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Effect of Temperature on Bulb- and Tuber-formation in
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(V) Effect of Chilling Treatment on Bulb Formation in Ornithdg(ll%m
arabicum L., O. thyrsoides JACQ. and O. wmbellatum L.
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Ornithogalum JBizK100fi % FLRE BT, BEMA L LCRESh2IE, 2icH
77V hE, HikEE PO E LEBRMPBTEERT O 7T IAM L Te5b, 8 biEIZZ O
5 LIRS £ fEHEMA & LTS Tw 3. :

HFI9TER B O. thyrsoides EMFL UCTTHIBREITR o7 L 25, ¥ RO
R O BRI BAE T RERHA L PR b vle, £ 2 TLIT2~T34E, Fl& v R
EKEEERIT R o1,

0. #HEes & vhHE

FTi=Er  O. thyrsoides DYy 4.0g ORZMIL, 19714E10H 6 A1 HBUES J12
H¥T, 5ERP-o%S5, 9, 15, 21° 25°C OIERBATHIEL, 5120 icdkichE 2 <
FoL okl Lic, $MEx O € 0% 8 ALITHIE LY, &R LERBRORIEHE Lk,

#1588 19724F 9 H23HICEFIE» S AFE Lic O. arabicum (EgpkiE 44.1g), O.
thyrsoides (6.1g) ¥ X O O. wmbellatum (1.6g) DEREZMLE Lz, HENIEZ108 1 H
560, 90HM, #1FKICR Lk 5 BEORE RSB TR, okt 20C ol
E82icf L, 4 A30HICEH UCHERTERORIA L E 2304 Uiz, 0. wmbellatum 13 1
K128k, “ofboffiid 1K 55keE L, WEROBTERICH 2 <Fsick %, RREFARIL 7.
ExPA L.

E2E HMIERERICIMOMREMIR U, HIZI0OB LEMLE 1R 5 B0l
B CIRIRALEE L, 30, GO F[MALERX X 113301, 90 A4LFHX%12/30H ic, 1/5,0000 7 —
Nkl O. arabicum ¥ 43k, O. thyrsoides i 6 3k, O. wmbellatum yx 10 3+ & Hi
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Table 1. Experimental sequence.

. . Ave, wt. of B Date of
Year Species sesdbilbs Treatment for seed-bulbs olsarrain
n Oct, 6~ for about 7 montg Planted on
1971 O. thyrsoide - 4.0, Aug. 17
IR € lat 5, o, 15", 21", 25°C May 12 H&
O. arabicum 44,1 B Stored in R
1972 . ' Oct. 1~ for 60, 90 days, ored 1
Exp. 1 0. thyrsoides 6.1 ot 25 O 15 20°C thermostat Apr. 30
>l umbellatum T Rt el R at 20°C
I o 7;lanted on
O. arabicum 44.1 May 21
1972 . - :i [' 61 Oct. 1~ for 30, 60, 90 days, Nov. 30 (Dec. 30) M‘y 17
; 'soides . a
Exp. 2 ’ at 2°, 5, 9, 15, 20°C About 20°C, 16- v
O. umbellatum 1.6 May 15
hrs. daylength

L, 181K EL, 20C Do =~ A lBoRN IR A ECHE Lz, &k
30 H AL i3, ALERA RN £ < 30 AR, 20°C olERESA TR L, Es—adug
T ABNICERY, AFMEEL TRERER 19~20C 2HF X, ZRKiRE, 34
THRILAKE 25~30°C iz LH-3 % AREh o e bidhix, 20~22°C TH o7z,

—HOX DN NI 72 5 A15~22 A I T & BRI BT, FEROTARI 3
DERRIE RE L. ‘

nr. £ & & R

FRER 9, 15°C FRK TRy OBk B L, BT E b iz, 21,
25°C MY EAERAI S 2 S AEZE L, 8 ALTH OFfARICIY 8 ~ 9 kMR 4L, HE
3 24cm FiBTH o7z, TEHERIZ 0.7~1dcm C, EEBRL TN -, —F, 5C
WRR TIRIENH £ D AEES, 8 B1TH WYL 2.3 ¥, BRI 7.8cm i@ E i
ofc. BB EMEML 5 WAL, 8 AITHIC FHERkE 2.0cm oHEke, JEEL
TefiER e, ERCERHERZHRL T (B1R). i 215 25°C Koz REE dkic

ai
Fig. 1. Effect of the chilling treatment on the bulb formation of O.hyrsoides. (1971~72)

From left to right, showing the plants treated with the chilling at 5°, 21° and 25°C
for ‘about 7 months, respectively. '
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o POCH# UL S, EFEBLTHREMR L vE 2EE R, MAR, e
6 BicE - THTEL, ETPR LEIRIEREHIE L.

#5158 O.arabicum 1% 2°, 5°, 9°C 60, 90HRABLR ik, MUZEAIELR L CHIBR
B L. Lhl, 15° & 20°C T 60, 90 H [EE L 7e RIZMIZE O JEEIR A & i 2 o
Iz (#2H)

Table 2. Effect of the chilling treatment on the, bulb formation of 0. arabicum.
(Exp. 1 and 2)

Ohiling __ Diam. of | SR | DRSS | Degeo of | Do i S
Temp. | Duration bulb of leaves ulbing flowering ZO?ICm?ES: }?p. al)
2°C 30days | 3.5cm 1.3cm - + Jan. 5
5 ” 3.2 1.0 H -+ ”
9° ” 34 1.3 H + ”
15° ” 3.4 11 + - Jan. 25
2° 60 2.9 0.8 + + Jan, 16 +
5 ” 3.0 0.8 H + 7 +
° ” 3.0 1.1 +H + Jan. 5 +
15° ” 3.3 0.6 + — Jan, 25 -
2° 90 2.6 0.8 A= + ” +
i Vi 2.4 0.8 +H + ” +
" 3.6 1.3 - -+ Dec. 10 +
15° ” 2.8 1.0 — + Jan. 5 —
Control (20°C) 3.4 0.9 — - Feb. 15 —
Table 3. Effect of the chilling treatment on the bulb formation of 0. thyrsoides.
(Exp. 2)
_(i}ulhng treatment bD\i?l;n of g;?f";‘hgefth Ellggmg Degx:ee of Perio d. of
Temp. | Duration (A) (B) (A/B) bulbing flowering
2°C 2.0cm 1.2cm 1.7 - —
5 2.3 0.5 5.0 + —
9 60days 24 0.2 11.2 H —
15° 1.7 1.4 1.3 - Middle Feb.
20° 1.8 14 1.3 . - 7
2° 2.2 0.7 3.2 + —
5 2.1 0.7 3.1 H —
9 90days 1.9 0.3 6.2 + —-
15° 2.1 1.3 1.6 + Late Mar,
20° — ”

o ORI RREAT CTAEBRNE R LisfER, 2~15C oKW E 177 b i v
20°C [Ki%, HHI31% 10~15 UM B HZE LAY, EaML CAERRET . [RRAMK
1 ~2 0 BB LA Uik, 9C 600K, 3HARMRBLTLIEE L SR Lk
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Table 4. Effect of the chilling treatment on the bulb formation of O. umbellatum.
(Exp. 2)
Chilling treatment Pariod st No. ‘of leaves | 4Ave. wt. of bulb Degree of
Temp. | Duration sprouting (Main bulb) Main B Lateral B bulbing
2°C Middle Feb. 5.3 —g —g -
5 ” 4.7 — — P o
9 30days 7 5.3 — — —
15° ” 5.3 — — -
20° Early Feb. © 5.7 Lo — —
2’ Early Feb. 13 - — =
5° 2 ;i X 0.2
u 60days Late Dec, 0.2 2.6 '+
9 ” 0.8 3.0 0.3 +
15° March 5.0 - — =
2° Middle Jan. 0 1.6 0.2 +
5 Early Feb. 1.2 2.2 0.1 +
9 90days Middle Jan. 0 2.0 0.2 +
15° Early Feb. 5.0 - —_ -
20° : Maxch — — -

Fig. 2. Effect of the chilling treatment on the bulb formation of O. thyrsoides. (1972~73)
Labelled figures show the chilling temperature and duration of the treatment (days)
of each group. : ‘
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Fig. 3. Effect of the chilling treatment on the bulb formation of O. umbellatum. (1972~73)
Labelled figures show the chilling temperature and duration of the treatment (days)
of each group.
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o7z,

O. thyrsoides Tix, &2 A EAMOBRBITRE LiciedTHEZ R L.

0. umbellatum Tk, {REWNEZITFR R OFREFR L EP o7, BEROKRE
D72 258, WFhoORLHAEIE L THEL, SR THEEXREL, HREERL
7z, ‘
$£2%K8 O. arabicum o4, 30 ARHKEAIR X 11 A T4, 60 HFLBEX 12
A kR E,WHMEEMIHLGK%%L,2~?Cﬁﬁﬁmﬂpkam4ﬂT@w65
Rz g THEEP S ENIRD Iz, BRI 23 Rl & 75 Lz,

5 A 21 FICHl i ol Lo (8523, BRECIIK oM IR /5 3503 5 b ik 2 o
7o LA L—IC R IZ IO FZE N L, WIERBER L T, (RIEAB X O/ ¢
1t 9°C KOHPES S - & bied, 2T 5, 2°C KAHEMRL, 15C Kk 20C K
EHEVERDDOREN ol KBAMORN 1 ~2 HichitEL, ZoRghd 9°C 90 H
K23 b Bl o e PASME, U CHEM G EIO R o R REL, (RIRAEX O 75 2 T il
9°C KR <, MRAHEEIThabli v 20C RKiTHbEL, 2HARITA6HTELE.

O. thyrsoides <% 60 FALEE & 90 F BIALER 24T 7s o 7o, AHZRIERTRAEEE 28 @ W KR & R
{, SHAITHE Tkt Lzmix, 15°C RE 20C R Th o1z, :

5 A18H O fA O R, (RIRAMRIZIESEL LB, FEMAELRL, Bk RO

ERBRE NI, ROBRE, HRMEROR T 9C KTbob bk, 20T
- 5°C R¢, 2°C TR0 BRI Bk & R L7228, 0B CIEREB R & 7, 15°C Tk
90 H FALERIR B 1% & A EERETBRL Lis bd o 7o, Tk

BB OIITFOHICHEL T OBROEFTRIEFE LR, 2, 15, 20C 60 HXiZ %
DHRBATEL, Zho OWIREBR LAV EEZFLEF LR k.

0. umbellatum <t 9°C »» 5°C GO0 HREAE Lz ETHHIEL, v 0 HHHKR
AVERRR 2SHAEE U7z, 30 H BB 1 — AR I BA3EASE L, £ 0BT 2°C30H KA b
> & bIBP o, B 2~15°C ofKIE¢ 90 FME L/2RICOABR B, EDINT
1% 9°C 90 H K A3y s - 7z

20°C D 16HFE HECHIE L, 5 A15H il B CHE LcibR, 60ARMLLE 2~9C T
RIREE L7z RIS BRE TURR U, R LN THZE L2, L L, {KIAS0 A WX &
16°C A XvE 20°C TERE Jiik L7 IR AR X & [RBRICER SR & o f, 2°C 60 H AL
B FRZENE S, BROBRIEHE VAL TR o7, BRER PCOARMN £ b kK &
{y PWTHCE0HKT, ﬁﬁﬂ%ﬁlﬁﬂﬁmokwﬁﬁﬁﬁ@ﬂzmiﬁ,MW&%
RRINEDP o Tz,

TEROREWM T TR T & 5,W&Wﬁbﬁmotr%%ﬁrimﬁﬁm
L, BiFLMZERE 2B L CAF R .

HIFEO X 5 KARERICE: Ue 3OA —=Y F 7 Ak, I b HERERIC RIS MR
WELELT 50, DV RERBI XY IROPEOMET 2 2 Lrmbhl. £ LT
%ﬁ/ﬁﬁf’\%éﬂ'{kﬁ,ﬁ&%i#é{ﬁgi 0. arabicum % 2 ~9°C T, 15°C ZBWTh
RIIW & BT 5 LB HR S e, O. thyrsoides it 0°C CHOTER D - &
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LA, 5C TIRESE Y, 2% 15°C Cik 90 ARLEE L T L ERITIE L A ETR S
21° 25°C CHIR L e BBl Eik e Wl T2 Z b B2 B L TAT 2T o (PiERR).
0. wmbellatum OIOTFREIL 5 ~9C TR, 2°C 1360 H LR L BRIGRLE 3 100% iz
757, 15°C TiX90 HALHRX & Bk & UL L7 b - 7.

ko Xsic O. arabicum VWEERNREOHMRIEL, O. thyrsoides v ek vd o
LHEbhiz. SHOUB bic ks &, D O. arabicum OIEHBRIL 2 ~30°C o EGHE TR T
D, A 17~20°C oFHici, HFRoERRE 13C Tl RERIBVTH,
IR, OB 2L, TRCORPEE L. KEEZ 0 X5 IR0 o0
SEEEEE ORF RIS I CH B 0%, BRI 2T R, BV OB CHEN
525 b0 LBbhic, kiEL 20C jFHEkE, oW EHENTEL s, BEELT
EH LT 1o, Uik o TRB OB, O. thyrsoides o4& LRI, 20°C PLLo
HETRRIbAVLEDEEDbRS. )

k3 O, umbellatum OEAIEE, 2~15C 90 H B PG 4 6 hE, ABEOREE

AN BRI O REA RS EBREL T b0 Bbhi. —J O. thyrsoides 1%15°C
KL 20C RPSCRBIE LA P o, Lo THREOHIFEOSL, KE LBt L
ORI, tho 28OF—=Y H 5 L8, PEVESL XS ICEbh. .
U0 E VERICT R W, (KRR E 20°C oEIRIBNICE U CHIRO RN 2 3
AU T iE, O, arabicum CERERBSTER S I, Fh o OB EHLTL 2~ 3 7 Hix
B, RIRREBIC S 2 b0 L BbNie, 20X 5 KRBT & Y BRIERIREE 2 it
St & DS, HIRSSN CEHRNCHRE TR T 22 Lk, T4V 2RF 20 » itk
WTE BB, TAVR, Fav )y b, KIERHELE D 2 vwike 1008 L0 3C
i o RRIC BV IEEIET S, 4O 2 LCRIEMOEBT I LT F 2 ) v 7Bk
ARIEALEE 24775 - C A ERE R T, B LTHMEN 21F PR L. O T A4V R
TR TR v, BRPOAREROMIENR 3 ~4ED T ARRLIET 5 L EEL R
L, SHIERE BN U7 i IRIRICEB 5 L BT 5. D Shb oBlgIE
7Y =T OSRERIEER L SEEL v B, D :

AREENC BT, O. arabicum CIIRFRNICHIEROTERRARED b s, fho 2o+
—= YV H T NIRRT L ole. ZHIXEREhOBOREC L5 L Eb
N5 Livl, FaP Uy 774 Y RTHBNIE DI, ThEROEOKIRHMOE
é%%%@@ﬁﬁa%%ﬁﬁ&éa%bn,ﬁ%%@%%#%@%ﬁ%ﬁfémgﬁm&
WET DB TER.

AFEEro 0. arabicum DA, 10 ARICHEM T X114 EP—F"HL_ AL, ﬁﬁ&&
B AE <, BATHOBECRIE EHFIED, 5 7. ZRB OB BT, A0
AP RIRIL T Tl Y, ARICES BRI L R BER AR T 2 EBRIBIC T -
Twieb oL Bbhs. O. thyrsoides HIEESN CHEIIBE Lk b 5720, AREHRT
VLR EE ST VKIS ERSEAS RS, 15, 20°C KR IC IS b BB AT b 0
LEbi, AELI0H T AR LESREBICS sl L BDbIS. '

—% O. umbellatum OF3ES, 9°C 60 HESLIE Lic KM b7-<, KR I0H KA
TR E, 2~15°C ORI 30 A 157, 20°C XK ORFFEHIE 0 2 - TB? o 72,
Vb Sm T, Ak 5~ 9C Btk O EESEMtE 60 HEBERBT 2 Lick D,
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FLRTVAEEREBICE(L TS b ZELB NS, i O. arabicum 2 O. thyrsoides DI
VIR EE S AN X 2 B N Ol EE S 5. — 5 O. wmbellatum O v 5% 5 4L B 1%
20°C DIERBNICE LI Ak &R Lind olc, Lieh o TR /M2 B K 43 &
2 5N H AR LI b o X 5 iclbh s,

PLbD &5 ek Lic SO A4 — =Y 7 7 L OBICIEET ORMED MR 4 5 v ie 7,
SHE & b EIR SR X D ERIERRERHR S NS b bR, ZLTZDXH i
Bgid=v=7, D7) =07, DAxFY 2, Vi, £ ORI TED b
NTB. Lk o CIEESHEBIC X D BRE TR L5 EBREAFHR S s & e,
MABMBEICEHARE TR T 5 b @ 2K BRI EMICE RO 2 BB L Bbhs, %
LT DB, WA O ERARIREMGRC L - TSNS, Wb 5 HF L3l
FiEFHL LT 5,

1 =

A== H T LFO 3FEOHS (O. arabicum, O. thyrsoides, O. umbellatum) % Fjv»,
¥ XRicHT B 2 ~15°C OISR FERIGRRIC I T8I > v TERBRE T - 2

L A==V 57 A0f%EE 2,5, 9C T 60, 90F MIKEMIE L7z, 20°C ol
Wiz e, ZofEE, 0. arabicum G ik WERRIEKA L7z, —F5 O. thyrsoides & O.
wmbellatum GAEEEP CRIROIRN B b his o .

2. 2~15C T 80, 60, 90 H WMEIRALE UcEk e $hicki %, 20°C, 16 WG B Cakks
Liz. O. arabicum 1% 2 ~9°C 30 B EILL 4Bl Uz Kz 8iek 2k Lz, —% O. th
yrsoides 1% 5°, 9°C ¢ 60, 90 HYLHEK &, 2°, 15°C 090 A LR 33k & WAk Lic.
0. wmbellatum TR {KHAHK D 5 b 5%, 9°C O30H LK & 2°C D60 FALBIX T
HIERE TR L7 b o 7. A

3. DEOWERLAT, ThbOA—=Y 77 Ak, 5~9C MgOERAME XY
FROTRICIES 5 ETRRIBASHIE S 1, 20°C B ORBAM CHIROIEE BT b 0 &
B,

4, RERiO=v=7, 79 =VT7F XYV 2 OEBREES, REROMERP S AT,
IEIRALERIE & ) SRERER S TTRRIC 20 Y, R e S ha & L1k, WIEICHRIR R HRLT %
BARMEMICIL K A BN A5 Bbh, T OBSKRIEROEFEEOFELLFYL T3,

WEE AREBROBITICY VA& Wi IR EORBEY, BEEOM KL, #
B L E T ,

B £ x W

1) HE W, 17, =V OREECE T 5 PR (528 EIBREMOBE, LSRN
28 : 34-40. .

2) ——, 1972, IRIRMEM ORI RIETIREOKE (1) HEEEM» T Y~ 07 OHEIRIE
B BAET R, BNEAE, 41 (3) @ 290-296,

3) ——, 1972, FL (E24) A+ Y 20D AEHKICEIESHEHQMO 2, FEM, 41 4):
- 393-397.

4) HALEVY, A, H. et al. 1963, Effect of storage temperature on development, respiration, ca-
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» rbohydrates content, catalase and peroxidase activity of Wedgewood iris plant. Proc. Amer.
Soc, Hort. Sci. 83 : 786-797,

5, KAMERBEEK, G. A. 1962. Respiration of the iris bulb in relation to the temperature. Acta.
Bot. Neerl. 11 : 331-410.

6. LE NARD, M. 1972, Influence of sequences of high and low temperatures on the differen-
tiation of buds, rooting and bulbing in the tulip. (in French with English summary) Ann.
Amelior, Plantes 22 (1) : 39-59.

7. SHOUB, J. and A. H. HALEVY, 1971. Studies on the developmental morphology and the
thermoperiodic requirements for flower development in Orunithogalum arabicum 1. Hort. Res.
11: 29-39.

8. BOARPRARS, 1065, BRalEZEMME IV« 139-142.
Summary

This study was carried out to clarify the effect of chilling treatment for
seed-bulbs on the bulb formation of Ornithogalum arabicum L., O. thyrsoides
JACQ. and O. umbellatum L. .

The results obtained were summarized as follows :

1. When the seed-bulbs of Ornithogalum were exposed at 2°, 5° or 9°C for
60 or 90 days and thereafter were stored in the thermostat at 20°C, the bulbs of
0. arabicum produced new lateral bulbs. While those of O. thyrsoides and O. wm-
bellatum subjected to the chilling treatment mentioned above failed to form new
bulbs.

2. In the second experiment, the bulbs were treated with chilling at 2°~15°C
for 30, 60 or 90 days and were grown under a daylength of 16-hour at about
20°C. The plants of O. arabicum grown from the bulbs treated at 2°~9°C produced
new bulbs in spite of 30 days chilling. The plants of O. thyrsoides grown from
the bulbs treated at 5°, 9°C for 60, 90 days and at 2°, 15°C for 90 days produced
new bulbs, While the plants of O. wmbellatum grown from the bulbs treated with
the chilling at 5° 9°C for 30 days and at 2°C for 60 days did not form new bulbs.

3. From these results, it may be assumed that the chilling treatment at
about 5°~9°C induced the favourable physiological states for bulb formation, and
the development of new bulbs in Ornithogalum were promoted by the warm
temperature.

4. Based on the previous results on garlic, freesia and Ox«/is and the results
mentioned above on Ornithogalum, it seems that the acquisition or acceleration
of the bulb- and tuber-formation ability by a low temperature treatment is the
general characteristic in the bulbous and tuberous crops which produce the bulbs
or tubers in early summer, and this phenomenon resembles to vernalization in
flower formation.
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