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Noriaki Aokl and Shigeto YOSHINO
Effect of the Concentration of Carbon Dioxide during
Precooling on the Quality of Cut Flower of
Forced Tulip
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Fig. 1. The outline of experimental design in
1978.

a) Cooling at 15°C. The shadowed portions
were the periods of keeping tulip bulbs in a
desiccator.
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Fig. 2. The outline of experimental design in
1979.

a) Cooling at 15°C. The shadowed portions
were the periods of keeping tulip bulbs in a
desiccator.
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Table 2. Effect of COg concentration in the atmosphere during
precooling on the growth of flower buds in tulip bulbs. (Sept.

TR ZADHBRH L L 15, 1978)
12 DTH B, BRTICENT a)
£RIR% 7 A31E b b FhnEe Treatment
772 - T2 ERAEE D FYER, Al . 25/MI~1/ R
ELRRE &L, Apeldoorn & f Uk
Cassini 2[@—7v 4o —42— weeks/ 258K
CHRE (ke) TOAMMEL 3 ks 25/m~15/K
tz. K%z 8 A21E»52°C Control

Nose Flower(mm) b) 1)
Length Diametsr Weight Length Diameter Rooting CO:
mm mm g % %

23.6 6.1 0.51 11.0 4.3 0 4.1(v/v)

21.3 5.9 0.42 9.9 4.2 71.7 4.5
20.4 5.9 0.39 9.1 4.1 83.1 4.3
21.1 5.9 0.40 9.8 4.0 97.6 6.6
20.6 5.9 0.39 9.7 4.1 100 9.1
15.0 5.3 0.24 7.3 3.6 30.2 11.6

22.7 6.2 0.51 10.6 4.3 0 0.04>

TITRV, AR TH#16°C

a) Period of keeping tulip bulbs in a desiccator.

T1EBES ELBEEZTR-12

b) Rooting percentage of tulip bulbs at the end of precooling.

¢) COz concentration in the inside atmosphere of desiccator at the end of treatment.
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Table 1. The growth of flower bud at the
beginning of treatment. (Aug. 25, 1978)

Nose Flower(mm)
Length  Diameter  Weight Length Diameter
mm mm g
9.6 4.5 0.10 3.7 2.7

PHABEDEH -T2, EEFXFERL, TEEIZ 3.7mm
ICEL Tz,

BEPAMBBIL TR 3 RER Y 2 B & FIRBEHK
TRICBI AIEFOFREIIFE2RITR TEB H Tho
1z, BBAREES A BEIZED 1 BELEX E 4% (v/v)
BTh-12. TOFRTHILLEXD 4.1% H35 & (KHEE
Th-1z. 2BEMUEXTIZ FIFHLEXD 6.6%,
BHAMIBXA39.1% & /2 H X ENT2.5% DEBH - 12,
Fi3AEMLEX CESPFLEX ENS) TI311.6
%Lish, RNBXHATR S BEEDRERY 2 FEARAE
Thotz, ThITHURBXE 725 BEE N T i3 B
0.04%LIFEish, MEBXHR, &H{EBETH - 2RI
MIBR DV 0o LI FTH -T2,

EIREIMNLRIZ —XDHE X, BEARELEEA
ITiE313E, BB EL 3z eMmsl sz,
DEETDH - 22PBNEBEXD » —~ X£1315.0mm G,
MIEX X H 8mm L E -T2, Tz, —X E IR
Ko 0.51g oL 0.24g &7ah ¥43 LR Th -7z
CTHIT RN THEIILERX & R X A GITRE A
Th-o1z. Ub URBTHEIMEBX TIENBX &3 & A EZED
HELEh iz,

FHETRRTHEICE, 13EASOKICRIEVBEE SO
Tz, BIRUIZKIZEOFEBRRRZRL, 20T PN
HXIZ100%DFERBTH -1z, U UK & AL
X TRFEEPELBEINT» 5Tz,

BEATRICB T ATEEORBREIEDEB I TH
>iz. ZHENEX TR, FHROFR TR BRI, —
ZIZMBXARIENTH -T2, U LEBs5HER E
DEEIIMEE D, 4.5mm Eizstz, THITRNTHE
HAMIBX M@ -12. T2/ —ZXEILOWT 3 REDOE
MTH-iz. MEXORTIINEBRD, -2 & h#IE
STENEDED -T2h3, TOEZIERE U512,
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Table 3. Effect of COs concentration in the atmosphere during
precooling on the growth of flower buds in tulip bulbs.

(Nov. 10, 1978)

BIAIMIBR I ERN TRIFHAMLIERX 3
100% & 72 -1z,
EAR T BOBEREIIE 3 Kic

Flower(mm)

w  RTEEH Tholn. HARITES

Length Diameter

Ruoting BEBMICENTZIZYD, KB GhE

Temperature (°C)

a) Nose
Treatment Length Diameter Weight
mm mm
1 25/W~1/K 28.8 6.7 0.75° 116
1 week!{ ~ 1~8/K 302 69 0,83 1200
| 8~I5/K 87 6.7 076 115
/ 25/VI~8/K 299 6.4 0.74 115
2weeks | “1.015/K %8 6.2 058 10,7
3 weeks 25/WI~15/K 251 5.8 0.51 9.7
Control 206 6.8 0.80  11.5

0

7.7 20cm), HiE (HF Sem) & &4V

4.4

i3 ¥ moEFcLbnoT, 13°C M
i% %8 BT CHIBE TTA -1z, FIEE
o po  ERABISSE1~ISC, MR
i3 mo  ~ACCOMTIREEEULRL. T

a) Period of keeping tulip bulbs in a desiccator.
b) Rooting percentage of tulip bulbs at planting.

“ood |

/l Awr (+ 20cm) \

5 0} A ] (] [} ) ) 1 1 4 A i 'l J
3 4 5 6 1 2 3 4 5 6 1 2 3 4
Nov. Dac Jan,

Fig. 3. Changes in averaged air and soil
temperatures for five days in the open air or
in a green-house during forcing period in 1978,
a) Experimental plants were moved into a
‘green-house on Dec, 1, 1978,
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—  EEETOFEEEIL KR 11.3°

C, #i812.2°CTh -1z,
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B XA EIIELRICRTEBITH -T2, T4
DHETER RIS HMNERX & ARBIINEX 23 & § i
60.4H TR ¢ RBATEICE » 2. WRKIZ66.58 & 72 h
WXL b6 BEEZEL 7. HIMIEXIZ63.8H L2 h
HEX XY 3SHIZERELBEL.. TOFBRIIBEAMLD
O/ —ZHBEELHLLIL, » —XEMENZERTE
DR, BWFEEL -1z,

UITER B BTED R OLIER I3 E H BT 2 AR
»ohiz, TabbRHEEORNEHMUERD, U]
TEE, A, EE, tE, X8, &, ERESTh
DOFBITONT X & b FH -7z, RichERNEX,
BEAMEEX & Tz, HICBTEOBO NI

Table 5. The growth of flower bud at the
beginning of treatment. (Jul. 31, 1979)

. Nose Flower (mm)
Variety R — .
Length Diameter Weight Length Diameter
mm mm mg a)
Apeldoorn 2.4 2.3 6.4 — —
Cassini 5.0 2.6 17.0 1.2 1.5

a) Flower buds were not yet completed. the growth
stages of them were observed to be V to VIL

Table 4. Effect of COy concentration in the atmosphere during preclooling on the quality

of cut flowers in 1978,

a) The number of Cut flower Flower Stem Peduncl Leaf area (cm?2)
0 edquncle ——m8 ——MM ———
Treatment days to flowering \ygioht Length Weight Length Weight Diameter Ist 2nd 3rd Total

days g cm g cm g mm cm

[ 25/WI~1/K 66.2+3.2 28.8 73 3.7 5.3 13.2 8.4 17.5  100.1 78.5 31.4 210.0
1 week! 1~8/K 67.1+2.9 29.7 487 3.8 53 13.6 8.4 18.0 107.4 81.832.2 221.4
| 8~15/K 63.8+2.4 28.4 475 3.5 5.2 13.1 8.2 17.1 1028 79.131.1 213.0
/ 25/VII~8/ 66.9+2.9 28.9 484 3.8 53 13.4 8.3 18.4  99.3 76.8 31.1 207.2
2weeks) A 5/11{]X 60.4+1.7 27.3 46.7 35 5.1 12.8 8.1 16.3  98.0 76.2 30.7 204.9
3 weeks 25/VI~15/K 60.4+2.0 26.6 46.7 3.2 5.1 12.1 8.0 6.3 97.6 74.2 28.6 200.5
Control 66.5+3.1 30.3 489 3.7 5.3 13.8 8.4 18.3  109.9 83.4 33.9 227.2

a) Period of keeping tulip bulbs in a desiccator.
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Table 7. Effect of CO2 concentration in the atmosphere during
precooling on the growth of flower buds in tulip bulbs,
(Oct. 23, 1979)

TR, A, BiPHIMED 3XT

Nose Flower (mm)
=N e S I 7 s29 Variet a)
{3, UTEREICH U T DHENED ariety Treatment Length Diameter Weight Length Diameter
b, WEX L HPRE2EAMHBH T mm mm 3
. 31/VI~7/VI 27.0 6.8 0.68 9.4 4.4
27z, 1 week 7~14/VI 26.1 6.7 0.65 9.0 4.3
9. 19795 | 14~21/¥0 24,5 6.3 0.56 8.6 4.2
' 31/V[~14, 26.1 6.4 0.58 8.9 4.2
FRBHBIAEIC I 316 Apeldoorn | 2weeks] ROy e 6.4 0,60 86 40
ERERESEICRTEE D Tho- 3 weeks 31/V[~21/V0 25.9 6.1 0.51 8.1 4.1
1z, Apeldoorn ® / —xXE 1% 2.4 Control 25.5 6.8 0.67 9.0 4.4
mm THIGEE D TR b 1akic o BTN 219 48 038 1 3.4
B EUTH T, ERTEHIEE P ik | @ &8 0B 7o 33
HLUTEHT, V~VHADIRETH Cassini | 2weeks’ 31/v11~14/w1 2.0 43 0.2 69 gg
-1z, chic L Cassini @/ — : ’ : ’ :
B 5.0 < Apeldoorn o 3 weeks 31/V[~21/1I| 21.3 4.1 0.21 5.9 3.1
= .Omm T
Control 22.3 4.9 0.31 7.7 3.3
BUEOESICERL, ¥l o
LT LT a) Period of keeping tulip bulbs in a desiccator.
JG [
BEEAIMER TRICIS T B R H 2 4R & TR 2 IBNXTIIWBLUTTH -7z, TBNBXOBEERN

TRITBI ATEFEOHBIIE6RICRTEB D Th -
To. REBH ABEIR EMMETIE, BN E X 0.76
%, FRHAALIEX1.28%, HIBMEX].67%THh-12. T
bbb, MEBHBBINCK 212 EREL» S HEHH SN A REE
HABEEMU., £z 2 BENER  AEOMER &
2h, FIPHALERX & b AR ALIRX D 75 hSE B DR
B 2Bl ahiz, SHRAEXIZ5.35% TUBXH
R EBEORBET A Th-12. THRIEEDE—L
HXICBIT A RBTARELHELTASZ L, BOXT

m@ﬁ 2 BELILHTE & RIRICHER0.04% L T Th -z,
7 —ZEITDOWTIE Apeldoorn, Cassini g4 f&E &
{, MEBXEIC—EOEABEZD bhigh -1z, UL
) = ZEBITDOWTIE, NEHBOENXE®EL 25 HEE
Md -1z, §ixb b Apeldoorn Tl 1 BRINIEX 0.19
~0.21g, 2:BREMIEKX 0.15~0.18g, £ ¥ M B X
0.13g & /8- 1-. [RfFic Cassini T § 18 [ WHEX
0.10~0.12g, 28[EMEX 0.09g, £HIFFMEKX 0.06
g Lzt EH 6 DFERIT OV TN ThOMER

PEIEDL N T o

Table 6. Effect of COg concentration in the atmosphere during precooling 1z,
on the growth of flower buds in tulip bulbs. (Aug. 21, 1979)

Nose Flower (mm) WAy icst 51E
Variety Treatmen? Length Diameter Weight Length Diameter COE) g_:@;éﬁbi%']f?tﬁ
csw~TA | 140 5.5 021 % 51 3.2 0.76(\;%) peBoI. ;_(Eu

Lweel W OB 5 0m by §3 1@ TERRRTEOAR
mEEE $ —EoEm%
Apeldoorn | 2weeks F/JRVM 159 ey o a8 5 I Razie iz, TbB
3 weeks 31/Vi~21/Vl] 13.2 4.5 0.13 3.2 2.7 5.35 Apeldoorn it gif HRAL

Control 13.1 5.6 0.20 4.4 3.2 0.04> HXAS 27.0mm T3
LB BT ggam o o2e zg am RO MRESS
14<21/¥0 1300 39 ol 49 33 168 mm &> 7z, il
cssni | owes RO BL 3388 13 33 3R DEEOTOMEY
3 weeks 31/Wi~21/Wl] 11.6 3.2 0.06 3.5 2.2 5.35 REED3Y Zjébg,&b)
Control 12.4 3.9 0.10 4.8 2.5 0.04> o1, BB DI
WX D 24.5mm Tdh

a) Period of keeping tulip bulbs in a desiccator.

b) CO: concentration in the inside atmosphere of desiccator at the end of treatment.

-7z,

Cassini Tl3HHA
WEXBRELEL, %
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Fig. 4. Changes in averaged air and soil
temperatures for five days in the open air or
in a green- house during forcing period in
1979.

a) Experimental plants were moved into a
green-house on Nov. 10, 1979,

b) One ml of GA solution at 400 ppm was
applied to each plant when its height reached
about 7-10 cm.

MEBXWER S Hroiz. UL/ —XETIIWREL §
BHILEX, 2 BEENEXS & OSBRI EX
AL MILHE>TE D, TORT $ 2HIMNERIE
il sh Tz, ET2ERIBD 5 DFEIRIL T DRSS
THEE N o0,
BEARTBROBEERIIBLRITRTES D TH »

1z, AT BECE W08 E OKEIX 13~17°
COMTHB LIz, BEMARD S IMEFRERRX TIX12
~15°C G U, INRBAIRIED» 51315°CLU E2HREFHL
Tz, HERIZIMEBAAR F T11~15°C X TO HFTEE)
U, INEBIRLIIZIS~17° COEHIicH ~ 1z, Tz
Biz2A2BEUCXEL VR THERLUIZ. COBSE,
VIR E COFHRE, KR16.0°C, Hi814.6°
CTholz.

FRIERRIC 1 AEITEREUS X O UITEAEIL S 8 KiTR
FTEBH THoTz. Apeldoorn DITEEEIL, XK
REBZBZEC D o1z, TIbEEREHIEORENKD
54.3H, BWXDB7.2HTZOEIZHOT» 3HTH -
1z. R#ic Cassini 217 3 BfEREO XEEZEIZ &
LIS 2B ThH-Tz. TOX S ICETEAEICHT
D EFANEOFEIIN S Tidiah - iz,

UitREIImAEL it iBUBRBSR E 1.
97z 5 Apeldoorn T, XWNEXODUIEE 34.7g 1T
st 31.8g, %(FE 13.5g it L 12.0g, #EE 16.7g ic
U 15.5g, ZFEETE 265.2cm?2 i 247.6cm2 TH
57z, Cassini TIZ EETICMAERL, 1EE, EERTE DR
WX X b FH -7z, TOMOX TIELNEX OMAEK
THEH LNz, ChidlFEE RAFETH-72. XD
fOMEBX OHFITIIHBROFEICELULIZIK & & -
7.

£ £

Fam ) o PORERR— & { ICERER—TIEN
CUITEH BT S5 005 Bl b, BITEOERS

Table 8. Effect of COs concentration in the atmosphere durmg precooling on

the quality of cut flowers in 1979,

X The number of Cut flower Flower Stem Leaf
Variety a s Peduncle
Treatment —  days toflowering Weight Length Weight Length Weight Diameter wotal  Total
days g [S g cm g cm cm g cm?
[ 3U/YI~7/¥0 55.742.7  34.7 42.5 45 61  13.2 9.0 101 170 275.0
1 week! 7~14/1I 572127 35.4 442 45 60 138 9.0 12 171 215
\ 14~21/71 547127 324 426 42 59 1256 88 114 1556 257.0
B4/ 57.142.0 335  42.7 45 61  12.9 8.8 104 161 258.4
Apeldoorn 2 weeks, 7051y 543124 345 415 45 59 131 9.0 103 169 2730
3 weeks 31/VI~21/Vl 54.743.0  31.8 4.1 43 6.0  12.0 8.6 0.1 155 247.6
Control 56.3:2.4 347 41,0 45 6.1 135 9.0 9.5 167 265.2
J 31/YI~7/¥0 48.9+1.5  13.1  27.0 25 5.2 5.0 6.7 5.8 5.6 105.6
1 week| 7~14/VI 50.3x1.9 130 269 25 52 19 6.7 5.9 556 107.5
14~21/V1 85515 121 5.1 21 5.2 4 6.7 58 53 10200
. / 31/YI~14/¥I1 9.2+1.9 125  27.0 2.4 5.2 4.8 6.5 5.5 5.3 1011
Cassini 2 weeks) 7 o7y 87x15 137 271 25 5.3 5.2 6.8 5.5 6.0 1170
3 weeks 31/V[~21/Tl 48.8£2.0 1.1 25.5 21 5.0 4.2 6.4 5.4 48 944
Control 50.6+1.5  13.6 27.4 25 5.2 5.2 6.8 5.9 5.9 114.2

a) Period of keeping tulip bulbs in a desiccator.
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PEFUICEIZ L, RIBLHRGRIFT, BN,
BEEEL I OREEES L, BE»LUEET—EL
TeEREREREERZIZRIL I TN S, —RICTFHE
BRIZTEED LRERTED SR I N5, BEBRRED
E#w%ﬁfﬁuswmﬁﬁwﬁ%&%ﬁ%ﬁiact
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FORBORREIZZ . U LIEds s FIRGER DR
Bic kX b HEE 3N B 5REEH 2 LUTTERER & & DOBEfRIC
DNTDEREBZINTIZN,

UITEAEESE 3, BATHEER2ERT G134
, BEEZZLUTO20MBBRTHH, TOBIKET
3 REBH AERICONT AHEEIR/SIN TN,

KW TIZC OEEARRBICE > TEBINTZREES 2D
L NMBERITEICS A 2 E 21288t 1 AR
BT DWW TR~z
EEAMEIARE AP REE T Ak 21X, 1 AR L
T2ERIR (BUT 1 ABITEDIRIR & H) 1312 BRTEIC#kE
U1k (LITFI2ABIEDIRIB L H) ick, [F—4L
BXEAT2~5{ETh-7z. COBEALUTETEED
age DEMEZLNG., 1 ABEOIRIBIL, HEANIEE
T T20° C DHEIE TICER L, TEHED age DEAT
LDTH-1zDITHL, 12BBRTEORBIE, FRHHEE
FCERICHBL TN DT, TEFED age i h
Ebolz, IR > THESINIZ KBk 7 2 BE
X, R2ABTEOEHNEBEE» A5 L, WIh §0E
WIEBLEBIIEEL L L-Tz. TOT EIZTEED age »s
ﬁﬁ?%at%gﬁﬁ@@&%ﬁ%kﬁ%ct&?bf
W3, wicEFc L, A—RETTORBOFEKE
1%, BAESEYIZYODE & TIERIEY 4 I3/hawviz e
WA 2 EEHLUTNS, T7abb 1 ABTEDIRIEY 4
Zi& llem BRTHH, 12ABMED 12cm TR H~1
4 ZINENT &R AEBBICHEL TR EEL
bh3.

1 ABIEDIRIB IS T IBTERE T ROITERIE D> B DFERDS
BEINIZ, ChRETROT &L, TEFED age DEA
TNz e DIRREDS L, TORERIED b HizkER
K-> THRNBESEE D, RRPEEIRIHERER
SlzdDEEZLNS., UL UFRENRESH -T2
Bbh 3 2 HARNEBX OFEBMUXIC DI h - Tz D
1%, BAKZIZTTRORIORRICE 205 § Flh 7
W,
FIHBEKTHRD ) —XDEIPENIZ, BHLED
RSB 25138, F-HBEBEL 223 EME s h

tz. bmu/—ywiﬁmﬂﬁénrmréwﬁtﬁﬁ
ITEINBBREDELT. %%Gu%ﬁ&ﬁmfl—
u;7ﬁ@%CAh§¢5ctu;ofﬁwﬁLw¥
2EBTNAS, é%KﬁEB%ﬁﬁmﬁT EIRALFEDB
TERER R 22 w,irﬁzéwm%ayb&zﬁm
IKRIZTRERPAL U EHPICE AFEORS 2HAL
T3, TO S ICREEN 2 BEPREDORENE I X
5> T/ —ZDMHERIFIEN 355, EBEOITIIEREAD
BATELDSED, FBEBEEIh2 0LBbh 3,
F 72128 B7E & 1 ABATEE TIRBITERED RICETF D=
MBEUTZ, ThZ12ABETEORREEBED 1 AEoTh
X bh4a°Cizl .—Jf»oT’T'UD’)Cﬁ)% 5. U»UehsBafE
(BEN R 2 ZD OB LDOEE & A & RAICYITER
BOLEDEAT.

YLD & 5 I TP OREAREIL, BRIED & HEH
INBARBH ABERED, TORBE — {BHE2IMH
THEMBELME ST,

F o —Y v THRIBOMEKIE, § bREBHZERL
THIEIRABNND 3. U UHBICHUTIIEED
Pt R A LT E RS ., BEOUER18 5129
ICHTREF AR, BERETEHICEELRTIRS
N EIFMRTH S, Uhb LS TTHREBFORE
HABBICOWTIZERLTH - 12, AE@%%K&%
LBh, ) —AHKBDEAL L DIZEREN AEBOK
%%%U%m.btm31$ﬁ%ﬁ¢®m@ﬁzgﬁm
EEZIDRLTE, BERUERE A I2DICiTR 12
TEFEEORIFHL U 2 L SN TUE S ERER S,

ZCTTFHBEHRDF 2 — ) » TERIBICBWT, BE
R AERIC X - TUTEREICBENFERAE L I ¥
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Summary

The present study was undertaken to make clear the effect of the CO; concentration
during precooling on the time of flowering and the quality of cut flower in tulips,
cv. ‘Apeldoorn’ and ‘Cassini’. The outline of experimental designs is shown in Figs.
1 and 2.

1. When the bulbs of aged flower bud were used, the concentration of CO, in the
inside atmosphere of desiccator reached 4 9% or so at the end of each ‘a week’
treatment and reached more than 11 % at that of ‘3 weeks’ treatment. The concentration
of CO; evolved from the bulbs of younger flower bud was ranged from 1/2 to 1/5 of
that evolved from the bulbs of aged one in each set of the corresponding treatments.

2. The nose growth of bulbs kept in a desiccator for the late or entire period of
precooling was strongly retarded presumably due to the high concentration of evolved
CO,. However, the result -of forcing showed that the shorter the nose length at the
termination of precooling was, the earlier the flowering time became.

3. The quality of cut flower tended to be lowered in inverse proportion to the
concentration of CO, at the end of each treatment.



