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Abstract. This study was conducted to control unseasonable flowering in a standard chrysanthemum ‘Backma’
bred in Korea by 2-chloroethylphosphonic acid (ethephon) and night temperature (NT) through suppression
of the transition from a vegetative to a reproductive stage under long day length caused by high NT in summer
season. Ethephon was applied either once or twice at a concentration of 0, 200, 400, or 800 mg-L™". The
NT within controlled mini-plastic houses was maintained at 13, 17, or 21°C. The NT at 13°C showed the
greatest inhibiting effect of unseasonable flowering among all NTs regardless of various combinations of
ethephon concentration and frequency. Moreover, the inhibition tendency of unseasonable flowering was
distinctly decreased in a NT-dependant manner. Higher NTs reduced cut flower length and number of leaves,
but increased the number of young leaves attached to top part of the flower. Higher ethephon concentrations
and lower NTs increased cut flower length and the fresh weight of total, stem, and leaves due to the extension
of vegetative growth period. Thus, if it is difficult to control the NT below 21°C in greenhouses in the summer
season, we recommended to spray more than 200 mg-L" ethephon once after planting to suppress unseasonable
flowering and to ensure sufficient length of cut flowers.
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Fig. 1. Flower development at 95 days after planting in a night
temperature-controlled mini-plastic house.

Table 1. Characteristics of rooted-cuttings of Dendranthema grandiflorum ‘Baekma’ at planting (2010. 5. 6).

Plant height Total FW No. of leaves Leaf FW Stem diameter Stem FW
(cm) (9) (ea) (9) (mm) (9
12.3 + 0.5% 19 £ 0.3 8.2 £ 0.3 1.0 £ 0.2 39 +03 04 £ 0.1

“Mean + SD (n = 15).
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Fig. 2. Visible floral budding (%) at 2 days after short-day
treatment as influenced by night temperature and ethephon.
Bar present + SE (n = 20).
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Fig. 3. Visible floral budding (%) at 2 days after short-day
treatment as influenced by ethephon concentration and
frequency. Bar present + SE (n = 30).
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Fig. 4. Plant height at 2 days after short-day treatment as
influenced by night temperature and ethephon. Bar present
+ SE (n = 20).
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Fig. 5. Plant growth and ﬂower development of ‘Baekma’ at 95 days after planting as influenced by night temperature and ethephon
(A, control; B, 200 mg- L’ ethephon once; C, 200 mg- L’ ethephon-tW|ce D, 400 mg- L™ ethephon-once; E, 400 mg- L
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Table 2. Days from planting to each flower developmental stage as influenced by night temperature (NT), and ethephon concentration

and spray frequency.

NOT Ethephon Frequency Floral budding Petal coloring Flowering time Full blooming
(C)  (mg-L") (days) (days) (days) (days)
13 0 1 706 = 3.0° 923 + 2.0 1043 £+ 20 1233 £+ 15
0 2 723 + 3.2 946 + 15 106.6 + 2.5 1256 + 1.5
200 1 870 + 52 107.0 + 34 119.6 + 3.0 1343 £ 2.3
200 2 999 + 95 116.6 + 9.0 129.0 + 9.0 142.0 £ 7.0
400 1 883 + 55 107.3 + 4.0 120.0 + 4.0 136.3 £+ 2.3
400 2 105.0 = 3.6 1223 + 441 1340 + 4.3 146.3 + 4.9
800 1 98.3 + 4.0 116.6 + 4.0 129.3 + 4.6 143.0 £ 4.3
800 2 1123 + 11.6 129.6 + 12.2 141.3 + 10.6 152.0 + 8.1
Average 91.7 &’ 110.8 a 123.0 a 137.8 a
17 0 1 533 + 2.0 699 + 25 80.6 + 25 101.3 £ 1.1
0 2 550 + 2.6 720 + 34 83.0+ 4.3 104.6 + 4.1
200 1 616 + 6.6 82.0 + 8.0 946 + 9.0 116.6 +
200 2 80.60 + 8.7 1013+ 7.6 114.0 + 841 130.3 £ 5.0
400 1 70.3 + 135 89.3 £ 13.5 102.0 + 14.7 1240 £ 75
400 2 950 + 7.8 1143 + 6.3 126.6 + 6.8 140.3 £ 4.0
800 1 79.0 + 6.0 996 + 57 1123 £ 6.3 129.6 + 2.3
800 2 1120 = 45 1273 £ 11 136.3 + 2.5 150.3 £+ 2.5
Average 758 b 944 b 106.2 b 1246 b
21 0 1 490 £ 20 63.6 £+ 4.0 743 + 45 95.6 + 8.3
0 2 500 + 1.7 65.6 £+ 3.0 76.6 £+ 3.0 996 + 7
200 1 523 + 1.5 710 £+ 26 826 + 28 109.0 + 6.5
200 2 56.0 + 5.0 816 + 35 95.0 £+ 45 119.3 £ 6.0
400 1 550 + 1.7 753 £+ 41 870+ 45 1123 £ 7.0
400 2 66.0 + 4.0 876 + 55 103.3 £+ 3.0 1243 £+ 47
800 1 65.0 + 5.5 843+ 7.7 96.6 + 8.3 119.3 + 85
800 2 106.3 = 9.0 1226 + 9.0 134.0 + 105 154.3 + 8.6
Average 62.4 ¢ 815 ¢ 93.7 ¢ 1156 ¢
Significance
NT - - - ok
PPM - - ok ok
FRQ . - ohk -
NT*PPM - * * *
NT*FRQ NS NS NS NS
PPM*FRQ ok - ohk *x
NT*PPM*FRQ * NS NS NS

*Mean * SD (n = 20).

yMean separation within columns by Duncan's multiple range test at P = 0.05.

"“Non-significant or significant at P = 0.05, 0.01, or 0.001,
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Table 3. Characteristics of stem and leaves as influenced by night temperature (NT), and ethephon concentration and spray frequency.

l\!T Ethephon Frequency Cut flower length Stem diameter No. of leaves No. of young leaves
(C)  (mg-L") (cm) (mm) (ea) (ea)
13 0 1 112.0 + 2.3 6.0 + 0.3 546 £+ 1.2 41 +00
0 2 113.2 £+ 31 6.0 + 25 571 + 0.7 4.0 £ 01
200 1 1278 + 6.6 59 +03 68.7 £+ 2.8 3904
200 2 1373 £ 6.7 58 + 0.7 776 £+ 54 44 + 01
400 1 131.0 £+ 89 56 + 0.3 69.9 + 4.8 42 +0.3
400 2 141.0 £ 4.3 52+ 08 831+ 73 41+03
800 1 1394 + 27 55+ 0.5 785+ 1.3 43 +00
800 2 1447 £ 9.2 51+03 87.3 £ 111 43 +04
Average 130.8 a’ 57 a 721 a 42 b
17 0 1 918 + 4.7 5.7 £ 0.2 421 + 11 39 +02
0 2 93.0 + 3.3 6.3+ 04 428 + 0.9 3.8+0.2
200 1 999 + 84 59+ 0.0 538+ 7.0 42 + 0.2
200 2 118.7 + 13.5 6.4 + 0.3 772 + 46 57 +1.3
400 1 107.3 + 16.9 6.1 + 0.1 61.3 £ 12.0 42 + 0.0
400 2 1322 + 10.5 54 + 0.7 85.7 £+ 3.9 47 + 0.7
800 1 115.0 + 10.3 6.0 + 04 68.7 + 5.1 43 +02
800 2 139.5 + 4.3 52 +04 956 + 6.1 3.9+ 01
Average 1222 b 59 a 65.9 b 43 b
21 0 1 792+ 20 55+ 04 380+ 11 3405
0 2 80.8 + 1.2 58 + 04 403+ 1.0 3902
200 1 828 + 4.0 6.0 + 0.2 456 + 1.2 3.7 +£00
200 2 80.2 + 56 6.1 +0.3 553 + 238 73 +13
400 1 846 + 1.7 6.0 £+ 0.2 476 + 1.6 41+02
400 2 904 + 95 6.5+ 0.3 68.6 + 4.6 74 +11
800 1 952 + 22 6.0 + 0.3 60.3 + 5.1 42 +0.3
800 2 1282 + 7.2 55+ 04 98.6 £+ 6.0 2+02
Average 90.2 ¢ 59 a 56.8 ¢ 4.8 a
Significance
NT ok NS ok -
PPM ok * ok -
FRQ - NS - ok
NT*PPM o NS - ok
NT*FRQ * NS - ok
PPM*FRQ o * - ok
NT*PPM*FRQ * NS * **

*Mean = SD (n = 20).
yMgg*Q* separation within columns by Duncan's multiple range test at P = 0.05.
* Non-significant or significant at P = 0.05, 0.01, or 0.001, respectively.
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Table 4. Fresh weights of whole plant as influenced by night temperature (NT), and ethephon concentration and spray frequency.

l\!T Ethephon Frequency Total FW Stem FW Leaf FW Flower FW
(C)  (mg-L") (9) (9) (9 (9@
13 0 1 755+ 7.8 226 + 3.2 382+ 46 15.8 + 1.8
0 2 705+ 64 23.0 £ 3.1 380+ 55 14.7 + 2.0
200 1 821+ 64 249 £ 22 457 + 31 15.0 £ 1.9
200 2 89.7 £+ 9.0 273 £ 22 522 + 35 153 £ 1.5
400 1 845+ 92 251 £+ 3.0 455 + 6.1 14.7 + 0.6
400 2 93.1 £ 10.0 264 + 6.4 511 £ 148 15.2 + 0.7
800 1 88.3 + 10.4 26.0 £ 4.0 50.7 £+ 91 145 + 1.2
800 2 100.1 + 23.1 275+ 75 50.4 + 147 17.3 + 3.1
Average 85.5 a’ 253 a 46.5 a 153 b
17 0 1 69.5 + 1.8 178 + 1.8 283+ 15 20.5 £ 1.0
0 2 659 + 4.6 18.8 + 1.7 293+ 25 18.7 + 2.8
200 1 720+ 55 20.6 + 3.4 353+ 53 171 £ 25
200 2 889 + 3.1 26.6 + 0.9 50.2 £+ 3.0 16.1 + 14
400 1 76.8 + 6.7 222 + 35 410+ 90 159 + 2.9
400 2 940 + 6.2 26.8 + 2.0 532+ 59 16.3 + 2.6
800 1 786 + 6.8 233+ 15 439 + 27 13.6 + 3.1
800 2 100.7 + 13.7 284 + 3.6 50.0+ 7.0 15.9 + 4.9
Average 80.8 a 231 b 414 b 16.8 b
21 0 1 611+ 54 13.0 + 1.3 217+ 14 19.7 £ 1.9
0 2 61.7 £+ 57 14.7 £ 1.4 248 + 31 20.7 £ 1.9
200 1 64.7 £+ 7.2 149 + 1.8 282 + 3.3 206 £ 2.9
200 2 66.1 £+ 0.7 155 + 0.7 313+ 29 18.3 + 2.1
400 1 64.7 £+ 3.7 151 £ 0.8 279+ 02 194 + 3.0
400 2 76.2 + 14.6 19.9 + 3.8 42.7 + 10.6 17.6 + 3.8
800 1 76.4 + 10.0 185 + 2.5 374 £+ 53 19.2 + 2.8
800 2 90.4 + 151 26.0 £ 4.6 49.1 + 125 149 + 3.8
Average 702 b 172 c 329 c 18.8 a
Significance
NT ok ek - -
PPM - ok ok *
FRQ - hk ok NS
NT*PPM NS NS NS NS
NT*FRQ NS NS NS NS
PPM*FRQ * NS NS NS
NT*PPM*FRQ NS NS NS NS

*Mean = SD (n = 20).

yMggn separation within columns by Duncan's multiple range test at P = 0.05.

S5 Non-significant or significant at P = 0.05 or 0.001,

respectively.
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Table 5. Characteristics of flower as influenced by night temperature (NT), and ethephon concentration and spray frequency.

l\!T Ethephon Frequency Flower diameter Stalk length No. of ray flowers No. of disc flowers
(C)  (mg-L") (mm) (mm) (ea) (ea)
13 0 1 1084 + 1.17 959 + 0.8 3438 + 6.8 263 + 6.7
0 2 105.2 + 25 920 + 2.6 3371 + 8.6 30.3 £ 13.2
200 1 109.6 + 3.9 893 + 3.6 3652 + 7.6 182 + 8.9
200 2 118.1 £+ 4.6 825 + 11.3 361.5 + 13.8 222 + 64
400 1 108.8 £+ 2.9 944 £+ 10.2 3814 £ 17.2 208 + 1.3
400 2 1208 + 4.2 726 £ 25 358.8 + 10.6 216 + 2.1
800 1 116.1 £ 1.2 80.7 + 9.2 379.2 + 164 184 + 0.8
800 2 1249 + 11.0 736 + 21 359.2 + 5.66 249 + 3.3
Average 113.9 b’ 85.1 ¢ 360.8 a 22.7 a
17 0 1 1219 + 2.2 945 + 8.2 3723 + 42 124 + 5.0
0 2 1170+ 7.9 945 + 1.6 367.8 + 20.8 146 + 3.7
200 1 1141+ 3.6 104.8 + 44 364.0 + 19.8 23.7 £ 12.2
200 2 1115+ 3.0 98.3 + 15.3 363.8 + 16.5 17.7 + 84
400 1 112.0 £ 8.0 98.5 + 12.5 356.5 + 33.8 214 + 87
400 2 120.8 + 0.7 844 + 123 3725 + 226 19.0+ 35
800 1 109.0 + 6.3 923+ 7.0 358.8 + 5.16 279 + 6.6
800 2 128.7 + 11.0 699 + 34 333.1 + 31.9 379+ 56
Average 1169 b 921 b 361.1 a 21.8 a
21 0 1 1244 £+ 4.0 87.0 + 10.1 363.6 + 16.0 200+ 14
0 2 123.3 + 52 936 + 6.7 3937+ 7.1 189+ 6.9
200 1 1234 + 4.6 1046 + 4.0 402.2 + 147 16.6 + 6.1
200 2 118.1 + 3.5 1279 + 19.5 378.6 + 20.6 142 + 49
400 1 1204 + 4.4 1053 + 54 362.6 + 34.6 259 + 114
400 2 1198 £ 71 115.7 £ 6.9 334.3 + 20.8 275 + 13.2
800 1 118.2 £+ 3.5 994 + 15 362.0 + 17.9 209+ 64
800 2 126.1 + 6.8 76.2 £ 1.7 354.3 + 30.4 37.0 £ 16.1
Average 121.7 a 101.2 a 368.9 a 226 a
Significance
NT i i NS NS
PPM NS o NS **
FRQ ** * NS NS
NT*PPM * ok - -
NT*FRQ NS ** NS NS
PPM*FRQ o > NS NS
NT*PPM*FRQ NS * NS NS

*Mean = SD (n = 20).
yMean separation within columns by Duncan's multiple range test at P = 0.05.
""Non- -significant or significant at P = 0.05, 0.01, or 0.001, respectively.

e 51749 AL, ofteErt £S44E F7bEa BB ‘wjnp o] 2 AujA| 7|3 DA RS 9l NAHES
Aol 7o A Hoy AAstel BAslel g TUNAIA, TAA 1094, A 209 Aol M5t
S FA G AOR et B3, oAE Ao sxd  of RALA 7 St ®eka, 200mg L oAl E A
z=70] A EH}E Fw uE a7t A e Aqd A A ojgon, 9o Ao gdAe 109 Ao
O go opzkemo| ot ZEo] oA Al B 8 200mg-L o HIE ALEA], HdPgo] sPY Ak, FAE
AstA Lpehgth T, YA 209 A, gdAe] 109 Hofl 100mg L of A
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E A A2t Zpol7E glltkal 3H3tHChoi and Lim,
2010). weba] o HlEe AsHA oFe B, =2 2 et
7b A, oME FEF w25 A o] YEh
A E(100mg- L) 9] o HIE Ae]ol A dapge] 2]z}
gle Aoz yehy & Ao duet fAsEAt
=5}0] o NER AAA ol et H5-= Cockshull et
al.(1979)& 27 oA Z3ko] 200mg-L” o4 Awl
A 79, Solisle AQlAlslAL et sgon,
olefa WS mael A% A SolEEE XN 5
Sl slich dAbe| 2A19] s}tA EZ ‘Bright Golden
Anne’, ‘Minngopher’, ‘Ruby Mound’, ‘White Grandchild’-2
Fd 2dstoA 22} e stoRRelE bl HauEgla
(Cockshull, 1975; Cockshull and Langton, 1984), of|d] &<
=2te] BlohEelE A FAIZIHRL K als} i th(Carpenter and
Carlson, 1972; Cockshull and Horridge, 1978; Kher et al.,
1974). w2hA of|A|Eo] et =8to] Z|apihg-2 tiFE
OFESHE AIUAA Al Aatolu BANSE 2o o]-§2
T e 53, =y 4 AEF 9 w9 a2,
A 3ol tiet ALA Q] A7 2 Jor Al
TA oNHIES SFEEOlA HE sty E5HAY
Aol ol o] gEal o, Shehg A=mof AHet ofHE
Lw WOl oA 2 250-1000mg- L 2t1 319 cHWhipker
et al., 2003). A= (Gaillardia pulchella ‘Torch Flame’)o]|
500-1000mg-L" o A& fw ArmA] FEaje] ol vls)
15-25% o)A Aso] Y= /3= *|d(Hammond et
al., 2007) %=, =A3to]| o AlE A Al 2 AL
(Krug et al.,, 2006), 500mg-L" oA &L 13] 32 23] A
2 of|7|ubAo} “White Swan’> 50| Askal, FERE7|of
‘Goldsturm’, Z]o}E 2] ‘Floristan White’, A% ‘Autumn
Joy& BRI vlad A% dehfcke s
(Chamberlayne and Banko, 2003). AJt}7} Latimer et al.(2001)
2 SOOmg-L'I AN MEL Heliopsis helianthoides ‘Summer
Sun’e]l 18] A|2fste] 7eh= A A=A ¥l 24T 11-17%
VA A A|FH o1, Starman et al.(2004)& 1652 ddx
(Alternanthera dentata, Brachyscome iberidifolia, Calibrachoa
hybrids, Diascia x hybrida, Impatiens wallerana, Ipomoea
batatas, Lantana camara, Nemesia * hybrida, Nolana paradoxa,
Pelargonium hydrida, Petunia % hybrida, Sutera cordata,
Vinca minor, Monopsis unidentata, Persicaria microcephala,
Antirrhinum majus)© oA E X & 3t o] 5 81%7} A
5 gaihksg RoFglen], o] T 55%7t ek Aol ut
E 349 ZFa dAro] YEelal sFt) Scaevola aemula
ol A= 5007 1000mg-L" A& A& 2Zo] FFastu

M7t 22y 84 11Y A ¥(Starman and Williams,
2000)%] a1, FAHAEL N E FHq o] FI}2AQ] pHE
40014 45 W tlRel SaLEAA AHES] 47

= 9l 250-500mg- L o]k 3F¢It(Styer, 2002).
2hA] w2 SRR o AlEe] gt w2 TSt A Ant A
s Aol dubAolm gro g Hrh FEZA Q] o4 E
g ko] SEAtE ¥ FEHUE Fasital & 4
. Strefeler et al.(1996)-2 =3} mo] A& Z2|A] F
7} AFLeo] AA|EL = UERFO L TR g o)A
3 AT E 21%2] SlolEEE H g on| 250mg Lol 4]
AE e 3%2] Aol Ayt Stohsbrt o] ol kil ot
ok E]E AA| AR AR A = o HIE A7t At
Ql Ao & muste] A mE A4 o AHlE A7t
O] =5t AGA] Fohits) Ao ailrt gle AoR
Hct. mheba] 2ok 2822 BAEE 9 /st A4S
ato] g5 uimp mof thgh oAl X7t HAl F EA|
7H§} AA o] vjx]= AT Bet A 71 o F ot
A A 717t Ferel AW B2 dojHEAE

?ﬂfﬂ 59 8UNH 9¥9 7U7A] AZdto] Lt 7|
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Fig. 6. Average of solar irradiation per day in plastic house
during experimental period.
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