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Table 1. Effect of the treatment of several different cobalt salts on
the suppression of the gravitropic response and the flower quality
of snapdragon cut-flowers

Treatment Gravitropilc Floyver
Response®  Quality**
Distilled Water 75° 5
Detergent only (Triton X-100, 0.02%) 60° 4
Detergent+10mM CoCl, 5° 3
Detergent+10mM Co(NO,), 6° 4
Detergent+10mM CoSO, 25° 2
Detergent+10mM Co(OAc), 8° 3

* Gravitropic response was measured by flower stem curvature occur-
ring after gravistimulatory treatment for 8 h.

** Flower quality was evaluated by visual observation at 30 h after the
treatment. 5: Intact flower quality. 4: Without any visible symptoms of
flower deterioration. 3: minor wilting at the end of flowers. 2: wilted
flower with browning.
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Table 2. Effects of surfactants added to 10 mM Co(NO,), solution
on the suppression of the gravitropic response and the flower
quality of snapdragon cut-flower

Surfactants (0.02%) gzz;lf;osif Q?;K;i*
Control 64° 5
Triton X-100 13° 3
Tween 80 26° 4
Tween 40 24° 4
Na-cholate 20° 3

*Gravitropic response was measured by flower stem curvature occurring
after gravistimulatory treatment for 15 h,
**Flower quality: the same as described in Table 1.
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Fig. 1. Gravitropic response of snapdragon cut-flower stalks
treated with 10 mM Co(NO,), containing Tween-40 as a function
of the concentration of the surfactant. The response was determined
by measuring the gravitropic curvature of the flower stems at 8 hours
after the initiation of gravi-stimulation.
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Fig. 2. Gravitropic responses of snapdragon cut-flower stalks
sprayed with different concentrations of Co(NO,), containing
0.05% Tween-40 on the gravitropically semsitive region. The
response was determined as in Fig. 1.
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Fig. 3. The time-courses of gravitropic curvature response of the
suppressor (10 mM Co(NO,),+Tween-40)-treated flower stalks
(open circle) and the untreated control (closed circle).
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measured 8 hours after the treatment of the suppressor.



A gk= Ao] nlgAlEky HYE QO

2X|Se| X[

M 71ed 48 dF AARYE Folx Hsle] 24
4 8-S A fisiME 10mME) Co(NO,),SH 0.05%2)
Tween-400] 2718 &AL BEEE Zo] ol aad
olghs 482 4 + Utk aE} CoNOy),2l Edhe A
she] SAE el Zlola] Hue FANEEE 7
7le S84 2AdS ERIEIT &, Fig. 3004 Hojx nt
S} Zo] AAAE A=A W dixTe A A ukeH
E 5 7-8A170] AUbH wkgo] YEFo 1000 Ee] IXd
AE B2l WEled, 10mM Co(NO,),2F 0.05%2] Tween-40
o2 olFol ARAE MG Hsle) A uhe-L BE
REE AiEloIA Hhgol AR E/I7A] 1624417 AE AR

SRS x|l 253t

AEe] 2R - AolM &R oR NHEs Fe
Z deizl ARdelt) o) A4 k) o) A&Eo] A
o] stz FAde B Xyt Basithe Ao 47
ofsiiz} wrh. wietA sigHEe] Hefshs ekl FRA Wk
AAast Aeafelel 013 e AAERE ey oS
A %Zl*ét&o AAS ALE T S FoF A7
MI;]' e AE RS AS ERXEE Folx Hale

HEE-S 0ollA] 25°coﬂ olEx E=rflsllM 77 FAs) A,
g2 ZRY HHge] SEFHE JoR Y 2R uks
= WA 8AZE & A Mo} ol FAZEE B
W3 Ak, Fig 4904 Hole vhe} Zo] Aexe) ZA)4 vt
S AR FEEA Yehdom ARA Xz)e) 3S-
1A eke- ;qoq T A3 61:2\1-510 4 F7) A o).
A2 FoM 2 H4BE U 2o 4 Bl 2H
HES- oAl TFsEES tieR Felx Asle] #x4 uke
Zﬂiﬂ—a— HEg 718 A7 e nEe R IVES FAR

ke ARl 2 AHe Heys AdsiaAt st

a 73&} 10mM Co(NO,),2} 0.05% Tween-402.2 o]Fo]R!
Teo0) Aslel Fhol A AAHX 9 FEO) A
FAE mHE AEsh WA ARG S Felslg t} a8y o
AA Mg ANty skl 2R HEes HEd 4
_HL 7}J1A4J,} 3424 _z_qq_oﬂ/q 2 _l_.z:l_g =0 ;(4§],4 %
A gRSle] Fu AT BRsks el 1 F
HDY ST, ZRA W oA H He)fahe éi}%ﬂ*é
o) A% epeb] Hois 2A9e) SuE Aa7] A3
Tk wlebd 24 g oxiAlel EAE He A B 9
AINE AR 2 FF F s I0CHER W fRshe A
ol WA o7 AdEI. 1y, ILEHRS X3 A
sto] 4%, sple] Agol vehbs AeE £F 3REe
o AV USSR FE gich F=8 2 ApeMe
Co(NO,),7F Folx Asle] Aol F4do A9 FF¢S vA
Al oM E gger 70 SRS A EAE BAHT
270 tE 79 shlFdME U YeRd 3t &
= Aol theid AEskA) @Sith w2 917 Ave =

=

F

il

N
FIE

il

_J_?, oX

Azle) 8 & FHA vk 94 291
25 Azl FAA 9 AR HEEE HEie vt
ZFo] Hd3lE dteE 2 a3E EHA 45T dart 9
sict.

B ATE FENTY BUASHATIRARIY dBog ol
Fogon], A A\Qel hste] Alelg o),

10.

11.

12.

13.

.Knight, T. A. S. (1806) On the direction of the radicle and

germen during the vegetation of seeds. Phil. Trans. Royal Soc.
London (Part 1). 99-108.

.Salisbury, E B. (1993) Gravitropism: Changing ideas. Hort.

Rev. 15, 233-278.

.Kaufman, P. B., Wu, L. -L., Brock, T. G. and Kim, D. (1994)

Hormone and the orientation of growth. In; Plant Hormones
and Their Role in Plant Growth and Development, Davies, P.
J, 2nd..Ed., ppl47-179, Martinus Nijhoff Pub., Dordrecht,
Netherlands.

. Bjorkman, T. (1988) Perception of gravity by plants. Adv. Bot
Res. 15, 1-41.
.Roberts, J. A. (1984) Tropic responses of hypocotyls from

normal tomato plants and the gravitropic mutant Lazy-1. Plant
Cell Environ. 7, 515-520.

.Casper, T. and Pickare, G. (1989) Gravitropism in a starchless

mutant of Arabidopsis: Implication for the starch-statolith
theory of gravity sensing. Planta 177, 185-197.

.Iverson, T. H. (1983) The localization of auxin transport carrier

using monoclonal antibodies. Physiol. Plant. 14, 17-20.

.Song, I, Lu, C. and Kaufman, P. B. (1988) Do starch statoliths

act as the gravisensors in cereal grass pulvini? Plant Physiol.
86, 1155-1162.

. Stinemetz, C. L., Hassenstein, K. H., Young, L.. M. and Evans,

M. L. (1992) Effect of calmodulin antagonists on the growth
and graviresponsiveness of primary roots of maize. Plant
Growth Regul. 11, 419-427.

Rayle, D. L. and Cleland, R. E. (1992) The zusin growth
theory of auxin-induced cell elongation is alive and well. Plant
physiol. 99, 1271-1274.

Versel, J. M. and Pilet, P E. (1986) Distrinbtion of growth and
proton efflux in gravireactive roots of maize (Zea mays L.).
Planta 167, 26-29.

Kaufman, P. B., Song, 1. and Pharis, R. P. (1985) Gravity
perception and response mechanism in graviresponding cereal
grass shoots. In; S. S. Purohit (eds.) Hormonal Regulation of
Plant Growth and Development, Volll, ppl89-200, Agro
Botanical Pub., Bikaner, India.

Mulkey, T. J. and Evans, M. L. (1981) Geotropism in corn
roots: evidence for its mediation by differential acid efflux.
Science 212, 70-71.

. Gibeaut, D. M. , Karuppiah, N., Chang, S. -R., Brock, T. J,,

Vadlamudi, B., Kim, D., Ghosheh, N. S., Rayle, D. L., Carpita,
N. C. and Kaufman, P. B. (1990) Cell wall and enzyme



292 et - A - A% - A A

changes during the graviresponse of leaf-sheath pulvinus of oat biosynthesis in gravistimulated snapdragon spikes by calcium

(Avena sativa). Plant Physiol. 94, 411-416. chelators and ethylene inhibitors. Plant Physiol. -110, 301-310.
15. Wheeler, R. M., White, R. G. and Salisbury, F. B. (1986) 17.Kim, Y. -S,, Kim, D., Hwang, Y. -S. and Jung, J. (1997)

Gravitropism in higher plant shoots. IV. Further studies on Chemical suppression of gravitropic bending response in flower

participation of ethylene. Plant Physiol. 82, 534-542. stalks of snapdragon (Antirrhinum majus L.). Agric. Chem.
16. Sonia, P. -H., Shimon, M., Ida, R. and Abraham, H. H. (1996) Biotechnol. 40, 567-571.

Regulation of the gravitropic response and ethylene

A Protocol of Cobalt(II)-Based Chemical Treatment for Suppressing Post-harvest Gravitropic Response of
Snapdragon (Anfirrhinum majus L.) Flower Stalks

Eun-Kyu Sohn, Yong-Sam Kim, Dorghern Kim' and Jin Jung*(Department of Agricultural Chemistry, College of
Agriculture and Life Sciences, Seoul National University, Suwon, 441-744, Korea; 'Biochemistry Division, National
Institute of Agricultural Science and Technology, Rural Development Administration, Suwon, 441-744, Korea)

Abstract : It was previously reported that cobalt(Il) effectively suppresses the postharvest gravitropic response of
snapdragon (Antirrhinum majus L.) (Kim et al. (1997) Agric. Chem. and Biotechnol. 40, 567-571). In this study,
several factors affecting the suppression of the gravitropic response by cobalt ion were examined. When flower stalks
of snapdragon were pretreated with several different cobalt salts, cobalt nitrate turned out to be the most effective
not only in reducing the response but also in preserving the flower quality. We also tested the effects of various
detergents which were added to cobalt(IT) solution, finding that Tween-40 was the best among the tested with respect
to the effectiveness as well as the flower quality. Based on these results, we optimized a protocol for the chemical
treatment; that is, a suppressor solution containing 10 mM Co(NO,), and 0.05% Tween-40 was directly sprayed on
the gravitropically sensitive region of cut flowers of snapdragon. The suppressor treatment gave rise to a significantly
improved results when the flower stalks were stored at a lower temperature after the chemical treatment.

Key words : cobalt, gravitropism, snapdragon, Tween-40
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