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b i FE I R WM OBM M A R T T DN EN B DL
Z z2 b =
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AT HEARARERK DR EC 21.6~22.1C T H -
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L SO 5 I S D G S A= <D (R 1 - M GO = G A 70 M eV P 5) i |
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#F-2-1 Bk o5 IE
, LB R (17:30~8:30) ¥R (C) BB AIER (C)

M e WR ERAR BARE A WH RS
67 FA) 20. 2 11.7 21.7 11.1 22.4 16. 8 23. 4 16. 4
TH kA) 20. 4 11.8 21.5 11.4 22.3 16. 6 23.0 16. 3
7TH g A) 20.9 12.6 22.1 12.3 23.2 17.5 23.9 17.8
TH A 20.7 12.3 21.8 11.9 22.2 16.5 23.0 16.5

"6 H TH) : 6/24~6/30, TH A : 7/1~7/10, THHA) : 7/11~7/20, TH FH : 7/21~T7/28

TARAR  ARAR - W\AS, &G BREE - &in, EH ER - R,

RIM-2-2 VRV ARTIVT 4 =0 LAOFHITBT 5 H B L UKL
HAHOMERL L OVEFTICKITTHE
. o b HEEC RRER
B (%) ZEY (mm) (mm)
HRHE 100 21.2 6.3 a" 14.8 ¢
75FF Kin 66.7 2.2 6.8 b 15.6 ¢
T 4R 41.7 1.2 8.4 ¢ 11.9a
HHRKM 0 0 8.2 ¢ 13.3 b
HARB K 100 26.8 6.0 a 135 ¢
75 K 100 4.1 6.3 a 145 ¢
R 1= 100 5.2 8.3 b 10.4
HHRM 91.7 2.3 8.9c 12.2b

"ARBE:BARBE RS, ®n: BB E &S, HH ER R, mEH
W B H A&

VB A MR LT- MR D B TR i G L LT
S X ORI E Fa

VR MFRNOFLI 2D CERNCIE, TukeyDZ ERIEIZLVE %L ~L TH E =N
HHZEE IR
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G°L¢ 6 7§ L '8¢ 109 T°L1 ¥ v 8V 8V 1°¢2 099 ¥'26 G€ll —AVLALLLL
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Xyce R<7: 1742 RS 11 AV (i) s PaEs Aol A&
BHW a6 A2 E HENAADOT L=V LAULEL AN A T-0-T 2
$ BT QUHE B O N %S0T 2R E AN, L2 G QM IS,
L QX O GG FHOKITY
S OO RET)F 3 M T T 2 CE LYY K,
W H OO ECE2) W B < i
Db HE 2 B b HE HE G- T HYEE G - T HYSE T HYSH,
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KIN-2-5 VARV IVARTNT 4 =0 L TTFFTN—" O BEMHLEF ORAIRE D
HOAEFTRBIOY Y BB RIF TR

@ﬁ %ﬁﬁ ﬂﬁ IR 3 s J— %i
TR TR EP- g R e TR
c) B (H) (cm) (cm) B/ &) (B8R

9 6.0a" 144.1b 63.4b  37.8b 10.1¢ 8.9¢ 14.9b
12 6.5a  143.1b 54.7a  25.8a 7.9b 7.8b 11.1a
15 7.2b  141.4 ab 57.7a  25.4a 7.2 ab 7.0ab  10.4a
18 7.7b  139.1a 56.7a  25.3a 7.0a 6.6a 10.7 a

"FRFENGBIEICR S ETO B
B E D O EALAE R AL E EFTCORES
YR D ST, TukeyDZEMEIZ LI VS% LNV THEEENH D Z L HRT

35 ¢
—BABEE .- wa --=%H —REmA®TS
30
~ 25
o
~—
g
X 20
15
10
5-
0 | I N N B B I B B B B B B D B B B B B DR D SR E—
O O O O O O O O O O O O O O o oo oo o o o o o
RS IR T I = B R = T T = T B = T = T = T = T = T = T = T = = T = = S = B ==
O N < O 00 O N < O 0 O N O N < U 0 O N < U 0 O
™ =~ - = = N ™ =~ - = = &N

XII-2-1 BHBIOKOLUEYOSIEOHEFRE (2014.7.1~7.2)
HABER : BARE - B&®m, ®Kn: BARBE - &, A 8B - BRS, K

YRR = R R
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KI-2-2 YRV ARMFEICBIT2EBEBLORGLEK T RO EZ

bk TIFFTAL= T T

HARHE : BABE - &M, Wm: BRBE - &G, BH EH - 8BRe, AR
el = I R

ETFDOAr—/1% 10 cm
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MIM-2-3 LRI ARMmfE 7S FF7—"1cBITHEAKENLE (HE 9 KR,
WHIE 9, 12, 15 7713 18C) K TH D&
ETFDOAr—/LiE5 cm
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AHE O CTWEX, T NMT 4 =v A Y b I o @ Y A STS A
B i = 2 5 Z & B #Ic STS ¥ W o & E &
B o2 M AE by T E L, 8oy TSR
HERERLEHEHRED LEOBEKIZOD W T HRF L L.

# e &V HFE
)STS B &k, STS AW B & &K U H H b

%:'I.II
It

iS3N0)

N
sk
A

R & 2 8 8 A K

STS ¥ W 1, ™ W » STS wiw (7 U ¥ — n K-

20C, 27 U ¥ — ) « ¥ ¥ N v (KR)) & H W STS B E

270.1, 0.2, 0.25, 0.27 B X O® 0.4 nM & 78 25 X 9
o A HE Ok cm R L TR LK.

STS W B X O B F b o § & 1, 23C, MM X & E
T0% I  # L 72z MEE =KW T, = E®®EXITE2HL

41



< PPFD 15 pmol - m -
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H H b o i &
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R

D It o | EH =
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STS ¥ W W 2 1%

Bl S 60 £ 7=

i

o
A
=
=
B

N

4
R

W e oo

R

+
M v T R
O oE T
L

A4 7 v K 7

3K o M K o

2006 £ 7 H 19

4 K &= FE L,
G- < G AN
B Mo, 0.1

0.2 mM & K T

NS % D

o

53

—

i

H

[

B o~ b

(_\S.,

(A B ) ook KM T AT

6:00 2 b 18:00 F T & 12 K

E X

, /A FqE L E O 4 T AT

g v a2 AHEKTST ST E,

T 3k
( (k&
DI

I

T Ly

T E O

mM ¥ #® T

[

0.25 mM & | T

[

L,

2,

0.5,

£ X 6 K F o ooE Lo,

, 2 K & R H

=]

=N

D

WA

7T0°C T oW B %, B ot L B

Bl AL, B 4 ml

gy R R E o 2o ok K &

%, &KX ®E K T 50 mlL It &
(z-6100, (B ) H 3 #

woE L e A B LV

e

iz, F & E O i E T OH

e

. N s B DR

B2 L - Y xR v v A F O OH

) a v ) fit & L 7= .

741

= n

1%

60% & E B f£ L 7= &
L, E & 70 am, M % F

T4z o il fEF L ¥ E RV
Ml STS & ¥ T &4 # L 7= .

X 1, 3, 6 B X O 24 K
3, 4, 6 B X W 24 W

1 B X O 3 K W & L

[

z O W 4 K & H F b

=

W offt B L &2 . STS o o

gy oA KTT T E, KA K AEZ 350 mL A
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¥

A A v U v ¥ — (F & 500 mL) & 1 K F o8B
H & b# &4 3, £ ko, X048 0 R

17 e o 2. H R DL B MBI, #ELZH Db

TAH A FE TN A0 BB DS N DN, EE
O ¥ H U BN FEN DA EToHMMEE L.
5 — 2 L %

BRoo1) STS W R I K & & 2| M o M A2 & b+

b EIE T B

Bl i, Bt THELED T — X A K M

- m 7 7 Vv -4 v 7 EHE R L E. EXIRFO

2Z60% 2O B E L 2 K &2 2006 F 7 A 26 H IZ UL
£ & 100 cm & Hi 2 MW % F & + X T o E & W

< B 2 47 v, STS Wik = pr & © K MW W & &

LB OBF M X, 0.1 B X Y 0.25 oMW K T I o1,

6 FF M & L, 0.2 mM® W T, 1, 3, 6, 12 8 X

24 B & L. &K 7TKF oL, £ oOWN 5

&

70C

H #F b i & | 2 A x B EH EF o A& gL

(@

HEE b @ &E B o 9 v 1, STS @ & B % 12 X ¥
400 mL AN QU 7= A 2 U v X — (K & 1000 mL)

AKF o8B LLE. BFELGHAEDT T, £F KoK

[

o 8w R L Z I b oo

alp

AR b X, W
A2 6 1 fFf £ 72 3% o BB LB, £ 7203 /h
50% LL L FE 2B FCo MM EL L. HEEE
Mo & v 38 i, STs o ® %, b Aozxz&HEKT

T, 1 AT LA E W E G D

e

o B

ToH OB %, AL ClE R B E L. MNESB
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Hie

oW F R EWET LD LELE LT, HE&EE O K

A 2 L CTW Y e Ko & &2 B HL L.
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oA S
F o3

2) B % & B\ B 2 STS W ¥ oz B o K IE T

Bz
o

«
3
=

I

TN — A4 7 (2 x4 HEE () & MK L .

2007 4 7 H 31 H o, B DM E o K EDO 20K %
L O N Y A N S N (=< I (A S < = R~ G Nl S b
b h 5 k5, I AEMEEEHB B L, 87 6H
oI L 2. I HE L 2 b i, K& & 100 cm (2 i
M F B XTI T o EERY K, 10K7FT 5

0.2 mM ® STS B K 2 W IiX A ¥ K &2 24 Kk M & I

T - e #of% o, N FE & OB B R 2 L i Bv 4L, B AE
% 0~4 H £ To/NhfxHKF LB OMAEIKCHERKL L.

¥ 2, KRB ME~WIE®L 58 F o /NI EIREEOR
o R L. BRE DL OHFHAECE DML ESRK 154
il L, B K (50 mL) % Ah 72 & B E (K& 70
mL) & 54 F o & F TA1T » . B F b iL, & #H K N

5 1t & F = X

e

F o BB £ 72713 F h 2 B £ To #H M
Lo dtE o B E o | E CTIE, KRB IERB L DA
% &£ B A 2 &L /P 10 M B JE 2 B S ¥ B

L =27 o & & KB & L 7= .

ok, EH HE B TR ELESNT RV R MHE
oy ((H) 2 3 ¥) # #E L 7~ . 2005

g7 H 19 H I #¥ L, E & 80 am, W R o if F &
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Wl F B2 KR EZT DR AET DHEEEL, TN
X0 F Ao Ml e oL E A Y B HEEE AT, T
O KM OSTS W iR < 4 # L 7= . W B OB R X, 0.27 mM
B X O 0.4 mM B W T o1, 3B X O 6 FME L.
0.2 mM® #® T IX, 0.5, 1, 2, 3, 6, 12 F X v 214
MW E L. £#K 7T AT oL, oKW 5 K%
H bW &I, 2 X% 85 880 &1 #X L x.

£ 727, 2005 4 9 A 16 H I #® L, £ & 70 m,
S O (0 (O NP S (el A S TN N N (S N S/ SR

AT & ®© KB M STS & W < /& B L 7= . A B

i
R
-~

i, 0.1 mM®E % T X 3,6,12, 24 F M, 0.2 M &
W T X 3,6,12 EHE M, 0.4 mM¥E ® T X 3, 6 B [# &
Lz2. &#K 8 XA F oL, £ oKW 5 K% HF b
AT, 3K &M E E oA MR L.

R LUV EE

VX Y v AR A EOG B LI O®AIEORESE L
B b5 o BMKF2KM-1-112»x L 7K. 0.2 aMB XY
0.25 mM &K TR H L Z 8 v % o 8 F b Ix, 0 1
2o EEMMHEML THLIEFE - CTH o . 0.1
mM % B B X Ik W T, &K AE RS LR ELR
X v g v dE o ®E BT, 0.2 nMEB X ® 0.25 nM K &
LB X L W R E T H o o, Ak o R E & X 0.2 mM
B oL O 0.25 oM ®w KL HE K LD DR 2 pmol-100
g 'FWU T THV, BEEF LB H 0.2 aMP I T 0.25 nM

IR A VN IR A Tl
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dh I B W T X 2 pmol s 100 g 'FW M kR, = 5 — X
AR oMW E B X O T KV R EIICE W TIX o3
pmol + 100 g '"FW BL k o & 28 /M 1T F B & 1 = 81V
£ T, BHFLEFIFIEF - &E &RV EKRKOABDFHEE
£ ) I/ = SR SV SN R /N - B S/ P SR fel
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(20 mM STS % #K 200 fif A&+ R ) T IX 16 K f , 0.08
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=
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pmol « 100 g 'FW Iz #E L 727 28, & %2 12 B [H £ T 4

B L TbH®H 6 FMA L oW MIZb T T b o
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Bl £ T % £ L ¢ b 4 6 BEM A » 6 o 8 ik b 7
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eo#oo6 B OH 2 b o B mix b 3§ T Y, 2 pmol-
100g '"FW 2L E i iX 22 b ey o (KMWM-1-2). T h
5 0 Z b, WP hoFRHKEICEB W TL, STS & #
O WM N AR b, #OE 2R E O STS WK E AL
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= .
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FM-1-1 A—nu 7 RWLMEY Y EDO/NEIZI T 5 BAEHZ S H £ STS LI K 5461
GEREBIOCHELIZKITTEE

EER( B MEEIS (%) 7 R & EESSSWNQED

et ZREK STS (umol = ZK¥7K  STS o

H %% ” g ALER 100g 'FW)  AAE JLE Rt

RBATE — — 5.28 - - —
0 0 0 6. 08 2.2a° 9.5 a ok
1 0 0 5. 82 220a 9.1a ok
2 0 0 5.51 1.1 b 8.1 ab ok
3 0 0 5. 40 0.3¢c 17.5b ok
4 0 0 4. 62 0.0 c 6.9b ok
5 38.6 14.3 3.56 — — -
6 100 100 — — — -

“INHERE I 50T B BRAE H 2 B % H #
V(BB LA & CICEA E IR R L7/ NMER) / UERTO/NER) X100

PRI T IVT 7y MRENTIE, Tukey D2 E LIS EIC L 0 BRTERRRIE B £ M125% 7K
WTHEBEENH A Z & %777 (n=15)

YwklT . tRREIC LV 1% KME T CHEERENHDH Z & 2 RT

52



[ 10 p
' ° Vo v 4
O IR o |
~ W . A *
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WELE A 01mM @ 02mM @ 0.25 mM WENE A 01 mM@02mM @ 025
0 . . . ) 0 . . . . . )
0.0 50 100 15.0 20.0 00 10 20 30 40 50 60
$8& 8 (umol-100 g 'FW) $R &8 (umol-100 g 'FW)

HIM-1-1 R ARMBOUVIEBLIO/NMEICB T 2EEELE BRL 0K
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SRE R, o7 2 HoEEE

20 20 —
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'a 15 'e015
o o
o o
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) ]
4 4
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1 2 24

3 4. 6 1 2 3 4 & 24
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H Ok 4y & L T 11.3 g-L-15-7 v 0 -2-2A F ) —4-4
y oF 7T VU v -3-F v B L N 3.9 g-L-12-2A F N —-4-
A4 Y F 7 U v =-3-F v E EHG5 T, v — AL « 7T v K

No— A e Y oy N (K, BT, LR A 2N X

PEA Q- Sl < R D el
A o L P B X K AT B oo BB KX, EOE
23°C , M X & E 70% I Hfl #®H L 2 EHE=WNT, =¥ E

B St kT 2 B w T PPFD 15 pmol-m 2-S° ' (#H. E ),
6:00 27 b 18:00 £ T » 12 B M A E & L 7= .
it B B L X7 v Y7 =viEeEE (9 — % N %D

) O ECE S XK 5 AR &2 L 2. 4 H % 8 H

Wz, XK E DL 1A LK BEE FE TICHAIEL TWE
3L B X LB % AR E T o ML AL
i » 3 48 W O I FH E B K I &k L & 5 Bk T ft ORI R

B 72 b f & B £ © o MW i Bl fE L 7= 48 B E fr o 3 48 I

i

S W T, B R o R ok oxE A & EF (NR-3000, H K
L % (# )) T CIE (1967) Lab £ A % I B J %
L*, a*, b"f &= W & L, B E (Cx= (a"?+b"*) 1/2)
oA E (h' =tan ! (b*/a*)) EH WM L L. T v
MY T = m B, e E % o /N XY E R E 3
~ 4T oL, 1% BE @M A ¥ 9 — L ITRIELT
7 v b T = v EMHE L. 10 nL I E K %K, o)k
Jt B F (Uuv-2500PC, (B ) B &8 ® {E ) T % b E
(545 nm) & W & L 7z .

(2) Y %2 ¥ ¥ R &

OB, db i oE W I W oo & EE BB o xR v
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A Ko A — X — = U T = O kA3 AR O
B o o e n 60% B OE B ML L 2Kk &2 2007 4 8
H 18 B (2 Iz # L fit & L = . & & x, I #® %, &
LI - B X HEIWNE VX - EBIRD, E & 60
em I fi x Ml B 3 K K L, = O fioftF LT X T O
¥ A2 Y R EEIT o . A7 v — X0 T,

0.2 mM STS ¥ % 12 2,4 8 £ O 6% 2 7 v — 2 % I %
oW oW o2 L, 24 B M AT o 2. B % oK E T L,
B b, o @ AECHERAXLEZ. BHELOFAEICIE

£ X 8 A & fit B L, STS o 4 B % 2 &% &8 K % 350 mlL

A X x vV v — (& & 500 nL) 1 K F o
% L oA P Ix AT Kk o 2, X o By R L IEIT b
A/ NN B R bix, K A& T 2» 56 &#2K o0 /KO
50% UL b 28 F W X 2k e A+ L5 F o HMHEE L.
£ o @& 23T F% K 5K & K LKL e % 8 H

iz % X & 1 A Z & o B % AR X T oMz
£ L 7= 519 & & 4 & L =

(3)x 3 — 4 L %

W E m ) oo A& EF E G o= 7 — % AN K T L
— N — K’ o EXoOMLF O NN 60% B E ML L L
Bk 2z 2007 # 8 A 21 H (& I # L fit & L &= . W H #% I
B 6 L = /N1 o 8 A % b # T 2 7 o fit 3 & v (B &
Ml oo B R W oo A I Y P I gk RO
oL 7oL fiE ROk R I fE TSI RNt (. N S 3 )
oy 4 -2 HE LW, B S 100 cn i f 2 M £ F &
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- W W &= f B L 24 B M 17 - 7= . W4 H % oK
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=
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v Z L, 8y oy 03, BN
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2‘%111—2—1 STS{Mﬁz fféxﬂu—w&% NV IEORFEBLE LW

AT E—R HED A=)

IR HA & W fh
(%) (A) (L () 4 P (h)
0 6.0 &' 50.8 ab 52.2 ab 307 ab
2 6.9 a 56.5 a 484 a 305 a
4 7.0 a 44.8 b 70.2 b 311
6 6.9 a A7.1 b 67.1 b 310

PAVERYR 19X CSTS(0.2mM) 25 F, ALERBEE 13 24 B ]
YR E Tukey D B ELBRIZ L V5 % /K HETH EZHD

FM-2-2 STSEWRIZIEATHAIZa—RBENYVIEOAFEL, £ L)
TUNUT2UEBICKITTERE (27— % LR M)

AT —A EHH ety TURT =
T B bk 3 fF R
(%) (H) (LY (CH A (h°) (OD545 nm+g 'FW)
0 7.7 a" 59.7 sk 33.0 sk 304.4 1.58 sk
2 8.4 ab 53.9 42.9 * 304.4 1.54
4 9.6 b 46.3 65.0 309.0 2.38
CEa - 44.6 68.6 310.6 2.82

PRVERR I3 CSTS(0.2mM) &5 A, ALERIRERT 1T 24 BT

YRLER#.8 BAZBRIEL QU= AERE B/ INMEIZ BT AR

BT WS IR LT AR RR I 1T B/ INE

YIRS I BT B A BT LT 7y MEIZIE, TukeyDZ B LM EIZ LD A7 00— ZJEFERIIC5 % A YET
HEENHHZE T (n=8)

VASTE H O L Uk I Dunnett 2 B FLEGR E 12 L5 % 35 KON % /K UE TG E ORNCA B =01 dD
Z&%RT (n=h)
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FIM-2-3 STSWIKIZEBT D A7 o — ZARIMH
STS LBRFTIZBIAE L T W=/ NED Ttz R IE T %
(=T —H L%5FE)

A —A ()
IR 505 WL fE2KiE!
(%) (L (*p) A (h")
0 45.1 66.3 310.5
4 47.2 62.9 309.5
AHEME n.s. n.s. n.s.

PRVERYR 19X CSTS (0. 2mM) & & A, WLER R 13 24 FF

nos IXtREIC K D AEIICAE R EN WD L ERT
(n=5)

FHM-2-4 A7 o —RAWNEREHE I 21— a VHBOEEL, {EaB LW,
TURYToUEBIIKITETHE (2T —X L% 50NHE)

A=A EESHSY e TUoNT =Y
T 15)E 3 W A o

(%) (H) (LY (cH (M)  (0D545 nm+g 'FW)
0 7.7 63.4 29.6 301.9 1.29
4 8.7 54.1 51.6 306.3 1.76
HErE n.s. * ok n.s. n.s.

AV IE 9 CSTS(0.2mM) 25 A, WLFRIER I3 24 5 ]
YINFER%S H B ICBHAEL Q= BN/ INE

I L O tHEIC L D5% I KON K BE CULERRIC A B ENHHZ AR, ns T B
YR YA AN N

FIM-2-5 STS L A7 u—ADMAELELENIVIED AFH, LB L OIEAIC
RETHE (T R R R L= )

2m— 2 HEE e e

i B g I 4
(%) (H) (cm) (L9 () I (h)
0 9.5 a" 4.4 a 81.1 a 10.0 a 197.7 a
2 10.8 b 4.6 ab 79.9 ab 15.9 b 282.7 b
4 11.3 b 4.8 bc 76.2 ¢ 16.8 b 285.5 b
6 10.9 b 4.9 ¢ 77.5 be 18.0 b 282.8 b
8 10.9 b 5.1 ¢ 77.1 ¢ 18.3 b 282.6 b

POV 139X CSTS(0.2mM) A G A, ALEREE R 13 2405 ]
ERBIOMEAIE, ERE EATSIEZALERT A 2 IR
SRIRAT VT 7y NEIZIE Tukey D2 B B IZLVS%L ~ L CH E ENHH L5 R T
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KIM-2-6 STS L A7 o —ADMAEGDLOELIENGI VIO BRL, LB L OfEAaIl &
ETHE (RT N REME ZEOULY)
Aa— A EESESY iR =N
e e 50 3 W (2K
(%) (H) (cm) (L) (c £ (h)
0 8.9 a* 3.8 a 55.2 a 81.1 a 327.1 a
A 9.2 a 4.4 b 49.2 b 92.4 b 324.7 b
4 L) 9.7 a 4.3 b 49.2 b 93.9 b 324.5 b

CRLVERIR L9 CSTS(0.2mM) 25 Ax, WLER B 1 2405 )
IERBIOMEAIL, EFE EATSIEA LT A 12 15
TR Tukey D2 BRI LS KAETH BN DA LE RS

FM-2-7 STSE A7 u—ADHMAEDLELENE@ LS I 2 —2 a3 %00 iED
BEFD, ERBLOIMEAICKIETERE (XTI FUFRME ALy L—FR)

2UE—2 A5 T (AN
e 1 g I .4
(%) (F) (cm) (L") () A ()
0 8.9 4.4 80.8 12.9 265.1
4 10.1 4.9 79.8 17.0 285.1
2 % & n.s. * n.s.

CAVFRIR I 9 CSTS(0.2mM) Z B Fr, ALPRAE S 1 240 [
B L OME S, fEFE_EAI5IEA KT T B #2IHA
HEMRIRE LRSS K EE TH BEENHDLZEE R s TA B EZN RN EE RS
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120 f

110

PIYTEE (%)

100

9 } ——-STS
—O—STS+4%290-A+HEH

o b+ s,
o1 2 3 4 5 6 7 8 9 10 11 12 13 14

U HE % B
KIM-2-1 STS A7 0 —ZADMAADLELHEBLUOEE Y I 2 —va rBoly
EOFBEEOHRE (XT N R ALy L—FK)
Ko — (AT, =3ty I —ra VR ZRT
BIVIEE : A7 0 — RO Y IEEA 100 & L2, 2B/KE0EEOZXDOBEIRE
TEZE D% OB Oy EFRFETHDL E L THIELT
B OMERRITFERER 2= % R T (n=12)

i 7 A H

STS+4% A7 o — A+
e i

KM-2-2 STS & A7 a—ZADMHAEEDLEUHRBLIOEES I 2L —3 3 % (U
% THB) OUIVIEDIRE (X7 FoFRmfE “ALvrL—R7)
e STS+H4% 2 7 v — 2 +HLEHKI, 4 : STS
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L™ Y 2oy a3 R Vool B W TCHE IR T W

( Hu & , 1998 ; = Hfi , 2007). X H T, oK M IZH

5
AL 2 X ok ik v TR O RN,

vk Mox

J m U A ¥ -m A F x4 NTF 4 7 FCH KL AK, 1998)
B W T#HEI N TWBH . F R, FTHLH (2000) 1%,

WM &= B v C % flc STS M B & b — % — ¥ o3 v [
xf TAT W, fif E L B F b & fE Rk T E D L WA
L T W

A ffi £ T2 STS B L B2 mo— 2 E M A A b ¥ B
e ox2 s L, I e Eom kR A wmE L. Lo LR
b, T b oW B I T X B e o KRB o E
itz B < 2 & 3 W #EE T H Y, v oKDk FIZIE
iR B R B2 HEC T 2528 8 L & 0 E T H D
( Rudnicki » , 1991 ; VanDoorn, 1990).

z Z T, T N7 4 =v Aoy dico T 5 A
B0 E HMEE RS T DS, WY I ERERBEORE L
— M TBHE KR o WYX L%, F MK oMmEEB K
CH L OHM A2 WA L

ek & VA E
(WA HEHE L UTERTRER OHAE A E

O F BRI X, 2007
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X v Y AR A RN T — X A
B 10 A 2 = mE N B (- B o A& FEF B B ICB W T

B2y fEE, X7 K v F D E B X, 2006
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(%) (H) (mm) (%)

STS 177 79.9 9.1 36.8 90.0

STS s 84.1 7.9 36.9 88.9
STS+AZm—A =V 69.6 10.8 43.7 0
STS+A7mr—2A 2= 7.7 10.8 45.5 10
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(%) (H) (mm) (%)

STS (52 98.7 9.4 46.2 10.0
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Studies on the Cultivation Method for
High-quality and the Postharvest Life of

Delphinium Flowers in Hokkaido

Manabu Kuroshima

Hokkaido i1is a major cut flower production area
from summer to fall. However, Hokkaido's cut
flower production areas are located at a distance
far from large consumption areas. Delphinium (D.
elatum, D. Belladonna, D. grandiflorum) is one of
the main cut flowers shipped from Hokkaido
during from summer to fall. The declining cut
flower quality, as demonstrated by flower length
and the number of side branches, is a major problem
in flower cultivation. Silver thiosulfate complex
(STS) treatment of delphiniums, which have a
strong sensitivity to ethylene, is fundamental for
growers before shipping cut flowers. Early flower
drop due to lack of proper STS treatment 1is a
common issue reported by markets to growers.

This study has two aims: First, to improve the
quality of cut flowers of D. grandiflorum using a
long-day treatment and short-day/night-chilling
treatments. Second, to study the effects of STS,

sucrose, and wet transport to develop pre-
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shipment treatments that improve the quality of
cut flowers after shipping.

To improve the quality of cut flowers of D.
grandiflorum from summer to fall, the
effectiveness of a long-day treatment from the bud
extraction stage to harvest was examined. A light
period treatment of 20 h increased cut flower
length and side branch length, but the number of
lateral branches and flower buds on each lateral
branch were unaffected by the treatment.
Irradiance of 50 Ix or more was required for long-
day treatment, however there was no difference 1in
effectiveness between fluorescent and
incandescent lamps.

The effects of short-day and night chilling
treatments on D. grandiflorum seedling growth
were investigated to improve the cut flower
quality. D. grandiflorum seedlings were treated
with combinations of short-day (9 h light period)
and night chilling (10°C) conditions using a spot
air-conditioner for 35 days until planting. Under
these conditions, the cut flower length and
lateral branch numbers increased. The short-day
treatment had a greater suppressive effect than
the night chilling treatment on the shift from

vegetative growth to reproductive growth. A
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comparison of night chilling temperatures of 9,
12, 15, and 18°C showed that 9°C was the most
effective. These results indicate that culturing D.
grandiflorum seedlings under the short-day (9 h
light period) and night chilling conditions is an
effective way to improve the cut flower quality. A
comparison of night chilling temperatures of 9,
12, 15, and 18°C showed that 9°C was the most
effective.

The effects of pulse treatment with STS on cut
flower vase life were 1investigated. Cut flowers of
D. grandiflorum, D. elatum, and D. belladonna
were treated with an STS solution at 0.1, 0.2, 0.25
0.27, and 0.4 mM for different durations. The vase
life of D. elatum and D. Belladonna were longest
when the Ag content in florets was more than 3
pumol - 100 g FW. Similarly, the vase life of D.
grandiflorum was longest when the Ag content in
florets was more than 2 pmol-100g! FW. The vase
life of cut flowers was mnot influenced by STS
concentration or duration of treatment as long as
the Ag content in florets was more than the level
described above. To achieve these Ag levels,
treatment with STS at a concentration of 0.2 mM
or higher was necessary.

The effects of pulse treatment with sucrose 1n
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combination with STS on the quality and vase life
of cut delphinium flowers were also investigated.
Cut flowers of D. grandiflorum, D. elatum, and D.
belladonna were treated with 0,2,4,6, and 8%
sucrose in combination with 0.2 m M STS.
Treatment with sucrose in combination with STS
improved pigmentation of flower color, increased
floret size, and extended vase life compared to
that of STS alone. However, these positive effects
of sucrose treatment varied by species. For D.
grandiflorum, there were no positive effects from
sucrose treatment. In D. elatum, treatment with
4% sucrose in combination with STS significantly
extended the vase life, increased the anthocyanin
concentration 1n the sepals, and i1improved the
pigmentation of the flower color compared with
that of STS alone. In D. belladonna, treatment
with 4% sucrose in combination with STS resulted
in increased floret size and extended vase life.

The impact of wet transport on the vase life and
quality of cut delphinium flowers was examined.
After pulse treatments, cut delphinium flowers
were exposed to dry and wet shipping conditions
and transported from Hokkaido to Ibaraki by truck
or airplane. During transportation, there was no

difference between dry and wet conditions on the
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temperature and humidity within the shipping
container; yet, when cut flowers were transported
under dry conditions. Contrastingly, when cut
flowers were transported under wet conditions,
they maintained their fresh weight and the rate
of open florets increased. Flowers moved by wet
transport exhibited the same vase life as flowers
moved by dry transport. The results obtained in
this study showed that wet conditions were better
than dry conditions for maintaining the quality
of cut delphinium flowers during transportation.

High humidity owing to rainfall before and after
harvest could impact successful STS treatment and
the resultant silver content of cut flowers. To
assess this, the effects of relative humidity (RH)
before harvest, and temperature and RH during STS
treatment on the absorption of STS were
investigated. D. elatum plants were harvested for
two months 1n a greenhouse and the preharvest
environmental parameters, STS absorption, and Ag
content of individual cut flowers at harvest were
recorded. Principal component analysis showed
interrelations between the parameters. Delphinium

3

plants grown under wet” conditions (high RH and
low vapor pressure deficit) produced cut flowers

that absorbed more STS solution. Potted D. elatum
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plants were held for 6 days before harvest 1in a
phytotron under different R H conditions. STS
solution absorption by flowers cut from plants
under high RH conditions was higher than that of
flowers harvested under low RH conditions. The
stoma size of the sepals of flowers harvested under
high RH conditions was significantly larger than
that of flowers harvested under low RH conditions.
STS treatments were performed at 23 °C and 70%
RH, 23 °C and 80% RH, 30 °C and 70% RH, and 30 °C
and 80 % RH. At any given temperature, STS
solution absorption at low-RH was greater than
that at high RH. Lastly, the effects of R H
conditions before harvest and during pulse
treatment on STS solution absorption were
compared. When treated with STS under high RH,
RH encountered before harvest did not affect STS
solution absorption. However, when treated with
STS under low RH, cut flowers harvested from
plants under high-RH absorbed more STS solution

than cut flowers harvested under low RH.
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