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Effect of Temperature and GA, on Flowering of

Chrysanthemum morifolium Ramat.
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by

Nean Lee, Chau-chang Shih and Chung-ho Chen

AR WIE TRE ] RERTRENRATHES 13~30°C &5 XM
HRBER 13~20°C B4EBEME » B /%R 20/15°C R B ERE:
MERE o KR (1513°C) EREFSLEBT - ERKZARLBE » 45
®H/RIR 25/20°C & 30/25°C EHTFABRENLEF - KX BZHE~4LBR
25/20°C HFEF Gkt » EEFEBHEERERE ; B /%E 30/25°C 48
# o T EPATERE L MHEMRTEIRMIZE o 78 13~25°C 4 B> MR F | HIEEHT
RUHE 20 ppm GA; HEHEEZME » EMELRE » RENERSE
B o TR (30/25°C) i GA, S o ¥ MFHfd%] &M > #i GA, 10 %
20 ppm, » FEEEEZ HE o WIRENTERRBEE - LERSTHESA
W GAs; —FERREF o

5l =

HSERSRFHREERITHERE  MTEER B RMEY » REEZ M BRELE - Cathey?
RHHBRERE  TF4B=X%H —8 Thermozero I : #EH 10~26.5°C Ml » 57 BATE »
{BEITRIR 15.7°C [A7ERHR » 10°C # 265°C BATEBR SR o —F Thermopositive # :
BERE o EFBERERS 157°C » 10~12°C MHITEFRE - = Thermonegative
T : BeEkBATERE » 10~26.5°C HWIEIESFE4 » REERER 157°C NEEF2 BT - 51
MEARZ _BEMHEEREREES Y ERMARANBZEEOERE IRF) » EHE+
“RAERBE=A4 » BFEXABEFER » SAZUNERETE » EEUENFTRBY » &
BREC® ZWi%E » HEMB Cathey K 7F7fHZ Thermonegative # o EBE % LH BEr4
K EMKRSEE » WET LHNMSEZH AR BB RESE c RHBXRIAZKERSE » Aa
RRES ERBZR TFEK] » ERES ) BEFETEEPREES Y » HEE» 7
EBRMERRZSTZHE (LMR Cathey ?) » 4Hin GA, AABERSEXHERFMT
ZHEUFER M - SEAMRAEE » Bk GA, TREZZEE » BIoLEERAN R
(& A BB T R AR R ° o S InTERESE T BETEABFRENE " REREGREMR

1) ETEMAEEES RHUEARES: o Professor and graduate students respectively,

Department of Horticulture, National Taiwan University. .
2) &I H-EOENAHE NS - Date received for publication: 30 August 1981,
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MR FEREET 2 8 » HHIEH (spray type) FiE » AIERIEE » WHHED - 1K
MK TA K] W8 #ERHE R - IS 2~250 ppm GA, BE—XEWESL »
BTRERZ HERBEMEREREZK » 8 [2F] A > RAAREZEAREARE
Wi 10 ppm GA, 5K » FYTREZZ ME » E-HEETREISRRE Y BF
GA, 2t ARER HTE2 16384 (flower initiation) FAME » BEEEEEZRE W
ANEM> MHE ] FEFAEEZHC - SARRZ LY » EWEBRER GA, HM2T1 %
TEBRTEZ MR [Hf% ] HTEH GA, 2RI » S:BSRME » WITEN » BERERHEE
B2 8% o

o oH R A E

BIE M&F] & MFM%R] R EERERCHORSHELELRE  BEkEER
O 15 cm 2HE8 S2—# SRESAB5EH » SHEREEELIFIRBERELE
THTEZ G REE L FRBE (13~30°C) BEE » H#EMATHES (phytotron) »
BRE1~2  SEMEIA[IEN o CHESBENRES » BHEKLER (long day,
LD) » 4§#10:00 p.m. =& /E2:00 a.m. LII00E S4B BI » S EmERE 10£. ¢. ko
REWES ~6 BHTHAAE (natural daylength, ND) EEEERl o 1977/1978 %
F|BAB/HE 15/13 2 20/15 25/20 & 30/25°C % HIFHAHEESE » 814 HBO
(pinch) #E—#AE » HEFHRETRE (no disbud) » HBRBHBTAEL (no pinch)
ZHBEE (single stem) » TEWWRKE » FHEBEEN » RO PzETH BE RS

(disbud) a
RIENELERZTY » BABTEGEENL ¢ 1 1BATR  BREREERE Y=
% » FHERFEW 200 ml > FEEEEK » SELOKMZE - BFEIS REL o

2F] REABETFEETRER » IASHET 20 ppm GA, RIEHRMF 211414
A8 THER | RERATREERE » A 10 5 20 ppm GA;» #52 GA, &4 5@
PATEZ M o EWF R (bud visible) ZEH(E (full bloom) {& Cockshull 1 Hughes **
SR 10 B0 45188 (stage 1) BEHFTR » ERDR 05 cm» 55 2 ¥ (stage 2) » Bl
24T 35 3~10 MRE 1 o HHPHTEREE 10 & (stage 10) REEIFT RERAE
2T ARBER GA, E3% » A B /78 20/15°C JEEIESE BEIR; » 315 3 (Expt. 3)
SERESH=2 > BoR2nEREESHEHE SMIEAL - K58 4 (Expt. 49 » B/%E
20/15°C fEEEFERBAR (1/5/79) #ik » HALBEETETF A/ » BEES (outdoor) » #2/4/79 »
B4R 25/20°C. & 15/13°C 4 BRI ¥ REHEME o

BRAEAHS

A TAT] Wt ERLAAKBRAET - # 70 X (69~71X) Bt (stage
10 - W 1) 2 MATRIREE KE 20/15°C LR 63~67 KB (£1) » Mf+=A=
SHEOBEL (EE] » A ELRERES 8 AR RRREEN - B 0~10 21 » kFF
AER BRI 1 22 61 (stage 6) RAMFKMEMDE 12278 (stage 7) » iEE
87185 BMHTIRE (M3 o1 122177 SHNFERRES [£F] » H2/26/78 {1k
TMRIEA B RRERE » 20 REETRIET » RAWAZ ATHFKBERS 234°C (H2) »
BB ETE S BT 4 52/T8 RRA R » 2813 (crown bud) » 7E&IE 1.0~15¢m

(#1) - BURETERSENREEBESENT > RATEBEEHE, /%A 15/13 ~20/15
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25/20 2 30/25°C TFit{Talsk » €N\E+ABABET » 20/15°C £ £ » o (8/9/77) =%
1E (10/30/77) it 82 X » 3% Post® & Cathey "> B » Rep & S%7E » B0 6~10 FEH
BREFHE IS TEEMEKEET » iSERERE 15~20°C » 42 10 BES (82—
10=72%) TEEETE - BE 1 ERMM - (€8 (15/13°C) TEMBHEE » i@ (20~30°C) =
ABRBGRARREMER (F2) - BF+ALSZ BABREER 2520°C % » EHANE
4 2 BT RACTE BIR 20/15°C H3E » HETEWR Bl » SHENEE—ES (E408
3) =30/25°C £ R%E » RHABBEREE (H2) T EREBEHR FIVSRBR TR B/
2 mm EEZHZF > HBELNT > KW 47 1579 B 20/15°C BIEHEs » Hipmmsgmem
BBEFN B—EA (2/4/79) » BHRIESF (E3M4) « BUR [2F] BERMERDKS
ART » 2520 2 30/25°C RRLIGIBIESH 254 » LERE 20/15°C HHEME (£2) -
B+ASSEE AR » % M2F ) HEMS » BENLSE (30/25 & 25/20°C) ZzEEREE
(crtical daylength) » 8B 4TEH » (B 30/25°C EEHFMTEBE > T 25/20°C EBHE
8 (%2~3-4W5) » LHAKA Cathey * Hi LM » KIBE> R » JE Cathey " &
#2 Thermonegative & o FBAFMENZ 8% (£27%6) 8 Cockshull ™ i 54
Wl o FHRIRBERFE 15°C IXTHEAERZARBET » FHEABE RN » Bamm
DATE » 7T ROZPMEMEE 2 208 > B RBAEBCAERTUE X » FHNEEZLE » RBELR
ARBED - BETFKEEREATRRE  AEELAE - Eif (15/13°C) 1EBEEE » 15
MICWBER ML » B - Hill (25/20°C) FARTEEE S » PO » 162 NREREE » Tkl 20/15°C
ZMEBRLF (R5) » SKRYRE » FBOREBME MT2F ] H1E» RS W7 » £ BHE
R o = A WTE » BREERAER » QIRERE » 2050 RALTE R =~ f 25758 SR o

MIEMEEN S FARE » BEERSMH L L5 » WBER 157°C » B Thermozero %
TEBHE S R AR > M TRF | Bl » MTEZEE » MRS - WSS (356 TE
4) ESFTEBEFRRL/CE » HEF EFNEEAY o % 13~25°C » RIEWT Bau
20 ppm GA; REE » HALHING EHSE » RLUFEREASERMES (53) » BEER
TH (BW3) REMES~8FK (F4) BAUBREE (£5) » KEREFEZHUOBES
L1 GA, [RERTEPITETRERM GA, (REMRNEY YC A{EDHIETREELTR
BATE 1510 1% HAMM - W GA: REZME (H4) » HEWFAKSE » SENHBEREEE
(3%26) -5 Sachs HA %> Lert" s Byrne 7 Pyeatt® i Wilfret % A * i Eiff &
B GA; BiEXRTAESEMM (subapical meristem) MIHFREIBAZ ™2 o B
(30/25°C) MR GA. R(BEMRIEN (R6FMEM4) » FREMBEE (EH3) » T
PRI R MR E R » BRI IRES & BRI S R NRES & « BiE GAs MTERY
iy @A Cathey T Stuart™ AT RAEM » 25/20°C £ 5% » Wi GA, HIELMERE:» B
MRmEEA GA; RRHERZWES [HiE) ffEe

HWERERY MHEWK] K€ GA; 10 32 20 ppm » 8 AMEEA—RTEE » Bk
(R kiR - WmEERE » REMERERREMEZZ » MR E HRIEE T B SRy
Ree s HEZWEMS » 20 ppm 8 10 ppm B (BT7) o HARTER Harada 7
Nitsch™ [l GA; BEERFT R B &KL » TRAREEREEHEREBHMIE 2 BOLEY
{ERZ8R -

ATRESTREBRERRS T4 > BEEBEHRA » ARB4Z4EES (E3TEL) B
ARIBE RRAENEER 2 ETRREFTFRR » FIREMRERERK? -
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HARESRETR » SARERFWEABHRIBET LA BRESR » Wik GAs TN
TEEFMIE N2 A » R G SO Il » S ERRF M4 B - ERWEME GAs
A LIRACR o B

# . TRASEFMRA /WHE 20/15°C & 42T | HEEGRBET
FEW R ARz M
Table 1. Days required to reach visible floral bud and full bloom for
chrysanthemum cv. Tung-Wang grown under natural daylength
conditions in outdoor, unheated greenhouse and phytotron
with day/night temperature of 20[15°C.

q i £ X 3 =B EHTREN B O B W
Cultural Days to Days t6
Date conditions visible floral bud full bloom
12/10/76-2[19/77 = # 30 71
2/26/77-5[22[77 Outdoor 20 at
i z
1/8/79-3[18/79 Unheated g 69
Greenhouse
10/5/78-12/9/78 ALRES 23 63
10/30/78-1/5/79 Phytotron 21 67
" 20/15°C

Note 1, *—" missing the data
Note 2, a=failure of floral bud development. The bud stayed a 1-1.5 cm
in size at end of experiment (5/2/78)

% 2. BEHERNATRREZ M£X] 457 EReERENS B8
Table 2. Effect of temperature on fresh weight and leaf number
in chrysanthemum cv. Tung-Wang grown in phytotron ! *

Expt. 1 (8)3/77-10/80]77) ~ Expt. 2 (12/5/77-1]21]78)
B /HERE w/ ™ R Lol BB
Pinch, no disbud No pinch, disbud
el TS S 1 £ T x m
Temp. °Ci To;s Ste‘:';‘[;lliﬁves Flowers gm,’pl;nt gm/no. fl Leaf no./plant
15/13°C 69.0 415 275 224 - 107 267
20/15°C 1425 430 93.5 274 3,48/100 262
25/20°C 40,5 40,5 0.0 299 1.24/133 303
30/25°C 405 405 0.0 | 314 __[o5 358

Note 1: Rooted cuttings grown under natural daylength throughout the experi-
mental period. Expt. 1, pinched on 8/9/77 and harvested when flowers
were fully open at temperature of 20/15°C. Expt. 2, plants were harve-
sted at bud stage, due to closing the phytotron for maintenance.

Note 2: Each treatment is a mean of 3 pots and 2 plants for each.

Note 3: " " weight of flower bud less than 0.1 gm.
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%* 3 EEH GA, ¥ [LX ] 35k » ERVEMAEZEE
Table 3. Effect of temperature and GA, on fresh weight of leaves,
stem and flower in chrysanthemum cv. Tung-Wang grown
in phytotron %%3.
LD ND D No
B/HWERE GA, Expt.3 (8/28/78 —I10/5 —12/10/78) Expt.4 (10/5/78 —10/30 —2/4.79)
Dayjight 20 | ME® 1t WER %
Tops Leaves: Stem Flower Tops Leaves Stem Flower
Temp. °C ppm gm/plant gm/plant
CK 30,2 174 108 20 726 334 210 182
15/13°C {
GA, 35.4 18,9 135 3.0 81,7 276 347 19.4
CK 442 187 129 126 69.6 295 21.7 184
20/15°C {
GA, 489 20,9 13,7 143 73.7 26,5 255 217
CK 404 255 13,7 1.2 58.9 278 16.9 142
25/20°C { Ix
GA; 47,5 289 17,1 15 359 254 223 8.2
CK 374 272 102 =15 455 29.3 158 Q.44
30/25°C
GA, 388 272 11.6 Rt 45,4 280 17,1 03

Note 1:
ND =

LD = long day 10 p.

m. -2 a. m. 10 £, ¢. incandescent light)
natural daylength

GA, applied after visible bud appeared with once/wk and continued for 4

weeks,

Note 2: Expt. 3, values expressed is a mean of 3 pots and 2 plants for each pot.
All plants harvested when flowers were full bloom at temperature of

20/15°C.

Note 3: Expt. 4, values expressed is a mean of 3 pots and one for each pot. Plant
grown under 20/15°C were harvested at stage of flower fully opened on
1/5/79. After that date, all plants grown under 15/13°C, 25/20°C and 20/25°C
were moved to outdoor untill full bloom and harvested at 2/4/79,
Note 4: Bud initiated after moving to outdoor which was then harvested at

stage 1

Note}5: Same as note 3 in Table 2.

on 2/4[79,

% 4 BER GA, BERMATRRSZ (LX) FEETTR » BER BN LR

Table 4. Effect of temperature and GA; on time of flowering in

chrysanthemum cv. Tung-Wang grown on phytotron 3¢

B /P | #EMRERE  Days from ND to
Day/night GA, | AT RAEE HEe ® ik
Temp °C 20 Visible bud Bud showing color Full bloom
ppm | Expt 3 4 3 4 3 4
B m days
CK 38 38 70 68 g0 92
15/18°C { ‘
GA, | 38 a8 6 64 84 84
CK | 23 21 50 49 63 67
20/15°C { |
GA, 23 21 49 - 46 8 64
22 25 71 68 94 101
25/20°C { i
GA, 22 25 68 63 %0 97
CK | 5 - _ - — S
30/25°C { ‘
GA; | — —_— — — — sz

Note 1,2,34: Same as Table 3. -
Note 5:; Dash inidicats flower bud diameter less than me or initiation did not
occur at harvest,
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#£ 5 RER GA; HERRATRREZ [2F ] HEERE
INEBE (BRE+TRTE) ZES
Table 5, Effect of temperature and GA; on flower diameter, flower
thickness and florets number (ray and disk) of
chrysanthemum cv. Tung-Wang grown in phytotron L334

B/%RE H & R OE AN TE B
Day/night GA, D;ametzr T:mkne:s Flo;ets nun:;ber_
o
Temp °C Expt. e -
b 14 b 56, 187 236
15/13°C { CK b b a b
GAs b 15, b 53, 201, 238,
12 14 (5 1 229 251
20/15°C { X ’ ¢ "
GA, 15 15, 56 6.3, 231, 236,
CK b 10, b 43, 3713, 355,
25/209C {
GA, b 8, b 33, 326, 350,
30/25°C { == il - e o -
GA, _— — _ — — —
Note 1-5: Same as Table 3 and 4, b-bud stage at time of harvest.
Each column has a same subscript letter are not significant at
595 Duncan Multiple Range Test.
& 6 HIET GA, HERMATEREZAZ 2T S8 DHREERES LS
Table 6. Effect of temperature and GA; on stem diameter, internode
and peduncle length of chrysanthemum cv. Tung-Wang
grown in phytotron 1284,
= H I £ = = EN
5/@5 Stem diameter Internode length Peduncle length Leaf no.
Day/night GA, (cm) (em) (cm)
Temp °C Expt. 3 4 3 4 3 4 3 4
15/13°C { CK 055, 075, 228, 2.30, 24, 33, 2 29
GA, 054,, 081, 273, 2,78, Bit, 9.3, 2 2
20[15°C{ CK 051,, 0.55% 263, 3.29, 25, 1,0, 24 31
GA, 0,49, 0,53, 291, 3.40, L8, 6.0, 24 30
25/20°C { CK 049, 045, 232, 3.10, 29, 22, 31 32
GA, 0:49, 048, 286, 321, 11.0, 6.7, 31 a3
CK 0.41 0.39, 36, 2,13 s - 2
30/250(:{ ¢ 234 . e
GA, 0,41, 039, 251, 214, em —, 9

Note 1-5: Same as Table 3 and 4.
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# 7. HiFRR GA; BIERTRALERNHAEE 5T RsRREZEE
Table 7. Effect of GA; concentraion and application periods on growth
and flowering of chrysanthemum cv. Hsin-Chung-Huang %%

GA, i ¥ Stem i E R 5 I T -
Application [ " & Internode Flowering
conc, ppm period height diameter length %
cm cm cm
CK 640, 0.60,4 0.97, 20-
LD-FB 73.2,, 061, 1,864 T
LD 67.8,, 0.58, 4, 1.19,, | &0
0 -LD-VB 64,4y, 049, , L19., ‘100
VB-FB 61.2,, 052,, 102, 40
|
LD-FB 1010, 0.55,, 1.82, 5 100
5 LD 620,, 048, 1.07, | 60
LD-VB 8l.4, 0.48, 1,48, I 100
VB-EB 66,2, , 057, 1,07, 40

Note 1: CK=Control, LD=Long Day, FB=Full 'Bloom, VB=Visible Bud.

Note 2: Rooted cuttings of mum planted on 11/12/78 under long day conditions and
started natural daylength on 12/27/78 which were then harvested at 4/7/79.
Each trezatment is a m2an of 5 pots and one plant in each pot. ‘

Notz 3: Each column have a same subscript letter are not significant at 5% level
Duncan Multiple Range Test.

i 1. {k Cockshull /il Hughes > %% » ZEMER TR EBM - A AR TREE

Fig. 1. Stage on the development of chrysanthemum flowers according
to Cockshull and Hughes (1972), Stage 8 to 10 are drawn at half
the scale of stage 3 to 7,
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M 4 BER GA, 8 2T HithSZER
Fig. 4 Effect of temperature and GA; on plant height of chrysan-
themum cv. Tang-Wonz in phytotron.
Note: GA,; represents. application of 20 ppm of GA; once
per week and continued for 4 weeks after visible bud appeared.
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Summary

The experiment was undertaken to investigate the effect of various
season, day/night temperature, and GA; application on the flowering
time and quality of chrysanthemums.

The winter flowering cv. Tung-Wang, which belongs to the ther-
monegative group, initiated and developed flower buds to anthesis at
day/night temperature of 15/13°C and 20/15°C under year-round. natural
daylength in Taiwan. Visible buds formed at temperature from 13 to 30°C
under natural daylength during autumn, winter and spring seasons.
However, its growth and flowering were inhibited by high temperature
(30/25°C). The flower buds initiation and development were delayed by low
temperature (15/13°C). Visible buds appeared rapidly at temperature of
20/15°C and 25/20°C, but development delayed at 25/20°C. The minimum flow-
ering time and best quality was produced by the temperature of 20/15°C.

GA; applied to chrysanthemum cv. Hsin-Chung-Huang once per
week from planting to full bloom increased stem elongation and induced
flowering. GA; applied to cv., Tang-Wong after bud visible increased
stem elongation and fresh weight and hastened flowering time in the
temperature range from 13 to 25°C. However, there was no response
to GA; at temperature of 30/25°C.



