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Summary

The study was conducted to determine influence of harvesting date,
mulching and plant density on growth and yield of Angelica acutiloba

KITAGAWA.

1. Harvesting was conducted on 3, October 26 December in 1997 and
4 March in 1998. The later harvesting date, the more increased
the growth of below ground system, but the growth of above
ground system decreased.

2. Significance of the relationship between plant height and root dia-
meter was not recognized in all of plots, on the other hand, plant
height decreased but root diameter increased when harvesting date
was late. Plant height and root diameter increased respectively
with a mulching of polyethylene film in mulching treatment, and
on a broad planting density.

3. The significant relationship of root weights between fresh and dry
was high recognized. The root weights of fresh and dry increased
at the mulching of black polyethylene film and on the broad

planting density.



4. The number of branches decreased at the early harvesting date
but increased at the late harvesting date and the most number of
branches was 21.7 in the mulching of transparent polyethylene
film of all the plots.

5. Fresh root yield per 10a, was 1300kg, increased as the harvesting
date was late, and was 1225kg in the mulching black polyethylene
film, and was 1622kg in the planting distance of 40X15cm,

respectively.



B
(il

AL ke Ssle 2~3dA EXNEHEA A (Angelica gigas
NAKAD, ¥%#(Angelica acutiloba KITAGAWA)Z ¥F91 e, $
dete ABAE 71908 st glon, dBS dPAS V9o Y, 1
Hoe F2 EEME o853 UH(AH, 1994).

gAYl #5l, decursin, decursinol, nodakenin, B8-sitosterol,
stigmasterol, nicotinic acid, Vitamin B12 52} A¥o] &&= glojA B
MRS BN R SUREE, JRik, HIEIRE AYRS, BRIER, MEER, 8
TEH, BfEgEe 2 E& ERERY BARESR Ho] 2dxn oy de
58 o 29 gElRel F1, ojdee Ahgo o]&5m Joh(#, 1993:
g, 1995).

AT ol FEREH WEo F3, Ui, I8 SX oA AP EQ ZAHE E
ZHE olg3lx Jon, 2 YT AFEE vl BB B3 749 o

Z AE, FA, A T2 AGeA 2,600hacl] Bdhe We WA ZAE
Aulsta gl

HIoe VLS Y85 Pz 7 ol nzxH1 1,
R gc] BHOEMNA FTHELZA, HEHZ 279 oo Z7lEn
U APolr, £ #2949 FUE 25RE2A FAE AQujslels S7h7t

Z7hsta gle A et



b, & dT7E AFE A9 A KERKRE A BhEEREct %iE
AEE 22 S W, EFRE L R Ig&d nA= 2ES 7357 98k
ZATSIAT.
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Polyethylene(PE) #7f#t R BHEEE7L 8222 Ikaol vlAe ¥
of #ste] B2 AFASC st A+ - B u (Rt F, 1995 £ %,
1995: o] %, 1997: # %, 1996).

fb §(1995b)2 AFe AL Fo&, ZANdAE SnddEgo]
N, BRE HEREDR 22 fgEeIAT. ISR K] 73k
80%Etk 6% Fou kel 7% A= BGtE R dEEbtugcdl e S &
Heh7b Foo, 2 Frle BHE, FRHEYE. SAEEro|a, B
Zole ARG E, EEE FREHIEIE £olvlen, Az kE2

E the] Fgu Bl o] ot dkEol 25% BiEtAT L B3t

*

b 5(1995a)2 mftsolA g AulA) EIE RAEEEdE T8N KE
EH 5 bR AFES TRE, RE, MR 5 T AFES HEid < 4
4 20, 518 sFdle BEPEHEFRHEVE S7HEIJATL Rt

% 5(1995)2 xY AF % UkEolM PEHEHE S BYEAE vlsto] Hi¥F
B, BATERVE 2~39 mEn, IEE SfRe] ZI HRESHHSE ¥kon,
PE#E] EEEET mE HRESH HRETLREE 8ot fo4do dFHJeH,
BHERE e RE FFTAH L7 A4S B, 10a% SHFEFE PEH®

ol EHTE(177.9ke/10a)°l I8t 20% F=o] PE#HEREE fralstad



3, PRAIEERE 70x30cm 282 ¥ w HKRREESEE EHTE FUEEE 10cm (20,000
#k/10a), PE#E #Higss 15cm(13,3004/10a)7} MBI HAfsE= 2 03l
ct.

B 5(1995)2 diZidgE APA ZAuduEo] My vl dHFLS
98%., EXTE 94% =2 7P o, FEHES hBie] n2oz s &
sl Soldon, #h FEfe] ARSREEL dHTo| EEE 177ke/10a0] vl
WERE7E 194~241kglo 2 Z76l9 1, EXTE EHTE 310keo) val AR
7} 456~5T74kgo 2 HHO| BEESIH T, 10aT $RIKES SAu o] &
AN val dHFTL 32%. EXVFL 30% #ikHo MY £ JEEIE Y
22 el anii-Rnks 5=

o] (1997 & WHE e FHIE AT Fo| 7%= 7MY w%ow, i
FEHHKE FHYE0l 1542 7MY wston, #Re ZAIE B3}
164cmes 7H A BERAERSEC] EHTE(34,360keg/ha)oll Hl&l 21% S+
Aoy, 1 olat £FS Azt 2 ztolrt glla, BkEEHES EHFE(16.759kg/ha)
dqulsl FHLE &8 71%, SNBE HJEA| 45% FFEH, ESA A 7}
Z AT 2AAEE FEZEELRE Ad€EYda Ead

& 5(1997)2 L EER AFNAM S4u)d SR 7E EE TRl vs) kR
< ldcm Z2A3, Sk#re 2.470 Bken, FRE 9@ FHRLLS 242 2.8cm,
1.8cm o 23 HUo0, #iREE-S TAvd HAEHHE7F 3,190kg/haZ 7+
EUR, EFHL {9} A2 =] IR Eol ST i (2,660kg/ha)
Blgted 20% SEATha Bkt

b 5(1995¢) & %, #RIEL A, mE A

ofrt

9 =

it
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TFolA FFaiien, mE Ae BEd BTy FaEFA Y 70X 10cm
AX A 71 SR on, iR, MMEES 25 vda iy g3t A
Ao, #HRS KT eSS AJda Easisich

% 5(1996)2 ML Aujol M HIRL mE 33k(FRAH 6cm) 9] 6.170 B} 22
BROBRR 9cm) & 0.470, 17HR(BRR 12cm)E 0.670, 138k(FkA 15cm)E 0.5
A7y Zbzh gol FhERTH EhEOA Wkow, JrES mE 228k (BEM 9cm)
854kg/10a° Bl8ld 33#k(#kR 6cm) & 2%ZFFHAY, 1TH (B 12cm)
E 16%, 13%k(HM 15cm) e 34%7F 242 @il atn Bashch.

B T(1995) FrEsd We FAR AHFS HIHAER 2.9mmolste] S4&
2 AAmge mE 10,000, 15,000, 20,000, 25,000%1 f&iEolA 24zt
15.5%. 14.4%. 24.3%, 26.3%= #fEgol B&FS Holxl& oIy,
m'Z 30,0004 HFNNE 19.3%2 238 *kon] HWIHEK3.0~6.9mm
o) N WSS mE 15,0008 TFAM 52.8%2 HE wkoH,
7.0mme]ste] K A& HERC] BSTE 21, HHERo AerE ¥
olA] & MR FEF Ay &, I (WHER 3~7mm) B AT BEE

B2 15,000%1/g0] $2& A2 Husiit,

1 5(1996) 2 #HHE FHEEE 60X20cm(8,.3338k/10a)] sEhEcl A 7+
AU, ERE FHEFE 40x20cm(12,5008%/10a) oA 718 FALH, Kk
e HHEEE 40 x5cm(50,000%%/10a)9] Aok FhilEA 7 ko, #iH
g 9A M Bttt 2asidoh

b 5(1995d) 2 AHo] FHAEE Aol whet %2 70x40cmollX 135cme

rio

2 7 Ao 80x40cmolME 134cme 2 lem A5 B4, AFiEHY)



ETFRES 80x40cme] HHEFEANM 531kg/10a2 F3Fo] 7H &Sttty &
23T, 4% 5(1995) 7)o HudpEREN A Sk, vl 59 HbEf A&
Had Rk, 1RE, RE 5o T £AFES P §ers 22 fFEmel
Ao, Yehprdeel] ol e FHEiE7t S8 F%or, wiRkES YkkEk
Aol 3 #TH £FEC] BY 40X 10ecm(258/m') 7} 292kg/10ao2 7}
Z BRT R sttt # $(1995)2 Trte] ¥IERER HAHEMS 2 s
o] £F R dkEolA HEiEst o WRARS BT TE SRR, WIRIE. 5%
tREC] HoA = RS Btk Basie



m. Pt 3 ik

EAEe 94 4 FuiErT 3R] £FED ARikE v e d%E Kms
7] flated 19979 49 299UFE 1998¢ 3¢9 4U7HA] AFA| ol2tlE 1¥A
AFdGn sHd e FH53M ST, TAEToRE 194 49AE
AHESIITE. BT SAudT, FRRET, FAYTE shlon, FAEEs
€ 40x15cm, 40x20cm, 40x25cm, 40x30cm, 40%35cm 5+F22 &}
A3, ART WA= SIS FE 23S MR, BhEEsS MRS o Wi
EAGE 3RMEC= St MIMEES 10a% XK. #ME MES 27 16.0ke.
18.6kg, 19.2kg &< KL MLsIHL, 718t Aujdele At FFYq &
stod st ExAbe BE 10WAE Aste] BR, ¥E AERE, KR
EE, ARE, SHl FBHRE, URES A& 2ARY. BRE 3319
Aol ol gt on, RHEES 23S A7t & Ae ol8E, sile
AT BEEAE ol8std AT BigHk 54 ERHKF(SPAD-502,
Soilplant Analysis Development(SPAD) Section, Minolta Camera Co.,
Osaka, Japan]& °©l&3t 97d 10¥3¥, 12€26¢3 98'd 3€4Y 84
33 2A}sle HAAE ol gt} HABELS AHF 2 & AX7)0M 60CTE 2
Ate] 15Uz A=AA 2462, 71E 2L $EEA A8AE 2APIE
of £t ZAlEIATH eln, 2AME BE AL SASEAYIIAE o] 83t
TAHEA(PROC ANOVA) 2 3ttt



ANBEGY EGL olbs oz 4z shbsleEdion, slebd 242 B1dA
BE uie 2

Table 1. Chemical properties of surface soil(0~10cm) before cropping.

pH Org:ltnic A‘Szigsle Exchangeable cation(cmol +/kg) CEC EC

_ matter
(1:5) %) (me/ke) Ca Mg K Na  (cmol+/kg) (mS/cm)
5.4 3.76 184 .4 2.39 1.22 1.97 0.23 10.43 0.13

ANE715e] RS 28 1949 Zo] T vlxstglod 7, 8, 9AY f&

#2 P9 150~265mm¢<) ¥ Al@d=Q) 19974 7, 8, 9A9] Mg
ztz} 104, 196, 50mmelAx, 6AZ 1089 Mg 22t 97, 6.1mmol A
WA efskot

B Normal year 01997

30

:5 25 r

T 20

215t

<

g 10

£

(%} L

[t
June July Aug. Sept . Oct .

B Normal year O 1997

E

E

=l

2

©

a

g B
June July Aug. Sept . Oct .

Month

Fig. 1. Meteorological factors during the experimental period in 1997.
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Bk AME EE S LEE 2 SPADfEC] Wie Yol 23 2@ i
Bl tH3 FE el BAEA Z3 fojA R E 204 HE npet g

BRe ITEY, BA, BHEERRM Rt dFEAen, 87t FEate
AME Fogol AFAATH I 2). IFHEE Zoidol wet HEL Bolde
H, ole 952 o2 Ll nAtste) @oldl RAow Yz4En] Az

SAuERy, FRHEEA, FEAA 23.3, 224, 19.0cm o2 o}

fr

o)

31, BAEEEREM = 18.7cmol A 23.3cmE FAHIERE T Wol Mol whel ZolA
=t, 40x30cm FAEFEMTE BRES o o4 ZFrkslA] &kt

SR AR, BA, HHEEEEERHC] felAdol AFEHJew, 2t A5
oMY FAHE JAFHAJAN P 3). Ikl 38l 394Y $33%
21.8702 Adx 83 28 gdn, Bt e SHuEEA A 21. 70
oy, FHEAAME 14.670Ach. BRI = FAEEELEs Zoj o) wiet 22
Ne F7rstdch.

ERRES YOHER, B, FMEERR folabr) dEden, .91zt Asae
ANME Fojdel AFEHAT (2 4). 102 3¢ 8 S o 2o} ohgs) 3¢9 4
d FEWS g}t EfgEC] 251 2g2 Bk, HAT FHA ] 208.6gR T}
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EAudEA9] 261.9g2 E%oW, HAEAEMIA S BAlmEsgs 2o o
2t £WEE 263.4g2 F7HEAG

EES SO, 2, HHEEHM =2 fosldon 8217 45 AL
M= frejdel AFHAAR (Y 5). Ikl = 10939 83 122 9g0]
11426, o523l 394 $33 A ot 953 FAYoH, BN e T4
HdEd, FRHEEy, FEYEE FANL, BRIl = 40X 30cm7t
A F7Ft v, 40x35cme 40X 30cmolME 22 ARy ¢ o)
< F7FekA] sttt

SPADfE= Y, 23, FHEEEMERIA] Rol8e A=Y, 8 433
BolMe FAdL IFHAAJHE 6). iRl = IR 2ol el
#asies, dHMde FMudEAI BubjddyoNe 4z33.49
33.12 BlRsigioy, FHEAdAME 31.328 thh We Ho|AUt

HHEES YOAEY, 2, FHEREMR foJAdol A HAT, 80 F3 S
ANME FoldL A AU Ikl e 1093 8% Ao] thasl 3¥4Y
THY AET 20.5g2 ¢ BT BANE TAuddY D FHudHAYL
ol 20.9¢g 3% 19.2g2 Aol7t glAovt, TAan|ddY 7x2] Iloe 4.0g
o} Aol7t AU FHEEMERTol = BAEIERE T DA wEt AN, 40X
30cm¥ 40%35cm Atelel& Atol7b QAATt.
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Table 2. Influence of harvesting date, mulching, plant density on some stem traits
of Angelica acutiloba KITAGAWA.

Plant Fresh Leaf No. of SPAD Dry leaf
Factor height weight weight branches values weight
(cm) (g/plant) (g/plant) /plant (g/plant)
Harvesting date (H)
Oct. 3 30.5 220.4 122.9 17.3 38.9 20.5
Dec. 26 19.0 245.7 114.7 16.6 30.0 19.9
Mar. 4 15.2 251.2 96.4 21.8 28.9 15.8
LSD(0.05) 1.8 5.8 1.5 3.6 8.3 3.7
Mulching (M)
Black P.E 23.3 261.9 115.6 194 33.4 20.9
Transparence P.E 22.4 246.8 111.0 21.7 33.1 19.2
Control 19.0 208.6 107.5 14.6 31.3 16.2
LSD(0.05) 2.6 3.1 2.2 1.2 1.3 1.8
Plant density(cm), (D)
40% 15 18.7 202.6 94.6 13.8 30.0 14.7
40%20 20.7 221.8 102.5 16.6 32.1 17.3
40% 25 221 244.7 114.5 19.1 34.0 18.8
40x 30 23.1 262.9 122.3 21.3 33.8 214
40% 35 23.3 263.4 122.7 22.0 33.1 21.5
LSD(0.05) 1.1 3.0 24 1.1 1.2 1.5
Analysis of variance
HxM NS . - - . .
HXD s s - . . x*
MXD NS * ** . e *
HXMXD - s . - - o

** . Significant at 5 and 1% probability levels, respectively.
NS @ Not significant.

_13_
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Fig. 2. Plant height(cm) of three harvesting date as influenced by mulching and
plant density. LSD(0.05)=4.8, for comparing mulching means within the
same plant density of a harvesting date. LSD(0.05)=7.1. for comparing
harvesting date means within the same mulching and plant density.
LSD(0.05)=0.8, for comparing plant density means within the mulching
and harvesting date.
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Black PE Transperance PE Control
First harvest
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No. of branches
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Black PE Transperance PE Control
Third harvest

Fig. 3. No. of branches of three harvesting date as influenced by mulching and plant
density. LSD(0.05)=3.9, for comparing mulching means within the same plant
density of a harvesting date. LSD(0.05)=9.0, for comparing harvesting date
means within the same mulching and plant density. LSD(0.05)=0.8, for
comparing plant density means within the same mulching and harvesting date.
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Fig. 4. Fresh weight(g) of three mulching as influenced by mulching and plant
density. LSD(0.05)=10.8. for comparing mulching means within the same
plant density of a harvesting date. LSD(0.05)=20.6, for comparing
harvesting date means within the same mulching of a plant density.

LSD(0.05)=2.3, for comparing plant density means within the same
mulching of a harvesting date.
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Fig. 5. Leaf weight(g) of three mulching as influenced by mulching and plant density.
LSD(0.05)=8.4, for comparing mulching means within the same plant density
of a harvesting date. LSD(0.05)=14.0, for comparing harvesting date means
within the same mulching of a plant density. LSD(0.05)=1.8, for comparing
plant density means within the same mulching of a harvesting date.
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Fig. 6. SPAD values three mulching as influenced by mulching and plant density.
LSD(0.05)=4.3. for comparing mulching means within the same plant
density of a harvesting date. LSD(0.05)=15.8, for comparing harvesting
date means within the same mulching of a plant density. LSD(0.05)=0.9,
for comparing plant density means within the same mulching of a

harvesting date.
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Table 3. Influence of harvesting date, mulching, plant density on some
root traits of Angelica acutiloba KITAGAWA.

Fresh root Dryv root Root

Factor wgight wgight diameter Rc{i{g ’};r(c;;g)ht
(g/plant) (g/plant) (mm) ‘
Harvesting date (H)
Oct. 3 97.4 214 277 311
Dec. 26 131.1 33.1 30.7 1105
Mar. 4 154.8 416 354 1300
LSD(0.05) 5.7 0.4 29 64
Mulching (M)
Black PE 146.3 35.2 355 1225
Transparence P.E 1359 30.0 31.7 1138
Control 101.2 30.0 26.6 853
LSD(0.05) 3.2 24 20 31
Plant density(cm), (D)
40 x 15 108.1 284 26.7 1622
40 %20 1193 305 29.5 1252
40 <25 130.2 324 31.7 1010
40 < 30 140.6 34.4 34.1 843
40 % 35 140.7 34.4 34.1 633
LSD(0.05) 1.4 1.8 27 15
Analvsis of variance
HxM %k * % * % * %
HxD *ok * NS * ok
MDD *ok *ok NS %ok
HxN <D % %k NS * %

* **

. Significant at 5 and 1% probability levels, respectively.
NS : Not significant.
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Fresh root weight(g)

First harvest Secord harvest Third harvest
Black mulching
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First harvest Secord harvest Third harvest
Transperance mulching
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Fig. 7. Fresh root weight(g) of three mulching as influenced by harvesting and
plant density. LSD(0.05)=6.0, for comparing harvesting date means
within the same plant density of a mulching. LSD(0.05)=13.0. for
comparing mulching means within the same harvesting date and plant
density. LSD(0.05)=1.1. for comparing plant density means within the
same mulching and harvesting date.
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Fig. 8. Dry root weight(g) of three mulching as influenced by harvesting and plant
density. LSD(0.05)=6.7, for comparing harvesting date means within the
same plant density of a mulching. LSD(0.05)=10.5, for comparing
mulching means within the same harvesting date and plant density.
LSD(0.05)=1.4, for comparing plant density means within the same
mulching and harvesting date.



@Elack £ B Transperance PE OControl |

0 e T SIS e e e e
g
S 40t
<
TP
£
2101
[="
0
40-15 400 4025 40-30 40-35
First harvest
[I Black PE B Transperance PE OControl
—~ m r T o -
Ext
Tyt
T
ED |
= 20 |
g0r
0 : \
40715 40-0 40+25 40-30
Second harvest
glélack PE B Transperance PE OControl ‘
_ 60— - T
Esf
50}
g
] 20+
S0}t 5
o |
0 1 1 L 1 J
40- 15 40-20 40<25 40+30 40-35

Third harvest

Fig. 9. Root diameter(mm) of three mulching as influenced by mulching and plant
density. LSD(0.05)=9.4, for comparing mulching means within the same
plant density of a harvesting date. LSD(0.05)=16.7, for comparing
harvesting date means within the same mulching of a plant density.
LSD(0.05)=2.0, for comparing plant density means within the same
mulching of a harvesting date.
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plant density. LSD(0.05)=62.2, for comparing harvesting date mcans
within the same plant density of a mulching. LSD(0.05)=143.4. for
comparing mulching means within the same harvesting date and plant
density. LSD(0.05)=11.3. for comparing plant density means within the
same mulching and harvesting date.
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Table 5. Signigicant regression equations between agronomic characters.

Independent character

Dependent character

Regression equations

Plant height

Root weight per plant

Root diameter

No. of branches per plant

Leaf weight per plant
Root weight per plant
Dry root weight per plant
Dry leaf weight per plant
Dry weight per plant
SPAD values

Root diameter

Dry root weight per plant
Dry weight per plant

Dryv root weight per plant
Dry leaf weight per plant
Root weight per plant
Root diameter

Dry root weight per plant

Dry leaf weight per plant

Y=0.319X-14.041
Y=-0.083X+32.079
Y=-0.194X+29.068
Y=1.167X-0.402
Y=-0.157X+30.571
Y=1.295X-20.735
Y=5.124X-32.1449
Y=1.230X+79.522
Y=1.351X+49.484
Y =0.228X+22.341
Y'=0.006X+21.782
Y =0.108X+4.763
Y=0.683X-2.804
Y=0.137X+13.196

Y=0.507X+9.069
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