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Suppressive Effects of Silver Thiosulfate Complex Salt (STS) Treatment on
Leaf Yellowing of Cut Small Flowered Chrysanthemum

Terufumi Naka, Kiyohide INDA and Yuka SumMikawa

Summary

Pretreatment of silver thiosulfate complex salt (STS), an ethylene inhibitor, was investigated to suppress leaf
yellowing, which has become an important hindrance to the production of small flowered chrysanthemum from
summer to autumn. First, pretreatment for 15 hr of 0.2 to 0.4 mM STS and 100-1000 ppm ethephon was
investigated using small flowered chrysanthemum 'Minoru'. Ethephon promoted leaf yellowing at any
concentration. STS inhibited leaf yellowing at any concentration. Next, the STS concentration for pretreatment
was tested using some varieties such as 'Minoru'. Results show that 0.2-0.5 mM STS pretreatment suppressed
leaf yellowing of the middle and lower leaves, but phytotoxicity such as yellowing of the upper leaves and
browning of the leaf margin occurred. Investigation of the STS concentration on the premise of 12—19 hr
pretreatment using 'Akemi', "Minoru' and 'Hiroshima-beni', suppression of leaf yellowing was more effective at

0.07 mM than at 0.2 mM.

Finally, the varietal difference in the leaf yellowing and the suppressive effects of STS were investigated in
57 cultivars by successive treatment of 0.03 mM STS, 100 ppm ethephon and distilled water (as control) for 7
days. After the 57 cultivars were classified into three groups, results showed that 9 cultivars had leaves that
yellowed with distilled water, 40 cultivars had leaves that markedly yellowed from ethephon treatment, and 8
cultivars had leaves that were not yellowed even by ethephon treatment. However, leaf yellowing was not
observed in STS treated plots for any cultivar of any group. Results show that STS treatment at low
concentrations of 0.03—-0.07 mM was effective for suppressing leaf yellowing stably in many varieties of small

flowered chrysanthemum.

Key Words: chrysanthemum, ethephon, ethylene, leaf yellowing, sensitivity, silver thiosulfate complex salt, small flowered

chrysanthemum, STS, varietal difference
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Fig. 1. Yellowing index of each appearance yellowing state
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Table 1. Effects of STS and ethephon pretreatment on leaf
yellowing of small flowered Chrysanthemum ‘minoru’

5 days later
oSt o o
SIS xwT4y gg
ThrHE e
1000 ppm 26 19 20
0.4 mM 100 ppm 29 17 18
I LER 28 21 21
1000 ppm 32 22 20
0.2 mM 100 ppm 14 12 23
JHELER 22 21 19
1000 ppm 146 212 1
E AL 100 ppm 522 112 3
JHELER 117 96 10
SHE STS o *
73 ns. ns. ns.
ZHAER ns. ns. ns.
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Fig. 2. Effects of silver thiosulfate complex (STS)
pretreatment on the yellowing index of middle leaves
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Fig. 3. Effect of silver thiosulfate complex (STS)
pretreatment on damage to middle leaves except
yellowing
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Fig. 4. Browning of leaf margin and incision parts seen
as phytotoxicity by silver thiosulfate complex
(indicated by arrows, cultivar: Suimei)
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Effects of silver thiosulfate complex (STS) concentration for pretreatment on the

yellowing index of middle leaves (cultivar: Akemi, Minoru)
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Effects of silver thiosulfate complex (STS)

concentration for pretreatment on the yellowing
index of middle leaves (cultivar: Hiroshima—beni)

Fig. 6.

AR ER = LR X bk / |ax] ELTH
2 STS K DRTALER I 19 HER, g2 1% 24 PR

KE& 2-2

STS WLHE N RAIFED KA FRBUC RITTHE L 1T
I & D BN OWNTE 5 I, TR EHRIZOWTE
6 XIZR Lz, W o dnfll b SELPE X T, $RAE%
6~8 HBRIZHAREN BRI <D, FAED
WAENHEATE., Tk L STS ALPE% L7 X Tl
BRI BRI ONEEREUIHR 2 I KEL 72
LI R SN b DD, STS WHIZ X » T IE

DT ITHH S 4, EARBUTEABX LY
INE S HERS LT-. RIS STS ALERBRFEIC DWW T RS &,
BT L HBDBH TIZ02mM & 0.07 mM @ STS 4L
HEFICIIRERZEZTAONZNL OO, HihfE s
HIZ02mMIX LV 0.07 mM X TEEFEEN L 0/
S<HEBLTEBY, BEMRHONERE>T. A
A2 0.07 mM X Tk 11 HEORBRITHU 0 HF £
THMNIEDEE IR SN2 T.

EER3 STSDOEREEHRLETOMR L TORIERM
=

KWV X D WU I & AVEREE O SR FR B A P E
TREEEDOE & LT 2 RITR L. EORAN
BV CITEAEEANAELZI A5G HE A0
N B ICR LTz & 9 ICHEE S 50 DL E & 3528
DODHZET DL, Z< OO BT X
WZHART, =74 RTHELLKEL 2D, STS
KT/hSL RBEMMBR LT, FOREIZTf
37T mECKRERGEMENRAONTZ. 26D M
L, XD X, BITFHR, YN, KOOI LD
BOSEOREKTHHE LWEE 2R3 it /N>,
FELFE B, YNE, X TALBLIOR O ED
T 73 UKIZBWTHIRIEEE N R b2 il
B, BXOERUANDORFEEIZX T 52N TE
72. STS AEXIZBW T, MFEfcLsTaETo
SRl CALERRE O B AR EIE 50 R & 720, EOEE
RSN T



(14)

R BRI o & — PSR

549 2 (2018 4 3 A)

2R FRBK SISBELUVI I+ VBRICETFTHINTIOYEOEDELTIRE I2H TS RAEBHZE
Table 2. Varietal difference of the yellowing index after 7 days treatment of STS, ethephone and
distilled water (control)
. n B sTs ™ Tk Tr
FRIRIER e WERRT juERfs IERRG R WERRT ALERfR
5~6H FEHK 17 844 19 24 17 285
5~6H XA X 20 633 17 18 25 276
7H Bl A -4 112 0 -3 -1 537
8A TIT 1 75 5 12 4 239
8H N 6 70 7 31 7 648
9H REED 21 53 15 13 17 786
104 FLOJI 27 89 30 31 31 736
114 FepL 20 149 20 21 21 272
11H EFLZEDS 33 59 28 33 27 562
7H /NI -12 -7 -14 -19 -8 -12
7H ViS®) -6 -7 -6 -9 -13 -9
7H L E el -30 -36 -34 -41 -35 15
7H & O -35 =21 -28 -27 -39 21
8H IR 6 7 3 5 48 30
104 XA -1 12 -2 3 1 17
10H FLOH 5 7 13 14 12 21
103 K% 2 3 6 3 5 27
5~6F Ehp 11 -5 9 -10 10 103
5~6H JI R 24 21 19 18 18 148
5~6H HL/INHT 19 20 23 27 21 261
5~6H b 13 11 14 13 14 283
5~6H WA ED 1 3 3 -4 3 388
7H T4 g -14 -15 -10 -17 -12 97
7H 1Z7- 5 -23 -32 -22 -9 -25 178
7H IINZE -11 -6 -11 -1 -10 321
8H =P -35 -16 -16 -19 -23 51
8H Sa—~_XHY A -16 -5 -18 -10 -17 116
8H FEwi# 6 23 7 10 7 126
8H i -1 4 -5 1 -1 199
8H faEH 0 11 8 3 1 5 379
8H Bz <I1FE 5 9 3 1 2 396
8 A 25 -6 17 6 1 4 407
8 A Sy 9 6 -18 5 -14 503
95 L7 -25 22 -26 20 25 62
9H NE3= -11 -11 -18 -18 -17 68
94 L E -3 -4 3 1 3 103
9/ FUHL 22 -7 21 -10 23 138
94 HEA -3 -8 2 6 0 139
9H HEB 5 26 10 12 3 236
9H Frid x 7 21 11 17 5 309
9H LA 14 22 10 15 5 843
104 TTHA 1 2 3 4 2 79
10H4 i A 2 10 1 12 -1 115
10H TR -1 -7 -3 -9 2 188
10H &7 3 0 7 0 7 296
10H bty 26 32 28 27 22 494
104 BiE 10 6 7 4 6 581
104 0~ A -8 0 -3 2 -6 1360
10H T4 27 19 25 18 30 1506
114 F_Z 15 7 19 12 14 51
114 Lo X -7 -4 -7 2 -12 105
114 =5 16 12 17 13 22 220
114 ~F3e L 5 11 6 14 6 236
114 EZIN 2 4 -1 4 2 380
114 Faw A 14 11 11 10 13 522
118 P 13 17 16 20 13 1043
11H DO E -3 -5 -5 3 2 1327

*1

*3

ATREL = L* X b*/|a¥
STS KB L Ot 7 4 VK34 %, 0.03 mM 3 £ T8 100 ppm & L 7=
BALHIR AT T T B
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FCIL<BIEINT—F, =71+ 0B 6T
HEDZE L WVLERST 7 4 VBRIC Lo THEBE
DR SN WIS/ 7 TIXREL TS Z L
D SN E o, T F L AL DHF T DEOHRE
BWTIE, WX 7 T RERMEMZENR LT
B AT IZBNT LA MFERENSFET D
TSN,

7272, L OEETT Y 7 3 VN ED L &
BELEY, =74 Ak > THEENRE
ENRWEEND ST Z L IXER AR THS. X
7Tk, =F VURBERBIRFICEREMAAT Z
ETCREZMERNE A~ ) VD LEOEENE U2
WEF L IEZ OB AR D o F L
YDV T T IVAREI D )b DB T 0%
PN X 0 =F L IR & 2 DI EERR © 8
SN TS, KHOFEER 3 TH LI ED
T T VAP X o THEEDOEENA U il
B, T OB Z IR L FR O RPN FFEmE
TR E LIZFREERH S, 2D OMFEN
R EF U IR MEIIEREM & L CORH A
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AD DT, DA PR O R E & BBk O R
NEBRDOBELEEZHND.

F 7, REBRIIESL - THEME L 72~ R & B
DIREICIWT, EOHEFHIT 6 A ORI
B WO BRNCE < FAEL, 10 HLARRIZRE L
B LN lehoT-, L, EB 3 ICBITA
7 & STS X A RIGO MR ZICIE, AR
BRAEH & DR R BhEMIX R S -T2 (B2 %)
ZE0D, 10 ALIRBICED SR ERF N DRI HD
FEE LT, [URDETFIC X 0 EE ORI &
NHEDEEZ N, ZOZ LD, FLEE N
IMEE R N EEZDRLIE, HELST WL
A PR E L IR EE o STS B Z R 25 2 &
BHEENTHD EEZLND.

HE

EMIAO/NX 7 FEmlic B W TRE L 7 D ED HE
BT A0, = F L UHERITH D F A hiliedh
pEHE (STS) OMEIZOWTHFI Lz, /X7 B
%% T 0.2~0.4 mM @ STS & 100~1000 ppm @
TY T % 15 R S D ALVER & Rt L 72,
WTHOBETLT Y 7 3 NIEOELELZEL,
STS IZHEDEE ZMH L7z, /INF 7 B B %% 4 LTl
Z JAVNZ 0.2~0.5mM @ STS QUEE Tl T FAZEED i
BIXH SNZb o0, EAEOEEERE O
Bl EOEENELZ, ‘DT, ADODLBLOA
R & T 12~ 19 B O RiTALEL % RiffE & L C STS
TR Z Wit L7 A5, 0.07mM T EiZE #0020 B AN
HINIHELNTE. SHIZIRRETH S 0.03mM D STS,
100ppm D=t 7 4 23 LOZEE K OEfE 7 H LR
2L - TC, 57 MFECHEDHELRE LIz, DR,
RHEKIZT THENEET D 9 M, =t 7+ il
HICK > CTHFICHEAT 240 MBIt 7 4
LB K-> THIENELE L2 8 ShfED 3 ShFEREIC
KorE&ni. WinohfErEt STS MK T, 3E
DEBIIR N -T2, 26D &N, 0.03
~0.07 mM OIRJEEE D STS ALFLAS, JREIZR /N7 S
FECHEOEELZREL THHTEDZ L2 oM
L7-.

HiEE

AL DL, BMOKEER 7 72 B MK EE BUR
ZHEHE T D T EANBAR GREE 5 22072, AR HKE
Fe 0 AL OFTEIT kST 2 ReE B BIAE - FIR SRR
FEEIROBIFR) XV EmLEZ. E-ERICHT--
TiE, BEREREMFEOM BB RIZZ K20
NNtz niz. ] ARSI AL S0 )
21, EBRICHWZE 0 L0 — 2 #2720
72, 2R UGS L BT A,

51 R

1. &EFIRS - i BREL 2012, BEFEICERT B/
T35 OIS & B E S = 7 DM I KX 5
e R DI [ AT R SE R E M. 23: 47-53.

2. Doi M., K. Aoe, S. Watabe, K. Inamoto and H.
Imanishi. 2004. Leaf yellowing of cut standard
Chrysanthemum (Dendranthema grandiflora
Kitamura) ‘Shuho-no-chikara’ induced by ethylene
and the postharvest increase in ethylene sensitivity. J.
Japan. Soc. Hort. Sci. 73: 229-234

3. Doi M., Y. Nakagawa, S. Watabe, K. Aoe, K. Inamoto
and H. Imanishi. 2003. Ethylene-induced Ileaf
yellowing in cut chrysanthemums (Dendranthema
grandiflora Kitamura). J. Japan. Soc. Hort. Sci. 72:
533-535

4. /pPEERE - PRFE - SUEEdL. 1985 =k T 4
VHVBRIZ X A X s on Yy MEEEE. B
54: 87-93.

5. MIEIESE « LT 1 - WBHCT - ek - 4
H 1. 2009. 7 H TR Z /NF 712810 5 KRk
L=t 7 4 VB BREIC KT T FHF
fFF. 8: 201-208.

6. WSVEE - [ ROKER - /L - EmoAR -
KEE&HL. 2007, > oA XF X FH2k EIN3 ¥ A
FZV Ty —BEFEANILLITTF L U IFK
27 OFEH. B 6 (52) :602.

7. Narumi T., R Aida, A Ohmiya and S Satoh. 2005.
Transformation of chrysanthemum with mutated
ethylene receptor genes: mDG-ERS1 transgenes
conferring reduced ethylene sensitivity and

characterization of the transformants. Postharvest

Biology and Technology. 37: 101-110.



10.

I1.

i BESED © FARREREREEHE (STS) ALRIZ & 5/ 7 G1 0 FEIT I8 1T 2 ZE D s 25 1T (1

L RTERRE - RARINAR - BRI 2005 AT L —

H—F—a OIEFLEB LT L Uz
MO S RRIE. B 4: 135-140.

L EMOKPER . 2017, EMOKPEREE - Rk 28 AREAE

& OVENS () A& OV
http://www.maff.go.jp/j/tokei/kouhyou/sakumotu/sak
kyou kaki/index.html.

RFALT - ks ®] -3k BZ2 - LT, 2004
TR EMNND =T L RO RE. UM
JREEMFZE. 66: 233.

B¢ AL 1994, MR EASHEA. mAEE -
SRR, WAL T - N Ry 7, KR

12.

13.

14.

fill. WAL, 408-429.

BINZFEBL. 2000. 7 OYIMEAEICKITH=kE 7
Vv DM GIEE R, BER X OREE. 75
270-280.

FH OB 1996, STS WHRIZ X 2810 fED B R
FrYIME R ICBI T A 0F%8. o2 £ & Rl i g
W], 21,

I IELS, BARTRA, KM, EAEE,
Vrhzgs, i BREE. 2013, /NF 27 DIF WU HEL])
0 IO BIAEALERIZ 351 D AL BRI O FR AR 23 BRAE 38
OB I RIE T8, mEESRER (2
) . 61:12-19.



