SD.



Table 1. Regression equations and ratio of contribution (R?) between flower developmental stage
and days from start of chilling or days from the end of chilling to anthesis.

Flower developmental Days to anthesis (y) and
Flower Flower Stage (v) and chilling pe- flower developmental stage
Cultivar riod (x) (x)
color  type? . :
Regregsmn R2Y Regregsmn R2Y
equations equations

Aida Purple Double y=0.17x+-2.6 0.993** y= -4.51x+ 83.5 0.971%**
Aladin Yellow Single ¥=0.14x+-1.0 1.000** ¥y= -6.50x+ 92.5 0.888*
Amadeus Purple Single ¥=0.14x+-0.8 0.959** ¥y= -6.70x+ 100.2 0.973**
Ankara White Single y=0.15x+-1.8 0.973* y= -6.87x+ 102.1 0.845*
Blue Heaven Purple Single Y=0.15x+-1.4 0.988** y= -7.70x+ 104.2 0.912*
Cherry Bell Pink  Single ¥=0.13x+-0.8 0.972** y= -6.13x+ 85.1 0.920**
Desert Queen Yellow Single ¥=0.17x+-2.2 0.969* y= -6.36X+ 969 0.942%*
Elegance White Single ¥=0.15x+-1.5 0.993** y= -7.54x+ 102.7 0.941**
Florida Pink  Single ¥=0.13x+-0.5 0.972* y= -6.75x+ 90.8 0.967**
Golden Crown Yellow Double y=0.13x+-2.1 0.947** y= -7.81x+ 119.9 0.931**
Golden Queen Yellow Double ¥=0.07x+ 0.3 0.958* y=-18.42x+ 124.0 0.953**
Golden Wave Yellow Double ¥=0.13x%+-1.6 0.967* y= -8.28x+ 112.4 0.879*
Grace Yellow Double ¥=0.17x+-2.5 0.970* y= -6.40x+ 100.6 0.9509*
Kayak Yellow Single Y=0.15x+-0.8 0.938** y= -6.78x+ 99.1 0.966**
Lydea Pink  Single ¥=0.16x+-1.8 0.948* y= -5.71x+ 87.3 0.960**
Magdalena Yellow Single ¥=0.14x+-1.2 0.984** y= -6.16x+ 89.2 0.886*
Michellle Pink Single ¥=0.20x+-3.8 0.989* y= -4.28x+ 79.8 0.956**
Mosella Pink  Single ¥=0.14x+-0.8 0.989** y= -5.12x+ 76.2 0.944**
Oberon Red Single ¥=0.14%x+-1.0 0.995* y= -7.74x+ 103.5 0.997**
Rijnveld’s Golden Yellow Yellow Single ¥=0.17x+-3.1 0.995** y= -6.75x+ 90.8 0.967**
Rosanova Pink Single ¥=0.13x+-0.6 0.992* ¥y= -7.51x+ 94.7 0.968**
Sailor Purple Single ¥=0.14x+-1.0 1.000** y= -6.70x+ 94.3 0.946**
Snow-white White Single Y=0.15x+-2.1 0.993** y= -6.48x+ 94.9 0.929**
Snowdon White Single ¥Y=0.17x+-2.7 0.972* Y= -6.05x+ 90.6 0.981**
Tirana Yellow Single ¥=0.17x+-3.0 0.998** y= -6.10x+ 86.3 0.951**
Venus Pink Single ¥=0.18x+-2.6 0.938** y= -5.07x+ 85.8 0.957**
Vesta Yellow Double y=0.13x+-0.7 0.992* y= -7.98x+ 118.0 0.977**
Yellow Dream Yellow Single ¥Y=0.14x+-0.8 0.988* y= -7.41x+ 100.2 0.967**
Yvonne Yellow Double y=0.15x+-1.1 0.924** y= -457x+ 95.6 0.960**

% Flower type: Semi-double type was included in double type.
Y Significance at *; P=0.05, **; P=0.01
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Fig. 9. Development of the first floret (lower) and number of florets (upper) of ‘Elegance’ and
‘Blue Heaven’ chilled at various temperatures. Chilling of corms started on 11 September
just after imported from Holland. Data were indicated by the average of five replicates.

Stage: See Fig. 3.
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Table 2. Effects of chilling temperatures and stages at the end of the chilling on flowering
of ‘Elegance’ and ‘Blue Heaven’.
Days to

Devel Chilling reach each Days from Cut flower Inter-
opmen- temp develop. Flowering the end of node  No. of
tal o p (%) chilling to weight length length florets
stage? (C) mental flowering (2) (cm) {cm)
stage
‘Elegance’
A 8 47 100 48 19.8 50.3 1.3 9.1
10 38 100 52 21.4 48.8 1.4 10.2
12 33 75 62 21.5 42.4 2.1 10.8
15 38 81 71 20.5 38.5 4.1 8.4
P1 8 52 100 45 18.9 48.6 1.2 7.7
10 44 95 47 21.1 47.9 1.2 8.6
12 38 100 58 18.3 45.5 1.5 10.3
15 44 83 63 19.3 41.9 2.6 9.6
P2 8 59 97 41 16.4 46.8 1.3 7.1
10 50 100 44 16.6 41.5 1.1 8.4
12 44 95 52 16.2 45.3 1.3 9.3
15 55 71 55 14.5 39.3 1.5 9.7
G 8 68 100 38 14.7 39.2 1.1 7.3
10 55 100 43 14.2 43.1 1.1 8.1
12 52 100 48 12.5 43.6 1.0 8.8
15 61 81 54 10.9 35.5 1.2 9.1
Signifi- Stage b NS *H i NS NS NS
canceY Temp wk *k *k NS * NS *
‘Blue Heaven’
A 8 47 85 45 20.6 30.7 4.7 6.2
10 38 71 50 21.0 19.7 5.5 6.5
12 33 37 59 21.2 10.3 5.8 6.4
15 44 45 62 19.9 14.6 6.2 9.0
P1 8 52 86 43 16.2 30.1 3.9 6.0
10 47 86 39 19.1 24.3 3.8 6.4
12 38 72 St 19.9 14.1 4.7 7.1
15 50 64 55 17.6 13.4 3.7 7.4
P2 8 59 96 39 13.0 28.4 3.0 5.6
10 50 100 37 18.7 26.5 3.4 6.4
12 44 80 45 18.1 23.3 3.5 7.2
15 55 42 54 16.4 15.6 3.8 7.6
G 8 68 100 35 11.3 27.0 2.5 4.6
10 55 92 37 13.4 27.5 2.3 6.2
12 50 82 40 16.6 22.6 2.8 7.4
15 61 39 47 13.3 18.0 2.9 7.8
Signifi- Stage ok NS ok ok NS ok NS
canceY Temp‘ wk ok *% *ok *% NS K%

Stage at the end of chilling exposure, i.e. at planting and see footnotes in Fig. 3.
Corms were taken out at these stages from chilling and then grown in a growth
chamber maintained at 24/18°C(day/night) after planting in container(64 X 22X 17cm).

Y NS: No significance, *: P=<0.05, **: P<0.01
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Fig. 10. Developmental stage of ‘Elegance’ chilled at various temperatures for various
periods. Chilling of corms started on 8 September, 1998. Stage I, vegetative; BR,
outer bract visible in the first floret. Initiated plants had approximate four leaves.

Table 3. Effects of chilling temperature and period and growing temperature on flowering
of ‘Elegance’. Corms were planted in container just after chilling and were trans-
ferred to 22/18°C or 26/22°C (day/night). Data collecting discontinued on 9 April,

1999,
: Chillin, Shoot apex
GE:X;ng g. - Occur- Days to No. of
) : Teomp. Period  Category of Inflores- ence floweringY  leaves 2
(C) (W) development Z cence type? (%)
22/18 2 6 Anthesis Normal 100 149 13.7
8 Anthesis Normal 100 118 10.9
10 Anthesis Normal 100 95 9.6
S5 ) Anthesis Normal 100 142 13.2
6 Anthesis Normal 100 116 11.2
7 Anthesis Abnormal 11 75 3.8
Normal 89 100 10.5
8 3.5 Anthesis Normal 100 141 14.0
4 Anthesis Normal 100 117 12.4
4.5 Anthesis Abnormal 59 76 5.0
Normal 41 105 11.3
0 0 Anthesis Normal 100 201 18.2
26/22 2 6 Vegetative 100 - 20.3
8 Vegetative 95 - 18.9
Bract 5 - 19.0
10 Vegetative 34 - 18.0
Bract 36 - 19.1
Anthesis Gladiolus 30 124 12.1
5 5 Vegetative 100 - 19.7
6 Vegetative 100 - 19.5
7 Vegetative 71 - 19.2
Bract 14 - 20.5
Anthesis Abnormal 14 76 4.0
8 3.5 Vegetative 100 - 21.0
4 Vegetative 100 - 20.3
4.5 Vegetative 75 - 19.9
Anthesis Abnormal 25 89 4.3
0 0 Vegetative 100 - 22.8

Z Data were collected on 9 April, 1999 by observing non-flowering plants under dissect-
ing microscope. Normal: ‘normal inflorescence’, abnormal: ‘abnormal inflorescence’,
gladiolus: ‘gladiolus bloom’, bract: only bract without florets initiated at shoot apex on
9 April, 1999.

Y Days from the end of chilling to flowering.
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Fig. 11. Developmental stage of ‘Elegance’ chilled at
5C for 4, 5 or 6weeks. Chilling of corms started
on 14 April, 1999. Stage: I, vegetative; BR, outer
bract visible in the first floret. Initiated plants had

approximate six leaves.
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Table 4. Effects of chilling period and period of high temperature treatment after the chill-
ing on flowering of ‘Elegance’. Corms were planted in container just after chilling at
5°C and were transferred to 30/26°C (day/night) for high temperature treatment,
and then to 22/18°C(day/night). Data collecting discontinued on 3 September, 1999.

Chilling }?eriod of Shoot apex - . No. of
period high temp. Category of Inflorescence Qccurrence aysv © 00 2
(W) treatment develonmentZ peZ (%) floweringyY  leaves
(W) p ype

0 0 Vegetative 40 - 20.1
Initiated 60 - 19.7

4 - Initiated 100 - 16.8
1 Vegetative 43 - 18.9

Initiated 57 - 19.0

5 - Anthesis Gladiolus 6 100 13.0
Normal 94 101 13.8

1 Vegetative 32 - 19.3

Initiated 68 - 17.3

2 Vegetative 76 - 19.2

Initiated 24 - 19.0

3 Vegetative 77 - 19.8

Initiated 23 - 19.3

6 - Anthesis Abnormal 43 79 6.2
Normal 57 86 12.0

1 Anthesis Abnormal 8 82 7.0

Gladiolus 8 99 14.0

Normal 83 98 13.5

Z Data were collected on 3 September 1999 by observing non-flowering plants under
dissecting microscope. Initiated: from the stage BR to just before anthesis. Inflores-

cence type: refer to Table 1.

Y Days from the end of chilling to flowering.
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Fig. 12. Flower developmental stages at the end of chilling in 59
cultivars. Square markers (@) indicate means of flower-bud
development. Corms were chilled at 8 or 10°C for 5, 6 or 7
weeks. Each dot means stages of each cultivar. Stage: See

Fig. 3.
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Table 5. Effects of chilling temperature and duration on days to flowering, plant
height and number of florets. Stages at the end of chilling are shown in Fig.

12,
Cultivar Days to flowering Plant height(cm) No. of florets

10-5% 8-6% Diff.y 10-5 8-6  Diff. 10-5 8-6  Diff.
Aladin 70 65 5 44 41 3 9 9 0
Alice 77 78 -1 48 46 2 8 10 -2
Ambitie 67 66 1 51 53 -2 7 7 0
Annika 64 65 -1 48 48 0 8 8 0
Astral 66 68 -2 63 62 1 7 8 -1
Athene 64 68 -4 43 42 1 12 12 0
Aurora 64 61 3 50 49 1 8 8 0
Blue Heaven 78 72 6 33 39 -6 8 7 1
Blue Lady 65 64 1 46 46 0 8 8 0
Blue Moon 70 70 0 43 47 -4 9 9 0
Blue Navy 75 74 1 38 41 -3 9 8 1
Brevet 68 69 -1 60 60 0 10 9 1
Chanson 66 65 1 40 45 -5 11 10 1
Cote d’Azur 70 68 2 43 43 6] 8 7 1
Delta 62 60 2 41 48 -7 11 11 0
Discovery 66 66 0] 39 42 -3 11 10 1
Double Dutch 66 67 -1 51 47 4 8 11 -3
Double Marine 81 78 3 48 45 3 10 10 0
Elegance 74 70 4 45 42 3 11 11 0
Evita 74 66 8 39 50 -11 11 11 0
Figaro 70 70 0 42 42 0 9 9 6]
Frandria 72 70 2 45 60 -15 8 9 -1
Golden Crown 98 103 -5 42 43 -1 10 8 2
Grace 82 81 1 45 41 4 10 11 -1
Ibiza 63 59 4 44 40 4 9 10 -1
Isar 64 60 4 45 48 -3 10 10 0
Jupiter 78 82 -4 52 52 0 9 9 0
Kayak 65 66 -1 51 48 3 10 10 0
Kerry 68 66 2 49 56 -7 7 8 -1
Lois d’Or 78 69 9 48 48 (6] 9 9 0
Marianne 75 79 -4 52 52 0 8 9 -1
Medeo 70 70 0 48 50 -2 11 10 1
Oberon 72 68 4 50 55 -5 10 11 -1
Ophir 76 74 2 51 50 1 11 10 1
Panama 70 65 5 45 51 -6 9 10 -1
Passat 68 65 3 31 45 -14 12 11 1
Pink Panther 65 65 0 50 52 -2 10 12 -2
Polka 76 70 6 40 40 0 9 10 -1
Poolzee 78 77 1 41 43 -2 9 10 -1
Purple Rain 69 69 0 48 52 -4 10 10 0
Rapid Red 5 S 0 34 0 -6 7 6 1
Rapid White 52 51 1 47 55 -8 9 9 0
Red Lion 68 65 3 43 45 -2 10 10 0
Sandra 61 58 3 44 48 -4 12 14 -2
Sarnia 70 70 0 42 45 -3 11 11 ¢]
Scala 76 73 3 50 52 -2 8 8 0
Scarlet Impresion 72 67 5 56 55 1 7 8 -1
Seagull 61 60 1 51 54 -3 12 10 2
Senator 64 61 3 44 49 -5 8 9 -1
Striped Lady 63 61 2 52 55 -3 12 10 2
Sweet Heart 70 69 1 58 55 3 8 8 0
Teresa 65 65 0 40 44 -4 10 10 0
Tonga 67 65 2 35 41 -6 8 9 -1
Vienna 65 67 -2 40 38 2 10 10 0
Vivaldi 67 66 1 41 50 -9 10 12 -2
Volcano 67 69 -2 50 47 3 11 11 0
White Bird 76 77 -1 28 25 3 8 7 1
White Lace 69 67 2 45 48 -3 9 10 -1
White Wings 88 80 8 43 40 3 11 10 1

Average 69.5 68.3 1.27 455 479 -2.4 9.37 9.55 -0.2

S.D. 7.30 7.67 3.03 6.35 6.55 441 1.44 1.50 1.07

z “10-5” or “8-6” indicates chilling at 10°C for 5weeks or at 8°C for 6weeks, respectively.
y Diff. indicates difference between data obtained in chilling at 10°C for 5weeks and
those of 8°C for 6weeks.
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Fig. 13. Developmental stage of flower buds at the

start of high temperature treatment. Stage: See
Fig. 3. ®: First floret, ©: Second floret, O:
Third floret, A: Fourth floret, /\: Fifth floret,
¥ . Sixth floret. The symbols indicate the
number of florets at each stage.
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W?teks Exposed to 24°C after Exposed to 24°C after
AN | 5 weeks of chilling at Chilling at 10°C 6 weeks of chilling at
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Fig. 14. SEM showing developmental stage of flower buds of Blue Heaven’ during chilling at
10°C (mid column), at 24°C after 5 weeks of chilling {left column) and at 24°C after 6 weeks
of chilling (right column). White bars in each photograph indicate 500 x m.
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G4

G3

Normal inflorescence

Gladiolus bloom

Abnormal inflorescence

Fig. 15. “Normal”, “gladiclus bloom” (G) and “abnormal” inflorescence types.
Angles between inflorescence axis and the horizon, shown in G1 as AlH,
were measured as angle between horizontal line and crossing line from
base of the first floret to that of the last one. Inflorescence types at flow-
ering were classified into 6 categories. Normal inflorescence: 0~18" of
angle between inflorescence axis and the horizon, G1: 18~36" |, G2: 36~
54° |, G3:54~72° , G4: 72~90° and abnormal inflorescence.
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Fig. 16. Effects of high temperature treatments after 5 or 6 weeks of chilling and for different
durations on inflorescence types, days from chilling to flowering and number of leaves. N:
normal inflorescence, G1~G4: 4 categories in gladiolus bloom, A: abnormal inflorescence,
as shown in Fig. 13 and Table 6. P: pscudo-normal inflorescence. Pseudo-normal inflores-
cence is visually normal inflorescence but flowered quite later and had more leaves than
normal inflorescence. Chilling-high temperature treatment, 5-1 shows that high tempera-
ture at 24°C for 1 week was given after 5 weeks of chilling. <: Days from chilling to flow-
ering, B: Distance between 1st and 2nd floret, O: Number of leaves. Vertical bars indicate

standard errors of means (n=30).
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Table 6. Effects of high temperature treatments after 5 or 6 weeks of chilling and for different
durations on development of inflorescence in ‘Blue Heaven’.

: z
Chilh?g teg;ge};a_ S I?ﬂorescence type o
at 10C ture at Gladiolus bloom Abnormal ns(:erum ;)1—
24°C G1 G2 G3 G4
(W) (W) (0~18°)Y (18~36") (36~54°) (54~72°) (72~90°) (%)
(%) (%) (%) (%) (%) (%)
9 0 37 46 17 0 0 0 0
5 1 0 3 15 4 8 38 27
2 0 0 0 0 8 59 33
3 0 0 0 0 0 64 36
6 1 11 39 25 21 4 0 0
2 0 0 13 20 67 0 0
3 0] 0 0 0 82 4 14
Z Normal: “Normal inflorescence”, Abnormal: “Abnormal inflorescence”, Pseudo-normal:

“Pseudo-normal inflorescence”. They were shown in Fig. 18 and Fig. 16.
¥y Angle between inflorescence axis and horizon is shown in Fig. 15.
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Fig. 17. Inflorescence types in relation to chilling temperatures, growing
temperatures and stages at the end of the chilling in ‘Blue Heaven’.
Corms were chilled wet at 8, 10 12 or 15°C and chilling finished
when the 1st floret reached A-P1 or P2-G stage. Plants were grown at
20 or 25°C for 1 week just after planting. Each dot means floret and
line means internode. Arrow (| ) indicates 1st floret. All florets in the

treatment of chilling at 15°C and grown at 25°C were aborted.
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temperature treatment. Stage: See Fig.
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Table 7. Effects of high temperature treatments at different temperatures and for differ-
ent durations given after 5, 6 or 7 weeks of chilling on flowering in ‘Blue Heaven’.

Chilling High temp. treatment . Internode  Gladiolus
. - Flowering  Days to
period temp. period (%) flowering length bloom
(W) (‘C) (W) {cm) (o)
5 20 1 100 65 3.1 7.4
2 100 70 5.1 27.7
3 100 73 6.1 51.7
24 1 100 67 4.5 24.0
2 100 71 6.0 56.3
3 90 75 6.5 88.5
28 1 100 69 4.4 21.4
2 93 74 6.4 48.9
3 73 78 6.5 78.6
6 20 1 100 64 3.2 12.5
2 100 65 4.2 25.0
3 93 65 5.0 43.3
24 1 97 66 3.8 20.7
2 90 67 5.2 59.0
3 97 70 6.0 80.8
28 1 100 67 3.5 20.0
2 97 73 4.7 30.8
3 67 73 5.5 77.6
7 20 1 100 63 3.0 14.4
2 100 55 3.0 12.0
3 90 50 3.3 21.9
24 1 100 57 3.5 21.4
2 100 55 3.6 39.7
3 90 52 3.4 54.2
28 1 160 57 3.2 19.2
2 97 64 3.4 28.6
3 57 66 3.4 50.0
- - - 100 60 1.8 1.7
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Fig. 19. Effect of high temperature treatment at different temperatures
and for different durations on angles between inflorescence axis

and the horizon in ‘Blue Heaven’.

Plants were exposed to the high temperature treatments after

chilling at 10°C for 6 weeks.
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Table 8. Effect of soil type after chilling on flowering in freesia ‘Blue Heaven’.

Cut flower Inter-

Flower- Davs to Leaf d Gladiolus
Soil type ing ﬂowye ring weight length  length 1212 teh bloom
(%) (® em)  fem)  (TER (%)
Light-colored Andosol 100 60.7 8.3 34.5 29.3 5.4 47.4
Humic Andosol 100 61.2 13.3 37.5 33.0 5.6 83.4
Gray lowland soil 100 58.1 15.7 35.9 32.2 5.9 97.1
Significance ? NS *k * * NS *%

2 NS: No significance, *: P=0.05, »=: P=0.01
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Fig. 20. Inflorescence types developed at various N (nitrogen) concentrations in ‘Blue
Heaven’. Corms were chilled wet at 10°C for 7 weeks and N at various conditions
was applied at each irrigation. Each dot means floret and line means internode.

Arrow (| ) indicates 1st floret.
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Table 9. Classification of 27 cultivars based on percent of “gladiolus bloom” related to flower
developmental stage at the end of chilling. Group: See Fig. 21.

Group Cultivars
1 Aida, Elegance, Lydea, Snow-white
2 Aladin, Amadeus, Ankara, Cherry Bell, Golden Crown, Golden Wave,

Grace, Magdalena, Oberon, Rosanova, Snowdon, Tirana, Venus, Vesta,

Yellow Dream, Yvonne
Blue Heaven

Kayak, Rijnveld’s Golden Yellow

Desert Queen, Florida, Michelle, Sailor
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Fig. 21. Classification of freesia cultivars related to flower devel-
opmental stage at the end of chilling and percent of gladiolus
bloom. Corms were chilled at 10°C wet for 4-8 weeks under
dark condition. Stage: See Fig. 6.
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Fig. 22. Developmental stage of 1st floret of ‘Elegance’ chilled at 5, 8 or 10C

for various durations. Stage: See Fig. 3. G*: After G stage.
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Table 10. Effect of chilling temperatures and periods on flowering

in ‘Elegance’.

Chilling . Cut flower
- Flowering Days to -
tegnp. period (%) flowering weight length
(€) (W) (g) (cm)
5 12 100 48.1 20.8 54.7
13 100 47.9 19.1 51.4
14 100 46.1 15.4 47.6
8 10 88 33.2 16.6 44.5
11 90 33.9 13.4 39.1
12 34 31.1 13.2 33.3
10 8 100 34.0 14.3 41.5
9 29 31.7 10.8 34.9
10 14 31.8 15.1 33.3
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Fig. 23. Developmental stage of 1st floret of
‘Cinderella’ and ‘Aladin’ chilled at 8 or 10°C for

7 or 5 weeks.

Table 11. Effects of chilling temperature and period on flowering and quality of cut flow-

ers in ‘Cinderella’ and ‘Aladin’.

Chilling . Stem Weak Flapped
. - Flowering Days to .
Cultivar temp. period (%) flowerin bending stems leaves
(o)

(©) (W) 5 (%) (%)

Cinderella 8 7 100 74 0 0 0
10 5 100 81 75 50 100

Aladin 8 7 100 81 0 0 0
10 5 100 86 0 0 80
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Fig. 24. Developmental stage of 1st floret of ‘Blue Heaven’ chilled at
various temperatures for 3 weeks. Stage: See Fig. 3.
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Table 12. Effect of pre-chilling temperature for 3 weeks prior to chilling at 10°C on

flowering of ‘Blue Heaven’.

Pre- Cut flower :
chilling Days to Flowering Days to . No. of Gﬁi;orlr?s
temp. Pl stage (%)  flowering Weight  length  goq¢q %
(C) (8) (cm) (%)
5 32 100 40.6 11.6 37.6 5.5 41
8 27 100 40.7 9.7 32.8 5.5 43
10 22 100 45.1 10.2 28.4 5.3 78
12 22 80 46.6 9.2 24.9 6.2 100
15 34 65 46.2 6.9 16.8 4.3 100
Significance B * >k NS ok

Plants were exposed to high temperature at 24°C for 1 weeks at P1 stage of 1st floret
and then grown in 22/18 “C after planting in container. Significance: NS, No sig-

nificance; « P=0.05; = P=0.01.
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Table 13. Effect of post-chilling temperature after chilling at 10°C for 3 weeks on

flowering of ‘Blue Heaven’.

Post- Cut flower .
chilling Days to Flowering Days to . No. of Gﬁiloorﬁls

temp. P1 stage (%) flowering weight length florets o

() (g) (cm) (%)

8 28 100 50.4 13.7 35.0 6.5 74

10 24 100 51.8 14.1 28.3 6.8 72

12 22 100 54.5 15.5 29.0 7.8 90

15 34 70 60.1 10.6 27.8 7.3 88
Significance o * * NS *

Plants were exposed to high temperature at 24°C for 1 weeks at P1 stage of 1st floret
and then grown in 22/18 °C after planting in container. Significance: NS, No sig-

nificance; * P=0.05; == P=0.01.
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Fig. 25. Developmental stage of 1st floret of ‘Blue Heaven’ chilled at
various temperatures for 5 weeks. Stage: See Fig. 3.
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Table 14. Effect of pre-chilling temperature for 5 weeks prior to chilling at 10°C on

flowering of ‘Blue Heaven’.

Pre-

Cut flower

chilling Days to Flowering Days to . No. of Gladiolus
temp. P1 stage (%) flowering weight length florets blgom
(C) (g (cm) (%)
5 28 100 51.1 14.1 34.8 6.7 21
8 14 100 49.4 14.1 33.6 6.6 57
10 10 97 51.7 13.8 28.9 6.9 74
12 8 95 53.6 14.3 27.3 7.7 81
15 28 61 58.1 10.8 26.4 5.8 71
Significance * * * NS ok

Plants were exposed to high temperature at 24°C for 1 weeks at P1 stage of 1st floret
and then grown in 22/18 “C after planting in container. Significance: NS, No sig-

nificance; * P=0.05; »» P=0.01.
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Table 15. Effect of post-chilling temperature after chilling at 10°C for 5 weeks on

flowering of ‘Blue Heaven’.

Post- . Cut flower Gladiolus

chilling Days to Flowering Days to . No. of

temp. P1 stage (%o) flowering Weight  length g, 0 blco>om
(C) (g) (cm) (%)
8 20 98 61.1 15.6 47.3 6.2 54.9
10 14 98 67.2 17.1 50.7 6.4 76.9
12 9 78 71.3 17.9 39.7 6.7 96.8
15 9 88 71.8 20.5 41.8 7.6 93.7

Significance * * * NS *

Plants were exposed to high temperature at 24°C for 1 weeks at P1 stage of 1st floret
and then grown in glasshouse at 10°C of night temperature after planting in con-
tainer. Significance: NS, No significance; * P=0.05; #x P=0.01.
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Fig. 26. Developmental stage of 1st floret of ‘Elegance’ chilled at 10°C wet or under a combi-
nation of dry and wet condition. Stage: See Fig. 3. Length: Shoot length (cm).
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Fig. 27. Developmental stage of 1st floret of ‘Elegance’ chilled at 10°C for various duration and
under dry, wet or both combination condition. Stage: See Fig. 6.
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Table 16. Effect of dry-chilling period and wet-chilling period on flowering of ‘Elegance’.

Chilling periods 7l . D " Cut flower Leaf No. of
dry wet O“é/e)rmg fl ays to weight length length
W) W) (o owering @ (cm) (cm) leaves  florets
0 5 100 74 15.7 50.3 48.7 6.5 11.3
0 6 100 60 13.2 45.3 36.5 5.0 8.7
0 7 100 54 12.2 44.8 38.1 6.1 8.2
0 8 97 49 10.2 40.4 31.6 5.3 7.3
5 0 48 87 11.6 33.8 26.4 6.1 10.4
6 0 13 107 12.3 41.3 26.0 6.3 10.0
7 0 0Z - - - - - -
8 0 3y 105 - - - - -
1 7 100 51 11.2 43.7 35.7 6.0 7.7
2 6 100 52 10.6 39.6 33.2 5.8 7.9
3 5 100 51 11.2 42.3 35.1 5.7 7.8
z All florets aborted.
y Only one plant flowered but had “abnormal inflorescence”.
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Fig. 28. Developmental stage of 1st floret of ‘Elegance’ chilled at 10°C dry for
various periods followed by wet-chilling at 10°C for 5 weeks. Stage: See Fig.

3.

Table 17. Effect of dry-chilling period at 10°C on flowering of ‘Elegance’.

Dry- Daughter Cut flower
chilling  Flowering Days to corm .
period (%) flowering weight weight length
(W) (g) (® (cm)
0 100 77.3 1.0 22.5 66.7
1 100 71.8 1.1 22.9 66.9
2 100 68.0 1.4 20.3 62.4
3 100 64.1 1.3 16.8 59.0
4 100 68.5 1.2 15.8 57.7
) 100 71.6 1.2 14.4 54.4
6 80 82.1 4.4 13.2 46.8
7 33 76.4 4.5 11.8 41.4
8 0 - 5.7 - -
Significance NS * o o

After dry-chilling period, corms were chilled at 10°C for 5 weeks and then
planted in a house kept above 10°C. Significance: NS, No significance; * P

£0.05; «x P=0.01.
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Fig. 29. Program of regulating temperature in a day. Sample at 12/4°C

(Max./Min.} in growth cabinet.
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Fig. 30. Developmental stage of 1st floret of ‘Blue Heaven’
and ‘Elegance’ chilled wet at different maximum and
minimum temperatures for 6 weeks. Stage: See Fig. 3.
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Table 18. Effect of fluctuation of chilling temperature on flowering.

Chilling temp. Flow- Days to Cut flower Leaf Irrllgzre— No. of
Cultivar a Night ering flower- i length
](DOC})z (O(g:}; (%)g e Wigb;ht lei(r:xr%l‘;h © ri | kz?r%f)h leaves florets
Elegance 8 8 100 76 269 609 442 1.1 6.7 12.6
10 6 100 81 30.2 66.2 50.5 1.2 6.5 12.2
12 4 100 86 34.0 721 585 1.0 6.9 13.5
Significance # * * * * NS NS NS
Blue 8 8 100 87 17.3 576 50.1 5.4 6.9 7.6
Heaven 10 6 100 93 18.3 59.0 524 6.7 6.9 7.9
12 4 100 97 20.7 62.5 59.4 7.2 7.2 9.5
Significance # * * * * NS NS NS

Z NS: No significance, *: P<0.05, #+: P<0.01

X8R2 10CEEERBEELLERSD
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DTV 2EE (5.0g) ZHEAL7Z. 19974 10 A
EIZEEAZAFL, 10 A 9 BIZHEIRCL Ry bZ
FEA AT, ARIGAERZBEA LT, RIBAERITII AT
H—2F ¥ B3Ry b (24 ko FR—535A) #H0,
10CEZRERE L LT, && - BINREOBSEL 0, +
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Fig. 31. Program of regulating temperature in a day. Sample at 14/6C

{Max./Min.) in growth cabinet.
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Fig. 32. Developmental stage of 1st floret of ‘Blue Heaven’ and ‘Ele-
gance’ chilled wet at different maximum and minimum tem-
peratures for 6 weeks. Stage: See Fig. 3.

Table 19. Effect of fluctuation of chilling temperature on flowering.

Chilling temp.  pyow- Days to Cut flower Leaf Irl’llézz— No. of
Cultivar Day Night ering flower- weight length length
. length
(C) () (%) ing @ (cm) (cm) GE(r:lr%l : leaves florets
Elegance 10 10 100 69 19.3 53.7 46.7 1.2 6.6 11.4
12 8 100 73 20.3 54.7 46.7 1.1 6.5 12.1
14 6 100 72 20.7 53.7 48.5 1.0 7.0 11.8
Significance # * NS NS NS NS NS NS
Blue 10 10 100 65 14.1 48.3 39.2 5.1 6.4 10.2
Heaven 12 8 100 72 12.7 43.2 399 7.7 5.8 9.5
14 6 100 73 15.8 487 453 5.3 6.5 10.3
Significance # * NS NS * NS NS NS

Z NS: No significance, »: P<0.05, =+ P=0.01
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Fig.

33. Flower developmental stage of ‘Elegance’ (€) and

‘Rapid White’ (B) chilled wet at 10°C. Stage: See Fig. 3.
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Table 20. Difference of flowering and cut flowering quality among cultivars forced at different

temperatures.
Growing temp. . Flower- Days to Plant  Leaf No. of
(({?:3)’ n(l%l)lt Type Cultivar }g}ﬁ flowering h(ilr%l})lt ligrit)h leaves florets
22 18 Easy pot Susie 100 63 29 40 7 10
Popeye 100 80 39 48 7 10
Rapid  Rapid Yellow 100 99 64 65 9 14
Rapid White 100 106 52 57 11 14
Standard  Versailles 100 139 45 52 12 12
Elegance 100 181 32 41 16 14
Bluetongue 100 132 35 55 11 12
26 22 Easy pot Susie 100 93 35 50 8 8
Popeye 100 113 30 35 7 7
Rapid  Rapid Yellow 100 108 67 63 11 12
Rapid White 90 119 55 59 10 13
Standard  Versailles 0 - - - - -
Elegance 0 - - - - -
Bluetongue 0 - - - - -
FER3  (ERNIBEDES B =%

Ty RV =T, EBR 1 ORI
DOFHEAS, FBR 2 M OIXEEIIZIBT DA T
Eo3, [EREIEZED Y ) o b D RGDMET
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Bk, 8 B 27 oD 1EM Z & IR A BRMA L7
RIRAERT, BEICL DRy MOEZARS, 8, BX
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Fig. 34. Developmental stage of 1st floret of ‘Rapid White’ chilled at various temperatures

and for various periods. Stage: See Fig.

3.

Table 21. Effect of chilling temperatures and periods on flowering of ‘Rapid White’.

Chilling Flower- Cut flower Leaf Inter- No. of Stem
temp. period ing ﬂ[())jvyeiiz? weight length length 1:rc1)dfh b?r? a
(OC) (W) (OA)) £ (g) (cm) (cm) (Cr%l) leaves florets (O/og)

- 100 132 43.6 85.2 63.7 1.0 9.0 10.3 29.9
5 3 100 119 33.4 84.1 67.0 1.0 8.8 9.7 28.3
4 100 113 28.0 75.0 58.5 1.0 8.0 9.5 45.9
5 100 99 22.7 71.0 49.9 4.8 6.5 9.8 44.6
6 100 86 22.3 66.4 43.4 4.9 6.0 9.3 37.9
8 3 100 97 23.3 71.5 49.2 4.7 6.1 10.2 30.6
4 100 70 22.0 72.5 37.6 3.3 5.8 9.9 47.3
5 100 60 19.7 53.5 31.1 1.5 5.7 8.5 34.7
6 100 56 20.8 52.2 31.0 1.3 5.9 8.2 18.8
10 3 100 78 21.0 65.6 42.1 3.8 5.8 10.3 55.9
4 100 62 21.5 59.4 31.2 1.9 5.8 9.6 41.5
5 100 54 18.5 45.0 26.3 1.3 5.7 8.1 26.8

After chilling treatments, on 8 Oct. corms were planted in a house kept above 5°C.
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Summary

Studies on Improvement of Chilling Techniques for
Increasing Yield of Cut Flowers with Good Quality in
Freesia Forcing

Takeshi MoTozu

This study was carried out to determine effects of chilling temperatures and durations on
flower-bud development and factors affecting heat injury and to improve chilling techniques for

increasing yield of cut flowers with good quality in early forcing of freesia.

Chapter I Observation of flower-bud development

Flower-bud development was observed in young plants chilled at different temperatures and
for different periods by using a scanning electron microscopy (SEM). Differences among cultivars
of flower-bud development during chilling and days in greenhouse to anthesis after chilling were
also investigated.

In ‘Elegance’ chilled wet at 10°C, flower-bud was initiated after 4 weeks, and three-primordia
were visible after 6 weeks. Two weeks later, inner perianths and then pistils were initiated. At
chilling temperatures between 5 and 15°C, number of florets increased, internode length became
short, and bract enlarged at higher temperatures.

In 29 cultivars, there was high and positive correlation between wet-chilling periods at 10°C
and flower developmental stages and negative correlation between flower developmental stages at
the end of chilling and days to anthesis from the stages. Days from the start of chilling to
three-primordia (A) stage and/or days to anthesis from A stage, calculated from regression equa-
tions between flower developmental stage and chilling period or days to anthesis, had cultivar

dependence.

Chapter II  Effects of chilling temperatures and duration on flowering

Effects of wet chilling temperatures between 2 and 15°C and its durations on flowering were
investigated.

At chilling temperatures between 8 and 15°C, flower-bud developed fastest at 12°C and fol-
lowed by 10, 15 and 8C in ‘Elegance’ and ‘Blue Heaven’. Plants that were taken out at A, P1, P2
or G stage at each chilling temperature were grown at 24/18°C (day/night). Within a range of 8
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to 15°C, not only a direct effect but also some after-effects on flowering were noticed. The number
of florets per main inflorescence was determined as a direct effect of chilling temperature; it de-
creased as corms were chilled at lower temperatures. Corms, chilled at lower temperatures, also
had a higher flowering percentage and longer flower stem, and required fewer days from the end
of chilling to flowering; an after-effect of the chilling temperature.

To clarify after-effect of low temperatures below 8°C on flower-bud initiation and on flower-
ing in freesia, corms of ‘Elegance’ were chilled wet at 2°C, 5°C or 8°C for various durations. The
chilled corms which were at the stages before or just after flower-bud initiation at the end of
chilling, were grown at 22/18%C(day/night) or 26/22°C. At 26/22°C, too higher temperatures for
flower-bud initiation, some of plants chilled at 2°C for 10 weeks, initiated flower buds after dif-
ferentiating several leaves and flowered, though shoot apex was vegetative stage at the end of the
chilling. At 22/18%C, plants which received chilling treatments and have not yet initiated flower
buds at the end of the chilling flowered earlier and with smaller number of leaves than
non-chilled plants. These results show that low temperature promotes flower-bud initiation and
flowering as after-effect and acts as vernalization. Corms chilled wet at 5°C for 4, 5 and 6 weeks
were subjected to 30/26°C for 1-3 weeks at stages before or just after flower-bud initiation, and
then grown at 22/18°C. Promoting effect of flower-bud initiation given by chilling was cancelled
by subjecting to 30/26°C just after chilling. This fact shows that high temperature given just af-
ter chilling acts as devernalization. From the results obtained, it is clear that low temperatures

below 8°C act as vernalization in freesia.

Chapter III Factors affecting heat injury

Effects of exposing to high temperatures just after chilling and cultivar dependence of heat
injury occurrence were investigated to know factors affecting heat injury.

Corms of the freesia ‘Blue Heaven’ were chilled wet at 10°C for 5 or 6 weeks and the result-
ing sprouting young plants were immediately exposed to 24°C for 1, 2, or 3 weeks and then to
10°C until they were planted in a plastic house maintained at 5°C or above. Flower buds, ex-
posed to the high temperature, were prepared and photographed on SEM. When flower buds
were exposed to high temperature during the differentiation of floral primordia, the inflorescence
which formed, varied depending on the developmental stages of flower buds at the start of the
high temperature treatment and its duration. These inflorescences were classified as “normal
inflorescence”, “gladiolus bloom” or “abnormal inflorescence” according to the degree of heat in-
jury. The angle between the horizontal and the crossing lines from the base of the first to that of
the last floret in an inflorescence is a practical indicator to measure the degree of “gladiolus
bloom”. Visually normal inflorescence, “pseudo-normal inflorescence”, appeared in plants which
received the most severe high temperature treatment. These plants initiated leaves and flower
buds after abortion of the pre-differentiated flower buds. “Normal” and “pseudo-normal” inflores-

cences are easily distinguished by the difference in the number of leaves or days from chilling to
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flowering. Heat injury was less severe if the plants were exposed to high temperatures above 20°C
at a more advanced stage of flower bud development and/or in chilling at lower temperatures.
The occurrence of “gladiolus bloom” was varied with cultivars. Each of 27 cultivars was as-
signed to one of the following 5 groups: Group-1: Cultivars having a low rate of frequency of
“gladiolus bloom” when exposed to high temperature at any flower developmental stages,
Group-2: Cultivars which flower normally when exposed to high temperature after A stage of 1st
floret, Group-3: Cultivars which flower normally after P2 stage of 1st floret, Group-4: Cultivars
having a lower rate of frequency of “gladiolus bloom” with advanced developmental stage of flower

buds, Group-5: Cultivars having a high rate of frequency of “gladiolus bloom” at any stages.

Chapter IV Improvement of chilling techniques in the practice

Chilling techniques in the practice of freesia forcing were improved to increase yield of cut
flowers with good quality in autumn.

Cut flowers with high quality were harvested in late September by chilling ‘Elegance’ corms
imported from Holland at 8°C for 10 weeks and those with higher quality were obtained in mid
October by chilling at 5°C for 12 weeks. Chilling at 5 or 8°C decreased occurrence of heat injury
in ‘Blue Heaven’ as compared with chilling at 10°C. Occurrence of stem bending and leaf trapping
was decreased by chilling corms at 8°C in ‘Cinderella’.

Application of combined dry and wet-chilling at 10°C reduced elongation of shoots during
chilling as compared with wet-chilling at 10°C without retarding flowering date. If fluctuation

between maximum and minimum temperature during chilling was within =4°C of optimum

temperature, delay of flowering was slight.

Improved chilling techniques obtained through this study were useful for decreasing occur-
rence of heat injury and increasing yield of cut flowers with good quality in the practice of freesia

forcing.
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