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SUMMARY

Cultivation development on the high-yield and
high—quality of Baek—Chul

1. Technology development for efficient production in Atractylodes

The final aim of this study is to develop technology for efficient production in
Atractylodes. For this purpose, the study was conducted to determined the
appropriate size and planting density, the appropriate transplanting time, the
appropriate levels and kinds of fertilizer, the appropriate time and method of
topping by seedling and transplanting of a rhizome in A. macrocephala and A.
Jjaponica. After each experiment, the essential oil compounds in the treatments of
the experiment were analyzed to evaluate the quality of Atractylodes by GC/MS.

The oil cavites in rhizome of A. japonica were 500 pm in diameter and

distributed 14 per 100 ;zm2’, but those of A.macrocephala were 2667 pum in
diameter and distributed 11 per 100 umg’.
The emergence ratio of A. macrocephala cultivated by transplanting of one year
old rhizome and that after cutting of multi year old rhizome had no difference
between them such as 76 and 78 percent, respectively but that of A.
macrocephala cultivated by seedling was very low as 14.2%. The plant height,
No. of petiole per stock and fresh weight of shooting per plant of A.
macrocephala cultivated by one year old rhizome were better than those of that
cultivated by seedling. Especially, growth characters cultivated by seed was very
worse than those of that cultivated by cutting of multi year old rhizome.

Therefore, the cultivation method of seedling using seed could not use by
reasons that it require the excess labor for removal of weed and maintenance of

appropriate moisture in initial growing stage.



We recommend the transplanting of 1 year old rhizome after seed sterilization for
efficient production because the cultivation by 1 year old rhizome was low in the
appearance ratio of phytopbtbora blight.

The emergence ratio, dry weight and yield of rhizome on the size of rhizome
did not differ significantly at the 5 percent level by Duncan’s multiple range test
between large and small size of rhizome, but differed significantly between
middle and small size. Plant height and fresh weight of shooting per plant had a
difference significantly at the 5 percent level by Duncan’s multiple range test
among sizes of rhizome.

The emergence ratio, plant height and dry weight of rhizome on the planting
densities did not differ significantly at the 5 percent level by Duncan’s multiple
range test between 20 x 40 cm and 20 x 30 cm planting spaces, but differed
significantly between 20 x 30 cm and 20 x 20 cm.

The yield of rhizome at the harvesting time was the highest in the
transplanting of large size rhizome(above 35g weight per rhizome) and 20 x 20
cm planting space among rhizome sizes and planting densities

The content of essential oil compounds of rhizomes cultivated by the large and
middle sizes of rhizome for transplanting was higher than those of small size in
beta-caryophyllene, beta-selinene, beta-sesquiphellandrene, valencene, gamma-
elemene, atractylone, 1-methoxy-2-benzen.

The emergence ratio on transplanting of the rhizome was much higher than
that of seedling, and the emergence ratio of seed and rhizome on the seed time
was particularly high in the early of April. The faster seeding time of the seed
and the transplanting of rhizome was, the higher plant height, No. of petiole per
stock and dry weight was.

In the seedling and in the transplanting of rhizome, yield of rhizome showed
similar difference among the all seed times of Apirl and between the early or the
middle and the end of Apirl.

In the seedling, the transplanting of rhizome, the faster the time was, the

higher a component of an essential oil was.
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Especially, content of atractylone in the seedling was higher about 32.3 percent
in the early on April than that in the early on May, and higher about 30.6
percent than that in the transplanting of rhizome. Content of Atractylone of
rhizome sowed in the early of April was higher about 18.6 percent than that of
the transplanting of rhizome.

Therefore, in the cultivation of Atractylodes, it is impossible for seedling to be
raised in the place in which weeds and maintenance of water is difficult, and it
brings increase in yield to sow or transplant the seed in the early of April on
the cultivation of seedling certainly and in the early or around the middle of
April on the transplanting of rhizome.

Fresh and dry weight of the rhizome had no difference in removal with hand
and chemicals. Compared of none-topping, amount of rhizome in removal with
hand is higher about 21.7percent in the floral stage and in the early of blooming,
about 11.3 percent in the middle of flowering about 8.4 percent in the end of
flowering.

Therefore, in the cultivation of Atractylodes, it showed that it makes growth
good to remove with hand and chemicals in the floral stage.

Compared of none-topping, the content of beta-caryophyllene, beta-selinene,
beta-sesquiphellandrene, valencene, gamma-elemene, atractylone, 1-methoxy
-2-benzen of the component of an essential oils in floral topping identified with
removal with hand, potassium salt of maleic hydrazide and fatty alchol was high,
and specially, the content of atractylone is about 50 percent as high. To produce
stably Atractylodes and increase the component, it should be topped in the floral
stage, and to continue it’s life force, it is necessary for it to be treated with
more than two times of chemicals.

Plant height, No. of petiole per plant and fresh and dry weight of rhizome
showed similar difference in none—fertilizer and many treatments of fertilizers
application. Plant height showed similar difference in compost, treatment of
organic fertilizer of sesame dregs among 20 percent compound ratio, increase

ratio and treatment of chemical fertilizer.
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Dry weight and yield of the rhizome didn’'t showed similar difference in
application of increase and decrease ratio on chemical fertilizer, but showed
similar difference in treatment of organic fertilizer of sesame dregs and treatment
of chemical fertilizer.

Especially, the amount showed higher increase of 32.7 percent in the mixing of
the sesame dregs + the compost than that in the use of compound fertilizer.

When being increase of 20 percent in compound fertilizer compared of
standards ratio, phytopbtbora blight and root rotting disease were prevalent, but
the growth of the disease was lowered when using th compost, sesame, the use
of two times in sesame dregs + compost.

Especially, the phytopbtbora blight decreased about 63 percent and the root
rotting disease decreased about 70 percent in the use of two time in sesame
dregs + compost, compared of the solo use of standards ratio of compost
fertilizer

Therefore, because it makes growth and creation extent of decease low to use
amount of two time of sesame dregs + compost in the cultivation of
Atractylodes, we think that it will be excellent in yield and quality promotion.
Treatment of GA was good in the storage of seed, and refrigeration custody was
good in the storage of 1 year old rhizome .

When cultivated in transplanting of the early time and the topping of the floral
stage or the early of the flowering, it had no difference with yield of A.
macrocephala, so the main content of the essential oil in Atractylodes was higher
than that of A. macrocephala and similar in content of wild A.japonica, the
cultivation of A.japonica has made possible.

The content of atractylone, beta-seliene, valecene of the wild Atractylodes
which are being sold in the interior was much higher than that of the
Atractylodes which are being imported, the main content of Atractylodes which
was collected at Ankuk in China was never detected. The content ratio of the
wild Atractylodes which are be cultivated in Korea was higher about 80 percent

than that of Atractylodes which are being cultivated at Yungil in China, the
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content ratio of the last was much lower about 22 percent less than that of
Korean wild Atractylodes.

As a result, to promote for efficient production in Atractylodes, after producing
the 1 year old rhizome and taking refrigeration custody, the rhizome which was
sterilized should be planted in the field which applied with 200kg sesame dregs +
4,000kg/10a compost per 10a to N-P:05-K:0=8-6-6kg to barren soil and in the
field which was applied with 200kg sesame dregs + 4,000kg/10a compost to
N-P205-K20=4-3-3kg to some fertile soil. To promote amount and quality,

certainly trim off sprouts in the floral stage.

2. Valuable Varient Selection from Atractylodes Spp.

In order to make a evaluation of Atractylodes spp, A. japonica indigenous in
Korea collected from the eight regions including Gapyung, Gyunggi, while A.
macrocephala collected from the one restricted site Youngju, Gyungbuk.

Among the field tested 26 lines of A. macrocephalas, six promising variants
were selected, evaluated by plant growth character and disease resistance to P
drechsleri. Also three population including AJ2106 were selected from the 10
collected lines by characters with multi branches and disease resistance.

By the mutant inducing treatments, various variant also selected 7 individual
from EMS treated, 5 plant from sodium azide originated and 4 plant gamma ray
indulgenced in Atractylodes spp .

For the purpose of interspecific hybrid development, 10 kinds of promising
vegetative F2 line selected from the 434 F; plants, and AJMZ2103-10 and
AJM?2107-04 were illustrated best plant growth characteristics and resistance to

under the wet moisture condition especially.
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3. Improvement of resistance against Phytophthora blight in Atractylodes

Polymorphic DNA bands were detected for genetic identification of species
using RAPD between A. japonica and A. macrocephala. The formation of callus
and the growth of roots was achieved effectively on medium with 5mg/L IBA.
The callus formation in mixed treatment was most promoted when the leaf,
cotyledon and stem explants were 5Smg/LL NAA and 5mg/L BA. Explants of A.
macrocephala. were co-cultivated with Agrobacterium tumefaciences GV3101
strains containing CaDRP(Capsicum annuum Defense Related Protein) gene for
transformation. A. macrocephala plants sprayed and soil drenched with aqueous
solution of BABA(B-aminobutyric acid) showed induced resistance to

Phytophthora blight infection caused by Phytophthora drechsleri.
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HEolet 8t o] F TS EF FEE ol&sta itk

- FEe] vl ol #F Ay = wulelHe® AH(1965), ©)FH1979), ol %-H
(1996), Kitagawa(1979), Ohwi(1984) < Z=7toly A &EXA, HiuA Fol 7|A =
FroR FRTY A EREAS g v Aotk o5 AE H &F
of #t AFZE Muroi er al.(1989), Kimura et al.(1991, 1992), Nojima et
al.(1992), Chiou et al.(1992), Mizukami et al.(1996), & 5(1989)°] glor}, o= =X
T AdE 2 T AR Aoy, 7 Fel dd ER/%A HEE A8 o F
oJ A A % ‘dEjolth
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ST B 553} U A4 Fe e L RE FEHE FF L T
Aol Fol AT AR LRGH Al L 0§ /ZE @ AW o] P AT
w215 44 ol o}

A MEAge] BAZ 2% 1MAT o AAME Yen ot 24

AHE 9t Ao Ay AAETE o] Tl A Fof aulgo] FAYARZ Al =
L glow], meka A AR Aol FHom Frhel AP 70-12099] E
Ao gujatal glrk ol EEAWMA 10ad Fako]l 70RO R 0I5 A
i

el 209%8 A e nEnA Bt £5o & BAGOR gFH

ek el Aok avE 553 9 UEe] sPME S-S srtaS Sl
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@ u¥/bA Relew AL gou N oMol Aahl WA FA 2
st be] Fat IR E 405%9F 30%] g Bis FrRAule] rlgaclow #8a)

3. AHE] - w3 SH

71 AW E 2 A= Atractylodes macrocephala Koidz. o] < A4 AA L H]
th3} 8wt oly g} Atractylodes japonica Koidz. < ZHHHiﬂﬁ]ﬂ- gty Eo] HgA AYLto]
7hedthd olo] mE RRAGERAA Ad A5l 2 5 s Ert olyg o] &
o] g3 7hevlE MEE FXFE £ o BEn

ERk olye} dERH MEE SRR o] &= o]k o]& Fol A H = o
U s BUHEE ol&ste] sttt aYrE wWEe by dFAAAN AAE FRE
GA 7N Fetets avleAd BAA s % AALEA NE o] VA E Fofg

ol 37 253U AFBoRe] 54 B ook wHe B auEL

Ho
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A2 =W ZleNd %

=3ty ohd A Al Bl AL (Atractylodes spp.)oll= A. macrocephala, A. ovata,
A. japonica, A. lancea, @ A. chinensis 5°] o0 M= 2752 EFE
o= A macrocephala?tS WMEE 1 9 Atractylodes spp. &S ZEE f
Aeta o 5, 1998), #A ool = A japonicas FEIeF 7ol ket
TY VYA ES NS, AEE TESY o8 9o, A macrocephala®t A. ovata
2| I ¥Ye] Atractylodes % HES FEZE 1A= 5 A japonica® T
3t =gto] oy AA oM E A macrocephala, A. japonica, ZLE il
A ovata®l W E7(Z7) B FIE AAT Aow Felsta glow, 1 9o Fi}
A& A lancea®t A.  chinensis & FEE A3l UTHThe Korea
Pharmacopeia 7th ed. 2000).

3o = A macrocephala®tS &2 EF3SIH, 7€l A japonica(HEIIL), A.
lancea(Fg & 0lt), A. chinensis(db&0L), 12813 A. koreana(ifif &) & FEZ I
At Qo =3 AR = 3= A A=A A japonicas W E=o| ESHA] ]
I JeHA G, 1998). mekA @Al wdlel A= A macrocephala , A. japonica, 12
i A ovatas MEZ FHAEA A lancea®t A. chinensise S FEZ FASIL
o™ A ovata™ A. macrocephala$t 7192 Ee] & Fow HI 9]

AXo M= A japonica, A. lancea (Kawanishi et al., 1994; Kohda et al., 1994,
Takeda et al., 1994), 18] A. ovata (Fukuda et al., 1995, 1997a, and 1997bh)E =
Hom MEI FEo] AujA 54, dud 54 @ AEEA A3 A FAH
At

M dHA 5 719e] Z& A ovata®l
A RS Ao dEHle AYE, #99 aga FPE som thdstH
(Fukuda et al., 1997a), 92 T2 stAe] A7|7F ZFEol vl&] Atk (Fukuda et al.,
1995; Kawanishi et al., 1994).

Al Fed 5L vus]l B A macrocephala$t 7190l 22 A. ovata®l
A RS Ao dHle AYE, #9Y a9 FPE som tdstH

(Fukuda et al, 1997a), W&2<] 3 T4 Aol A7|7F FZF vl&] Atk (Fukuda

[
ox,
o
I
=1
o
fE
-
w
=
S
]
T
g
S
o



W

et al,, 1995, Kawanishi et al., 1994). M &2 A. japonica®l 3}7]1= 3 £& ¥4
717F 1.7-2.0cmE AEM 28 9= A macrocephala®l 25 cmE e ot #
¢l A. lancea®t A. chinensis®.Ubi= v % =AvH(Takeda et al., 1994). T3l B g
Feoll A A macrocephala®t A. ovata?t FHIHE vgiEE ¥bd
japonicax <7 o] 7t 2 Az 249 degE v Eth(Fukuda et al., 1995).

N T2 A A5 Fepd el s AkAuE A e w2 Ajujste] w Rl A
NG 709-12098 == w7t2 dvfsta e Aotk AF7bA WEAW A=
A Ao mE AJ/AY, RFA47], AR A7 o APE TGRS Eol
(%= 5, 1995 F &, 1996, & &, 1996, 47 7, 1996, H &, 1996), TALHES
e AF W obyet mlf A FFY Auist A% FHoRNEH FAHE A
et AAHGRE 9F A gl Bk AuiH S A Ax=E vk gl

HZEo] 7Tl v BRA HES A o]FoAAA F& FHEA dA F
Zhl A Ae s = WELS Tl A =UE A macrocephalaZ A T2 RS o] 8381
20 AuE A - sk 198 BE oA ste] Aluistal gtk 2 ohAjul o
A Azl gkl g S Aste] wiEo] dd wErs A S| HA F

=

=
2 Ax Qo v FA4E HE F oA £/1492 9

o

N

¢

Al $FE ol
okt WATEOl Ya, AFG 9y Feo AR AW YuE Aot S so}
SALEHAA AZE FAR dFH Ao

1dARY ol Ag Ba Al AEFD 27, 287, BF BAA So| B
Moz WFHm glov, 53 3 o wdelst dRsA ool FIF@
TAE st A

HEPRYS BAS AAFTA APBoAA 1AMT o4AME Fakn ot
Fo NS A% QA A AN} olFolA A4 Fob AP T0-12099] =
Aoz Tdd F2e AMstn Ak ol EE A A 10a9 F2 ol 70w
oz 24 ¥ 53 A WUl 2008 AAsE we HEnA B £ 2
wAFo R dFEa vk

BEo Aujo] BAAHE el wateldt A7 gl 1F S A
Bl mEAS AWAY EF KA AT NN Axss) 9stel
oAe7bA BAWE ol g3l frh AEel W WAL B T, 9 /1%EY
& FYUCE SRANE, A 0§, FFA PA L ABA YA 52 5 F 9



et AL H A
oA v7]F Wdgroly v B Yk
(inducer)& &3 Aol &
2] 7HA 71F-H A Aol vl =E A JFE Al Ak

AAES ol g3 dHW HWrAdl:E metalaxyl, oxadixyl, propamocarb, copper
oxychloride, chlorothalonil, dithianons & EY¥#Fu JHAET o= A s, o
f AEA] A FEol F ¢S vHT IFA AT A metalaxyle A W
A&xd 8 ooy} phytoalexin S SXIAA EHE LI3vE Bk low,
o] metalaxyl® SAbF(transpiration stream)$t 7 By, 7], d& =) AEFH
o] & (acropetal transport)S oW, 2F-87]2t0 2= RNAZAE S A}
ghrpar g A Aok ey dAl W] Aol gk Aqggd
a9tk WEEA 2o Hdolulo]l =(phenylamide) Al 59 TAELS S =4=E

W oSHdE fFA4E F4ss Fo gl WAl did niad, AR

kg AEHAAES 7H HAY AdAEA giEds wadoy 1970dd el HEr
Galo] =dE AnpE A ot A W it (Phytophthora infestans)ol Al B ZF<¢

A ¥4 e Phytophthora €& Y| #3te] =4 7]

FANR BAYBGH A2t wHAGT ngsd fAPe TP B AT

t
r
>,
zjd
ro
S
o
o
o
ol
gg
X

7VAl Albugo candida, Bremia lactucae, P. infestans, P.
sojaecl Al ATg-E who] mEW A S wheAd AHrb Ao de A vk A
speba Aol o ddolrtol== #EE  RNAS #A4E&  AdEm P
megasperma®t P. infestans® wFolA dd g w7t vEgdo] HA FEE

of ¥ ZAgdts AR ARrE A s Eolvh o] whel BoihitAet Eets)
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A3 AFAEsH e R 23
A1d AEEd

1L A1AFFAA - BEe] g Y7 E AL

A
of AAstglon, ZAREE FERBEANEC5E AFY 1995)0] Fae

7t AEY HFFH 54 9o

A9 e §-sha 54 mobs fa 4dd] A MAES e R 24 d4A
22 dHse] FAA AU 1 & TBA series® 71X paraffine] X))o
10-15me FA% FadAS dd3t the Safranin-fast green® & o] F G WM& o
Ao el 229 mMEYASS Fsdn 4 (Olympus AX-70, Japan)oZ ¥z

=+ 20-307§ A2 Cursor generator(Ver. 2.0 ; Tokyo Electronic

A, 194 2 Thad 2% 49 15900 E 2 AAsd, AYT A s
A9 3nBow slord, 2t Ael W olF Heol 9, 2ol 4me] olF 3A49] A
7

A F T4 R F2 479 AR HESS

2 AgE Z3F 30cem, 7+ 20em®z A

o AREHE 10a F AEFoZ N-P0s-KiO= 8-6-6 kgo2, N7 KO 7]
FH] 2 505002 dto], FHlE wid 79 10¥3 99 10¢] 23] EAE¢lar, oAk
23] 200kg E¥] 2,000kge A 72 A2 25 Al &3ste] A& FA S
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o. F2A71¢ 43 ALE 77
29 A71= WB5g o), $(15-35g), &(16g)E = TR L, 22 20cme]

Tt AdE 20cm, 30cm, 40cm 3A 2 AAslar, AldTuiA = EE A 3uk
Wwo® 2001d 449 200 AAstAa AHE H 2APTH S A1 vl LAl o
Atk

& AR gFA7] TH
TA B T AAATI= 49 2 (A, 44 154 (B A ), 4€ 304 (2 A
Aul), 54 5A(FA A E ekl AAskla, AlFT wjA= Ha Y 3wkEo

shdom, Anw R 2AEe A9 b $Ua0 s

o £227] A7 2 B 79

Al dheb sdd i os A R AR she] 2002 449 15U AR 194
e AAsk A4 A7 2E ek AstxT), JRES ], AT el T A,

Z

£ 7, A A A (potassium salt of maleic hydrazide), Z A A (fatty alcohol)E 20¥
Aoz 23] Atk AT wAE B o o Filon, BE A
H Mg = deF 7H2 A4 354l A&kt Fule wid 79 10€9 7 9¢ 10¥

of 28 EABGE, A L EAFHE G sk FASA s

)

i f71E el mE MR AE R HEA AE AL
AHlFEES A, AR 10a F AEFeE N-P05;-K0=8-6-6 kgl
20% S H(N-P:05-Ko0=9.6-7.2-7.2kg/10a), ¥ 3P A H] (N-P:05-K20=8-6-6kg/10a),
20% #FR]AIH((N-P:05-K20=6.4-4.8-4.8 kg/10a), EH] w5 A]-&+(8,000kg/10a),
v G ALE T (300kg/10a), ¥ AIH] Wkl fub (200kg/10a)+ % H](4,000kg/10a) &
& AET TR AAEAL, A TA = Gy 3ekRo R siglon, BE A
A= A 7 gy 3Fded Algsdt Fls vid 74 10243 9¢ 10

of 28 EABGER, A D 2AFEE G sk FASA 3
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ol gl Fol& S ®ol7] fate FTA H FEE 11¥ 1094 AFste] (20
H(4-7T), ok A&t 30cm, A4 & A GA Ao 9 sl
Ll

=7 < 1
o Bl Fol&S AT AT sl A= el viA] Sk o 2 wjA &kt

mE

o}. A. japonica & AWy Ao &3t A. macrocephala ¢+9 BSEA v
A. japonica & A& HEA] Uil A 300055 A FHSS AlE wie} FAS X
ool 49 5 Z7]olA Bl W7o stV ds] AAlsta, AlY whet
AstA AlH] 2 A28 A macrocephala ¢ 3554 S Wl nlE St

Z}. B AE Al ¥ A macrocephala ¢ A. japonica ¥ FF A A9
Fo ARFAE 9
A. japonica N B 7 el
shar, AES Al Al e FFo] $stdw A W
A. macrocephala W] A &

TR Al 19980l T d A

e
e,
e
r>~
ot
Lok
2
g
1o
N
N
2
I
1o
2
o
B
=2
>
(o]
o
ox
o
N
==
S

- AR FE L B

A8 208 Aos] o} q‘}ﬁ%ﬁ‘riioﬂ HS1 JH 2 25mlE 7bete] 1027 2%
B2 Y FE2F F FEES A FHE HE 20mlE stete] Al 2&
HE g FE53 g odste] F ofdEs ?‘f&ﬂl Mol e B FYEFOR
g A7 OF Ads da TR stlA sFEe] dHEE FUAA diFES F
22X F o] tmle L8, o] &9 1.0ulE GC/MSel FHstrh WFEF

n
EHZ(LS.TD)E 1-Hexadecenes A}&3to] AFAE EZ9 Hola WA F¢st

TD.E4e ¥4 v vusivt

—
wm

* GC/MS #A4x=7
GC/MSD model : Hewlett Packard 6890/5973
Column : HP-INNOWAX(Crosslinked Polyethylene Glycol) 0.25mmID x 30m
capillary
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Temperature:
Injector : 120°C, Detector : 230C
Column oven : 120C---------- 150C--------—~ 230C

(5C/min.) (2C/min.)
Split flow: 8.0ml/min.

2. A 1 EF3A  AFE HEFLo=2 FEH FE&HNA B H o] &

7l AF 339y 497G

Bl X}*ﬁ M9 A japonica= 7371 278 A (7Y, e, e 27
g, S5 1 AGHAA), A5 27 AGREs, 94), A U AHEY) T 871
A o] gbopo Al ok BFS TN ™, A macrocephalat™ FH* FwolA =48t
04 AR E Aistal = AE dFAGANA FHEATHTable 1).

dgt A japonica®l WA FAH ThELS Slstarat shlow, I ekt

‘3—4 T Ao ez deidE AR us st

ANEdANEZ2= A japonica 8F oA ZF7] 3670AN S A Fste] Ao o] &35
ok AFE Slo] FAE F7]9 oF 10cmEA S dE5FHURE AL AR fA 5
ot o, 22 AtEe HAS 93] 1~493F A4 C) B §F AP A&
ST

A719%5& ZF A ANA o 05gE phosphate-polyvinylpyrroliodine 52 <4 (Mitton
et al, 1979) 0.0omlE 7}ato] 2Hap= dASIAIZAT o5 A== B &34
AAG thg B el FFAIA 10-12% A7 Aol Akt

=
B
it
o

2.1_(]

e}
=4S

A Az 2 bufferr] =812 Soltis 5(1983)3} Mitton 5(1979)9] ¥ S M=o 7}
o wel o7k wWEHEe] ARSI T Tris-HCl buffer systemol A= ¢F 643+
(100V), morpholine citrate buffer systemeolAE ¢ 4A17H280V) A7 EA7 &
oAl ddsle] a42 FAEAT. 84 % Esterase® X3 F 8715 A&
7 GaA =l A FAE = FAAFS (ocus)E FF HOE HTF w2 A o] 538k
ME zones “17, 1 U 27 To® FASAOH ZF FHAAT dHHFHAA
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ol
g
o

(allele) & A #& 2 “a", D" Te® FASHTE 001014 Hae Y
0.

FHA7E &S S W “polymorphic”, 1#EHA ZS A9, F 001 de A
ol gk Jiutel §1& % “monomorphic” %= Tt78 & ATt

AR 14 Hols T H HA FFdA bUg 47HA 4 7lFo 2 YE
ATt =, FdLe] W% (P, percent polymorphic), tHE F+dA&9F F FH2
9] 4(A, mean number of alleles per locus), 8 FHAAFAHNL FaES FHA<

(Ae, effective number of alleles per locus), A2 th%A (He, gene diversity)©]
th 7 g e g AR HlEe A stofr]-nRlum 21 o) Fgkell A HAE e
A= Wrighte] 14X 4=(Wright's fixation index) #2418 Alg&3dom, 3sfolr]-nf

AWl 21 o AFA A FoAe] A=A = Ligk Horvitz(1953)9] x*&41d whgkc),

Table 1. Collection of germplasam in A. japonica

Regions gerl;lri)ﬁlaogam Regions gerljn%l:sfam
Gapeng (Kyeonggi) 450 Jecheon(Chungbuk) 256
Ganghoa(Kyeonggi) 223 Paengchang(Kwangwon) 1,520
Euiseong (Gyeongbuk) 1,150 Andong(Gyeongbuk) 258
Hamyang(Gyeongnam) 95 Taeback(Kwangwon) 450

. macrocephala 263,

A. japonica 103 stoly &1 3 Ho] EAAAL 423} A2 A7 30 x 15em=E

AA st o, AP xS AH F(N-P:0s-K0)2= 7 - 4 - 3kg/10as A& s
=]

ez Gt AARB 9% WEL 24 vk
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20kr, 30kr, 40krE ZA}SFATh 88t ebAlF= EMSE 0.1%, 0.2%, 0.3%, 0.4%, 0.5%
ol 12A17F 2 24413F A A sk ew, NaNs& 10mM, 20mM, 30mM 5%
Holl 12412 E 24A7F A A sA ek PAbd A2l @ A A HAHETE
THL 20T, ¢z AYY 509, 3wrEor A4 F Fi ol &S AAES
ok ZH7tel HAH Agrle 7+ F EZAES fste] 24 Al T4 lkgol £
ol AMAHE Atk AAHYF TAE 4€

fo
of

sheol] S AR E Z o] 30x15
m= o] 33
g TUARFT S4
THET SAAL 20014 A japom'ca FAAGT A macrocephala 8T o
A HA ol 3 Jas Mwd & A japonicas RE, A macrocephala F-E O &

dFuvjato A F3 FAE 20029 A FHI F 2%

of o]4ste] 434 7§Ale] F1

=}o]
o

ANBAZ Aom 2003d Fl AEAFA P&o] 53 100742 JFHA o=
X = =

JHA AleS S  SARAE T sd 54 =

AP S 22 s, AEle AAF Ao 4, Aae AA T A At
A dg, BAFE Aol lemold 1AHEAF, & 38 2 9 2= A TR 4
aA71E F4sAth
3.4 2 F5HA : e 9BAYTH T2 JeE
7hoAFES AEY §A#A Y

ATE AEY Fd#AlE EA4%7] fgte] RAPDEAS AAEAH. A
macrocephala®t A. japonica, Z13]3 o] &9 FTIRFT 1255 ZAEAIH AIxA

ol sl AIAARE AR Y. CTAB(cetyltrimethyl ammonium bromide)
oz AEA DNAE %3t RAPDEA S AAsdrh PCREASHE 93}
o] MgClsx, DNAS¥E % primers® 23S AA3 3L, primers URP primer

£ A& tH(Table 2).
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Table 2. Primers(SRILS UniPrimer) used for RAPD of A. macrocephala and
A. japonica.

primers No. sequences(5’'-3") Tm(C)
1 ATCCAAggTCCgAgACAACC 66.0
2 CCCAgCAACTgATCgCACAC 67.3
3 gTgTgCgATCAgTTgCTggg 67.3
4 AggACTCgATAACAggCTCC 66.3
5 ggCAAgCTggTgggAggTAC 719
6 ATgTgTgCgATCAgTTgCTg 62.7
7 ggTgAACAgTgAgATgAACC 62.0
8 TACATCgCAAgTgACACAgg 62.6
9 AATgTgTggCAAgCTggTgg 66.9
10 gATgTGTTCTTggAgCCTgT 63.7
11 ggACAAgAAgAggATgTggA 64.3
12 ggTTgTAggCCgATATTgTC 64.3

Y. A F G kAT o=REH gAY AA AL

YA A ARe Askel AMFSR HYFS Fu B FFONA st
30x<15ecm AA AL ARG F AP ET LFAAES 2AG] AFY JEE A
Astarh. WAL 719, ok 21, B3, 9, A, AF, 94, FF FF 5

i
4
N,
ol

R A A. macrocephala®t A. japonica

& AlEE WY o]E-TE 800u o= ARgate] 2443 HFF Fol 2= FxEd
FAste] FWASS SFth Al BP] FWA(FIEr A FEAA TR 4%) &
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A43te] 2,000 lux, 16A13F WAH], 2% 24+1C 3ol A Fatdkel Al o] F 29
o] 3-4v] AE FEHZ AL NEZ ARSI e AEA EYE A F7,
Age] Al FiEo R skt 1 Qe EAfeA AfFH g SE|FEE o
AT sukE o 7 AA)Eleith wlx]= Murashige and Skoog(1962) LA # =] (o]8} MS
Hjxgla 3hE 7|2 o 7 &9 9m, sucrose 2%, agar 0.8%, pH 5.8% 3le] 121T, 1.27]
ab)ell A 2023 ugFdtate] A&tk AdEEAE IBA, NAA, TAAT} BA,
Kinetin, 2iP, Gibberellins< 0.1, 05, 1, 2, 5, 10mg/LoZ A3}t At A&
P e AGEAA dEAgTE AT 6009s VIeom A4E A L&A 50%0]%
o] A3l H AL U=E, T2 40-50%, 4~ 40% vHduE2 FEIA, - =AY
7F ABAREA 2 A, L 9le AR o8 vro] ZALeRith 23k2 AAIG Atz

A Z2FAETF= AEAE A F 0YE Vo R Al WS QLSS A

aFait

o
o
o
32
la
iy

A. macrocephala®} A. japonica®l N3}7]el <

BEO= NI, A macrocephalaE FE o2 3o FINFFTS SASAL

Sh
4»
ol
o
>,
>
ol
o
ied
£
o
E .
kS
S
=3
8
il

ol
%
ox
i
=
ofN
2

o
Ao ALgE WES AE 60%, vermiculite 20%, perlite 20% &
S e & wdolste] 345 A ®H wdd F3 NAE AHEEon, BABAA
2]+ soil drench=1, 10, 100, 1000 ppm ® %2 Z+7Z 10ml & &5 AR L, leaf
spray¥ 1, 10, 100, 1000 ppm &2 drh Jwte F&3

Phytophthora drechsleriZ 10% VS8A(V8-juice agar)®jA|o] &7 & 25C <=7
A 5UzE v ¢kste] HFA O o] &t 10% VA A= Aol A Fuje i =
V8 FF2 50ml¥ CaCOs; 05g, Agar 85gS 7/ 50mlell o] zgt "3k & 7
7 9cm Hir HEGUH EFsle] A&t Phytophthora drechsleri & 10%
VBA®I A& Hit 3t 7 wdEstete] AR(25T) FxdelA 244k WA &

Olo{l
o
=
2
M
o2
12
x2
o
)

15Col 1A ZF v eFste] ZAES A stAt7E oAl Aoz sty fFAE&
W= 7] hemocytometer AF-&3] countingdle] A ZHSF EE At FEE o] &3

frFabE 10022 dilution F HEF FA-FFA4 dHAS 107/ml =R o] HF
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Aoz o] gtdrt dHMTFL HEF soil 1g B 5 A (zoospores) UHEAA 10° H
TOoR st 3-49F At g g 9@ Aw HTo] o Agu Agd A
AL 9ste] BABAA S MEo] IH7S HE3 F 5tF 23 @ o] potd E
Fs AEY Eﬂi FAstA oM, A g2 Wirke HJF 79 F9F 149 F, 29
of 23 WA §ete =z HUteA=d HEFFT wiltingely yellowing 59 %7] WA
o] YE}=A2 7} sgdi=d WAool SHAA FAEE A9 damping off 5
HAgo] YElA oz §okgrt kgt

} ‘%‘ 248 7t HE

AA3S 9% Agrobacterium strain® 2 GV3101S AF83dYl. Binary
vector® pBII21o|A GUSHES A AL CaDRP A (Capsicum  annuum
Defense Related Protein, MADS-box containing gene)’} =4 AL AL&3FAth
(Fig. 1). Agrobacterium  (GV3101/CaDRP)<  kanamycin(Km) 50 mg/L,
rifampincin(Rif) 50 mg/Le] A 7FE LB aAluf x|l A 28Tl A 2-3Y F<oF ujj &3}<]

AHg-3H9)

355:CaDRP o8I

Fora il Kozl SasH | 1
NOS-P H  NPTI{Km R NOS-T [ CaMV 355 ]] I-[ NOS-T

)

Haal |

Fig. 1. Binary vector construction of CaCRP gene
For transformation of CaDRP gene into plants, CaDRP gene was inserted
next to the CaMV 35S promoter instead of GUS gene in pBI121 binary
vector. The constructed vector was transformed Agrobacterium strain
GV3101 by freeze-thaw method.
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FAANS  Yte]  Agrobacteriume LBWIA  5mldl  kanamycin 50mg/L
+Rifampicin 50mg/L+Tetracycline 37.5mg/LE F7F8F3 24A17F G270 A 244 3¢
st widstdth dAASS A3 AEAFEAA AYe callusirrl &0l 7HE FS
BA 5mg/L, NAA 5mg/L &&HiAIE AH&atdla, 95 5 1099 WE FE 9
dHS 297 WAt 1 & Agrobacterium 100mlel 50mg/Le] Aceto cylingon
< 9] petridishell &5 % pre-culturedt leaf diskE Hil 2 #ojF Fo A
gt filter paperdll &ZTh thAl 91 HH & pre-cultured] A& E wix]o] A5 3
Adzot oz, 28CE #l¥slgdth. kmlOmg/L, cb50mg/L, cf25mg/l, Gentamicin
50mg/L7F % 7Fd 100mle] MSHAA X o] 35 A EIZ co—culturedt leaf disk
£ %ol 534 33] washing Z9< stttk thAl 305 Ht gk 33 D.Well 22
W oz 584 33 washing 3%l washingdt leaf diskE cb 10g/1, cf 10g/],
km 1ml, genta Iml7} ¥-F¥ BA 5ml/L, NAA 5Sml/L E&u] x| A wjFstsict. 5
% PCRE FAAAE AL oFolry. 5 FAAS FFE Bt dotrr] 9
sto] A E A ZHEH genomic DNAE F%3}9 PCR(Polymerase Chain Reaction)
S 43 stz stth PCRo| AFS-H & primers th53 2t

Foward primer (Ca35S promoter specific):5' - ATTTCAGAAAGAATGCTAAACC
ACAG-3'Reverse primer (CaDRP gene specific): 5'-TCAAAGCCATCCATC
CAGGTAC-3'PCR2 94TColA 90%, 45%, 72TColA 90z oz 353 H-E3}
of 7 Aol ABAEAANA oF 1.6kbe] PCRAFEC] Y =%] gQlgirt,

N

ol A, SAdE AT X A AE
A. japonicaE 22 A macrocephalas F-H o7 3dlo] SA FTIHEFT AE

=
Aol AL AEdIA 3T AFF BAVAL 2
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A2d 23 2 nF

L AIAEF3A - B2 &3 A7le AL

7 oAFE g9 A%a 54 wet

A. japonica®} A. macrocephala®l 7 WL WALx o] WdE o] glom  f
o] EgAor BX3a AAJY. A japonicadl A= S F3ol AZA 500 mm
olglem welW A D (No./100 ym”) 147001913, A macrocephala’= %7391 fretel #
7 2667 mollom wIW A F(No./100 m’) 11740 Ath(Fig 2). o] <lel & el

Tz, 99 T2 5ol IR HReA SHL sofag

Fig. 2. Comparison of a rhizome between A. macrocephala and A. japonica.
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Table 3. Physical and chemical properties of experimental field

Time of Textural pH OM  POs Ex-cation(me/mg) SO, Clay
Sampling class @5 (%) (ppm) K Ca Mg (ppm) (%)

Before Sandy-loam 6.8 3.6 790 0.18 12.69 452 145 11

After Sandy-loam 6.8 3.5 785 017 1259  4.62 142 11

Fig. 3. Seed for seedling and rhizome for transplanting
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Table 4. Growth characters of cultivated plants by seedling of seed and different

rhizome
Kinds Emergence ratio (%) Plant height (cm) No. of petiole per stock
of
planting 1 2 3 1 2 3 1 2 3

Seed 142 9.3b 3.8b 25.7 29.8b 43.5b 1.7 2.5b 4.7b

1 year _ _ -
rhizome 78.9a 68.8a 36.3a 52.1a 3.6a 5.3a
Multi
year - 76.3a 62.7a - 37.5a 52.9a - 3.9a 5.6a
rhizome
] . Yield
Fresh weight (g/plant) Dry weight (g/plant) (kg/10a)
Kinds
of Shooting Rhizome Shooting Rhizome Rhizome
planting

o2 3 1 2 3 1 2 3 1 2 3 1 2 3

Seed 57.4 649b” 86.6b 335 36.8b 636b 88 9.6¢ 139c 7.1 87b 17.8b 17 13b 26b

r%liggrfe - 1342a 189.6a - 786a 1289a - 20.1b 286b - 204b 342a - 269a 392a
Multi
year - 1309a 1889a - 83.4a 143.3a - 206a 304a - 20.7a 36.7a - 263a 383a
rhizome

D . .

Cultivated period (year)
2 Values followed by the same letter do not differ significantly at the 5
percent level by Duncan’s multiple range test

g 23719 A4 AEE 73
iAol AA Foar] 2 YALEE FHS Y3 A £ B9k o]3}e)
HEAS A 3 B A3 (Table 5), A& A3 1

=
oJatstHEge 2 A7 9w A 2 A

o
I

2

T AVIE tB86g o), T(15-35g), 4(15g mvhHH R FiEste], =3k A E
20cm, 30cm, 40cm®] FA o ® FEF i 3R o2 2001 4 2090l A2 ko
ALl FEAV]d e s FAF & 2 A3 (Table 6, Fig. 4), A2 F
2o dio} Tl E AR, 24 AET 2 FEE FoAAU) sldeov, T 23t

{3

—L
o= 5% FelAk ARHAL 2 P AR PAFES F2 A7) Qo] FAAE

=
g
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Table 5. Physical and chemical properties of experimental field

Sampling Textural pH OM P:Os Ex-cation(me/mg) SOs Clay

time class (15 (%) (ppm) g Ca Mg (ppm) (%) Remark

Before — Sandy™ o g6 so0 018 1169 452 145 11
Experiment  loam

After 1 Sandy= oo 00 e 017 1107 442 147 11 HE

year loam 20x30cm
After 2 Sandy= o0 50 g71 017 1121 443 146 11
year loam

Fig. 4. Size of rhizome for planting
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Table 6. Growth characters of A. macrocephala on planting size and planting
densities of rhizome

Emergence . . Rooting
S 131:;1;%% ratio(g%) Plan(tcrkrlle)}lght N%el?fsltgoectﬁ)le Fr(esh weight Dry VV(eight
(cm) g)/ plant g/plant

2year 3year 2year 3year 2year 3year 2year 3year 2year 3year

20%40 726 693 722 721 2.8 3.8 11839 15643 311 408

L 20%30 714 691 733 723 2.6 3.6 10345 1525 306 395

20%20 678 662 515 531 2.5 33 8249 1054 214 253

20%40 66.8 632 584 613 2.6 34 9233 1308 299 353

M 20%30 669 626 544 568 25 32 9073 1288 293 345

20%20 63.1 604 486 521 2.5 3.1 876 1123 227 303

20%40 63.8 599 478 502 2.5 33 8110 1155 243 323

S 20%30 62.9 583 489 503 2.4 31 7856 1149 239 310

20%20 62.0 585 373 372 2.4 31 7132 1132 229 305

mean”’

L 70.6a2) 68.2a 6b5.7a 658a 26a 36a 101.44a 1374a 27.7a 352a

M 65.6b 62.1b 53.8b 56.7b 25a 32b 89.61b 124.0b 273a 33.4a

S 629b 589b 44.7c 459c 24a 32b 7699c 1145c 23.7b 31.3b
mean’’

20%40  67.7a 64.1a 595a 61.2a 26a 3ba 97.27a 1335a 285a 36.1a

S 20x30  67.1a 633a 589a 59.8a 25a 33b 9091b 132.1a 279a 35.0a

2020  64.3b 61.7b 458b 475b 25a 32b 79.85c 110.3b 22.3b 28.7b

1) Combined over topping time and plant spacing level, respectively.

2) Values followed by the same letter do not differ significantly at the 5 percent

level by Duncan’s multiple range test
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Table 7. Yields of A. macrocephala on planting size and densities of rhizome
determined at year

Sige Planting density Fresh yield (kg/10a) Dry yield (kg/10a)
(cm) 2year 3year 2year 3year
20x40 1610 2004 423 530
L 20=30 1846 2633 546 633
2020 2164 2617 544 628
20%40 1156 1550 374 418
M 20=30 1517 2015 489 540
2020 2029 2545 538 687
20%40 970 1297 291 363
S 20=30 1234 1675 376 452
2020 1657 2483 531 670
meanl)
S 1249a 1612a 336a 409a
L 1045b 1358b 311b 365b
M 858¢c 1212¢ 266¢ 330c
mean"
2040 830c 1078c 242¢ 291c
20=30 1021b 1405b 313b 372b
20x20 1300a 1699a 359a 441a

1) Combined over topping time and plant spacing level, respectively.
2) Values followed by the same letter do not differ significantly at the 5 percent
level by Duncan’s multiple range test

(After planting of large rhizome ) (After planting of small rhizome)

Fig. 5 . Rhizome of A. macrocephala before harvesting on planting size and
densities of rhizome
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T A7 gl wE WEL U Fo AFAES T, w8 2 FEFES M
a & B A3 Fig. 6, 7, Table 8), T+ A7] 2 A2 W= Al LA 7714 9
T8 AFAEe] F8 sRHENeH, T Aol B AA FL AV vt &
A shaFo]l =9k, 53] WlEo FoAFow AdHIA atractyloned| FHFHS T F
o+ Aol o F AAel vt 117% =UTE A, macrocephala®l A &< A7|E
A2 o WE A{FAR S A japonicad] HEte] vkt FT=7] B(35g )

A
) 2 F(15-35g)S A2 Al &(15g)ell Y]EFe] beta-caryophyllene, beta-selinene,
beta-sesquiphellandrene, valencene, gamma-elemene, atractylone, 1-methoxy-2
~benzen T AT FFol W9 =AUk die T FEFES 2 A7F I
E3] WMEW F AFAHAEcR 4HA atractyloned] 2 £ 277 5, W, &
=33 FHAG 2 A 5 =3 A japonicadl HlEle] 20 x
40 em A9 A macrocephala W9 atractylone $F#-2 A. japonica®l ¥]3sFe] o
T AAANE 62%7F T T A= 881%°] 3t
WYl = 15%dEe] AFAdiel gfFslo] Jom, 71 Fo atreytylone®] 543
Fog duA ot} dHty oz wMEo] FQAFQl atractylone F <o MM X 9t
] t-BHPoI| 4] %EL A5G AAqbskel] B3 A& w7y S T AbsH
Ef 2o Us B3 grtst 9SS = Aow® Hi(Hwng et al,
1996) 51 o1 4 9131, unschduled DNAZA ol o8 t-BHP+ %=l o3¢ Alx=4d a4
H7F Ao, Na, K(+)-ATPase 504 SAAAZA E204 Zio A4S A&
i E2-PellA kKEZHA WHg@AIE A 2L th(Satoh et al, 1996). wHebA o

0] WEe g W ou o) stEF= SI7MAAA A japonicagt B

[>
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S8 £EOR FHIL F AL A0
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Fig. 6. Chromatogram of essential oil determined from rhizome in A.

macrocephala
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Fig. 7. GC mass spectrum of Atractylone determined from rhizome in A.

macrocephala
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Table 8. The content of essential oil on planting size and planting densities of
rhizome in A. macrocephala at harvesting time
(peak area / ISTD peak area)

A. macrocephala

A
. Japonica
No. Compounds L’ M S
20x407 20x30 20x20 20x40 20x30 20x20 20x40 20x30 20x20 _ Wild
condition
1 Beta-Caryophyllene 0418 0325 0298 0298 0289 0254 0213 0196 0167 0312
9 Beta-Selinene 0618 0514 0432 0910 0836 0745 0318 0228 0217  1.028

3 Beta-Sesquiphellandrene 0.510 0.502 0.516 0.417 0439 0423 0213 0.244 0215  0.514

4 Valencene 4271 3845 3765 4.234 3909 3518 2984 2600 2113 4871
5 Gamma-elemene 2893 2149 2201 3827 2250 2245 1.011 0.839 0672  3.290
6 Atractylone 10.011 9.746 8.926 14.216 11.429 10.027 8901 6.371 6.239 16.128

7 1-methoxy-2-benzen 0395 0484 0251 0656 0654 0519 0.782 0.774 0.779  0.659

Y Rhizome size for planting( Large, Middle, Small)
? Planting density

TAe TS 49 72l EA A, 49 179 (Ald 2 A, 49 274
(Mg =1 A, 59 54 (A Awl) FoR FESte] BF W AAste] A5G
= A & 2 23 (Table 9, Fig. 8), 2419 4 3% d8&, 2%, 4= 44
HFrel = fFoa7E A HA ko, 49 9FI 58 gFtol= FATE 1A
Atk 2 AAA AEE, 2, A7 52 49 2 T 2] A7) Rt
FA7E AP AT, 53] FF2 TA T A= 4929 59 % L= FoAE
e A gtey, 4 A A= fFelArt dAHENY. FFe T2 A A= 4
4 A BdF A7 fFelAE dEida, 2444 Ale 49 2 T 2]t
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Table 9. Effect of seedling and planting time on the growth characters of
A. macrocephala at harvesting time

Emergence ratio(%)

Plant height

No. of petiole per stock

Kindo o Time )
lyear 2year 3year lyear Z2year J3year lyear 2year 3year
April. 7 175b 102b 98b 279b 31.8c 439p 154b 221bc 3.87b
April. 17 150b 87ab 7.6ab 26.4b 30.3bc 39.0b 187c 226c 3.78b
Seed
April.27 10.0a 6.3a 6.2ab 23.2ab 253ab 385b 1.33a 2.02ab 3.67b
May. 5 7.9a 5.2a 5la 19.0a 234a 29.2a 133a 187a 2.23a
April. 7 - 91.2c 70.4c - 36.5b 61.3b 2.55bc  3.86¢
April. 17 - 86.5b  64.2b - 34.8b 56.8b 2.69c  3.85bc
Rhizome
April. 27 - 83.0b 61.3ab - 30.0a 52.1a 2.45b  3.56b
May. 5 - 784a 589a - 278a 48.3a 2.23a 2.21la
Kinds of i Rhizome yield(kg/10a)
seedling lyear 2year 3year
April. 7 52d 125¢ 198c
April. 17 46¢ 97b 176bc
Seed
April.27 39b 76a 167ab
May. 5 32a 69a 149a
April. 7 - 286d 427¢
April. 17 - 265¢ 417¢c
Rhizome
April. 27 - 218b 376b
May. 5 - 188a 342a
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Table 10. Effect of seedling and planting time on the contents of essential oil of
A. macrocephala at harvesting time

Seed Rhizome
No compounds April. April. April. May. April. April. April. May.
7 17 27 5 7 17 27 5
1 Beta-Caryophyllene 0.313 0.289 0.283 0.267 0356 0341 0319 0.278
2 Beta-Selinene 0428 0399 0389 0.298 0532 0539 0428 0.311
3 Beta-Sesquiphellandrene 0.349 0.249 0.252 0198 0521 0512 0498 0.321
4 Valencene 4012 3827 3913 2992 4213 3724 3894 3.342
5 Gamma-elemene 2785 2791 2698 2106 2982 2899 2912 1.992
6 Atractylone 8618 7917 7818 6513 10.219 10.213 9981 7.821
7 1-methoxy-2-benzen 0510 0482 0479 0398 0513 0510 0521 0.489

ol e =g B - = B e

1948 S8 AAstel 19 329 AuiAle] AAA 7] 5y =y
ZALS) 2 Ad(Table 11, Fig. 9), A4 A713ke] 2%, 45, +3 Ak At
AT B T2 LE7S JisE7] 2 2|t FoAE YEA o, HE ]9}

Metz713bell = ol Ak7b 185 A skt
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Table 11. Effect of time and level of topping on the growth characters of A.
macrocephala at harvesting time

Plant height No. of petiole per Dry wt.(g/plant)

Time Method (cm) stock Shoot
2year 3year 2year 3year 2year 3year
Non -topping 49.3 63.9 2.8 3.9 89.8 168.8
Removal with hand 46.8 55.5 34 4.2 113.6 204.3
E
Potassium salt of
maleic hydrazide 45.3 53.4 35 45 110.7 198.5
Fatty alcohol 45.1 54.3 35 4.3 111.2 195.1
Non -topping 53.3 62.6 2.5 3.2 91.0 170.4
Removal with hand 50.3 57.3 3.1 4.0 102.5 187.0
M
Potassium salt of
maleic hydrazide 50.1 58.4 3.1 39 100.4 185.5
Fatty alcohol 50.5 58.7 3.1 3.9 102.1 185.8
Non -topping 55.8 62.7 2.1 2.9 98.7 169.9
Removal with hand 535 59.7 2.8 3.1 92.1 179.8
L
Potassium salt of
maleic hydrazide 52.4 59.5 2.7 3.2 93.2 181.0
Fatty alcohol 52.6 59.3 2.8 3.1 94.3 180.3
mean”
E 46.6b”  56.8b 3.3a 4.2a 10632 191.7a
M 51.1a 59.3a 3.0a 3.8b 99.0b 182.2b
L 53.6a 60.3a 2.6b 3.1b 94.6b 177.8b
mean”
None 52.8a 63.1a 2.5b 3.3b 93.2b 169.7b
Hand 50.2b 57.5b 3.1a 3.8a 102.7a 190.4a

Potassium salt of
maleic hydrazide

Fatty alcohol 49.4b 57.4b 3.1a 3.8a 102.5a 187.1a

49.3b 57.1b 3.1a 3.9a 101.4a 188.3a
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Table 11. continued

Dry weight of rhizome Yield
Time Method (g/plant) (kg/10a)
2year 3year 2year 3year
Non -topping 18.2 35.4 197 378
Removal with hand 25.1 42.8 272 460
E
Potassium salt of
maleic hydrazide 24.8 42.6 267 458
Fatty alcohol 239 41.8 257 449
Non -topping 184 36.0 198 380
Removal with hand 23.4 39.3 252 423
M
Potassium salt of
maleic hydrazide 23.2 389 249 418
Fatty alcohol 22.9 39.0 246 421
Non -topping 18.7 35.8 199 380
Removal with hand 214 38.3 230 412
L
Potassium salt of
maleic hydrazide 205 38.7 220 415
Fatty alcohol 20.1 385 218 412
D
mean
E 23.0a 40.7a 248a 436a
M 22.0a 38.3b 236a 411b
L 20.2b 37.8b 217b 405b
mean"’
None 18.4b 35.7b 198b 379b
Hand 23.3a 40.1a 251a 432a
Potassium salt of
maleic hydrazide 22.8a 40.1a 245a 430a
Fatty alcohol 22.3a 39.8a 240a 427a

1) Combined over topping time and plant spacing level, respectively.
2) Values followed by the same letter do not differ significantly at the 5 percent
level by Duncan’s multiple range test

_54_



A Py o] 24, A5, FF ARG AR ARF L Fge FHAN £
AA D AR Aezrel ol o, £AAt AAAA el el

A7F ok A A7IRkel= AE Al RskRT] 2 E] Al Wske] 2%, 2
A, 24 AT B AETO] =drh 538 EAA A= s 7] EAA A

Hel wlakel Ao ABFE of

—
)
X
Hir
O
o,
£
2
2
i)
ofy
2
>
i)
i)
B
N
rh
S

RAS R ARl A . AN el 23 —E—Zl-r, Ay AT
AR ABFS 2 A qArh SAAG 444 qeine] 23 YAFE AL
Ze

2

2 A7 Qg T nste & AAAY = ‘?e‘frﬂﬂ% Metzx7
21.7%, N3t F71ol 11.3%, N3t F7]ol 8.4% z+z+

Lol EAA R AAA 23] ALt BH5E FEEH sk AR dEET

(Topping at Budding stage) (Topping at late flowering stage)

Fig. 9. Photo of rhizome on the time and method of topping in A. macrocephala
at harvesting time

H Ao 7 dEestdd wE e Az Wy wE rhizomed]
AR FEFS 9 E=2 nlal & B Ad(Table 12), FAH el Hsto] &A1,
potassium salt of maleic hydrazide % fatty alcoholx 2ol o3t A7 TA-4F AHH
A& F  beta-caryophyllene, beta-selinene, beta-sesquiphellandrene, valencene,

gamma-elemene, atractylone, 1-methoxy-2-benzen %¢] 3do] =gk, E73
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atractylone®] &2 oF 50% A= =gt A= WHzte] ARAE SFS EAAY}
potassium salt of maleic hydrazide ¥ fatty alcohol @ 7rell:= w]Z=dtdch d X}
tell= A= vlgte] A= A7 2F ARAEY & A7 =gk AAA A2 Al

Aalell wiste] kol ofgh uwiokth o= AAAA ] we ¢4dd HH5E S

9 Azl 1dae] wskel 2dat At BAE AR R FFo] w9k A
A opazel AR g 3 Age Mz

PR WEAES ST flstol A= R E el REEA

>

wepa wEe] ogA A

H#sta, 48S Askel A4A 28] o4 Aelsh Basoh

Table 12. Effect of topping method at the budding stage on the contents of
essential oil of A. macrocephala at harvesting time
(Peak area / 1.S.T.D peak area)

Topping method

... Potassium
No. Compounds Non-topping Rem%\;ildwnh salt of maleic Fatty alcohol
hydrazide

2year 3year 2year 3year 2year 3year 2year 3year

1 Beta-Caryophyllene 0.032  0.096 0.127 0.289 0228 0.315 0.238  0.317
2 Beat-Selinene 0182 0276 0328 0.836 0319 0.724 0317 0.734
3 Beta-Sesquiphellandrene 0.298 0444 0328 0.527 0318 0498 0326  0.512
4 Valencene 0518 0989 1.021 1809 1.089 1.745 1.116 1.815
5 Gamma-elemene 0921 1.829 1121 2260 1.062 2157 1112 2.189
6 Atractylone 2182 6.876 4182 10429 4826 9.746 4912 10.128
7 1-methoxy-2-benzen 0216 0574 0197 0438 0182 0426 0.201  0.474
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Table 13. The growth characters on the fertilizer level in A. macrocephala

) ] No. of Rhizome
Plant height petiole per -
(cm) stock Fresh wt. Dry wt. Yield
Treatment (g/plant) (g/plant)  (kg/10a)

2year 3year 2year 3year 2year J3year 2year 3year 2year J3year

I None-fertilizer 26.3a" 43a 26a 36a 382a 685a 7.8a 144a 884a 1655a
O 20% increase 379c 688c 35b 4.2c 77.2bc 169.8d 17.8bc 35.7bc 177.9b 357.0b
M Standard 34.4c 63.9bc 3.2b 4.0bc 78.8bc 168.8d 17.4bc 35.4bc 188.5bc 383.5b
IV 20% decrease 30.5b 62.7b 3.3b 4.0bc 76.9bc 159.5bc 17.1b 335b 205.2c 390.8b
V manure. 29.3b 63.7bc 3.2b 3.8ab 739b 154.8b 18.0bc 36.4bc 233.9d 454.9c
VI Expeller cake 30.2b 68.1bc 3.1b 3.9abc 78.4bc 163.8cd 18.2bc 38.8cd 230.5d 491.4cd

vy Bxpeller “cake 318, 693c 33b 40bc 802c 1718d 189 40.2d 2456d 509.2d

1) Values followed by the same letter do not differ significantly at the 5 percent

level by Duncan’s multiple range test

_58_



Table 14. The appearance of a disease on the fertilizer level in A. macrocephala

Appearance ratio of disease (%)

Treatment Phytophthora blight Root rotting
2year 3year 2year 3year
I None-fertilizer 17.1bc" 20.0ab 11.2abc 15.5bc
O 20% increase 28.1e 36.1d 15.2¢ 28.2d
M  Standard 23.2d 28.7c 12.8bc 19.8¢c
IV 20% decrease 20.4cd 22.Tbc 11.2abc 12.8ab
V  manure. 14.3ab 18.2ab 8.4ab 10.7ab
VI  Expeller cake 13.7ab 16.8ab 8.2a 9.6a
VI  Expeller cake + manure. 12.8a 15.9a 7.1a 9.8a

1) Values followed by the same letter do not differ significantly at the 5 percent

level by Duncan’s multiple range test

Fig. 10. Rhizome of A. macrocephala on the fertilizer level at the harvesting
time
* [ =XII refer in Table 12.
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Fig. 11. Photo of rhizome rotting in the cultivation
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of og AHAE FFe = A 99 wo] vhobgtt,
NEe BguE A wstel fANE F fu B ASAE $HE  beta

caryophyllene, beta-selinene, beta-sesquiphellandrene, valencene, gamma- elemene,
atractylone, 1-methoxy-2-benzen ¢l &#o] =i 53 2 A{FAHTES F+
EHu2ul s AlE Ao FUtelAh W& AR 4R atractylonee] S fub+
B 20 A& AlZF ERHIE V1R A& Hleke] oF 21% =Skt

WEe] oF 15%E ARFAAEL, FAAEL atractylone 24 A AFAHE <
20%78 =2 S dAEE S sk Ao deA Q)
upebA W EAEfA el fRF 3 HHAE2 AR

1) % 7
S @ & 9 Ao zad

Table 15. The content of essential oil components on fertilizer level in rhizome of
A. macrocephala
(peak area / I.S.T.D peak area)

Treatment

NoCompounds I i m v A% VI VI

2year 3year 2year 3year 2year 3year 2year 3year 2year 3year 2year 3year 2year 3year

1 eBlfga’CE‘rY"phy” 0.037 0.083 0.182 0.289 0.192 0278 0.128 0213 0.192 0225 0189 0276 0213 0.329

2 Beta-Selinene  0.118 0,198 0412 0734 0410 0.728 0.392 0.702 0.297 0.697 0381 0703 0.419 0.729
g Beta Sesauiphell 197 0364 0317 0.428 0.328 0437 0329 0427 0412 0501 0.426 0523 0512 0.634
4 Valencene 0328 0678 1215 1786 1118 1654 1012 1.378 132 1782 0.329 1760 1417 1914
5 Gamma-elemene 0221 0567 2129 2222 2019 2187 1823 1978 2101 2178 2.109 2.145 2189 2227

6 Atractylone 1.812 3.267 5123 8457 5217 8469 4998 7999 5217 8798 5214 8778 6.317 10.234

1-methoxy-2-
8 0.327 0.685 0.389 0.501 0.375 0.427 0.369 0.469 0.372 0.434 0.369 0.403 0.316 0.404

benzen

* ] =Xl refer in Table 12.
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Ab T2 ARWY

22 2 1dA 229 AA W 2 dol(Zoh)e P RS xAF &) 2 A
HTable 16), TAA L Bt A elol wste] W A4 & GAAZ7F 46%= 7H =
ek 1dA T A2 A4 md A vste] WA BaAest JF 5
GAXE 7} v = vesey, ¥4 & GA AY a3= =4 FUr &2
Wolgof Hlske] oF 30%, Eob&ol Hldtol= oF 85% = LERT

ek FAAGA = W T GAA YL 194 T2 A= YEERde] FEe)
At

Table 16. Germination rate of seed and one year rhizome by storage method

Germination Budding
Kinds Storage method percent percent E;;}gg(g;n)ce
(%) (%) °
Room temp. 252 - 6+2
Refrigerator 35+3 - 11+4
Seed .
Field 28+2 - 8+2
GA after low Temp. 45+4 - 15+4
Room temp. - 65+4 58+3
Refrigerator - 78£5 68+4
Rhizome
Field - 713 62+3
GA after low Temp. - 79+4 714

o}, A. japonica & A o] 23t A. macrocephala 2] ASFEA W

A. japonica® 4¥€ 5¥¢ A2 g z7]ol Aol 3t AFEAHES A
macrocephala®l 594 Auje] <3 Az wlwd A3(Table 17, Fig. 13), A
macrocephala®l 735 ' 4 MEx7] AAd ©E 2 W L5 I wste

11%, 20% 27} =olx oy, A japonica® 74%- 158% % 29% 2+7y molx o, ubgf

e r°l'
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A A. japonica MHIAE 9 S SUE Y5t Wr=A] HAS & Fojof it
sk A, japonica®l Z714A 2 #@ETe} JigEz7]d A4S T Ao A
macrocephala®l T3} 2ol §llaL, AlE ofe] ZAyjoA Hi ®H AAF WEF9

F9 AFAEQ atractyloned o]l A. macrocephala®l HEte] =il oFA A.
Japonica ¢} ¥]=g S FAISHAL do] A japonica®l AWiEIt 7hsd AowE

ehit,

Table 17 .The growth characters of plants cultivated by cultivation method such
as topping and early transplanting in A. japonica and A. macrocephala

Plant height Dry wt.
Species Method (cm) Shoot Rhizome
lyear 2year lyear 2year lyear 2year
Topping 39.4a 44 1a 98.8bc 192.1b 22.5bc 40.7¢c

A.japonica
Non-topping  49.6bc 51.1b 67.3a 158.2a 15.6a 28.9a

Topping 46.8b 55.5b 113.6¢ 204.3b 25.1c 42.8¢c
A. macrocephala

Non-topping 54.6¢ 62.2¢c 98.6b 177.8ab 21.4b 34.2b

Fig. 13. The photo of rhizome cultivated by method such as topping and early

transplanting in A. japonica
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Z}. =4 A8 A. macrocephala ¢+ A. japonica R FF A9 FuZ9
T8 ARFAE v
ARAAE T A, FHo] TowA oAl F o] Egt

A
A. japonicaZ 5= A9HW FUWEI Fo ARAES X Ay 9= Yo=

15% A= ARAAE] 5o g 1 FoA] atractylone, beta—seliene 59| A&
o] & olFa Qltt B AFH”Ho]l 5l Fwe] AgoRHE FH3 WE A5}
staril ofAl ME L AR AuiE el ot WEye] AFAAES vugt Az

(Table 18), =ul AlF ofAle] ¢ wWZo| 4|3} atractylone, beta—seliene,
valecene 52 A&o] g =k, Fo okFoA XS MEo He wWEFo] FQ
A9l atractyloneo]l A8 A& A &yt T <
japonica typel®l H]s}o] A& Fo] & }
e SHAM@E) WFo] F=A4k ofA ¥WlEo] 80% Ak 3HrEo] i A
A AFZELS S ofAe] 22% mIRFO R wjg- WA FfEo] AATH
AurA o7 wWZo] =9 ARl gtractyloneS F 9o 7HAE %9 t-BHPOIA #%
H AxEge A@akste B3 Az WatUFE T AkstA ~Ed s g BE
2 gyEA i 93-S st= Ao Hi(Hwng et al, 1996)%H 1A 9l
unschduled DNAZAJ ol 2138 t-BHPHF-%o 23 MAEX&EA Z2xgy7t o™, Na,
K(+)-ATPase 5ol AAAZA E2M &k 4% 285 stal E2-PollA kE7}
A WSEAE A ATk gHek(Satoh et al., 1996).
wepa ol Fo AES ugHd, JhdE AuiEel ofste] AjujEo] HvH
Ul Aol T A AuFel Blste] 3 FHS FATAL e oA
=

EQ W0 oEueAq $4 @

ofN
o
fru

—~

japonica typed} H|Z:dH 59 AFAAEES FAE

Ao AzteolAT),
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Table 18. Comparison of content of main essential oil compounds on A.
macrocephala and japonica in Korea and China

Compounds I i m I\% A% VI VI
Beta—Selinene 0.729 1.028 0.927 0.939 0.431 0.058 0.381
Valencene 1914 4871 3.218 5.616 1.885 4.329 5.488
Atractylone 10234 14121 12.348 11.392 0.232 - 0.315

I : A. macrocephala (cultivatioin in Korea), II : A. japonica (wild in Korea)
I : A. japonica (cultivation in Korea), IV : Cultivation in Yengil of China
V : Cultivation in Yengil of Chona(Gongbaekchul), VI : Cultivation in Ankuk of China, VI

. Cultivation in Gilrim of China
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2.4 1 534 : 4FE5 AEFToE HEH FE8HA B4 € o &

7} AF SRS 597

Table 19. Variation of growth characteristics within eight populations of A.

japonica.
Length Width  Ratio(L/W)
GAP 63.6 2.4 29 20.0 79 3.8 2.08
HAM 50.8 2.8 2.3 156 8.0 3.8 2.11
AND 54.0 44 2.0 17.0 6.6 3.1 212
GAN 55.0 44 2.5 17.8 6.6 3.1 213
JEC 57.6 3.6 2.8 17.8 75 3.3 2.27
TAE 55.4 2.4 2.7 20.0 7.0 3.1 2.26
EUI 55.3 25 28 21.0 7.2 32 225
PAE 54.6 35 25 20.0 7.0 3.0 2.33
Mean 55.8 3.3 2.6 187 7.2 3.3 2.19
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Table 19. Continued.

B
Populations blj ;zlfl I;]toe'rcf I\,:)?l'gf ) res}gitealilce
Length ~ Width  Ratio/W) (1 - 5)

GAP 8.2 7.6 19.6 155 79 1.96 2
HAM 5.0 5.4 156 149 7.1 2.10 4
AND 9.2 5.4 24.6 16.5 7.8 2.12 2
GAN 6.0 8.8 26.8 156 8.1 1.93 4
JEC 6.6 138 21.6 16.1 8.5 1.89 3
TAE 5.6 5.8 13.0 16.9 9.3 1.82 3
EUI 5.7 9.1 186 15.7 9.1 1.73 3
PAE 6.1 8.4 21.1 164 9.0 1.82 3
Mean 6.6 8.0 20.1 16.0 84 1.92

ol FHRAH HrIFFl &3 isozyme wAMoE HIEF H T g
S-S A4 Ady= Table 20, 21, Fig. 149 2t

ool fHA Welrt Fukgze #de] S A2
ol A=F9 life historyet AefA 543 #do] A+

= [¢)
S
0o BE od At E Fus, BbeE 5 oold 2900 olsh: g2 5

(Hamrick and Godt, 1989).

Isozyme< Hunter®?} Markert(1957)¢] 1% ¢} Markert$} Moller(1959)2] 4 <] (-5
d A W FY 52 FAF 7S dEr= ®olA), Harris(1969)9] Abghel 2§
Lewontin®} Hubby (1966)¢] H s eeor] A4 & Allard (1970)2} Gottlieb
(197D ¢] A& HAIFAste] 482 AEE fFrIAeE BEAREe] Htell b Bol 2
o= WHFY stuE A A = A (Soltis and Soltis, 1989).
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Table 20. Summary of allozyme variation within eight populations of
A. japonica.

Population N P Ap A Ag Hop(SD) Hep(SD)
GAN 50 26.67 3.00 1.53 1.14 0.061(0.011) 0.092(0.040)
GAP 36 40.00 2.67 1.67 1.22 0.068(0.011) 0.124(0.050)
EUI 36 40.00 2.50 1.60 1.23 0.077(0.012) 0.136(0.048)
HAM 50 33.33 2.80 1.60 1.23 0.062(0.010) 0.120(0.049)
JEC 50 46.67 2.67 1.87 1.32 0.077(0.012) 0.160(0.061)
AND 40 40.00 2.60 1.67 1.23 0.076(0.012) 0.137(0.050)
PAE 44 33.33 2.43 1.53 1.20 0.067(0.011) 0.116(0.048)
TAE 42 46.67 2.69 1.67 1.22 0.083(0.012) 0.136(0.045)

Mean 38.33 3.00 1.64 1.22 0.071(0.004) 0.128(0.017)
Species 60.00 2.20 - 0.144

Number of individuals examined (N), Percentage of polymorphic loci (P), mean
number of alleles per polymorphic population (Ap), mean number of alleles per
locus (A), effective number of alleles per locus (Ag), observed heterozygosity
(Hop), and genetic diversity (Hgp).
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Table 21. Estimates of genetic diversity statistics for nine polymorphic
loci in eight populations

Locus Hr Hs Dst Dwm Fis Fir Gst
Mdh-2 0.304 0.283 0.021 0.024 0.330 0.376 0.069
Est-1 0.296 0.284 0.011 0.013 0.400 0.423 0.038
Est-2 0.018 0.017 0.002 0.002 0.39 0.394 0.084
Skd 0.565 0.518 0.047 0.054 0.589 0.623 0.084
Per-1 0.102 0.069 0.033 0.038 0.469 0.642 0.326
Per-2 0.209 0.130 0.079 0.091 0.457 0.664 0.380
Idh-1 0.319 0.307 0.012 0.014 0.422 0.444 0.037
Pgd 0.275 0.264 0.011 0.013 0.322 0.350 0.041
Pgi-1 0.066 0.060 0.007 0.008 0.361 0.425 0.099
Mean 0.239 0.215 0.025 0.028 0.410 0.482 0.129

Total genetic diversity (Hrt), genetic diversity within populations (Hs), among populations (Dst),
absolute population differentiation (Dy), deviations of genotype frequencies from Hardy-Weinberg
expectations within individual population (Fis), over all populations (Fir), and proportion of total
genetic diversity partitioned among populations (Gsr).

ILIs o.ie 15 L1 LR 11,
L 1 1 1 1 ]

GAMN

GAF

EUI

HAN
JEC
FAE
AN

TAE

Fig. 14. A dendrogram showing the genetic relationships among eight
populations
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A 15719 locizd 9 loci (60.0%)2 HAox g Hw o]iolA tFAY
(polymorphism)S YeFH A tE ¥bHo] U™ A 6 loci Udh-2, Mdh-1, Per-3, Pgi-2,
Sod-1 and Sod-2)¥ monomorphism< e AT},

AA el el EA nE&S 267% 46.7%= Hit 383%°|Ath thH A4S
Bl oid F32 #99= 3709 allele (Est-1, Idh-1, Mdh-2, Per-29+ Pgd-2), 2
el S E S WEE locie BAHUT (Est-2¢9F Pgi-1). F3T i dF

o

Hol o] 153011, 7 =2 F sl

L

i

2,

w
1.87% Aol 7k Silth
oA, polymorphic loci®] H]&2 85.60% =% 92 ™, polymorphic locus@
gHFAzte] = 269, HA locusd WMHEFHAY &= 164, AA locusT

A, FAAH GYEE 01282 TE ZEF v
(

&
+

2

effective allele+= 1.22¢

M e 44 gUdrE 190 (0.092) (Table 1). H w0l A, polymorphic
loci®l W] && 49.00%0]3, A4 TFEE 01202 F SRR ok wil vehg
o}

Aol A4 YR diE Jddd SR fARRE g s 7R
e A=Fel vls Edvh 2 olfEe §4A8A, thdA, ot Sl 7lqlgd A
@7E 23k oF 13% A3 A AR A AEe =39k (=065, p <

FAAF golsiul AwrHom AR @ AR Afe]l I FHATA

4= Hola 3th(Table 23).
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Table 23. Growth characteristics of two years old plants population in
A. macrocephala..

. . Leaf(cm)
Plant height No.of Diameter of No. of
(cm) stem stem(mm) leaf Length Width  Ratio(L/W)
45.7 3.0 35 15.7 9.7 3.2 3.03
Bud(cm) .
No. of Length of No. of B Rhizome  Disease incidence
- : - )
branch branch(em)bud o Width  Ratio(/w) Weight(®) - rate (%0
9.7 20.7 20.5 4.0 2.0 2.0 36.9 21.2

T ol EFETh T XG0 2dojA 40 cm o9l MMAIEL el
a3l 35 cm o]k ©@tEel xdEo] Z+zE Type I (SW 5 @3 F<%), Typell
), TypelV(TN ; &3+ M), 2 TypeV

dolz M 500/0AE ez AR Feol o v &
I FEER] TypeVZE 16 %= 7Hd Alew, Typel, Typell, Typell, %
TypelV 52 19% - 23% @9z =38 Zduwe] 7} g9

=9

i

ZAbE A

pud

e
o
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Table24. Classification of A. macrocephala based on morphological characteristics.

Plant type S(Zilr;l Leaf le;gtit:/ width Frequen(%};) at field
SW 35cm > 22> 19
SN 35cm > 31< 21
™ 40cm < 22> 23
TN 40cm < 31< 29
MM - - 15

*SW ; Short stem and wide leaves, SN ; Short stem and narrow leaves,
TW : Tall stem and wide leaves, TN ; Tall stem and narrow leaves.

MM ; other types of plants

. & JaAd
A. macrocephala 83X 2S 93to] Table 249]

=
macrocephala 263 &2 %43t

oM FA T4 F A = F4 AT S L
TR ALY A Ay ¥ el B2 AM9Z 5 5 Hde Adweloen,
A 55 ol AMI2E e 2670 [ FHASEY 2%, A, F4, 1AL
A, 1AREAA, TSl wdow 53 oW ¥ e JdHd 206%0

Hlske] 17.3% = Wall Aol F3 545 HAH(Table 25).
w3 A japonica =W 87 AQFHE FollA ASo)
i’i‘P_Uﬂl, Ak 371 JeFel A AJ2106 !
, 1AREAIE, IREAE, AdTo] =koer 53 o8 2 weS Jdwd
17.1%0°l H]sto] 83% % HWall A3a/do] 73k 545 EAtHTable 26).
Table 25, 269] AW Jo+& F3{E SA4S

rlo
of
>
oo
=
N
aV)
o
dl o
o
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Table 25. Growth characteristics of selected line from A. macrocephala .

Selected Plant No.of Diameter of No.of Leaf(cn)
line height(cm) stems  stem(mm) leaf Length Width  Ratio(L/W)
AM9902 38.1 2.1 6.8 14.1 8.7 3.8 1.78
AM9905 40.9 1.3 6.8 14.2 9.5 3.9 2.20
AM9912 35.3 2.0 6.6 14.5 8.4 3.6 2.33
AM9915 36.8 1.8 6.4 136 9.3 3.6 2.58
AM9922 40.9 1.2 72 15.7 9.0 3.9 2.31
AM9924 34.1 1.2 5.3 14.5 8.5 4.0 213
*Mean 35.5 16 6.5 14.0 84 3.8 2.22
Selected No. of  Length of Bud(nn) Rhizome Disease
line branch  branch(en) o Wi Ratio(L/W) Weight(®) e (50
AM9902 10.0 20.6 34.0 23.6 1.44 325 17.3
AM9905 9.1 21.7 334 24.7 1.35 37.2 22.0
AM9912 9.0 20.3 33.1 23.9 1.38 36.2 17.3
AM9915 8.3 18.7 32.8 24.0 1.44 35.3 23.6
AM9922 11.6 20.6 34.5 22.7 1.52 30.5 23.7
AM9924 89 17.3 32.0 216 1.48 29.3 17.8
*Mean 8.9 188 32.9 23.3 141 285 29.6

# mean . 26 populations
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Table 26. Growth characteristics of selected line from A. japonica.

Leaf(cm)

Selected Plant No.of Diameter of  No.of

li height(cm) t tem(nm) leaf

ine eight(cm) stems stem(mn ea Length Width  Ratio(L/W)
AJ2102 29.0 8.1 1.3 8.1 49 2.1 2.33
AJ2106 35.1 4.8 1.7 18.3 6.2 29 2.14
AJ2108 26.8 39 2.1 185 5.1 2.8 1.82
*mean 20.1 2.8 1.8 14.3 5.9 3.3 1.79

Bud(mm) ) Di

Selected  No. of Length of Rhizome . 11S€ase

. - . incidence

line branch  branch(cm) weight(g) 1466 (%)

Length Width  Ratio(L/W)

AJ2102 1.2 3.1 16.7 76 2.19 25.6 11.3
AJ2106 1.3 24 19.3 10.7 1.80 28.9 8.3
AJ2108 11 2.8 174 10.1 1.72 31.2 11.8
*mean 0.8 15 182 89 2.04 22.3 17.1

* mean . 8 populations

Table 25, 269] Azfo Al gl AM9912, AJ2106> <+
wuh 4@ guelv], MEe] 2Ry Fye gyow
Table 272 st AM9912, AJ2106°.= dj/do

F ol&e A Aot
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Table 27. Development of disease incidence of A muacrocephala and A. japonica
moculated with P. drechsleri.

1 Week after Inoculation 2 Week after Inoculation
Selected
line Disease incidence rate(%) Disease incidence rate(%)
AM9912 73.0 94.2
AJ2106 33.8 709

= H =
g o] WAool Yetr] AZFdley HIF 1793 25Y Fol= A macrocephala
D A japonica®l A7gH- ol YERG WA AolE FlE ¢ Qe HFE 1T
g o)

9 2% F A macrocephala®l ©]4
japonica®l °|H &< 338%9 709%=S Hol F= ]
SWHFHAF A japonicaol Wste]l ¥ 4012 P. drechsleriol Wste] 744
< HAth

O Eddol o g% fFE&RlA £4

T =Y A5l A macrocephala o] f8Wo] AES 9dle] B YY F
AAe o AAE st AES sy 754% Table 28, 29, 303} %t}
A

A4Ae 57 2 FAMol9 FAAY F AW 20T, FEANN P o}
A

WALA y- ray AR @ ol g2 FA 7] 92.2%0 H]ste] 10krol A 57.4%, 15kr
55.2%, 20kr 49.6%, 30kr 36.8%% FAlAdFo] Z7} 4= wolge Hap 7 HY
ow HA ZAAHFL 20kro] A tH(Table 28).

Table 28. Germination of dosage Y- ray radiation.

Control 10Kr 15Kr 20Kr 30Kr

92.2 57.4 55.2 49.6 36.8
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EMSE A#sred wolgo Fxg 95.3%0° thu]sle] 2447 A 0.1%F =9
A 33.6%, 02%F o E 67.0%0. 2 Wolgol FA3] F7H3 T vl =S4 E
Wol-g2 Hak #Aishs A4S Ryor FHA Azl 04% FoA Holge
48.3% A thH( Table 29).

Table 29. Germination of concentration and soaking time in EMS.

Day after inoculation

Soaking time Conc?(rjl/t;ation
0 2 days 4 days 6 days Mean
24hours 0.1 21.6 11.7 0.3 33.6
0.2 40.7 25.3 1.0 67.0
0.3 33.0 16.3 1.0 50.3
0.4 16.7 28.3 3.3 48.3
0.5 13.3 8.3 0.7 22.3
Control 68.5 22.5 4.3 9.3

NaN3 A 7k 2@ HAgsed wolse T8 955%°] thH]sle] 12A17F A
10mM FXZol A 59.0%°]H A esw=7

3 TE Holgd HAA AL A4S B
Aqom HA Ayzpe 12437F A =

= 10mMe] 1 th(Table 30).

H

Table 30. Germination of concentration and soaking time in sodium azide.

Day after Inoculation

. . Concentration
Soaking time (mM)
m 2 days 4 days 6 days Mean
12hours 10 16.3 37.0 5.7 59.0
20 4.7 31.0 6.3 42.0
30 2.7 17.0 13.6 33.3
Control 68.5 225 4.3 95.5
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EdWo]l o] ot f8WolA FA AT Table 28, 29, 309 =W
7 2 A macrocephala 234 FAdolA A=
3 A} olgdte] HuYHE v- ray A# 20kr, EMS 04% %, NaN; 10mM

o

T} oM 7zt T4 kg AEd § IF Soi)
Aol AFEAL FAE drste] 2AE A3 24, 45, 9 A7, 1
AREA S, TAREA G A3 AwbAERl S Al vt Az spglont A

F, 7ol FAE nlstel okt F7b Ao® AF S ATH(Table 31).
AT 20029 Ewe] A F FAVE Ads e 20039 230 A f-gol
o AHYPYEE NaN3 75, EMS 55, v- ray

o)
wEe] Ful 54 AR AATER FAE A%

Table 31. Valuable varient selection from mutagen treatment in A. macrocephala.

Mg Mt Noof Dimetr of Yo
Length  Width  Ratio(IL/W)
NaNj 322 16 47 137 8.8 38 2.32
EMS 29.7 14 40 120 40 3.2 1.25
v- ray 25.4 1.0 38 11.0 41 3.2 1.28
Control 20.1 1.2 1.8 154 9.1 3.9 2.33
. No.of Length of Bud(mm) “l 1
MRS branch  branch(cn) Length Width  Ratio/W) ected plant
NaNj 6.8 152 295 181 1.63 7
EMS 6.2 125 30.4 18.2 1.67 5
V- ray 6.4 132 30.2 174 1.74 4
Control 9.2 186 30.1 204 147
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T TUHZETSA
EHE SAS Y3 weRES Table 25, 26004 Add Aol 3 A
japonica(A] 2106)S ¥ A macrocephala(AM9912)S HE o7 3slgjow o¥w

v 3} tH(Table 32).
W E o g7 FAE AT 2106, AM9912+= 3pAo A Ztz; wAl Z]E Ao
= ROl AJ21067F 89 Z7INE Ha, AAE A}

Aol Azsht 99 ARge mio] PEur 3

Table 32. Growth characteristics of parent line in Atractylodes spp.

Cross Plant No.of Flower Flowering  No.of Leaf(cn)
combination height(cm)  stems color period(M,D)  leaf Length  Width (Iﬁz}s&))
£ AJ 2106 35.1 48 ‘White 9.16 18.3 6.2 29 2.14
S 1 AM9912 35.3 2.0 Red 9.24 145 84. 3.6 2.33
Bud(mm) - ) .
Cross No.of Length of Rhizome  Disease incidence
S § . . . 0
combination ~ branch  branch(cm) Length Width  Ratio/w)  Weight(g) rate (%)
£ AJ 2106 1.3 2.4 19.3 10.7 1.80 289 8.3
S 1 AM9912 9.0 20.3 33.1 23.9 1.38 36.2 17.3

Adzun L F, AAE §4 A= Table 333 2ol AJ 2106 x AM9912 nlujzx

groll 4 527 E‘—J TAE AL st o, AF olFd 29T FAFHE F 4347049
Fi 2RSS 44 st olwollA 5ol 53 F, YA AsHHS 9t A
ol 3t lOO7HXﬂE Ak gF SAE AT AEE F 10074159 A5 24 AlE
AR B A S Sl g WolE YERH I THTable 34).

Table 33. Breeding of interspecices hydrid plants.

Cross combination NO'Sgé d?ggbﬁd No. of F; plant Selection of F; plant
AJ 2106 x AM9912 527 434 100 plant
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Table 34. Variation of growth character of 100 F2 line selected from 434 F;

plants.
. Plant No. of  Diameter of Leaf(cn)
Variation .
height(cm) stems stem(mm) Length Width Ratio(L/W)
Mean 40.3 4.0 14.7 71 4.2 1.90
Max. 82.0 7.2 73.0 10.2 8.0 6.97
Min. 16.3 19 6.5 2.4 1.2 0.69
. No. of No. of Bud(mm) Rhizome
Variation .
branch bud Length Width  Ratio(L/W) Weight(g)
Mean 8.1 10.6 24.0 14.6 1.70 52.4
Max. 194 235 32.6 24.2 2.60 131.5
Min. 2.0 1.0 155 79 1.08 13.0

Table 35. Growth characteristic of 10 Fs line selected from 100 F; lines.

Line Fl1 ow ering Flower }Feliagriltt No.of No.of No.of Rh.izome resivg gnce
period(M,D) color (cm)  Stems branch  bud  weight(g) (1~ 5)
AJM2101-21 10.25 Red 38.4 4.5 52 52 64.1 3
-24 10.15 Red 43.2 3.8 10.6 12.0 89.3 4
-33 10.04 Red 61.2 1.4 14.4 21.2 89.1 3
AJM2102-11 10.15 Red 29.3 44 4.9 54 59.3 3
-52 10.30 White 34.2 3.2 2.0 11.8 57.6 4
AJM2103-10 1025 Red b55.8 44 10.0 174 1183 3
-12 10.15 Red 48.0 44 174 214 102.4 3
AJM?2103-35 9.24 White 40.0 14 94 3.6 952.8 3
AJM2105-03 10.23 Red 39.4 4.8 9.0 154 63.2 3
AJM2107-04 10.20 Red 44.0 58 94 102 131.5 2
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Table 35= Fi AA A2 10070418 YA F olTdA Aol ¢33 F
7

7b B AFo] 1815g/5% SAo] Stk ol A 10 AE & AA g8 ¥
bl

LY =
T8 pAse] WE I ey AFFoR 4T At
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3.4 2 F&AA : BE IHAZAYE A Ve

7t AFS HEY FdEA 24
1271¢] primerE ©] &3
o2 7t AEd mE Holst Art #S5HAh A 400bpol Al Hdl 2.5kb A7)l
ojZ= Wi=rt Blow, wMi=eo] 4= 27 (primer #9)°l A 1270 (primer #9)7hA] <l
H A A. japonicaw™ A. macrocephaladl V]38 THE FE patterns H =], THE
A. macrocephala®t= FY3 WEE yEYa, vdgst e Yeidosd A
macrocephala®t A. japonicaite]l td7dol =lEdtt. E3 UPGMAZH S S8
WL

clustering(grouping) ¥} similarity (genomic DNA homology)¥#41& A A &9 th(Fig.
15-17).

2 S3¥ DNA tg3st meo] 4ol

ot
=
>
U
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A
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1 23 45 67 8911 121914 15 16

L

rn

Fig. 15. RAPD pattens of A. macrocephala.

M, 1kb DNA size marker, Lane 1; 5ng DNA template with primer #1, 2; 500pg
DNA template with primer #1, 3; 50pg DNA template with primer #1, 4; 5ng
DNA template with primer #2, 5, 500pg DNA template with primer #2, 6; 50pg
DNA template with primer #2, 7, bng DNA template with primer #3, 8, 500pg
DNA template with primer #3, 9; 50pg DNA template with primer #3, 10; 5ng
DNA template with primer #5, 11, 500pg DNA template with primer #5, 12; 50pg
DNA template with primer #5, 13; 5ng DNA template with primer #6, 14; 500pg
DNA template with primer #6, 15; 50pg DNA template with primer #6, 16; 5ng
DNA template with primer #8.
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Fig. 16. RAPD patterns of A. macrocephala and A. japonica(l).
M; 1kb DNA size marker, Lane 1; 1, 2; 2, 3; 3, 4, 4, 5, 5, 6; 6, 75 7, 8 8, 9; 9,
10; 10, 11; 11, 12; 14, 13; San, 14, G4, 15, G-2, 16; E-2.

M 12 131" 1516 1718 18a3A&EM

Fig. 17. RAPD patterns of A. macrocephala and A. japonica(Il).
M; 1kb DNA size marker, Lane 1, 1, 2; 2, 3; 6, 4, 7, 5; 8, 6, 10, 7; 14, & San, 9;
G-4, 10; G-2, 11; E-2, 12; G-7, 13; 21, 14; 18, 15; 17, 16; 23. 17; 15, 18; 16, 19;
22, 20, 1-2, 21,Ga-Pyoung, 22; Madoyeon.
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U AulF R o BFoEzRYH WA AA A
TR 2 te 2ol 1070 A el 53843 s 7HE 4507,
Zrsh 22374, 23 1324, HA 15204, B 4504, Al 2564, Qb 2587, Y 95

=
A, oA 11503, dFelA 808e skt 49 &, T4l T8, Az 5

AVeE A3k A japonica 1948-E 7HE % 570A
g FRAF T oFY i THES 1876%I o, oF oA FHF Wy gol
379%= WwAdo] 7pd et ow, 7t FREFS 55% 2 At A japonica 2
WS 28y it S 266%2 1dART o FHF T /1, % &
FFe] o] 10%0]stE WA 3 Aex el A macrocephala= <
e 9S8 212% 2 A. japonica©l BlsIY] TR Eel WHAS EAG

o yEHA Ay §A I
194 A japonicas WH &0 71 @*e /M =HFS 2Fo] 7 #Zka, 13

A 7P wekew, gl A

Mo

=)
©
22
x
=
>
¢]

w
S

Table 36. Characteristics of A. japonica and A. macrocephala collected in different

area.
Plant Leaf Rate of Tolerance
Plants Location height bi\'fo. ‘}?gs 1\]2(;', chhSt length disease to ,
(cm) anc anches (cm) (%) moisture”
AY 17.3 1.3 17 5.7 5.5 o
B 23.7 1.0 1.2 52 94 ot
A. japonica =
(oneyear-old) C 25.8 1.0 1.3 4.7 13.6 +
D 21.0 1.3 1.3 6.0 272 +
E 18.0 1.0 1.0 53 379 -
A 73.0 6.3 16.7 83 8.3 ot
C 49.7 8.7 4.7 8.1 50.0 -
A. japonica F 56.3 12.0 8.7 8.0 9.5 et
(two-year-old) G 58.7 7.7 93 9.3 375 -
H 57.3 4.7 5.7 8.0 29.1 +
I 51.3 4.0 3.7 6.7 25.0 +
A. macrocephala B _ 23 74 121 212 N

(two-year—old)

\A; Ga-Pyoung, B; Pyoung-Chang, C;Ham-Yang, D;Po-Cheon, E;Eui-Sung, F;An-Dong,

G;Gang-Hwa, H;Je-Cheon, I;Tae-Back “+++;strong, +;medium, —;weak
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AT 7w go] vty 7t R F 12 2A e P gkoy %
Ao 73 o WHgo] 212% %2 =W 2WA A macrocephala®l BE A4E 2

AA A japonica®th ko Aol 12.1ecmz 7HE AU

AEA F9E 9, 7], A9 A e sdEd, o, 2719 Aol whet uk
& 717k Apol} UrE}kkﬂ, Ay i uex g2
U353 At. callus Fr7lE e
Elton, = 24 e vt B AL, shootd S flsich o s}
T M R el #EEd=, ASRE w5 2o et #A
s A vhe B Hed 2o Ryt dAstE AeR FREAC A EA
S AFH 3] wid3 79 Kinetin Sppm*] 2] 7ol A shoote] Aol AZH A
= AN B3t ol Bele] byt wpE
HRom, IBAXE7F @Atk AE AFxdA H2E Auxindeol sk
Cytokinin¥ A&7 E#A7 =A veEtson, IBAXEA 27 A3F wkgo] Az
= Atk IBA, 1AA, GA, BA, 2ip, Kinetin# 2]% IBAA 2|7} 2 &4 F9]o F3glol
7HE &adAelda, 53] SppmA e el A el 9 A EA e Rhso] 7HE
ZArh 719 A9ol= BAAYTE ALstas AR aAbsgh

Table 37. Effect of IBA on the regeneration of A. macrocephala.

Treatment(mg/L) Leaf Stem Cotyledon
Control + -
0.1 + - _
1 + + +
5 ++ et +
10 i+ i+ +

? —dried, - mone +low ++igood, +++exellent growth.
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Table 38. Effect of IAA on the regeneration of A. macrocephala.

Treatment(mg/L) Leaf Stem Cotyledon
Control + -
0.1 + -
1 + - +
5 : +
10 + - +

* See Table 37.

Table 39. Effect of BA on the regeneration of A. macrocephala.

Treatment(mg/L) Leaf Stem Cotyledon
Control + -
0.1 . -
1 . _
5 . _
10 . _

* See Table 37.

Table 40. Effect of 2ip on the regeneration of A. macrocephala.

Treatment(mg/L) Leaf Stem Cotyledon
Control + -
01 +
1 . _
5
10 + -

? See Table 37.



Table 41. Effect of kinetin on the regeneration of A. macrocephala.

Treatment(mg/L) Leaf Stem Cotyledon
Control + -
0.1 + - -
1 . _
5 _
10 . - -

* See Table 37.

Table 42. Effect of GA on the regeneration of A. macrocephala.

Treatment(mg/L) Leaf Stem Cotyledon
Control + -
0.1 . _
1 . _
5 +
10 . _

? See Table 37.

Table 43. Effect of plant growth regulators on the regeneration of A.

macrocephala.
Treatment(mg/L) Leaf Stem Cotyledon
IBA + + +
GA + -
2iP + -
BA + -

* See Table 37.
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Table 44. Effect of plant growth regulators on the regeneration of flower bub in
A. macrocephala.

Treatment(mg/L) IBA IAA Kinetin BA GA
Control g
01 : : - -
1 . . _ _
5 + N - _
10 ; ; - -

? See Table 37.

Table 45. Effect of plant growth regulators on the regeneration of A. macrocephala.

Treatment(mg/L) Leaf Stem Cotyledon
IBA + + +
GA + -
2iP + -
BA + -

* See Table 37.

Table 46. Effect of plant growth regulators on the regeneration of flower bub in
A. macrocephala.

Treatment(mg/L) IBA TIAA Kinetin BA GA
Control !
0.1 . . - _
1 . . - _
5 i + - -
10 + + - -

* See Table 37.



2) AEAZ2AA ELAEY &9
7}) kinetin® IAA, IBA, NAAS &84

cytokining!l kineting 2mg/LOE TAS I, 7)o auxin®Z IAA, IBA, NAAZS
Z+7} 0.1, 05, Img/LE Aglste] 24 309 & AN 23 dA 4oz duA] A
]— Z AR a(Es] 23 A4W), callus7 25 A E A TH(Table 47). callus
A2 AY, 271, 9 BEF NAAAZE Fdem 1 o2& IBA, [AAwo|th
NAAX ] s=HZ vws] B 1, 01, 05mg/L o2 callus BAol Egdth. A

O::

TohE2 uf§ ko shootF A Ao dojuA] fsk=dl, XA A ¢F 15-20
A o] 4709 A oA NF 5709 shootE AS = AT o) auxin® FF o=
FEglol 2aF 1-2708%9 shoot’} A= o] AHEzte] & Ao]lE ol B 4 ¢l

th(Table 47, Fig. 18-21).

Table 47. Effect of kinetin and auxin(IAA, IBA, NAA) on the regeneration of A.

macrocephala.
Cotyledon Leaf Stem
T{rex?é?ie)nt Callus Shootin No. of ~ Callus ¢ t No. of . Callus Shooting No. of
forr(lgjgion b (%) € shoots for%/ilgion ?(;;ng shooo(t)s forr(n/dgwn ?g)/o)mg shodoft)s
Control 12 0 0 20 0 0 4 0 0
IAA 0.1 12 0 0 20 0 0 8 0 0
IAA 05 12 0 0 20 0 0 22 0 0
TIAA 1.0 12 8 3 20 0 0 22 0 0
Kinetin IBA 0.1 15 0 0 25 0 0 11 0 0
2 IBA 0.5 23 4 1 20 0 0 22 0 0
IBA 1.0 31 0 0 40 0 0 37 0 0
NAA 0.1 8 0 0 6 0 0 22 0 0
NAA 05 54 4 1 87 0 0 41 0 0
NAA 1.0 58 0 0 73 0 0 44 0 0
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1}) IBAS}t ZEATIN, BA, KINETINS & &g

IBA 01mg/L =+ 1mg/LZ 1A3SFI, o]7]°] cytokinin® = zeatin, BA, kinetin

= ZH7F 2mg/L Ex= bmg/L E&A skl A4 g A 309 F AR A3, A

Hol Ao A callus A 2L AE3Eo] BA > zeatin > kinetin £ 22 =t}

(Table 48). BAS} IBAS H%+% BA 2mg/L$t IBA 0.1mg/LE ZFA S w B

th= BA 5mg/L9 IBA Img/LE @A WS vl AEsEeo] Furh = A A
4

2 callus B4 2 AL3E2 299 E71H = Ago] st =%k

Table 48. Effect of IBA and cytokinin(zeatin, BA, kinetin) on the regeneration of
A. macrocephala.

Cotyledon Leaf Stem
Treatment 0 ) Callus Callus

(mg/L) forl?qatibon Shooting No. of forl?qatibon Shooting No. of forr?lation Shooting No. of
() () ) o o
%) (%) shoots %) (%)  shoots ) (%) shoots

Zeatin 2 40 0 0 22 0 0 53 0 0

IBA 0.1 BA 2 55 5 4 33 0 0 53 0 0

Kinetin2 30 5 1 28 0 0 20 0 0

Zeatin 5 55 5 1 22 0 0 53 0 0

IBA1 BAS 15 10 5 39 5 1 47 0 0

Kinetinb 45 0 0 17 0 0 33 0 0
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Table 49. Effect of IAA and cytokinin(zeatin, BA, kinetin) on the regeneration of
A. macrocephala.

Cotyledon Leaf Stem
Treatment
(mg/L) Cdllu.b Shooting No. of Cduu.b Shooting No. of Cduu.b Shooting No. of
formation (%) shoots formation (%) shoots formation (%) shoots
(%) ’ (%) ’ (%) ’
Zeatin 2 - - - 10 0 0 60 0 0
IAA 0.1 BA 2 - - - 50 0 0 100 0 0
Kinetin2 - 0 0 33 0 0 60 0 0
Zeatin 5 46 8 3 47 0 0 60 0 0
IAA 1.0 BA 5 50 0 0 33 0 0 20 0 0
Kinetinb 38 - - 10 0 0 20 0 0

t}) IAA¢ ZEATIN, BA, KINETINS &£ g

A9 S AR 49 TAA 1mg/Let ZEATIN Smg/L A €] Foll A shoot7} #)%&3}
Hoow, A3 =719 H$ IAA 0.1lmg/Le BA 2mg/L A& F¢ callus A E ]
7F4 = 9ktH(Table 49).

Z) NAA® ZEATIN, BA, KINETINY && X%

NAAZ 0.1lmg/L T 1mg/LE 2R3, oJ7]9] zeatin, BA, kineting Z+zt
2mg/L = bmg/L E&A st A 309 F AR A3 A9 2 JHlx
callus A4 2 AE3H&o] BAXZIS zeatinA 2] 7} kinetinH ] Hths Eghon, &=
BAA 217} zeatinA 2] Bt 9fgF B FdtH(Table 50). BA9t NAAC] =8&A¢ ¥
S+ BA 2mg/L¢ NAA 0.1lmg/LE Z=FA# IS vl BEry= BA bmg/Le NAA
Img/LE A 85 uf 53] Ed3 G AEsEo] g = daAA
e callus A4 B AZEES 29 ARG E Aol desA =g

—_)

o
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Table 50. Effect of NAA and cytokinin(zeatin, BA, kinetin)on the regeneration of
A. macrocephala.

Cotyledon Leaf Stem
Treatment - - -

(mg/L) Lallu§ Shooting No. of LaIIU§ Shooting No. of (,allu.s Shooting  No. of
formation %) shoots formation ©6) choots formation ©6) choots
(%) (%) ) ) (%) ) )

Zeatin 2.0 65 10 3 4 0 0 47 0 0

NAA 0.1 BA 2.0 80 5 1 52 0 0 80 0 0

Kinetin2.0 35 10 6 30 0 0 40 0 0

Zeatin 5.0 85 10 5 60 0 0 88 5 2

NAA 1.0 BA 5.0 80 0 0 78 10 7 76 5 2

Kinetin5.0 65 0 0 57 0 0 52 0 0

) BAS NAAS &84
oFo}r A

BASINAAZ 0, 0.1, 1, 2, 5, 10 ml/1Z &3 A2 ste] MZo L3S |
¥ Ag 309 & AHEA AAZE 2= vlgisl A AL shooting &2 A =P tH(Table 51).
callusB A ES BAImg/l 5% o] 43 NAASmg/ F%9o Az Fol|A vz =gko

M rooting> BAO.Img/1% NAAlmg/l &= Hz|FoA F& 7374'5 BT
shooting &7]Z# oA A 3193, BAS =7} Y&+5 AEs&o] =4
Elu= o=z Az o F7], AHe Hit callus AP ES BA Smg/ls}
NAASmg/l E&A- g FA =4 Vet mebA] 2 g = calluse] A E
T WSS B AYTE 9 WE A Aol AFS skl Th
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Table 51. Effect of BA and NAA on the regeneration of A. macrocephala.

Treatment Leaf Stem Cotyledon
L) Cll | Rocting Shootng ( S Rocting Shooting ( SIS Rocting Shooting
BA NAA (%) ° ° (%) ° ° (%) ° °
0 0 0 0 0 8 0 0 0 0
0.1 0 0 0 0 0 0 0 4 0
1 0 0 0 0 40 4 0 60 0
o, 0 16 0 0 60 0 0 80 0
5 0 40 0 0 80 0 0 80 0
10 0 40 0 60 4 0 80 0
0 0 0 0 60 0 0 40 0
0.1 0 8 0 80 40 0 0 60 0
o ! 0 80 0 60 40 0 0 80 0
2 0 60 0 60 60 0 0 80 0
5 0 60 0 100 4 0 20 0
10 0 80 0 80 8 0 80 0
0 0 0 0 0 0 0 0
0.1 0 0 0 0 0 0 0
1 40 8 0 40 0 0 20 0
Loy 60 0 0 60 0 0 20 20 0
5 40 0 0 60 0 0 0 12 0
10 0 0 0 100 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0.1 0 0 40 0 0 0 0 0
, ! 60 0 0 40 0 0 0 0 0
2 40 0 0 80 0 0 20 0 0
5 80 0 0 40 4 0 40 0 0
10 60 0 0 0 0 20 0 0
0 0 0 0 0 0 0 0
0.1 0 0 80 0 0 0 0 0
_ 1 4 0 20 0 0 0 0 0
>y 60 0 0 80 0 0 40 0 0
60 0 0 80 0 0 40 0 0
10 40 0 0 40 0 0 0 0 0
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Fig. 19. Explant of leaf, cotyledon and stem in A. macrocephala grown for 30
days.

A. B. C.
Fig. 20. Shoots regenerated from explants of leaf(A), cotyledon(B) and stem(C)
in A. macrocephala.
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shoot-regenerated explant subcultured in NAA

Fig. 21. Rooted plantlet from

0.5mg/L.
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FAAZS AN =4S FAATE H7bE wjA oA wigstar o, F5 O

L AzAGo] dojd AR EAE Ade & JHdde {55 o ZEstA gof

B7] 93t A EAZEE genomic DNAZE FZ3t9] PCR(Polymerase Chain

Reaction)& 438 stz sty A2 A oA b7 22 oF 1.6kbe] PCRAMHE ©]
Qe =A Felghth(Fig. 22).

C T1 M

Fig. 22. Agarose gel electrophoresis of the PCR products.

No band was appeared in non-transformed wild type plant (C), whereas about
1.6kb PCR products was appeared in transgenic line (T1). One kb DNA plus
ladder (M) was loaded as a size marker.
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