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physiological, yield and extracts, ligustilide, butylidene phtbalide contents
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Abstract

The effects of various kind and amount of nitrogen fertilizers on the plant growth,
physiological, yield and extracts, ligustilide, butylidene phthalide contents of curde
drug "Tou-ki" (Angelica acutiloba Kitagawa) were investigated in 1989. Five plots various
kind of nitrogen fertilizers. Namely, no nitrogen, urea, ammonium nitrate, ammonium
chloride and control plot of ammonium sulfate. The other, by providing five plots
different composed ratio of nitrogenous fertilizers, containing no nitrogen (No.o),
0.5-fold nitrogen (No.s5), control plot of 1.0-fold nitrogen(Ni.o), 1.5-fold nitrogen(N;.s)
and 2.0-fold nitrogen N2.o), but nitogen was used the ammonium sulfate. The results showed
that the crude drug "Tou-ki" can ammonium chloride be produced in good yield, displaying
both good plant growth and remarkable physiologically-active conditions, and it can be
produced such that the extracts is maximized. Additionally, using methods of gas
chromatography (GC), it was established that ligustilide and butylidene phthalide, major
components in the crude drug was recovered in a good yield from the fully grown plants.
The other, the plant growth, the physiologically-active, the weight of whole plant, the
yield of extracts and ligustilide, butylidene phthalide were seen to be best at the plot
of 2.0-fold nitrogen and according to the increase or decrease of nitrogen decreased
gradually. Therefore, about 2 fold of standard quantity seems to be the most suitable
quantity of nitrogen for "Tou-ki" cultivation.

Keyward : nitrogen fertilizer, physiologically-active, ligustilide,
butylidene phthalide, Angelica acutiloba, uyrea, ammonium
chloride, ammonium sulfate, gas chromatography (GC).
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a-5)L C-200, BWEAXHY @ BT FIV = 100:0, 25:1, 2021, 0OUTAILIAY I =
10:1, 50:50) @ CC % bE L, Ligustilide U Butylidene phthalide 700mg %{S7=.

X 5IZAE HPLC [{&#: @ ©5 4 LiChrosorb Si 60 (7um) 25mm ¢ X 250mm (A 27), BEEAF
Y BBT IV (25:1), HiE 10ml/min, BRHBE OV 280nm, YEAE 75ul/[E], S+HEHL 812
7\, Ligustilide 57mg M UF Butylidene phthalide 35mg #f§7=. BT (MS) RUHKEILR
(NMR)DF- - iZ US43 DHELHBLEL A K LEDOT, XR/#% Ligustilide, Butylidene
phthalide & U7z,

b. GC #%i# : VARIAN 3600 ZJHu 7=.

c. ¥vt35Y - GC &k B Ligustilide M UF Butylidene phthalide DiEht

@. Xy VU7-HX He 1.4m1/%4> (28.7 PSI), FEAOME 280C, HF ALt Ha-L-K2¥w - HP-]
(0.2mm ID X 25mm), 71T AWE : 80-300 C, 20°C/4r B i, Splitless, HAE lul, WHIZE
FID, MpHHasRuEmE 320C ATT. 4 X 10-1! AUFS, WEBHEHERR (Y-V M), WEEEYEI
menthol.
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Fig. 2. Effects of various nitrogen fertilizers on leaf number,
O--— 1 No nitrogen;: A--- : Ammonium sufate; (O : Urea;
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Table 1. Comparison of physiologically-active of the leaves under various
nitrogen fertilizers.

6/ 1 6/27 7/25 8/22 /19 10/17
A 8.76° 9.68° 7.62° 6.70¢ 7.94° 9.38¢
Transpiration B 10.542 10.92° 11.44° 14.04% 6.76° 14.56*
rate (s/cm) C 9,222t 10.88°  9.00°® 10.98° 7.84°  10.48°
D 8.24° 9.30° 10.60°* 13.10° 7.72° 14.00°%¢
E 10. 342 9.66° 7.80% 11.94° 7.62° 11.80°°
*k NS. Kk *% Kk ok
A 1.538¢ 1.325° 0.686¢ 1.707° 1.450° 1.117¢°
Chlorophyll B 2.101@¢ 2.078° 1.049° 1.795° 1.460"% 1.302¢
content (mg/g) | C 2.111°%  2.198° 0.8742% 1.3642 1.727°%  0.983°
D 1.7344°  2.172® 0.8912+ 1.572° 1.605°% 1.331°
E 2.512° 2.459"7 1.054° 1.769° 1.886° 1.318°
*k * % * Kk NS. *k ¥ %
. ! B
A 0.415° 1.047° 3.275" 0.798° 1.4667
Ethylene B 0.666" 2.4567 3.968¢ 0.973° 0.766"
content C 0.746° 1.800°" 2.889" 0.605" 1.030"
{mg/g F.W./hr) | D 0.5367 2.550° 2.677 0.532¢ 0.771"
E 0.710° 1.959°"  3.325%" 0.747° 0.691"
NS. T * % *% %k

A : No nitrogen: B : Ammonium sulfate; C: Urea; D : Ammonium nitrate:

E : Ammonium chloride.

NS. : No significance; * : 5% level of significance;

x¥ : 1% level of significance.

Significances in an analysis of variance were cxpressed as a, b and ¢ at
LSD 5% level (s).
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Table 2. Comparison of the plant yields under various nitrogen fertilizers.

Leaf Petiole Main root Lateral root | Fibrous root Main root

(g) (g) (g) (8) (g) (cm)

F.¥. D.W. E.W. D.W. F.W. D.W. F.w. D.w. F.w. D.W. | Diameter ; Length

1.16% 0.25° | 0.97° 0.15° | 5.55° 1.48 2.05°  0.557 | 4.94° 0.78° | 1.47" 7.20
6.94° 1.55° | 7.58% 1.19% | 43.55" 10.90" | 37.83%" 11.50° | 27.96" 4.63* | 3.10° 11. 86°
7.22% 1.50° | 7.42° 1.18° | 39.06" 10.77 |31.29" 9.41" | 26.33" 4.38° ; 3.31%" 11.67
6.80° 1.68° | 8.60° 1.30% | 42.30° 11.59°" | 44.27° 13.67° | 39.72° 6.06° L3570 9.88"
8.37% 1.94° | 10.94® 1.72° | 56.13° 13.90> | 39.43°" 12.06° | 34.85" 5.56° | 3.80° 11.89-

moQw>»

|
*% *% %k *k *%k %ok , **k *%k : *% %%k *k : %
; ] |
A - e L

A : No nitrogen, B : Ammonium sulfate, C :Urea. D : Ammonium nitrate, E : Ammonium chloride.
F.W. : Fresh weight; D.W. : Dry weight.

* : 0% level of significance: #*# : 1% level of significance.

Significances in an analysis of variance were expressed as a. b and ¢ at LSD 5% level (s).

@. X XFZHERCKEITEE

HASBREAINBICE>STHERUERTY /-, K, T-FIFIAEHERCLHYRESE L O/
HBrs, TXZAOMEFEREH LW, MTHICH/MHLT, FEFFELRCBOTOPEWNMERRLE
(Table 3).
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Butylidene phthalide % 0.02-2.63mg/g DFEIZH LT y=-0.0006 + 0.3195-X (n=5) r=0.99989,
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Table 3. Yields of extracts and ligustilide, butylidene phthalide contents of the plant under
various nitrogen fertilizres.

T Leaf Petiole { Main root ) Lateral root ‘ Fibrous reot
T I T i i }4ﬁ D
W e W | @ ® © | @ | @

A |31.65 | 0.08 |31.46 |0.047 | 28.78 ‘ 0.43 \27 48 | 0.15 | 7.60 ' 0.059
50% Ethanol | B |36.09 | 0.56 [33.49 |0.399 [35.91 | 3.91 3583 | 4.12  13.83 |0.640
extract (%) C |41.39 | 0.62 [32.70 ;0.386 ' 36.17 | 3.90 |35.78 | 3.37 | 16.04 |0.703
| D |31.49 | 0.53 | 32.00 |0.416 '35.74 & 4.14 [35.65 | 4.87 |16.65 |1.001
E 37,91 | 0.74 |34.44 | 0.592 | 37.70 | 5.24 136 17 | 4.36 §16.17 0.899
A 2607 ) 0.07 | 22.22 | 0.033 | 20.70 0.3 23,65 - 0.13 125 | 0.098
Water © B 131,91 | 0.43 |30.00 | 0.357 §40.10 | 4.37 [37.44 | 4.31 13.74  0.636
extract (¥) C 3313 i 0.50 | 26.26 | 0.310 36.78 & 3.96  33.74 | 3.17 ;15.87 1 0.695
D 128.35 | 0.48 |24.26 |0.315  34.65 C4.02 13317 | 4.53 11404 1 0.851
B 135.48 [ 0.6 |29.65 50.510 i40.91 5.69 | 37.87 ‘ 4.57 15.35 ‘;0353

! frrs o s o T TreT T
LA | 5.40 [ 0.01 @ 160 0.002 = 2.75 & 0.04 5 3.10 © 0.02 ; 6.35 ' 0.050
Ether B 6.20 | 010 | 2,40 0.029  2.95 032 4.20 | 0.48  7.30 10.338
extract (%) ! C | 6.00  0.09 | 2.05 10.024 285 0.31 | 3.95 ; 0.37  7.00 0.307
. D | 5.85 | 0.10  2.00 }0.026 - 3.35 1 039 3.95 | 0.54 | 6.85 10.415
OB | 645 | 0.13 | 2.20 i0.038 3,40 | 0.47 | 4.00 | 0.48 | 7.65 |0.425
e e e R B S R I S
Al 4.53 0.73 | 0.52 | 0.61 | 0.48
Ligustilide | B 6. 84 1.42 173 1.37 | 0.63
content c | 5.14 1.23 0.97 | 113 | 0.56
(mg/g) D 4.91 1.26 1.45 1.19 0.49
E 5. 12 1.42 1.88 1.35 0.67
Butylidene A 0.61 0.20 0.20 0.23 | 0.65
phthalide B 1.40 0.41 | 0.87 0.60 1.58
content C 0.99 0.30 0.45 0.51 1.14
(mg/) D 0.91 0.31 0.64 0.50 1.20
B 3 LD LR L L

A : No nitrogen, B : Ammonium sulfate, C :Urea, D : Ammonium nitréte. E : Ammonium chloride.
Yields were calculated against dry-matter weight.
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Fig. 3. GC Separation of ligustilide, butylidene phthalide and menthol.
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Fig. 4. Regression lines for ligustilide and butylidene phthalide.
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J. Oriental Bot. Res 5(1) 57~68(1992)

®. ¥¥EIY -G k3 3o Ligustilide B L TF Butylidene phthalide DFER

Table 6. IR T &SIz Ligustilide OZH BRI, EEOZHEE No.olE - Ni. s BEOMEERF KD
BABHIIEZ B Ligustilide DZHRDMUED, N o - N2 o OB CRERDOKABDIG
Z 3L Ligustilide OBHBEIFRAHTINEDShE. ENOZHRBBROKABIEZ 32t
5T Ligustilide OSHBMEZ ZHAERLE. M THOSHBRGEERFBD S 2ok,
—75, Butylidine phthalide ZHEOBMLIX, EOSZHEE N B THYP LY, EMNSAHER
EHROEARNIEZ BI2{$>C Butylidene phthalide DEHEIIRZ HMERLE. FHROEH
Bt N oBICHL, NosBICBOWTHETHD, N sERVLU N2 o ETRRMEL, No s BRI
BT rAHLENE. ZOHTMTFRICBWTHRIEREREZEONE. WHEOSHE Nio
BEI-HL, N oBEC N sEICBLTHRIETHZI RSN, N sIETHREL, No o R TR
HETFTBI LRSI

Table 4. Comparison of physiologically-active of the leaves under various
amount of nitrogen fertilizers.

{ 6/ 1 6/27 7/25 8/22 9/19 10/17
e —— ,,_,,,‘,#,,__,,,,,ﬁ, —— e s — e
N0.0E 8.81" 9.65" 7.67" 6.70" 7.94° g9.38"
Transpiration | N0.5 | 9.25* 10.09°  10.29* 7.31" 6.30°  10.82¢
rate (s/cm) N1.O | 10.54°" 10.90* 11.42°  14.03° 6.76°  14.56°
Nl.5i 9.84*" 10.78* 10. 84° g.31" 8.08¢ 11.82"
N2.0 ! 10.99® 12.34° 11.51" 17.45° 6.54" 11.62"
‘ * NS. . % *k *
e
N0.0% 1.538" 1.325" 0.686" 1.707" 1.450° 1117
Chlorophyll NO.5 | 2.891¢ 2.281° 1.036+ 1.797*" 1.570° 1.210%"
content (mg/g) | NI1.0: 2.101°® 2.078°  1.049>  1.795°% 1.460> 1.302°"
N1.5f 3.024" 2.220° 0.944°% 2.096°% 1.773° 1.472¢"
| N2.0 [ 2.2442¢  2.304*  1.008°" 2.361* 1.595° 1.660°
Dok ** *% *% NS. *%
S % S
. NO. O | 0.415°  1.047%  3.275. 0.798,  1.466°
Ethylene NO.5 0.354° 2.171° 2.910° 0.581« 1.294,
content’ Nl.Ol 0.666° 2.456° 3.968. 0.973: 0.766,
(mg/g F.W./hr) Nl.5i 1.202® 2.455° 3.000, 0.806« 1.0374
N2.0 0.476° 1.6212t 4.022°? 1.779° 1.330a

NS. KK *% %k *ok

A : No nitrogen; B : Ammonium sulfate; C: Urea; D : Ammonium nitrate;
E : Ammonium chloride.

NS. : No significance; * : 5% level of significance:

x* : 1% level of significance.

Significances in an analysis of variance were expressed as a, b and c at
LSD 5% level (s).
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Table 5. Comparison of the plant yields under various amount of nitrogen fertilizers.

Leaf Petiole Main root Lateral root | Fibrous root

(g) (g) {g) (8) (g)

Main root
{cm)

FW. D.W F.W. D.W. F.oW. D.w. F.W. D.w. F.W. D.W

Diameter | Length

NO.O| f.16° 0.25% | 0.97¢ 0.15" | 5.55° 1.50° 2.05* 0.58" 4.94" 0.83"
NO.5| 3.26% 0.72% | 4.42" 0.68" | 24.70' 6.35° |16.37° 4.84° |16.49 2.81"
NI.O| 6.94° 1.60% | 7.58% 1.22% |43.55" 11.33" |37.83" 11.94" | 27.96" 4.83"
NI.5 | 19.03° 4.49° | 22.17% 3.55° | 45.08" 12.00* | 46.98° 14.39°" | 41.65* 6.08*
N2.0 | 20.85* 4.99° | 24.29° 4.03* | 63.62" 17.20% |52.22% 15.67% |50.76* 7.57°

i

KX *¥ Kk B kk ok *¥ *k *¥ Kk

1.47° 7.20"
2,77 11.36°
3.10° 11.86°
3. 66" 10. 99>

4.36° 13.09°

*% *¥

F.W. : Fresh weight: D.W. : Dry weight.
* : 5% level of significance: #*x : 1% level of significance.
Significances in an analysis of variance were expressed as a. b and ¢ at LSD 5%

level {s).
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Fig. 5. Effects of various amount of nitrogen fertilizers on plant length.
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Table 6. Yields of extracts and ligustilide, butylidene phthalide contents of the plant under
various amount of nitrogen fertilizres.

Leaf Petiole Main root Lateral root Fibrous root
; (%) (g) {%) (g) (%) () (%) (g) (%) ()

_— _— i S0 SO IS R
TNO.O 31.65 0.08 |31.46 | 0.047 :28.78 0.43 127.48 0.15 7.60 10.059

50% Ethanol | N0.5] 35.30 0.25 |30.96 |0.211 |35.00 2.22 134.44 1.67 [18.44 |0.518
extract (%) N1.0 | 36.09 0.58 |33.48 |0.408 | 32.91 3.73 128.13 3.36 | 13.83 |0.668
NL.5135.17 | 1.58 |32.44 |1.152 42,39 | 5.09 |33.74 4.86 | 14.61 |0.888

N2.0 :35.17 { 1.75 133.09 |1.334 | 38.83 6.68 |27.65 4.33 |16.61 |1.257

. S — _ _ e | y .
NO.O | 26.17 i 0.07 |22.22 10.033 |20.70 : 0.31 123.65 0.13 [12.52 ;0.098

Water NO.5 | 32.17 [ 0.23 126.78 |0.182 ! 34.17 | 2.17 |30.61 1.48 [16.78 | 0.472
extract (¥} i N1.0 | 31.91 0.51 | 30.00 | 0.366 }40.00 P 4.93 127.44 3.28 112.52 10.605
§N1.5 33.30 [.50 | 27.00 ,0.959 | 36.39 4.37 130.09 4,33 '14.21 10.864

1 N2.0 1 33.70 1.68 |30.61 [1.230 |31.00 5.33 | 31.61 4.95 j15.09 1.142

NO.O | 5.40 0.01 1.60 |0.002 2.75 0.04 3.10 0.02 | 6.35 | 0.050

Ether NO.5 | 5.66 0.04 | 2.90 10.020 | 3.40 0.22 3.95 0.19 6.45 | 0.181
extract (%) NI.LO! 6.20 0.10 2.40 10.029 2.85 0.32 3.10 0.37 : 6.35 {0.307
' NL.5 | 5.80 0.26 1.65 |0.059 2.75 0.33 2.85 0.41 l 5.85 | 0.356

;NZ.O 6.35 0.32 1.80 |0.073 2.15 0.37 4.60 6.72 ' 7.00 }0.530

TNU.O | 4.53 0.73 0.52 0.6] 0.48

Ligustilide |NO.5 | 5.06 1.04 1.39 1.44 0.68
content NL.O | 6. 84 1.42 1.45 1.37 0.63
(mg/g) NL.5 5.89 . 1.20 1.33 0.60
N2.0 5.89 3.19 1.25 1.36 0.52

Butylidene | NO.0 0.61 0.20 0.20 0.23 0.65
phthalide NO.5 0.64 0.26 0.85 0.95 1.50
content N1.0 1.40 0.33 0.87 1.02 1.58
(mg/g) N1.5 1.39 0.58 0.81 1.03 1.19
N2.0 1.23 6.79 0.88 1.07 1.23

Yields were calculated against dry-matter weight.



Effects of various kind and amount of nitrogen fertilizers

s By

i EodHFEEREERWUEZRICBWUEbEES N, EHEORKFRIEZ/RL, SHMOBEE
OFEMENFDE LR T, HEHOWEE, WERICBVWT-EELILrZDohE. KHEH
HEoH TFTHRIKEE, BEERVOWUHETERIEBVWIOELEL 2BVl lok. SEHOBERYE
TR T F A B LU Ligustilide, Butylidene phthalide ZFHBEMEZELZWVWUBEETEHWT
LhRE M=

—7, MREREBOMGBMNS Ligustilide, Butylidene phthalide &7 &Ikt HEicHB T No.o
B - N oEOREERWARNEIZEEAEMEMUED, Niof - N2. o BORITCIXEB RO
ARDEZ B SERPHAEE RINED, 4F, EH, KEBAUTELIXIBEEROHKE»S
WThd N2.o BV U N siZBWTERbEDP 2. {27, BB 1.5 - 2.0ZBICRTHELED
ShaZehTHENE. Tibb, [EHER (10a% D BROMOE 41.2kgD 1.5 - 2.0{EREMNE
H, FECBILIBRMHOBERTHIEHEI SN,

HOEE AMRETOICEEVEERZAYE, HHES2VWEESE LEARRRERBHR X
REMT RUBUHERIC RS — B HIE MIFENL, B mTHaF—-gturiceEdkz
BRI WE Uz, HEuEBarir B el M LEmn R <l —mld, [mRE S5O
HRR, £, HRMEZEE TS 295 v lGnl8pd3ET W FIBRICHMB L LT
ER

25K

1) # 7R ERUERERBE LR (1990).

2) Arnon. D. P. Plantphysiol. 24:1 (1949).

3) HAREEWEE, B+ SUEOABIFIIMRE, BIIEE, 5 (1986).
MLM%E,ﬁ%%%,*TE%,ﬁiﬁﬁ,tﬁﬁﬁﬁim%ﬁﬁ,mw7UWM.
5) IR #&, EANE, ATREH, &=0HE, JbiEs o Em e, 25:20 (1975).
6) IR &, mBIAAE, KTRH, ABIE—, bfedmeismIeiis, 25:25 (1975).
7) R &, &B5hH, 2855, 97:237 (1977).

8) iR &, ARWMIE-—, b rHEmemrd, 29:40 (1979).

9) SHOVHIES, LH—HS, ST, SR, SR, BOURIESE, SOREIETEmI
41:62 (1990).



