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Development of production techniques and genetic
resources as summer sprout for Aralia elata Seem.
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SUMMARY

The study of genetic diversity for agronomic characteristics In Japanese
angelica (Aralia elata Seem) accessions was conducted to select a promising
line and to develop seed production method and cropping system as a
summer sprout.

Experiment matenial comprised of 170 accessions of Japanese angelica
germplasm collected from Korea and China. The data were recorded on plant
height, stem diameter, number of leaves, chlorophyll content and
photosynthetic vield. The accession Jeongkang collected from local farmers
gave better seedling propagation. Jeongkang also gave maximum plant height
(84.2-129.4 cm.). Non significant differences were observed in stem diameter
(2.0-2.3 cm), number of node (14.7-20.1) and number of branches (2.0-5.0) in
Jeonbuk area. In Jeonnam area, plant height of Jeongkang were 107-161 cm
but Wang du leap was better than Jeon kang in stem diameter (202-2.7 cm).
As compared location, plant growth was better in Jeonnam than Jeonbuk for
number of node and branches.

In forcing culture, the maximum and minimum temperature of water
medium were 20-21 and 9-11 C in all accessions expect Jeong kang (25-26
and 13 C). Therefore Jeong kang line should be cultured in warm water
culture medium.

To certify the use of seeds, seed germination was compared by using seed
storage method, sowing density and forcing culture. The results showed that
seed/sand mixing method under cold chamber was different than dry seed
which stored in room temperature. The optimum sowing density was
approximately 500 grains per m-. The plant height under shading condition
was lower then natural light condition. -

Scanning electron microscope revealed two distinctive types of pollen. One



was comparatively larger in size and regular in shape (fertile) while the other
was smaller and irregular in shape (sterile). Scanning electron microscope
showed that pollen has clearly visible four apertures. It was hypothesized that
potassium (K) may be involved in pollen swelling and the mechanisms

underlying the rapid imbibition of water. Scanning electron microscopy with

EDX (Energy dispersive X-ray) attachment was used to observe K at
aperture area of pollen.

New production techniques for summer sprout which can be extended to
cropping season were developed. Jeongkang can only be used as a summer
sprout because all other accessions were withering to death during cut sprout.
Summer sprout can be produced from May and vinyl covering method can be
extendable for production upto December in Jeju province. This experiment
was carried from Jan.-Dec. for evaluation of spring sprout (apical bud) and
summer sprout by vinyl covering and forcing culture methods using different
production techniques. The production of sprout was 450 kg per 10 a during
this whole period.

Due to restricted cultivated area and increasing demand of Japanese
angelica (Aralia elata Seem.) as food, we tried to make processed food from
apical bud (pickle) and summer sprout (soybean paste-Gimchi) of Jeong kang
cultivar. It was concluded that long storage did not effect the color, smell,
taste, tissue, palatability, PH, brix degree and acidity of pickle and soybean

paste (Gimchi) by using sensory and chemical methods.
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14 209 A4F AL 7Aed M7k e FE 14 £8 d5E 40~
BLolg ot A AL 3~WVIZ hE FFo| wlske] 104U £7] 5ol
@ Aoz 2AHAY oldd ARe 129 209 A4 AT 19 209
A4d A FANE /A A8 Bk A A7 53 D5 glold A

& AlET e A mAAREE Y Aol dAHUoH A A7 %o A

4 A AN e EFAMY HA H 2x9 Aole F 1-49 Ht
M9 3Fe MMAFEY HALEE 9~11T ¢gled, a&EE 20~21T9]
Aok, 28y AR AL HALEE 13ToUT, FA2TE 25~26T oAb
Wb A7 AZS ZAAue gRog 383 e H2d F9T Fast 9
=3

E -4 SAANA A Ao AFE L

7+ AT

2 A = I
A 11 20
AFQ. 11 21
A 2h 10 20
ofAHF 4 9 20
A 7F 1 13 2o
A% 2 13 20

_26_



Aehst A4
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Al
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50 cm A% Y AT AA

7]
&

(
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2) FRATE AFE THRE AUAY AAS AAGI Aste AT, AL,
THE 1, A% T FAS AL el we dgE FEES £ A
A& AL 2E T AL A5 Aol FAeY Ay o5
T e A% AwEE F dEe AFHA7 olFoi oy AAHew oF FA
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N Fgte] BSHAL AT, AoE fAF AFoTA Hx WARE o
2 28 A A7 Assdout olF el do] AAHW o] Asho
A gol AgetA vk Ee B o] shAg Qo] wol WAste] 2 g3t
pAgsa dH AR AFAA A8 AR AFAAL Bl A9
do] golth FFF 12 AT A2 WHAME 459 A} BHY B
ohel N7t wekom, Ag AU E BFaL A R} S AEe)
dgol BA5E Row BAHAL AT Aot HE EE AAT I
AA e gdel dou AR Tost Leex
oFgkh. AT, AL W FRE 1 A& A AFUA(RAAN O ABES
}

AAGH Aol AFL FAW AL ATUIN(ZHNOZA Fe A £o] uw

)
Ty
el
Pi“
82
£
w)ish
ah
R0
AN
|
2

#3772
%) o
FHx Fot A7 8% Fst A7
. 109 5«
K& 2 )
AT V8 208 (122 20%)+
Hepd e 6¢ 5¢ 109 14
A& 64 10 104 54
37| % 69 159 104 109
« W 7F vl

g E3e 59 VU AFEA /13 wgten), Ay, 4%, 47 wow
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FRHAT. HE FHA7E A Hol7t AFHAEY F71E7} 109 1092
g wA A AREded AFEAA Y AdE 129 209744 F8 A
e A%F & YA WA AAER vy AuE Wag 49 Ty ofn

FAE 4 Aol FE FdAMNo] A5E Ao B

AN FEE AN B 44N FEES ARsE ddAusr AL
B s 2 del A FAAMATIE)E T8 FEE AL AAE fAG &

th o) 2A 54 A7leut FFo] Aol A Fxe AuAe ael s

£ 16 952 F5 A 233 49 A
=4 45 =4 Y&
A zZ7A 57/H(A2 A8 1.2 m x 0.7 m)
T27bs THA 4 7HAl/5
kA & A EFs ANHI T 8-103]/17 2| (6¥€ 78 9E7HA) —  32-4070/7
AGFT T 10g/ea(5 - 15 g)
= 3 3070/F — 450 kg/10 a
L5 9= o Ex o714 (2,000 - 3,0004/100 g)

a2y B ATE B 48A THE £ 7] AMAHe o] BE Al
1

T A AATE FHENeBE o)d #I FYwME B 1-69F o] A AG

%
ARty 24t 79 7R & A etHA A S 71932 58 FE 108 27}
A 7EA & 103 WlZ AEeS A3 R AT A¥E EA A
B¢ A3 7les HEt A9 J3F Aulsriod s 10ad 450kg AEE &

=N
uct
b
30
i
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stal gt

&
i
e

A 249 &3 /1AL 2.000~3,0008/100 golt}.

FEe A A7) S 9

(7hH F5 a3 AL AA 7 Fx(3E 1-4)

A

AR 7] Ao} £Ee] BY HF(UY 1297)

B (ol ANFAI714/5- 4/127H A oF 157U dotE 5 &(35.8 kg/10 a)

- GE& FEAY] L FHNAC) e Pk
« 69 1149-20471A = A5« F227I2AM 13/6Y 73, 23 7%,
13} 13.8 kg/10 a AHAF
¢ 69 219-89 3197 AE B FHY7IEA 131/429, 178 F5,
1313 157 kg/ 10 a A4t
99 19-99 30974 E £82r2A 13/59, 53] 53, 1312
13.7 kg/10 a A4k
- w7k Aol o g Ak A7) SHel(ed E )
- ZA A AAN (NS =2 129 10Y, 18 20¥ Aot +v AL
E 17 083 FEE ANVEE ol 88 £847) 2 Sy BA
_ SeA 2,
873 o wae  a¥E(ke/10a)
T = O ]T
T (Ao 3HA 7 49 5 - 124 af 35.8(29.8 g/ea)
BT TR 6 119 - 20< Od/23) 138 / 13
Ea 7847 6¢€ 219 - 8¥ 319  4.29/173] 15.7 / 13}
A #FEr 99 19 - 99 302 59/53] 137 / 13
g% FEEF 69 11 - 99 308 3-5%/243 363
« A g, AR 2 Y 129, AARA) )
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l 4/5 ~ 4/12 '—-—--—-—l’% s 8 =& = 2H0Hg)

l -

JL
9/1 ~ 9/30 \—-— ——[ HS= ==t ot (13]/5&
J L
T HEE AN e
T : G - W b))

12/15 ~ 12/:ﬂ—-—--—--— = &4 M === |
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>
2
il
4y
0%
2l

AW o8 Ny Fd AN AA T

dEFd FF+ AN 71EE ogdted AY9EE AUAAAE FSTeEA 2
7R 2 24 AAto]l e d B ofyel Fa(Foh) AUk 39 2TFH 4

4 TR U 5 U Aoz die

D AFAY Fd A4 AA Fd-H(ETZ™ 1-5
- BFE (Al A4

« 8 Al7] 1 39 156¥ ~3¥Y 25YU(Hh)

« Aol T 1 Y 30~40 g

* 1023 5% : 389 kg(32.4 g/ea)

« 28 A7) Aol AH AE, 39 269 ~49 159 (e 209, HiF 38/F)
« Ao} % AP 10~15g
* 10a3d +% : 576 kg(12.8 g/ea)

¢ AR A7 Zol A AF(4Y 159)

« AA Y AR QR AR 50 cm FA)

* -3 7fAlY [ 5Y 26

£ g YA
.59 269 ~64 104(18/59 5%, %33 5, 148 kg/13//10a A2
69 119~99 54(18/49 58, % 228 58 151 kg/18]/10a 44}
.99 69 ~109 54(18)/59 43, % 53 58 145 kg/13//10a A4H)
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L 1-8. 9B TEE AN o] 8F AF AdY THEE T AN Y

T8 713¢ T8 4/3+ T2 (ke/10 a)
wo(Fol) F8A7] 39 159 ~39 25¢ ol o 38.9
BT(Soh #8471 3¥ 269 ~49¥ 15¢ uj 57.6
oAdEF & 271 5¥Y 269~64¥ 10Y 54/33] 14.8 / 13
g £8 A7l 6¥ 119~9¥ 59  4.19/223 15.1 / 13]
AFE T T 9¥ 649~10¥ 54¥ 5Y4/53] 145 / 13]
oZ¢ 58 F% 59 269~109 59 3~59/303] 449.1
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|3/15 ~ 325 |————-| & & 3=(F0) ===(0HY)

|5/26 ~ 6/10 l—-—-'—'— =22 23 XJ|(13/5Y)

<+
‘6/11 ~ 9/5 l—-—----—l ez += {SJI(1§I/4.1%!)_‘
<
9/6 10/5 —-—-—-*-'_O:IE".L‘ =&  2Ji(1=al/5¢) '
<t
IV L O E E mA AL eE )
1 10/6 12/311— ==~ |
SR N SN C T2~ . ) SO
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* Jol T 1 E 25~3H5 ¢

* T%(10 a) : 37.4 kg(31.2 g/ea)

- 53 5 A

*+ AR A7 Aop A AF(49 129 4)

+ A4 W AAE I8 AABET 50em w1 AD

« 72 JWAld T 64 104

« 4 A

- 68 119 ~69 2049(13]/6Y %, T 23] %, 157 kg/13)/10a A7)

- 69 219 ~8Y 31¥€(13]/42¢ %, F 173 58, 165 kg/138]/10a AL
° 0¥ 19¥~99 30d(13/5¢ 3%, F 53 43, 134 kg/138]/10a AJ4H)

19 4BH FEE AWES ol 8F A A FEE T AN BF

TE713¢ T8 3A4/3 57 2% keg/10 a)
B (Aol 3 A7l 49 39 ~4€9 12¢ & 37.4(31.2 g/ea) |
A5 T8 271 6¥ 114 ~69 20¢ 54/23] 157 / 13
A& T2 A7 649 21d~8€ 31d 4.29 /173 165/ 13
o 24 3% 27 9¥ 19~9¥ 309 5¢/53] 134 / 18
deg T8 3% 6¥ 1194~9¥€ 30¢ 3~59/249 378.9

_36_...



4/3 ~ 4/12 |-———-| & & S=(H0hH SE(0j)

l 4/12 o
e e—

Ie/n ~ 6/20 l—-—--—-— =22 £33 XJ|(13/5Y) |

|6/21 ~ 8/31 | ———- == 23 AIl(13/4.2L) I

=

I

-

ST | O E A MG N EE
1 10/1 11151 — =+ — =
B | ___BIbE )

4) F5 &3 AAAA Y TR H
FAAN AAE B d3E 53l Sgrgon o 7lwe (FH)ZA
%

_I%_Z_
o] A3H B2 AlEARS Ay FREIFY WB)E FEY A8
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H| 31

2 2 A

AT A FA

18-01-1-4

71 2 o

N

L LI

3 73

Ala A EA

18-02-3-11

15-03-3-21

5735 o

dd AAA

17-09-3-01

7350}

REP

g A A A

17-09-3-02

759

.1.-1

{-

]

i
N

!

N

Al

18-04-3-118

535 o}

15-15-3-13

73 o}

0
)

o

”

#

i

S

12

/

#

7

18-02-1-2

7] A i

o =
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—
X

=

Ta Y (Aralia elata Seemann)T F& 53 (Araliaceae)dl &3l SHE=
2 A= AR A sty dukbAon wWltdlM e YER A 8shil, wefol
M= 2 R FHE &, Y, Te¥ R HEAE, AEY, 34
7Y Fulx2A BEE S o)j&3sta Yt Fue F2y B A FAA,
FHAISA, T A mAZH TP O T Fo| Mol FH HAELoEE F

A

g wudo] B A, 3A, AFEN vEY ¢, $ARA QA B, AR

Sol gRFel gtk FEUT & ALRH 23/ WAAos} dojke o

housed| A Ajufjx|o] o] & 5o 3
< Auly A L AR SO AFAA S, AT E 5 A F
ZFE[IL oA ) AAEAl ol Fol #Rol| THET|lmo] EdEolol T AR
=ot Bb ol FH2 FE AME %, dviE A A= AAE A
Al tE s T TEAYIL o A mEEoly dAEe AT HIIEH
e AAolth o3 HAFE HARMSH L o] A Hl o2 o]lF o] &

A ®atn g H75 0 o Ape] £AHL = AAolth B Aol

Tiae 20000 3, 48l AlFoM Aikd B FEat 2 oolfd Adtd 945
}

&9 olgatath Aol Y W, o, FANE, f71A
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L Ay HHd
) =82 16T A4 714 dxyoes F4son, pHE pH meter(pH
meter Orion 520A, Orion Research Inc., USAE | 8391, Y= YA

(Hand refractometer, Atago., Japan)E& ©¢]&3l9 'Brix® XA8dY. AEE
pickle®] A% 005N NaOH= A A3l acetic acid® BAtstgdzn, Aol 74§
0.IN NaOHZE A A3l lactic acid= $2+8F o},

2) Mz FA

T3 pickle thdsted AEE WEA2 AAA(Color and color different
meter, SP-80, Tokyo Denshoku, Japan)® L(H %), a(AME) b(FHME)Z FA]
3F S T

3) Catalase &7#

Blanching &7-& AA3}7] 93l AMAF 5 gl 713 ¢HAH S catalased] &
dE SASHI T catalase L AlTS NA wix|2] s R|o] HF 8] ¢35},
3% IHAtstrd ImLE wfSFA | 7hste] 7Hsk S 7|27 2 H A ZAS}
AT,

-

712 w3 90°C, 80°C, 70Tl A zhzt A =35kt

4
il
oXl
o)
)
i
=5
0
-
O
=,
-
e
ol
(A

5) Picklee] Ax

5% Ao} pickled A

PN
OF]
o
"o
L]
il
Ny
)
i
AW
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5 Aol

~ - m.mw
b ~ <
=)
~
-
o) 2 =
S g § - .
S £ ] ’ o
O S
Cm O .
©C O o
5 5 g

N

a9 2-1. 7w AokY pickle Al
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6) AMA 1A A F

A5 5 blanching & 5 & €gst gz

0.4%, NBQCOB 0.5%, Nagco;g 04%)04] 12’*]{1‘ IQR‘

& A (Ca(OH)2 0.5%, Ca(OH)»

3t

AN NBE AH

A B3 T pickled A ZIYGy, AR 3AE 138 2-29 2}

% TF

!

E

!

blanching
treatment

90°C. Smin

O I
T 7L -
/Bl]:""l"‘a L SR 075!*"_

-
=, 249,
cn FAS

7+
71 A) &)
M 314 T pickle AlZ FA



7) A AlE Az

oF Fvo HY AF Ax 42 18 2-33% Z

AqAE T5 NaCl
2-3%
! +
A A Ca(OH) 0.2% NIERS:
) |
pH =4
blanching NaCl 3% lactic acid +citric acid 1:1
treatment pH 4.3 - 4.5
Water
h 4
Y 7}<E(1min)
l
CES
l
Aot
09T 30mim
l
37
J
A A R
574}

a9 2-3. 95 7o 2 AF Ax v A

_43_



8) drk AT A

A& 10g & Hslo "3 0.1% peptone + 90mLo] ¥ F Algd Hztd
nfAES He 277 98t stomacher(Bagmixer 400, Interscience, France)&
o] &8t 28 HoF A3 AlFo AN ImLE Birdr 01.% peptone 5 9mL
of dAZ oz BAE thg petrifilm' plate(3M,USA)E o] &3t} 35Tl A 48
A7 wjekst & uUeluE EAAQ colonys X5 HIAA W (standard plate
count-forming unit(CFU))2.& A 43} .

B5AAE Sdd 7429 1092 tges A Ax AgWe £9 3
Ak Z, A, % 5t 24, 444 7125 94 AEPS A AMHA )
558 Wrbste] EAAL G o8 SASE o4 vhehy

) FF Aote +2 ¥

ANaE 2353 105TCTAA AY 719 dZAA AZXE 7]|Fo=2 Fu2

00
OO
X
X
sk
.Q
il
rlo
0=
e,
1
©°
—
5
=

N
P
©
0
o0
03
X
il
ML
l_.

i3}
iﬁ
L
L

Blanching Z71& AA37] Y& HaFcF 5 o 7HF b3S catalaseE 7|
Fog g XNFE 14}, catalase? FALE &FQ1slr] Hstq HAAs Lo F

3 NRe B AT AN R -T2 BEd Ane B 2-19 2T

— 44 -



3 2-1. 55 Aol blanching A0 WE catalase A

A 2] =5 A 2] Al 7 Catalase &4
A — — + -+ + +
B 70T )i +++
C 80T $iin ++
D 0C Shin +

A : No blanching treatment B : blanching 70C
C : blanching 80T D : blanching 90T

i

2 2-19l 4 B nke} Zo] 90T oA 5%t blanching A 2l3& o 7|3 A4

o] blanching #2)et4 %< A$RT H& A

lo

= A M2t blanching
T+ 90T, A8 5E3ro. 7 AA 8T

918 blanchingdlel 70C, 80°C, 90CAA 217 Axs & MEg =43 Ans
T 229 2}
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%22 5% Aote] £xw Az F AL W@

A. Blanching 80C, 5&3t # g

AN =
AZLT
L a b
70C 32.12 -1.04 10.10
80TC 30.56 -0.62 10.18
90 C 29.21 -0.62 9.67
B. Blanching 90°C, 5%t A g
AT
HZLT
I a b
70T 28.10 -0.85 7.25
0T 20.81 -1.12 3.46
90C 28.13 -0.91 9.12

# 20M B A AT Hu B A7 L, a, b #ko] AAHoR Y2 Ao

2 wol guE v, ANMEs xomz =42 o o #u FHEL we

Ao® eyt dx AFS AF 78 AR AME e @ AR Add

NG Ax A €488 uwA3l7] 93t blanching # 2 A] sodium copper

chlorophyllin€ Z}Zr 100ppm, 200ppm, 300ppm= #A7fsle] HZE3g & MEE =
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dotth Mg SA43 A3 & 2-39 #Zh

3 2-3. 5% Ao}l sodium copper chlorophyllin 2] & A%

M5
] 2]
L a b
A 30.93 -2.29 10.27
B 32.40 -2.25 10.56
C 31.24 -1.84 9.67

A I sodium copper chlorophyllin 100ppm
B | sodium copper chlorophylhin 200ppm

C ! sodium copper chlorophyllin 300ppm

#F 2-39A B v} ol Ayt F B AHEtrt A9 C AYgTRY 35,
A7 = AMEE= A MR thAh 2o Loa b #ol AAAHoE B

ek S48 AT, AAF B FAF AE s)Fo] FozA AR

-

1g/kg ©]slo|BmE sodium copper chlorophyllin A 2] 200ppmo. 2 A A 3}

?’\i
AL, sodium copper chlorophyllin* @l 2 35 Ao} A% A Adl JpAZHE 7))

s
!
a)
(D
S
L)
rir
i
ro
o)
ks
=]
AL
r\r
Ao,
=
i
D
alN
i
oo,
s
=
e
!
g%,
Y
DL
!
©
1
X
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2E FYe] AAF uoh A ZF AL 27)
Aol g7l wWEe] JBHORE Azt 33 Ro] N)Ee] B

42 el s 4F 1Fs AFe) @ §4a
Az dgrtt We7t B AL 7% FHIER pickled ol o] &
otk 2 Aol REHS o FF AAFH, AvRE 2,

il

S

ek, Ful Abge

3

3}

Ak,

§4 o)}
10]c}.

A o] oA F

2
Ll

7}E f7)4ke] gl o]l Atmlg s A #Ho] v}, Fabian

AFA ZAle] HARTHE wrygol 73ln

2% ol2® wreo] X3 FrhsE 29% o4 At eRdvty w1

Ak A Fo AbE o] &3 2 E ste AL BHEo} MR gIr F8

bt

ol 2 w7likel Abgo] HaA ol

L 2-4. 5 Ao} pickle AlZA] Atu| g 9] ZgH]

sodium
2 2] - A= copper
chlorophyllin
A acetic acid 8 : malic(10%) 2
B acetic acid 8 : malic(5%6) 2
C acetic acid 4 : malic acid(10%) 3 : citric acid(10%) 3
D acetic acid 4 @ malic acid(5%) 3 : citric acid(b%) 3
E acetic acid 8 : malic(10%) 2 200ppm
F acetic acid 8 : malic(5%) 2 200ppm
G acetic acid 4 : malic acid(10%6) 3 : citric acid(10%) 3 200ppm
H acetic acid 4 : malic acid(5%) 3 : citric acid(5%) 3 200ppm

R EERES

Aol Mot vl vER.
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ANEE AAdFel AT AeE 3 VHRE d5 o082 AR e AHUE T
7HA] oldE T3 U 2 FrE Uetdos Hao) ot 2A4F Abag
A ALY w5 dElsta, €M wBAE 8] blanching Al sodium copper
chlorophylling 200ppm #A7}ske} pickleE A2 $ pH, B%, A%, A& &
Astal, s HALE AHAlgAnh Av|gel z9v|= E 2-4¢9F 3, FAm o uj

g+ i 2-5%9F Hrh

® 2-5. 58 Aol pickle AF Al FAF vy

] ol o
AR (A eh) 29%
A (& 7k o) 2026
EICIRY 15%
27591 (E] o] 7)) 11%
A% (vt} 272 7%
A=A (=) 12%

(1) Atels A2+ pH ¥H 3}

#$ 2-49 Anls 2R A3t F5 Aot pickle®] pHE A4S 23+ 1
H 63 2

T 2-49 A B npel ol CefF GA Y (acetic acid®t malic acid citric
acid 10% w52 #2))8 pHv tf & Ay td Hls] w@ten, dAAqo=z AHA

717b% pHE okzhe] WBe] Qoo 2 Wik gl
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! iEI *B ﬁ [ v AP e e T 1 4 = 8 =, N A b et e i i e o T T T TP P o o T i T T I T I e R A o 1o b i e A AR sl " 0 P03 i e s - = = = 4 =

3.50

| 3.00

pH value

2’09 h % . ,..I. e i | e iy __,__-.-.-_-..-..-..-,-..-..-..-;ﬂ-:..;..W_~.—~-— PICRETTETFETTEN S _i VLA TR, L """'""'"-..-.A-A.-\«-}-«m- SO i
- n

Storage time{day}

el mmnrr bt A A B e At it e o S ————— L, B pr e e ot L RE T TR g e

28 2-4. 5 Ao} pickled] AF F pH W3}

DAH: 4 3%,

(2) Ar = A oE e W

Brix{%)

e Fa T

|
:_ O R
i 3 6 9 12 15 I
| Storage time(day)

7238 9-5 55 Aol pickled] AH T T HE}
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a7 2-50904 e wpek o] AF VI T EE AT 3dA TR

0571.1 Brix ol om, A 717k £ zt Ay Feig 254 "7 UL, 18
al

AR E 0dA R AxA L2 0509 Brix wolAla vk 2] pickle?] T&
A FE Fo FEL 384 Lo gstil o] F+= F7HetA FeH i
Bag ot F& pickleg 71€9 20] pickledE UAa HEUE AS ¢ T
ATt

HRoy g9t 2ol 5% pickle® 719 0] pickledt= H&

3
g
:
3

_..5‘].__



(4) s A+ Ax 3

F 2-4¢ Ans 2R AFXI F5 Aol pickled] MEE SAHIN A=

# 2-63F ZT

E 2-6. 5% Ao} pickled AF = Mx W

A. Hunter L value

;‘13&;‘)’3 A B C D E P G H
0 2036 2760 2529 2878 2478 2746 2426 2549
3 26.10 2877 2791 2505 2590 2903 2495 28.05
6 2473 3044 2364 2692 2748 30.10 2506 23.83
9 2729 2939 2654 2573 2802 3044 2730 26.27
12 2740 3171 2983 2682 2803 3096 2791 2657
15 2621 2752 2707 2441 2584 2828 3030 2535
18 27157 2999 2869 2846 2854 3037 27776  26.88

B. Hunter a value

21(1’_;])7& A B C D E F G H
0 044 033 055 078 -0.03 036 1.06 0.26
3 0.44 -0.27 -0.41 -0.17 -0.30 -1.03 066 0.34
6 -0.58 -1.28 0.29 -0.89 -1.20 -1.71 -0.55 -0.73
9 -0.69 -1.32 -0.36 -055 =-1.72 -2.10 -0.93 -0.61
12 -0.34 -1.26 -1.23 -1.14 -1.77 -2.34 -1.23 -1.28
15 -0.90 -1.43 -1.26 -0.90 -1.71 -1.98 -1.23 -0.58
18 -0.99 -1.48 -1.24 -1.48 -2.10 -265 -1.76 -1.20

C. Hunter b value

A 713k

B C D E E G H
(day)

0 1285 1261 11.30 1078 11.74 11.78 9.97 11.92
3 11.51 12,96 13.52 1098 11.89 13.24 1201 12.03
6 1142 11.86 10.19 12.01 12.75 1298 11.96 11.17
9 11.55 12.01 12.45 11.72 13.14 13.63 12.64 11.68
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12 12.12 12.27 13.41 1271 1264 13.78 13.02 12.34

15 10.98 12.73 12.30 10.76 11.75 13.29 13.18 11.82

18 11.14 12.34 12.60 13.13 12.52 13.64 13.10 12.20
1) AAH: & 4 &%,

E 2-69 AdA HE= wie} % T5 Aol pickle?] #HE A A8 F(acetic
acid 8malic(10%) 2)5 A3 E= HE oA Asste= A8 Hola g} a

< sodium copper chlorophylling A&l gt A g]F7F A@er] &S X TR
Sl 49 oz Mol 4L ¥ el H: AL & & Yk dgmz

sodium copper chlorophylling * & 3}%&
dElth 55 Aot pickle A% F

copper chlorophylling 2] 7 $-

(5) Al E Ay S5 HA
E 2-49 Zrls 23EE AR
= ¥ 2-73 2o}

¥ 2-7. 5§

A 713 94

Aol pickle?] A& F

A ) ) % % =4 AAH NBE
A 5.10° 5.40° 6.50° 6.80" 6.40°
B 5.10° 5.20° 5.80" 6.40" 6.10°
C 5.00° 5.20" 6.20" 7.00° 5.90°
D 5.50° 5.70° 5.90° 6.10° 5.70"
E 6.10" 5.40° 6.80° 6.20" 6.40°
F 6.00" 5.50" 6.50° 6.20° 6.10"
Gr - 5.50° 6.00° 6.00° 6.10° 6.20°
H 5.30" 5.70° 5.40° 6.00" 5.50"
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A% 717 144

A 2] T 3 % ot 23 AAH JEE
A 5.40™ 6.10° 5.50° 6.30° 5.70°
B 5.80"™ 6.20" 6.30" 6.10° 6.30°
C 6.00°" 5.60" 5.90% 6.20° 5.80°
D 5.90° 5.50° 5.20° 4.90" 5.50°
E 4.10° 5.20° 4.80° 5.20° 5.00°
F 7.30° 5.40° 5.00° 6.10° 6.10°
G 5.50™ 5.10° 6.30° 6.00 5.60°
H 5.50™ 5.40° 6.00° 6.10° 5.90%

1) AH : ¥ 4 &%
2) 28 doAq e A FoX gs

F 2-794 He uret Zo] A Al ol AE kAFAE A FH A
o} pickle?] #54 EAAL FAHLE FoAHE Yt YA Foh FAA 7
oJ L gloy Hluwd 2 H+E HQ A+ Blacetic acid 8 @ malic(5%6)2)
MG 2Fo = AT

o

2 &% pickle AxA FH1T -

>
o

G)F ] = &g 9F F& pickle?] ¥ JHA
Ao 52 dEA(chlorophyl)v @&V 2® 37t w=3 & 5805 &
ZH AT 49 gAoE oA ity T T8 FEES HAUElY HF
o] FE|doZ AL AAsH oY, A ANFAAHAA ol 24T
jo] At

Maleckit Ao Fx2H A BFd tix7]% Ca(OH)z, Mg(OH)2| #7}
7t 297 vtz B gt 38 Ogawa 5% Asazuke o e AP A
sl A A7l 28 A a¥o gl 2] A7kl oste] pHe S8 WA v
22 fXss Aol &7 dvia gtk GAe Afole FASEs

[Ca(OH)z] olvt BHIVE F[NaxCOsl & H7H3 =9 pHE 4o A 2ol

Pal =

1=

WA= T A

»
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A AR SAFRY HYE Qo Bustdr. 95 FEFS ol 83 pickle
A= Al chlorophyll MA2] ¢tz & w2]E 93] A|EE blanching & %
g 23k ¢Zde £4 = Ca(OH), 0.4%, Ca(OH): 0.5%, NayCOsz 0.4%, NaCOs3
0.5%° 12A17F 2 A&t pickles #|Z3kAch MARAHAE A% A+~ # 2-8
o 2}

# 2-8. A A AT AT

Z 2]
A Control
B Ca(OH),; 0.5%
C Ca({OH)» 0.4%%6
D NaxCOs3 0.5%
E NasxCO3 0.4%

b NS A A AE W
L 89 AR Alxg o5 T4 pickle®] Mg ST AdT A 29

o 7t}

!

e

= 2-9. 9§ T+ pickle?] A% F Ak ¥}

A. Hunter L value

A4 71 7E (day) A B C D E
0 23.58 20.07 20.23 17.93 17.84
3 24.92 20.57 17.84 17.95 19.49
10 21.713 19.92 16.30 21.09 17.74
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B. Hunter a balue

A& 717F (day) A B C D E
0 -9.70 -7.74 -7.75 -8.03 -8.18
3 -0.27 -3.05 -2.02 -2.05 -2.19
10 -1.57 -2.952 -2.60 -3.45 -3.20
C. Hunter b value
A2 71%F (day) A B C D E
0 14.83 10.80 10.94 9.06 8.94
3 11.98 10.06 3.74 3.17 0.49
10 11.15 9.43 7.11 9.76 8.01
1) AE : & 8 #=£.
¥ 2-90M Rz Epep o] dAHow dE A 98 Lt oA«

BEgS BH, NaCO; MDD, E HH)e AF 7
ale) Lzkel Wbt A el
ke ekzia] Halo] oE|A Bolxl:= AL
o ¢oldte] AT 2 Al vt

T UE AHTE

Ca(OH)y A8+ % control®. o} Lgko]l YUt a

B2 NaxCOs AZ|(D, E A&]+)

F ool 2 g
de Wt gon

A 2] 8}

MEFE o E A

2o Hlsty w2 S HATh WEkA o) SAEE A7 HAsiAl= o
AR 97y Ayt 2o Aow wudEnt bgd &EE] A oste] W
3t7b e AR F WEIE 7 Ae A2NaCOs A2+ (D, E)2 AE e

A 3E

el HE NaxCOs A7} vl & Ao R}

2
NS
co
1o
2
AL
-
it
il
2
PN
ol
£
i
—n
i
(=3
™
a3
D
o
e
olf
o
>
Dl
gt
(o
il
i
rr
us
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2-103 Zot,

e

2 2-10. 985 55 pickle A% F A5 HA

A 2] & % ok x4 AAY 7E=
A 3.63" 5.13" 463" 5.00° 5.00°
B 6.63" 5.25° 4.75° 4.23° 5.38°
C 5.38% 6.00° 5.13" 5.38" 5.00°
D 450" 5.00° 6.00° 4.50° 5.50°%
E 5.50% 4.75° 563° 5.63° 5.88°
1) AE : ¥ 2-8 #=%
2) 22 dollA 2 Al gofA gle.

¥ 2-10014 B vhgh Zo] M TE delste] AFF picklee] Aut o)A
(p<O/D)S Holi, Ca(OH): 05%= Astde W 7Hd & 238 & F US5=
& = A &g 9 2F], AAH Vs E F3 A0 ey e C AE
D Ag+, 232 E Ay, HAAH 7|55+ E A7 958 AL
e B4 EAH4S AL o NaCO0sz8 A7l F&

=2 a8 5 Ha7 9

e 2 A hE

Ho]l &gty A& 49 blanchingdt Al®
3l B Z 90ToA 308
At Wadsdn AF F59 HdAe g AL F 2-119 #owy

[
ghs
=
\J
-—T--J
ik
ol
-n
O
=
—h
=
q
ol
e
Q.
Q3
w
(£l
o)
0
o
)
=
e
O
-—rf
-]
s
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AAe] Algel FddS Hrtstd dde AxzsAan. Ad AF AHelFe &
2-113 2.

# 2-11. 985 FF 2Y AE Ax AA-E A FA4 AYF
A 2] -+
A Ca(OH)s 0.2%
B NaCl 3%
C Water

(1) Ag+E #sa8A

© X 2-12¢9 #t.

X

1.

bt

2__
A AEF F

=

A% 717 04 A

% 2-119 A APTEE AZY 42 FF AY AT BEANE & A

12. 48 FF AY AFY BN
49 AE

A 2] - Al Pz ot Z 2] AAH 73 E
A 4787 4.89° 3.11% 4.44° 4.44°
B 5.56° 5.00° 3.22° 378 467
C 5.00° 4.89° 3.67° 4.56° 4.29°
A4 717 3Y A
2] 2] A 3} a} % A AAA 713 %
A 4.75° 4.90° 3.90° 5.00° 4.82°
B 4,73 4.09" 2.89° 3.36" 3.09"
C 5.18° 4.45° 3.91° 445 3.73%"
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A 717 64 A

Aejy A % % 24 AAA 7EE
A 4.70° 4.50° 2.70° 3.40° 3.60°
B 4.10" 4.10" 3.10° 3.70° 3.70°
C 5.00° 5.10° 3.50° 4.30" 4.80"

1) AYC : & 2-11%=x
2) &2 FolA 22 Il FofA flE

F 2-120l4 HE nie} fo] oF FF AHAYE Ax T v AFHA AE
= AAH oz FHAd #9320 zolg YHEMA FRot A 39 F

Aoz 7lakoA Ca(OH), H&HT7F 58 (p<0.05) Ao2 veyon A&

717ko] AAARHA 1 Aol flojR= Aoz dAdH wmer oAdF F59 A

Ao b2 gl o] blanchingdte] AYstodr E A aolx= ¢S Ho=

A A

Hi=

 2-13. 1§ F8% PN9 98 g9l AT

= A2 =24
A o & +% #HA, heat treat;nent(%"C, 30min)
B o & F+5% 4%, No heat treatment
C "4 de) oF 35, heat treatment(95C, 30min)
D HAYd de 4% 55, No heat treatment
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1% TEL A5Q0%)9 AU AT F Aol AF, BFF F UAE
e o] BEn BN e DAL EPsel AgdS VE ¥ G4

(1) A2 74 pH W3

Ael7Ee Az AAt BF 49 A
129 <k pHe| WaHe A9l g3, A% FEAA AT kA g AT
9 12950 pH7F RobATh ok A4 S& 713 uto] $& X9 pHE 427432
2 unsgsd B AYe Anske ta o7l AR AdH o BE
AQEA BN A FL FIES wslth

i
(o

-
r&
Yok,
il
B\
oxl
=
jihd
i)
)
oX,
N
)

&

(2) A28 A= Rs

Ae iz Az JgAst 93 29 AFe AR wEE S8 A4 AL
71ZE 39 Foll A&zt wrepx iyt Al 64A et B
cbme] & Wste gyl A% 7133 1294 pH7F Wk AEF FE 2 A e
A g ahA &2 Aut AdxrE Aedd. dwkrqor Ao Aavie Ak
= 0470.7%°13 7H¢ 2AS W) ArE 05%E R Bisi dert AF i

P
Axeh AA Gk 2 F ek

(3) A4 M A3}

B 2-139] Az Az @A 93 44 Aw ARE LT A

FAlol v A E 4Fe Mo Wakg woln glvk
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X 2-14 948 FF AAY AAHDBC) 5 A5 W3t

A. Hunter L. value

A& 717F (day)

A(heat) B(non)
0 22.65 18.94
3 21.21 19.55
6 21.68 19.27
9 21.90 18.39
12 21.38 20.95
B. Hunter a value
45 795 4A
A 2F 717F (day)
A(heat) B(non)
0 3.86 -1.69
3 4.86 (.91
6 2.92 -0.66
9 2.07 0.35
12 4.08 1.58
C. Hunter b value
Vg FF A
A2y 71%F (day)
A(heat) B(non)
0 11.36 3.49
3 11.03 9.67
O 10.90 9.15
9 10.54 3.22
12 10.31 10.33
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S "HAYA A AFol UM Ak WIHE ¥ dIds X 2-15% £

C(heat) D(non)
O 24.72 20.82
3 23.90 20.92
6 24.65 20.34
9 23.20 20.42
12 22.52 21.89

B. Hunter a value

A& 713F (day)

C(heat) D(non)
O -1.15 ~3.72
3 -0.50 ~-2.80
O -0.22 —-1.87
9 0.04 -1.16
12 0.11 -0.98

C. Hunter b value

A% 717F (day)

C(heat) D(non)
0 11.38 9.02
3 10.79 8.95
5 10.86 8.32
9 10.36 8.02
12 9.63 0.84

1) CD @ & 2-13 #=
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|-'1:'.1

L 2-15904 B uke) o] AR A AF F5Y A LS gy s
st Aol I3 H] 485 F59 agk2 €Ay FoA #WEsr dstHrth

24 498 # AFL A% % A8 WE dojdn QAL ¢ 5 A

(4) A At Ao

AE2 A2 A3, A 939 It Adrs A4S 29, AF 71T
s Adre bt AR A Te At SUe T 6 A H
dAsA, A2 E A }E ATe ASF FUtets Ae o+ Ao @
A A dAe 2R FEG Ade HA v AeHER FHE F
AsAN FA AGS AME ¥ 780l vHAT Ao

Adre 898 49 A5 F5 Ad7 25 3¢A a7 S7ksdr A%
71 & dAsHA #7A H A

i
e
-0,
o

(5) M +¥ #sHA
AgrE R Az A, dAd J@F3Y #sAMNE AAT dde ® 2-16
2-173} %t}

2] T A 3 o =z AAY 7T
qm ma az Alheat 4.70" 470" 540" 4.80" 5.90°
7 " B(on)  7.00" 560" 6.50°  6.20° 5.60°
A 717 39°
A 2] Al 3k ot ZzA  AAA NEE
~  Alheat) 440" 510" 4.80° 5.40" 4.40°
OZ’E | EHE 71-_1]'2] , | : N .
B(non)  6.80° 4.95”  4.90" 6.20" 5.80°
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A 713 64

A2l A ki P 7 AAA 71E=
_  Alheat) 4.36" 4.82" 436" 4.55" 4.55°
O:]% T% ;{_J?\] ' l b a ab
B(non) 6.18%° 4.82° 5.00 5.91 5.91
A% 713k 94
A 2T & & % 7 AAF 7k
~ _ Alheat) 4.20" 530" 5.00° 4.90" 4.80"
AE Fu 44 a b ab
B(non) 6.40° 5.50° 5.00" 5.90 5.30
A% 713E 124
A2 & Kl P =24 AA4 JlEk
~ _ Alheat) 533" 456" 4.33" 478" 4.78°
qu | E Z?}R : . al a al
B(non) 6.33" 5.22" 6.00" 6.78 6.11°

1) AB

% 2-16914 He vpel o] Ag+E dElste] AxXd AF FF HARANE &
SAA 3 Az 0dAE Mp <0.01), 2A(p <005)NA EAxF FA & AA
7V Aoz R, A% 39 M(p <0.01), Fp <0.01), AAA JE

(p 0.0+ woldS Holx, w A 7ok ztol7h glATE A% 64 A
(p <0.01), 3, (p <0.01), 3Hp <0.05), 23 (p <0.01), AA3H 7|T=(p <0.0D)ANAN
AA g A & A7t
AAH 7% (p <0.0De
T 1294 =& (p <001, AAA 7E%(p <0059 FoAdS B

e Aol L ARE nAT

gl x M(p <0.01), ZA&(p <0.05),
ot Aozt gldoh. A
A x el 3}

958k 3L

A%
oJAde Holm, & wre

Oy P

_.64_



el

217904 R wpeh Zo] HeTFE dYste] AZE AF FFH BEAA

3 Az 0LdA Mp <0.01), Z&(p <0.01)9 FoQAS Holx, AZ vh= Aol

et a, &, 9, A4 Vs EE Fod zolrt gl

A 713 04

¥ 2-17. 8% 49 o F§ AYBC)F B5

ZE R A g} o Z A AA A 75 %
C 3.90 5.60° 5.00 5.30% 5.10°
D 7.20° 5.90° 5.00" 6.40" 6.40°
A 713 34
A 2] A g} ok e AAA 7185
C 4.60° 6.20° 5.40° 6.60° 5.30°
D 5.80° 6.10° 5.40" 6.00° 5.50°
A% 713 64
A 2] A 3 ot %3 AAH 7155
C 3.55°¢ 5.36 5.18"° 5.73" 5.09%
D 6.36° 6.55" 5.36" 6.64" 6.36"
A4 71z 94
A 2] A & o Z3 AAH 718 %
C 5.40" 6.30° 6.50" 6.00° 6.00°
D 6.40° 5.50" 4.70" 6.50° 5.50"
A 713 129
A7 8 % 24 @A 3%
C 4.56° 5,22 5.89" 5.89° 6.11°
D 5.00° 3.78" 5.11°" 6.44° 4.67"

HWCD: % 2-13 &%

A 3dA A, % st 23 WA TR BF geld AV gt A%
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644 A, Fp <00DANN FAYE B 5 FF
ATt

A% 1294 7td AY@ A FE ol
1

O
o
o AANCZ AP0 FFH 4B FFL ANYHA = ol § TL =
T

2= B olu FAAFE KA Y] AL A

o},
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A3 A auxd AR R

1 A&

o153 gl @dolth By ofle A ARANE F3 FAY 5T
A g - B3 Rolo] B Ash Bylel AFH don STt o9
b th 2% B 54 L ANHE FAAR ] olste] AujEE FUAAE
42 AAG sl REHD FAHC] Fojol fAHG 2ol Jg 2 24F
Walgol me Asizk wdsn Qov oled AsE old AFHA FAAR

of oMyt =&5ET 4 Unh. olFA AEwHALS SFH Aol Lo

e
2
ged
T
i)

E
e
i)
Lo
r O
r_>.~1_,
od
&
o
T
fu)
)
il
)
o
S
i

"M
=
>
o,
=

II.

.

ol
)

itk A9 Frlshe] Adow SAH D ok A2 Au) FFo oA F
ole) FojE Az Wolel FF(FAT WMol Ak /)5E FAAIE o
T Fst Aol 2old g $HsofoF & el

A4 Seldet A4 FEFAAUl Y WY FEATE wAG WA, 0
%5 Fe HATOA @A Y AUAUS ol §F ABAT AT FRE

e sdud g4

FEE BEgoR kAN U A4sn gon ExA wele FA

do Fehe oFi Atk BrME FE RIEU B4R oj4om A
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st Qlovt AR AdAe Gy SHdelA FAA Welsk @FHol Utk
w3 FEo F4 Au/Ad/Add A7F MR Mo 71Et HE AFE
9 v1EE Aotk = AME FY, FF 5 ABNGA oo a Yrt

HAF Fol b ZAAL0 FEOIAW FE Feh A7 49~590) BF
=

ol Qa, 4arEel AFEHT st ARl HFHn Y Yotk %
gAuE wAque] e BEky] fiskel A7), ARAGAMN AL A}
227k AhFelel 5ol AAN FFol el A 248 A= Fetn

3, ol FlE 28t HA @m vk ZAANMA BAr] B 9T Age

FAS FAANA FHL LEL &AL A, AY W A 2EE T
stol Alujaty] WEo] BEFY ulgo] RES A Aok Wb B AT
NAE FE A B AT 0% vpFon AME AN AP Fal
stz TS Faseh

(L) AS Auig - Alss, A, A5, B2 Y Auis oA Al el

Q= A AWES Bewol AL AAste] ZAFEA AT ZH

(th AR 54 24}
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E, 9%, 484, o5, A, 3454 FF 55 2AEd A ES

potable mini PAM fluorometer(PAM-2000, WalzAH & ol&3stgoy A3
3} =

.
3

""l_"

24 3§ & (maximal quantim yield of PSII photochemistry)e|t}. &4
=22 hand-held chlorophyll content meter (CCM-200, Opti-Science, USA).
BRI JEL G FAHALS 338 SAHEZ 3eES Htgho| )

ol

2) A4E AN 7% AT
(b 2 F3, AF L o} A
24 % A4E ATE 9% 24 £PL F4 9 5Y AAEL )% I
= A9e oz AAsAt Fh FAF E4E #F Jdo AAsHE ok
g9 24 AAYT, FF TS LY AW dIBRATR g2 293

_‘?—_
o £2% TdeATH
(D) %5 F2e] A9 A

DA AATAAY - 22 fE T 2RI Ad2AA AzRA¢) A DL

@FA EAGM) WEY  AAE FAE AEse] WE Astes Wyos
-89 7 FAL #37t FAMS @ W AZH) B0 AANGY. TR

5
A S 1302 BF A e T3 FEL FAHES she] 20T BF
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B T B 4o #0g 2 AAGReR WAE o&sel o
24e AAFAY. FA LBVDE EANH ARF FAZ Aeh? 50094 3
A8 ol y AgstArh. A AW EAS F LA ol go] Fopy &
CE 9o Aol wol KUY M5l 0T £48 19 23 A 5

2 #2 A7

(W) dAmel 8 54 A}
(1) 22 AFEA

194 AMEY B F 53, £74, 2% 5 2R

2)%F et FEA A% A= 9
% WSS 500K/m, 1000KL/m, 2000Ki/m, 3000Ki/m 2 FRated A elsa

t} 2AgRoR AR £3, 2%, TARE 5& 2ASAD

OEEIEE:
%%, 97, Bel, B, AF 5 5 A Aol 4GS WAS
SELT

N THe BEFFAETF B3 WEst Fsd AFEZA K71E 247%,

P:0O5 24mg/kg, K 0.21cmol+/kg, pH 5694t FA13 F5& 2@ A=
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EFOA d-5(20053)A12 F Ao AMESEATH HH(1500kg/10a, FHAL *
Aot Al (150kg/10a)s A= 7Ivl2 A 457 -4 ALEsdth. Fole £
2 N2 0, 10, 20, 30kg/10a, P¢} K+ 0. 5, 10, 15kg/10a® ztz} 4502 2006
d 69 1593 8¢9 169(dA) 23] FAlETE A2 AT E 100x60cm e = 3} A

th A Fust 37, 9%, 4528%, B $9e 2AY 9ol

(b AFAY HE A% B
et o) gskel ABL 0, 30, 100%2 Lol Held

O
AA
of s AT A A Aul= o] R s wHEo] AASAT

= o|l&std FHE37e T2 fFeen, MAHEW B (SEM) =
ol-§g 3o mAlyx BE EYUAKY 7], EDXE8) Tol #3 dF
E APttt 35F A puffy seed)BFE E3 FHo AN 44 §H4E =

AT e e RS AR,

d!

2
el AL A3 g7k e ASS FUSAT 53, 4§ FEANC 4
F RAS AL AFS FHow WA FUF F94Ue 5YS we
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F AT PNy
[

e’ ILI\\f
3‘2; 'f-‘.t:t};s:’is*
Rk Bl 2o

Ry
B T e e

et

W) A AME - Ausrlel AAH A e 59 ¥FAAGE

AFol EAR A7t doln bsd dBgos AW FuA 54 AU

5o B ol ZAFAHLY 3-3, 3-4, 3-5). -
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28 3-3. =W AulE (A A, B 955, G AL

k!

o
i
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DSCFI1233 DSCFI250

DSCF1247 NSCF1245 DSCF1249

AR

THE FRArAAdE AR 24 T4 BN a4, FE
E, 9%, 94, da, 38, 952 39 5& AR Ay 1 31, 1F
3-7~3-10¥ Zrh 95 FHAM FHoz A%d 44 =4 958 7=
= G 2714 S5 e AFen oF, X, 99, w4k, A6 (o] =
W), = AulEd A4 R T=EQd Yoyt 4% ez g shAR
T4, FRoF oy Aald ojdgte] fle e FHA eI QAR
e 713 %) & Ve 5SS nystyl Ay dxe 4RV 84", 9
Fe A7 6-10874 3 A dEs s A A A
F FE oFE FET AY AR HAHUY
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3-1. Fd FAAde) 7o ¥ 54 ww
=R
TR T gt g qe e FRAY
(cm) (cm) TR &7 Cigs (Yield)
985 1.9 x X X I\Y G 11  26.5 0.776
et 91.1 17 x X o G 6 244  0.686
o} At 03.0 1.7 X X 0 \Y G 7 22.0 0.090
g4 975 18 x X X Y GP 7 16.0 0.586
Aqt 942 1.7 x X 0 Vv G 9 25.3 0.711
T T 950 1.6 X X O G 1 261 0.841
96.0 2.1 X X 0 G 7 28.3 0.658
oHe 954 2.2 X X 0 I\Y P 5 12.0 0.799
T 9 105.1 2.1 X X 0 G 6 25.0 0.645
121,7 26 X X 0 G 9 28.6 0.632
111.0 1.9 x X 0 P O 14.6 0.051
108.0 2.0 x X 0 v G 10 229 0.712
LLEe 98.1 2.0 x X 0 I\Y G 0 27.7 0.697
995 19 x X 0 Vv P 8 13.2 0.600
107.7 2.2 X X 0 GP 11 16.9 0.590
T4 918 22 x x o N G 8 28.0  0.744
=3 99.1 1.8 X X X V P 9 12.0 0.601
90.7 1.7 x X 0 G 9 29 .4 0.776
941 2.1 X X 0 V G 7 28.7 0.728
Sok 98.0 2.0 x X 0 \Y GP 8 15.0 0.555
: 108.8 1.6 x X 0 G 6 30.5 0.815
1120 24 x X 0 v G 9 30.3 0.777
999 2.0 x X X Y G 14  29.6 0.872
R 920 1.8 X X 0 AY P 12 12.4 0.559
107.1 2.0 x X 0 I G 9 33.2 0.804
1009 1.7 x X 0O Vv G 10 29.0 0.690
F4 1100 16 x x o IV GP 6 166  0.603
984 1.8 x X 0 V G 8 30.9 0.709
ZHA 11880 1.9 x X 0 G 7 26.2 0.807
A ks 9.1 2.0 x X 0 IV G 8 24.8 0.663
TSRS 121,7 24 x X X IV G 9 31.0 0.747
116.6 2.1 X X 0 G 10 25.5 0.699
a4 91.2 1.7 x X O I\ G 10 29.9 0.705
= 955 19 x X 0 G 8 28.8 0.742
y 100.8 1.8 X X 0 G 7 24.1 0.649
117.5 1.8 X X 0 G 9 23.0 0.666
96.3 2.1 X X 0 GP 8 17.0 0.618
A F 9.3 1.7 x X 0 GP 9 16.3 0.683

_77_



,A_]-—ll) 2 = 5 . ) N 2/ 33HA apd)

AT ) em) q% 33 2 WA AT A7 cﬁﬁe}%ﬁ JE}(giegldg
A F 1143 20 x x o V G 9 28.2 0.880
= 982 17 X X o0 G 8 31.0 0.738
7 90.4 16 X x o0 V GDP 9 17.7 0616

T 970 1.8 x x o N P 9 126  0.599
A3 987 17 X X o l G 7 30.0 0.800
e} Wy 909 18 x X o \% P 6 14.1 0.554
i % 964 20 x X o© I\ P 9 129 0.513

- 90.2 1.7 X X 0 V G 8 24.9 0.770
w3 97.7 21 X X o0 | G 9 300 0.798
7+4 999 20 X X © V G 8 28.8 0.802
<3 87.0 1.7 x © O IV G 8 26.9 0.787
4 945 19 x o o P 6 15.2  0.507
LU= 800 19 x o o GP 7 193  0.588
A 920 19 x o o I\ G 8 259 0.790
=3 1015 1.7 x X o P 7 155  0.569
Q1 A 1100 19 x x o V G 9 28.7 0.808
&Z 101,7 20 x x o IV GDP 8 20.0 0.666
ST 999 21 x X o© G 7 244  0.693
A4t 1204 18 x x o W G 12 274  0.757
B ¢t 1044 22 x X o0 G 9 27.0 0.658
7% 989 18 x X X V G 13 27.0 0.604
AL 1009 17 x X o V G 11 27.1  0.610
S 1309 24 x o o0 I\ G 13 32.5 0.706
A 1280 20 x X o0 G 9 250 0.599
20 ef 1 979 21 x x o0 G 8 26.6 0.086
2 2] 2 905 17 x o o G 12 26.0 0.662
A 2l 3 001 18 x X o G 10 25.5 0.740
) 2] 4 1112 18 x o o IV G 9 26.1 0.717
25 1240 1.9 x o o V G 11 31.1  0.816
A 26 938 18 x x X P 14 16.0 0.607
i el 7 94.1 1.7 x X o0 G 6 294  0.762
491 88.1 1.7 0 0 0 | G 9  22.2 0.602
282 900 16 x x X I G 10 21.0  0.590
493 855 1.1 x X o 11 GP 6 17.5  0.550
44 304 10 o o o P 7 13,5 0.564
295 81.1 11 o o o 1 GP 6 18.4  0.588
A6 794 13 o o o I GP 8 13.8  0.549
7 80.1 08 x x o I P 11 14.9  0.600

Va3 QAo A £7] AerRztxe] doj(4s]F 11. 1 - 11. 10 &3)
e L HPA T 1l

?ogfgléq: G: green GP: green & purple P! purple
‘B A2 ¢ maximal quantim yield of PSII photochemistry
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=% A& Use of Energy Dispersive X-Ray (EDX) Technique for General
Morphology and Relation between Potassium and Pollen in Japanese Angelica

(Aralia elata 1.)
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Shik RhaH(ICollege of Agriculture & Life Sciences, Sunchon National
University, “College of Agriculture and Life Sciences, Chonbuk National
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Abstract

Japanese angelica (Aralia elata Seem.) pollens were collected from the mature
central open spikelete having visible anthers and were used for morphological
observation. Scanning electron microscope revealed two distinctive types of
pollen. One was comparatively larger in size and regular in shape (fertile)
while the other was smaller and irregular in shape (sterile). Scanning electron
microscope showed that pollen has clearly wvisible four apertures. It was
hypothesized that potassium (K) may be involved in pollen swelling and the
mechanisms underlying the rapid imbibition of water. Scanning electron
microscopy with EDX (Energy dispersive X-ray) attachment was used to
observe K at aperture area of pollen. It was found the K intensity were
higher when the beam was passed through the aperture whereas intensity of

K peaks reduced when the beam passed through the area that 1s between
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apertures. These results support our hypothesis that if K drives rapid
imbibition of water then it should be located in the aperture area of pollen.
These results demonstrate that a likely relationship exists between K located

at the aperture and the swelling of pollen.

Key words: morphology, relationship, potassium, pollen swelling, fertile and

sterile pollen, seed pod

Potassium (K) has an essential role in plant water relation as well as in
enzyme activation, protein synthesis, photosynthesis and other function
(Marschner, 1995). It has been reported that pollen germination and pollen
tube growth has significantly regulated by the transport of 1norgamc ions
such as Ca and K (Feyo et al., 1995, Tayler and Hepler, 1997). It is also
known that K 1s required for both pollen germination and tube growth
(Brewbaker and kwack, 1963, Feiyjo et al., 1995). Obermeyer and Blatt (1995)
reported that inward K current in a non germinating pollen grain may play a
role 1n Inttiating the osmotic water influx required for pollen germination.
Rehman et al. (2004) reported that mature barley (Hordeum vulgare 1..)
pollen swell 1In a fraction of a second upon hydration and the presence of
potassium (K) at the aperture area of pollen was considered responsible for
the rapid hydration of pollen. Fan et al. (2001) also elaborated the
physiological importance of K in Arabidopsis pollen germination and tube
growth and K 1nflux may play a role in the regulation of pollen turgor
pressure. The presence of potassium (K) at the aperture area of pollen was
previously detected by energy dispersive X-ray analysis (EDX) technique in
barley (Rehman et al., 2004).

These previous studies strongly suggest that potassium (K) may be

essential component involved in the processes of pollen germination and tube
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growth, and that the regulation of the K may play a regulatory role in polien
germination and tube growth. Therefore, present experiment was designed to
investigate (1) general morphology of Japanese angelica (Aralia elata L.)
pollen (2) Does K have any relation with pollen swelling and the mechanisms

underlying the rapid imbibition of water.

MATERIALS AND METHODS

Japanese angelica (Aralia elata 1..) was grown in experimental farm of
Sunchon National University, Korea. Pollens were collected from the mature
central open spikelete having visible anthers and were used for morphological
observation. Light and Scanning electron microscope was used to study the
general morphology of pollen. Scanning electron microscope (SEM) (JEOL

JSM-6400) was also used to differentiate between cytoplasmic fertile and

sterile pollen. Scanning electron microscope (SEM) (JEOL JSM-6400) with
energy dispersive X-ray analysis (EDX) attachment was used to verify the K
presence at the aperture area in Aralia elata pollen. The SEM also had a
scanning electron micrograph facility that was wused for the surface

examination of pollen. A thin layer of carbon was coated on pollen surface

before EDX study.

RESULTS

Scanning electron microscope revealed two types of pollen (Fig. 1). One
was comparatively larger in size and regular in shape while the other was

smaller and irregular in shape. Regular shape pollens were cytoplasmic fertile
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while the pollens of trregular type were sterile. To check the result of stenle
pollens, hght electron microscope was used to observed immature seed pod
and internal section of seed pod (Fig. 2). Internal section of seed pod shows
that some of the pod doesn’t have seed may be due sterile pollen. Light and
scanning electron microscope showed that pollen have clearly wvisible four
apertures. Two apertures are laying one side of pollen and two on the other
side. The central area between the apertures has ridges like appearance (Fig.
3A). Fig. 3B shows the bunch of pollen stick with each other (placed in
different angles) just like a ball.

Scanning electron microscopy with EDX attachment was used to observe K
at aperture area of pollen. It was found the K intensity were higher when the
beam was passed through the apertures whereas intensity of K peaks reduced
when the beam passed through the area that i1s between apertures (Fig. 4A).
Verticals lines show the chart of potassium (K) peaks after the X-ray beam
was passed across the aperture (Fig. 4A). SEM micrograph indicates the
pollen aperture area corresponding with chart of K traces (Fig. 4B). Higher
peaks at the aperture indicated that K was concentrated in these areas
whereas 1n between apertures there was no or lesser K (presence of peaks

due to high topography). These results show that K is located in aperture

area even when pollen 1s in a dehydrated state.

DISCUSSION

One of the most functions of pollen aperture i1s to regulate the water
balance of the pollen when it is subjected to changes in humidity (Shukla et
al., 1998). Japanese angelica has four clearly visible apertures (Fig. 3A) and,

therefore, it should be the way to regulate the water uptake.
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Energy dispersive X-ray analysis (EDX) (Fig. 4) verified the intensity of K
peaks at aperture area of pollen. The appearance of high intensity of K at the
aperture area of pollen, does suggest that it is most probably responsible for
the rapid uptake of water, resulting in rapid swelling. This result is
consistent with previous report (Fan et al., 2001) that K influx may play in
the regulation of pollen turgor pressure. The consistent appearance of K at
the aperture area of pollen in sesame and barley was previously reported by
Rehman et al. (2002, 2004). The presence of potassium (K) at the aperture
area of pollen was considered responsible for the rapid hydration of pollen
(Rehman et al, 2004). EDX techniques have shown that K was highly
concentrated at the aperture area of pollen regardless of number of apertures
as in case of barley with a single aperture (Rehman et al. 2004) and sesame
with 12 apertures (Rehman et al., 2002).

Potassium 1s widely known for its rapid action as an osmotic regulator
(Heslop—Harrison and Heslop-Harrison, 1996). Our results suggest that the
role of K in swelling of pollen could be due to osmotic effect. However, K in
pollen may have accumulated from pollen space (Zhang et al., 1996) during
maturation. The consistent appearance of K at the aperture area of pollen
was considered one of the factors that regulate the quick uptake of water and
rapid swelling of the pollen and the rapid imbibition may be a prerequisite for
rapid pollen tube emergence because in most cases the emergence of pollen
tube takes a few seconds to a few hours after being placed in favourable

germination conditions (Rehman et al., 2005).

These results support our hypothesis that if K drives rapid imbibition of
water then 1t should be located in the aperture area of pollen. In conclusion,
these results demonstrate that a likely relationship exists between K located

at the aperture areas and swelling of pollen.
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Fig. 1. Scanning electron micrographs of fertile (normal/
cytoplasm— rich) (A) and sterile (cytoplasm-devoid)
pollens (B) of Japanese angelica (Aralia elata Seem.).
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Fig. 2. Light electron micrographs of immature pod (A)
seedless pod (B) of Aralia elata Seem.
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Fig. 3. Scanning electron micrographs of Pollen having four
clearly visible apertures (A) and bunch of pollen stick
with each other (placed in different angles) just like
a ball (B) of Japanese angelica (Aralia elata Seem.).
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Fig. 4. Energy dispersive X-ray analysis(EDX) spectrum
with scanning electron microscope(SEM) micrograph
aperture areas of Aralia elata shows the presence
of K in aperture and area between the apertures
of Japanese angelica (Aralia elata Seem.).

et

Fig. 5. Flower bud(1), anther(2), stigmata
and flower organ(4) of Aralia elata
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L}, =% A& Four New Saponins from the Root Bark of Aralia elata

t}, Az @ F2 @ Shao-jiang SONG,*” Norio NAKAMURA," Chao-mei MA,*
Masao HATTORL™ and Sui-xu XU(Institute of Natural Medicine, Toyama
Medical and Pharmaceutical University,” 2630 Sugitani, Toyama 930-0194,
Japan and Department of Natural Product, Shenyvang Pharmaceutical
University,” Shenyang 110015, China)

2, 8 W& Four new saponins, 3-O-[b-D-glucopyranosyl (12 3)-a-1-

arabinopyranosyl]l-16a—~ hydroxyoleanolic acid 28-0O-b-D-glucopyranosyl ester
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(called aralia-saponin D), 3-0- [b-D-glucopyranosyl(123)-a-L-
arabinopyranosyl] —-16a- hydroxyhederagenin 28-O-b-D-glucopyranosyl ester
(aralia-saponin II), 3-O-[b-D- glucopyranosyl(123)-b-D- glucopyranosyl(1->
3)—a-L-arabinopyranosyl] ~-16a- hydroxyoleanolic acid 28-0-b-D-
glucopyranosy! ester (araliasaponin III), 3-O-[b-D-glucopyranosyl(123)-b-D-
glucopyranosyl(1?3)-b-D-glucopyranosyll -16a- hydroxyoleanolic acid 28-0O-
b-D- glucopyranosyl ester (aralia-saponin IV), were i1solated from the root
bark of Araha elata (Miqg.) Seem., together with nineteen known compounds
including glycosides of (20S)-protopanaxadiol and (20S)- protopanaxatriol.
Their structures were determined on the basis of chemical and spectroscopy

methods.

Key words : Araliaceae;, Aralia elata;, 16a-hydroxyhederagenin, 1ba-

hydroxyoleanolic acid, saponin
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