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Abstract

Camptothecin and its analogues are potent anticancer agents, and two of its
semi-synthetic derivatives are now applied to clinical treatment for cancer. Most
camptothecin was extracted from camptothecin-containing plants. High concentration of
camptothecin alkaloids presents in Nothapodytes foetida, however, only few researches
concentrated on the effects of cultivation on the camptothecin production in N. foetida.
The objective of this study was to investigate the effect of nitrogen (N) application rate,
water stress, and shading on the growth, nutrient uptake, and the production of
camptothecin in N. foetida. The studied plants were three-year-old N. foetida, grown in
the greenhouse of farm of National Taiwan I_J_niversity. The treatments contained low
and high N application rates (2N ‘& 3N), watér stress (3ND) and shading (3NS). All

treatments were replicated four times a'nd‘l:\_ye_r"c- érranged in randomized complete block
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design. All shoots were cut off fromythe 37F*I:m in height above ground on May 9, 2008,
and all plants sprouted on May 24; 2068. Two fno_pths of cultivation and one month of
treatments were conducted after. budding.' Two grams of wurea-N, 0.25 ¢
superphosphate-P and 0.25 g KCI-K per plant were applied on May 24, 2004. Later one
gram urea-N per plant was applied to each plant except the 2N treatment on July 8§,
2004. For water stress treatment, the plants were withheld water until leaf wilting. After
one jour of the leaf wilting, the plants were watered and a new drought cycle started.
The shading treatment was processed with a black shade cloth that reduces 66% full
sunlight. On October 24, all shoots were harvested with one shoot remaining. Then
another treatment cycle was conducted. The whole plants were harvested after the
second treatments. Five centimeter from the top of each shoot was defined as young
leaves and young stems, and the remaining parts were mature leaves and mature stems.

The results showed that treatments had no significant effect on the dry weight of

v



the upper parts of plants; however, water stress treatment resulted in increase in the dry
weight of root. The higher rate of N application resulted in increase in the concentration
of total N, nitrate-N, and soluble reduced N of plants. There was no significant effect of
treatment on the camptothecin concentration. Water stress resulted in decrease in the
manganese concentration of the root, and increase in the amount and concentration of
camptothecin of the root. Shading resulted in increase in the concentrations of the
nitrate-N of all parts of plants and camptothecin of the trunk. The camptothecin
concentration in different parts of plants decreased in following order: root > trunk >
stem > leaf. The camptothecin concentrations were lower in young leaves and young

stems than that in mature parts.

Key words: N. foetida, Camptotheci‘n, Nitrogen application rate, Water stress, Shading
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Fig. 1. Chemical structure of camptothecin.
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C_PLASTIDIC NON-MEVALONATE (MEP) PATHWAY
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Fig. 2. Biosynthetic pathway for monoterpene indole alkaloids in camptothecin

producing plants (Lorence and Nessler, 2004).
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Table 1. Sites of accumulation of the antitumor alkaloid camptothecin and its natural

derivatives in various parts of N. foetida

Sample origin

Tissue analyzed

Camptothecinoids content

(mg kg DW)

Reference

Okinawa, Japan

Taiwan

Taiton, Taiwan

Taiwan

Mahabalehwar, India

Mahabalehwar, India

Karnataka, India

India

Young leaves

Stem wood

Stem

Root

Stem

Leaf

Stem
Trunk
Trunk bark
Trunk wood
Shoot
Leaves
Stem

Root

Root Bark
Leaf

Stem bark
Stem wood
Root wood
Root bark
Leaf

Stem

Bark

Root

CPT 4000-5000

CPT 1400-2400

dCPT 19

ACPT 0.24

CPT 4900, MCPT 4700
CPT 3900, MCPT 3000
MCPT 700

MCPT 760
MCPT:060
MCPT.1.900~

* MCPT 810
‘TP 750, MCPT 130

| CPT500, MCRT 100

| CPT800. MCPT 400

“CRTN600; MCPT700

CPT 2700, MCPT 1100
CPT 810

CPT 2360

CPT 1400

CPT 1800

CPT 3500-7750

CPT 100

CPT 600, MCPT 10
CPT 800, MCPT 10
CPT 1000, MCPT 20

Loépez et al. (1994)
Aiyjma et al. (1988)

Wu et al. (1995)
Li et al. (2005)

i (2003)

Roja and Heble (1994)
Fulzele et al. (2005)

Padmanabha et al.

(2006)

Govindachar and

Viswanathan (1972)

CPT, camptothecin; dCPT, (20S)-18-19 dehydro CPT; MCPT, 9-methoxy CPT.
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5% BN): =B enEmRPBFERE » 3gF

§c% (BND): = B 7 S B 6 » 3g § I de b irk AL

PEFE (BNS) = B 7 g FFE K05 » 3 g § A4 b B TE AT

W R R oA S AT o

FoEREEST24p 170 24p 0 PR I EZ5 80 240
117 18p o ZH-BEY AR FEFT- B IL 38 24
PNI27 24 p ARtk ot EW FF R ~ 1g§ ~025g88~025g47
77 24p& 117 18P BipdcH 2 BERIL T RIZE TR~ 1g & 0 8
P2R U EARIEE (N) AR ARt e s 1g F o d0 S RJIL N
BALZ| ST FE P D IT Sk - J%.g%wMz@wﬂw&@ RN

EPEAIEAI I e 23 D B

-~ F 0% A~
BEHIFEZPMZE Jiarrﬁﬁ%;w o AR A (SATO SK-LTH Ila
Datalogger, Tokyo, Japan) aé;r]g TR I ::1’. ;:;L.fs; £ 98 BB E BBE -

= H

32008 & 8 24 pEITER - XK T T - BREMFELTE L AT

FAE 127 20 P ETATF RS M o B SRR Y g AR R o

B KOEY B4R 5 cm hE F ¥ FH S BcE (young stems, YS) % WeE
(young leaves, YL) > H 4384 % = 3 & (mature stems, MS) £2 = 2 £ (mature
leaves, ML) » &i#& 3 & 3% e chft > RIF4E 5 1 47 (trunk) £212 (root) » &
EFFRT 0 F BRI E PR e =pt (prline) Z E o

o~ RS e

BB AR R R 5 11 B kb ik 3 SOCEFE IS E -
N A

FoE BT P BN ATEHE PR A REER o WRs R R E



HREF ~ 730 F VBB REF B F 8 B & & &

EEAHGER o FOA SR T B pH s Aok et TR E

FEE F S48 F AP F - Bray-1 # > Mehlich IIT 578~2 49 ~ 47 ~

(=) #H
1. F &% (reaction mixture) > 0.7 M % -k (ammonia water) : 50 mL k& % 'K »

" AR K ﬁ.—ﬁ = 1,000 mL -

% B~ (extraction mixture) > 1 NHCI j37% : 83 mL Jk®ps » 3 33 -k
H % 1,000 mL -

Frifkdgis % (MnSOy solution) : 10.g Fifs4E (MnSO4 » 7H,0) %%t 51 mL
AR £ 02 dOk S 1000 mbs

% (zinc powder) + ddi:E 180 mesh 2 ERGE 0

£ ¥ #& (diazoting reagent) 0 5»'g' fk‘]’ Yy ﬁgn_ﬁ& (sulfanilamide) i3 ** 100
|

mL 24N %ﬁ&/pni’ﬂ."-_ |

& @& (coupling reagent) :“0.3 gN 1 &' = "2 (N-(1-naphthyl-1)-

ethylenediamine) ;3 >* 100 mL 0.12 N ® &3 % 7 o
H - &4 (single solution)
(1) SN #ifk @ %70 mL jkFifit - 1 500 mL -
(2) 4pPedsin i %20 g 4ppeds [(NHy)eMosOn4 « 4 H,O] 73302 35 -k
¢ g 1 500mL e
(3) ¥k o fe (ascorbic acid):#-1.32 g Fudfkn faia >t 75 mL 2 &3 k¥ o
(4) PP Eshdr (1gSbL ),p it H#-02743 g ) F Bedh 42 (KSbC4H409)

RN ﬁ.—ﬁ = 1,000 mL -

13
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Table 1. The fertilizer application rate and sampling schedule of N. foetida

N' (g plant™) p! K!'

2N 3N  3ND 3NS (gplant')  (gplant™)
2008/5/24 0.5 0.5 0.5 0.5 0.25 0.25
2008/7/8 0.5 0.5 0.5 0.5 - -
2008/7/24 1 1 1 1 - -
2008/8/2 - 1 1 1 - -
2008/8/24 The first sampling

0.5 0.5 0.5 0.5 0.25 0.25

2008/10/9 0.5 0.5 Qe Ul - -

- T & ;

2008/11/18 1 |
2008/11/28 - 1 8 ™ \¢ ]
2008/12/20 | Jple,[secdnd sampling

"' N applied as urea; P applied as superbhosphate; K apphed as potassium chloride

14
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(5) 250 mL ® &%  # 125 mL 5 N £if& ~ 37.5 mL 4p pa4% ~ 75 mL Fuk
wfeE 125 mL ) FES&ESREETT R o vd iU S §
Lo ATIR R A H A Y 24 ) BEIL > FUs fa AT w de ~ o
8. Mehlich III % B4 (Mehlich III extraction mixture) : 0.2 N fgf& ~ 0.25 N #
fads~ 0.0I15N & 4%~ 0.013N#'E 2 0.001 M EDTA (Mehlich, 1985) -
9. BrayNo. 1 %P~ : B~ 1SmL 1.ON & 483 % 2 25mL 0.5 N {3 a3 it
RE > TE I S500mL o
10. & 47 (KCD) 3% 2M):#-149¢g & it 4o B kg A3 1 1,000
mL -
(=) 2HEAMET A A7
1. pH & (1:1) (McLean,1982)
20 g 4 0 BEER P Jed 20 mL 2k B BRI EEE- )

-

Bé? ﬂﬂﬁ“fgﬂ:ﬁ“i-,up:

§l

"!
2. &#foRET R (Rhoades 1?4&2 |
F=50g g R S 4d ad 7]2;_@’5?'{?’ VETE-F e -3
P B A o B i c im0 WET RFRIE -
3. 4% (Bremner, 1965)
(1) f2B~ 1g 2MECAFEF P o 4o r 2mL 4 33 K5 30 448 4
1.1g A f2RieH| (Frfidm @ Fifiedk /0 =100:10:1)> e » 03 gk
Pz T mL ks R A FRER (FHRATRE ST AR
Yok F) 4 03 g Fritgnpigh (NaxS05) ©
(2) Mk s (100C) 27 &4 2 kpF > 115 20-30 A48 50C 2
BRSHI 350 0 11 350TC LR AR BT FIMA fE R B R S
g o

()Pt afrg o 2 44r o 4o r 2mL30% 2 iEF Y d o M s L b

16



Bo2EF LREF LA (9T 20448)

(4) 2EF > RIEFHF 3) 2EFH L -

(5) i gr o 4 g ok D3OS A -

(6) #-A f2p A2 S0mL T85> ¥ T E 3 S0mL 23R L2 ik
TEAM I RREY TREY o

(7) 72 p & A 45 % (SKALAR, Breda, Netherlands) ] T 44§ -

b2 i

FP-5g 23> M S50mL20M & M43 RRT FEC ) PSR o

(1) B~ 10 mL jgi% >t 250 mL = & 3g¥ > 4 » 39mL0.7M % -k4 1 mL
MnSO, i3 i% » ¢ 2 @884 5 50mL o

(2) #v » 100 mg 447 3= F130 Av\i??_

(3) HBiH T B 2 mL kR A SOmL azv‘ Pex X 40mL Z4k ~ ImL £

(4) T 4 s » Tl % & G A A g&:a V%4 30 44815 540 nm

Bt i 2MKCI 5 B~% 10mL > 4 ~ 3 1Y 4530 % 5 0.3 g 1 Z 42 0R 2
i F o

Bray No. 1 #&

232 BrayNo. 1 B0 1:102 0 6] BT 48188k @ (8B
£ #84% ™ Murphy £ Riley (1962) ¥ - & & Zp| e Hpkk R o
Mehlich IIl 7 ¥ B~ 44 15 425 (Mehlich, 1985)

F2B~4mL 2 4 3 S0 mL 20 % g g 0 4 » 40 mL Mehlich IIT % B~
% 200rpm T RIF T A48 15 Whatman® No. 1 i i o 4 R T =

Yo RS RIPI T4 S 4T~ 4E B AR BB ER -
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8. 7 #4 = (Ball, 1964)
(1) Pk 8L 5 kb2 (W) -
(2) #4520 g 2 I B > B 105CT e ] oA GTRES 4
3 RIR ST (W) o
(3) ¥>* % E% (muffle furnace) # 250C ™ = -] pF» £ 3> 375C T se i
PP ke s BB R 4 ATE 200CH 0 e r jrR B L4
TR EFE (W)
4) 3%
744 OM (gkg) = (Wi-W2)/(W1-W)x1000
(=) et~ 47
2. %% (Bremner and Mulvaney, 1.982).".-'
(1) #4=03g & ¥ ”‘“’»‘ﬁ;fﬁ v R v MO0Big kP2 TmL EFf > R

"...-- -'.".

ESERE B & %—%\-ﬁ"gif\"llé’uﬂxﬂz.@%) fa4e x 03 g Fifk

(2) i 4o (10006) s 1% & A A 1% 2030 4 4758 50°C 2
@RI 3500C 0 2 350C2 A 4D FAMA f20 B R 3 5
W d o

(B)B~di o fdg o 2440 4e > 2mL30% 2% 1t d o MR N
B ZEGXREFT LA (NF 2044) -

(4) *EFRIEAFH A 3) TEF 52 -

(5) Adr> b Fd T ok 2 A A

(6) - f2jp 4 2 S0mL 2 57> ¥ T2 3 S0mL - 323 R &2 < g
XA TR RALY RERE Y o

(7) ™ B #4F7 RIBI L E

3. R ¥

18



=

r2 Blacquirer & 4 (1987) e1= 2 Z B4 5P Rl el § 0 AR (s
Broaddus % 4 (1965) th= % » #Br 5 B2 flpeii § B 53 TAFEF -
£ i zx 2. Griess llosvay = /2 (Keeney and Nelson, 1982) & ¢ » H & 474
P
(1) B~ 0.3 g 452 5 » 2 50mL I NHCI 45 i £ 5= | p& -

(2) B 10mL 4 217% >+ 250 mL = &3g® > 4> 39mL0.7M % -Kfr I mL

MnSO, 7% i% » @ 2 47 5 50mL
(3) 4 » 100 mg 445 » 4= F 30 4 48 -

(4) Ep TP 2mL jmk X S50mL £ %57 > 4> 40mL 4k ~ 1 mL £

FAAR LSS .

(5) 7 A hiiste r» 1 mbh & %R 5498 & 4 30 A 475 - & 540 nm

TR E R e —~

43 ¥ (Keeney and Nelson,I 1982y~ ||
. i |

&J@1NHaﬁﬁﬁhmﬁnﬁ»§ﬁg%%@auyugaém

RAERF -
3R HF

(1) 51 NHCl Kia i EBts2 At R hi- 428 » 65CH iz
N L Y VR Ry ST R

(2) %0 Bk LR AE I - A2 fF o

>
T

a8

SURCRER . S F

i

o

b

btz MF RIABET 2 RNE

3
‘7-\-
g
P
-
N
1
(s
3
Cgr
B}
o

&% (Murphy and Riley, 1962)
P~2mL A f#%* 50 mL 2 2557 o4 ok AL 9 40ml
LS4 r SmL M- A0 2 KA ED S0mL R LIS o R

- /] PEts > L 882nm TP Tk K E o
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BRI A fRREE YRS RS Tk R (atomic
absorption spectroscopy, AAS) if| Z_o
9. I fd& (camptothecin) : )2 Yamazaki % £ (2003) = ;& 5B~ 247 o
(1) #4=01g HFE>2mL ¥ B 3pc g ¢ o4 x 1.8mL 7 fE--k (90: 10)
W3R EARF AIRT 30 2481504 2,000 g s 15 2480 EAF = K o
(2) Fitdgpa? ir g £ 2 10mL 0 i iF 0.45 um 2 He3t g M o
(3) #7172 X B4 10 B 2Tk 4R & 17 & (high performance liquid
chromatography, HPLC)
(4) 247 5 4o
(a) HPLC: #T ¥ (Agilent G1311A, Waldbronn, Germany)~ fi # 5 i
(Spectra SYSTEM AS LI.OOO_, Waldbronn, Germany) ~ ¥ ;#| % (Agilent
G1314A, Waldbronn,? G‘E%nany) o
(b) ¥ 1 : 4.6 « §2_50i tinm-fClg-:revers..é phase column (COSMOSIL
5C18-AR-II, Nacalai Tesque,.II(;oto, Japan) °
(c) #4p 1 1EE 534 = o
(d) 72 » R % Sl i 5 0.8mLmin' > L £ % 365nm > 7§ P&
e 124 245 -
(5) #i &
(a) & #4& (camptothecin) @ pEp Sigma > ¥ A& >90 %
(b) 10-23 & & #Hd& (10-hydroxycamptothecin) : P p B 5. (Merck) > %
& 98.7% -
10. ’f *=p& (Bate et al., 1973)
(1) 2~ 03 g A7t 482 SmL 3 % & 2 K4 pe (sulfosalicylic acid) # B+

HIDFR > B LS mL ARG F ¢ 0 12 10,000 g B 20 A 48 o

20



2)% 05 mL + i 10 mL § £ % ® > 4cr 1 mL &%= i
(ninhydrin) 73 7% (0.25¢g Bri& = fki3>> 10mL prpee ) > iR §393 o
(3) 7 100°C-kix 60 48 > B- {8 B30k b T 2487 L F R -
4) 4> 4mL " ¥ BF 154512 1,000 g #res 10 248 0 B9 F R/ &
520 nm TPl Ak E e
1~ % 2RERE e T3z Z"“?&i"f IREVAS ER L S T g
Ly
Bzt drid % SAS 9.2 kKot — AR HC5Y (general linear model, GLM)
7% > & 17 (analysis of variance, ANOVA) » B¢ % %3 & 47 (Duncan’s

multiple range test) i& {7 T3P L HUP| %R

21



2~ BARAP K AT R B4R iE 2

Table 2. Chromatographic conditions for high performance liquid chromatography

Time Flow-rate Pump A Pump B
min mL min™ Solvent A' Solvent B
0 0.8 60 40
12 0.8 20 80
17 0.8 20 80
18 0.8 60 40
20 0.8 60 40

' Solvent A: water : acetic acid = 99.75 : 0.25

2 Solvent B: 100 % methanol
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By o FoEtIcfEl 0 2§ g2 (2N) # 23 pH ERI3N L F 0 i

g2 (BND) H 4 3 pH ™ # 3N a2 % > 3NS 22 3N = 22 4 3 pH B &

P E B PH B EiHF TR AARR G RELF Y ORET
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K.
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Ba o IR EAREAIS ! MY 2 B SR F kA

g Agmz BEC £ & 2-3dSm™ 2 /F o

%

AMAF G A LEY > HXLFAENAF P nF F o Y hg
BT B RECE cm F AIEY T AL W ERS AL LI D
FUGBEE 3 BIBAY oL 2AMHLEY - KA T 0 Bty

£ %
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Table 4. Effect of different treatments on soil properties after harvesting of N. foetida

pH EC? TN NOs-N NH,-N Bray-1 P
Treatments
(1:1) (dSm™) (gkg") mg kg'!
2N 6.7+0.1* 1.78+037° 13+0.1° 14£6° 5+2° 70£20°
3N 63+02° 226+084° 13+0.1° 9] £45° 15+11° 87+5°
3ND 6.5+02% 241+043™  1.7+04° 43+£19° 25+5° 101 +18°
3NS 62+02°% 299+0.70° 1.5+£02°% 111+£59°? 27+ 182 83+ 12°
Mehlich III extractable (mg kg™)
Treatment
K Ca Mg Fe Mn Cu Zn
2N 266+55% 1609+ 68 ™ 4 432+ 370 5294 54% 60 +9° 27+09° 69+09°
3N 310+£78° 152398 % 425 £44™ 538 +34° 86120 27404 7.1+06°
M=) |
3ND 299+80° 1649+ 105° 532iy$a"*‘;§*1"8&.223 67£10°  34+07° 96+15°
3NS 357+£40°  1453+£43° . 431 ihg P S68¥RETUITTE14T  22£05° 8.0x14°

' Values are mean = standard deviation (h=4). Averages followed by the same letter are

not significantly different (P < 0.05, Duncan’s multiple range test).

2 EC: electrical conductivity of saturated extract; OM: organic matter; TN: total

nitrogen.
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FoE b 2 BT IER S 12gke’ s U F AJE2N H 4 g

WF LR IN ST} A F L B0 % A2 (3ND) Z iEE AL (3NS)

AoF R S L AR F R 5 10-100 mg kg o 2 ARE F
% 530mgkg’et § A2 (2N) % §2% g2 (3ND) H 4 sEplpa il § ok
B 3N AR i B EAJE BNS) AR F B 2 3N AUZL G A
FLR A AR F R EONE 3N AP T R F £ B 53ND 2 3NS =
R Iz 4% ik § kAR F 3N LB o ok JL (BND) 2 3EA i § R
NPT RS § % SN EF

L F EIE (2N) 4%&4&& ik (RPRRE F HEi§) BR L BRF 2
0.5% ~ 3N AJZ X% 8%~3N:H'9§@“’ YA 4%m 3NS EJL G L 8% o

{

(z ) Bray no. 1 ## 2 || ; j,

BB Y F b ARMBAR (R T 2 Y Al T
ST AR B A & 0 0 Brayno. 1 EAR G RFR P fE S G o &
PR R BTV G OTE R RS T R T o
B o w fEAIEF R Y AP & OB AL AT I A T e AR
2 43 Bray-1 #5470 2 100mgkg' 2 FF » A AT Al E L8 o
() 2 3 Mehlich ¥ Z B4 4o
WY O BAILE R Y APR R VAR A o JTFE R 0 v R
2.3 MehlichIll ¥ 5 B492 5 BE¥F LB > @ 3 3w Z 540 4 250 &2 350
mg kg 2. & o
() 2 3 Mehlich ¥ 3 B~4F 22 4%

F 9t dcfEts 2 3 Mehlich 111 # 5 5~47 5 1,450-1,650 mg kg » 2N £
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3N = 22 4 3 Mehlich III 7 5B~ 47w 38 ¥ £ £ > 3ND /o2 1 37 %

ot
ki
-

WOIN AJZ B 0 @ O3NS R ind BV BB IN A m B F L B o
#9B2 JcfE 15 > 2 3 Mehlich Il 7 3 54% 3 420-530 mg kg » 3ND g2
ZARTEPERA W AILE BRI B AT AR -
(=) 2 3% Mehlich ¥ X P-4 4%
2 F LG - BARLE = BB 4RI S MR = B4ER w 4R
BB PN G A A PR fRR T Y M)
R S R S R L R e LN SL I

>

fotpi L E MM A pH R B h e A 2 0 A dhend TR AE kot o F

i
7_

et o f 15 0 2 3 Mehlich Il ¥ 3 B~4# 4 500-600 mg kg » Mehlich III # 5 B~

G5 60-80mgkg ' & fEASL2 1 MehhchIII Rt R E L
(™) 2 3% Mehlich ¥ % B~4f 8243 -.H [ ~

IR P (Cuz*) mgm 2 3 mﬁkf}’&‘:@tf R gt
Bt pH 2L g éﬂr%m‘; z'r* ’ é; 4 i; PH = B B F sptE o i
B Ewjcs R4 B pH El?“rﬁv)sﬂi ZnOH v AR L A R NILAZ RR

ERFAE A B f e BT R T s B ] B
R AR L ek o

F9E i (S > 2 8 Mehlich I ¥ 3 B~4F 5 2-3.5mgkg" > Mehlich III ¥
P4 % 6-10 mg kg 0 2 3 Mehlich I 7 5 B4 22 427k & % 2 3ND AU b

BoHB IRz BT mkgFEALR o

26



S FERAE A A RHs T
FRERTDE EL A Lok T 477 0 RIEA SHE TR & A Rt
BT BUERP o
(-) A%
TS - AR E R ABERENCR IR AT R - ARBRF e A

B Fp e & A R ¥ - SRR AT F

IIMEM g E AR FRE 0 A i E L GND) HP3mm 2 2T E R B e
D% o d TR G R T BRI Lo 8 AR RN L I 2R
X130 Ft o G5 mJR T H ARG E 0 BRERH e F B 2 R E
(=) o rp
%%ﬁﬁﬁﬁ%w”“ﬁMmk&%@mwfo%—x%ﬁ SHEAF -

,k&%%ﬂjkfﬁﬁxs\gtﬁ.bk’ﬁwﬂ-/? #Mf&,};& ﬁfkﬁﬁib 7T ¥ % RJZ (3ND)

F "-.\_ '

Ww&%&ﬂﬁﬁﬁﬁﬂﬁi:ii%* g A é%ﬂ&i%%?ﬁ%ﬁ%ﬂmw
. | -_,f-:‘

sogh o |= "[

g‘*‘f&/&& ° |

(=) ¥ S

BT R EINEAF RRACRIT AT @ BF FREAA S TT o
hiEER Y o FBKAT RR GE 5 30-60 gkg! o AE 5 20-50 gkg! v A
i85 10-20 gkg' o AR5 2530 g kg o v F AT (2N) 4B SRR 0
RE-FHEZ 5 - IHBAHE B RF ERIRIN 28 H 5 g2 i
M 2N EORH B g kRS 3N A a g F 4 8 > 485+ v 3N
BJL M o §7% EJZ (3ND) f’ W ABEBRREFARE ST ER Y 3N A

I“’—fﬂzl"\,;__ SRR eH AR 3N o 3ND = AR § kR APAT

~

Iy

SR L ASLATR AT AT AT RFEE IR LE - ¥ - X
FIRPFEEAIL LN 2T RAMFR W IN AL F - » v H e
FORE AR -
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Table 5. Composition of nutrients of N. foetida before cutting

Leaf Stem
TN ? (gkg™) 27.9+1.3" 8.3+0.8
P(gkg") 2.0+0.0 12402
K (gkg™ 22.9+42 105+ 1.2
Ca(gkg") 21.6+2.6 25.6+3.5
Mg (g kg™ 24402 0.6+0.2
Fe (mg kg™) 92.6+5.7 20.3+2.8
Mn (mg kg™) 41.6+5.8 17.5+5.6
Cu (mg kg™) 8.8+0.8 57+1.1
Zn (mg kg™ 36.5+3.7 40.5+5.8
CPT (mg kg™ 2252 +94.7 410.1 + 19.1

! Values are mean =+ standard deviation (n = 4).

2 TN: total nitrogen; CPT: camptothecin.
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Table 6. Effect of different treatments on the dry weight in various parts of N. foetida

Total ML* YL MS YS Trunk Root
Treatments - N
The first sampling, g plant
2N 29.1+144* 10.0£57% 87+3.9*% 8.4+48* 2.1+09°
3N 21.5+11.1* 10.8+6.2° 4.0+2.7° 57+4.0° 1.0£0.5°

IND 229+322 89+1.7° 56+3.1% 70+1.4% 1.4+0.6°
3NS 303+£9.7* 7.7+£54* 7.0+£39° 43+20° 1.2+052

The second sampling, g plant™
2N 1373+46.6° 82+3.7°  65+3.0° 87+48* 19+07°  804+324" 31.7+187°
3N 123.8+41.6° 159+42* 24+13* 87+60* 1.0+02*  746+19.5° 33.0+10.1°
3ND 2009+418% 6.7+24  40+0.6* 93+13" 15+£07° 1124+335 66.9+15.7°
3NS 123.5+329" 7.7+49*  57+27* 7.1+£37%* 18+10*  70.0+194" 312+163°

! Values are mean + standard deviation (@ = 4-6). Awerages followed by the same letter are
not significantly different (P < 0.05, Dunean’s multiple range test).
> ML: mature leaf; MS: mature stem;7Y I: young leaf] Y'S: young stem.
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Fig. 4. Effect of different treatments on the proline concentration in leaf of N. foetida.
Error bars represent standard deviation (n = 4-6) and bars with the same letter were

not significantly different (P < 0.05, Duncan’s multiple range test).

" ML: mature leaf; YL: young leaf.
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Fig. 5. Effect of different treatments on the total nitrogen concentration in various
parts of N. foetida. Error bars represent standard deviation (n = 4-6) and bars with the
same letter were not significantly different (P < 0.05, Duncan’s multiple range test).

" ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem.
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Table 7. Effect of different treatments on the amount of total nitrogen of various parts in

Nothapodytes foetida

Total ML’ YL MS YS Trunk Root
Treatments } -1
The first sampling, mg plant
2N 752+£315*  318+166° 293+118°* 96+46° 44 +14°
3N 872+3237" 502+£204°% 202+111* 136+68°? 31+£22°

3ND 824 +124* 381+94° 252+116% 148+19° 43 +25°
3NS 1119+314* 474+201°" 466+140" 127+30° 52+10°

The second sampling, mg plant™
2N 2057+710° 488+143° 381+117° 313+£108° 51+12° 980+309° 795+.78°
3N 3269+ 1032° 973+ 149°  96+38° 439+£222%  30+7° 1312+ 111° 930+205°
3ND 4957 +537°% 350+92°  195+30°  369+56°  54+46° 1730 £274* 1899 + 369 *

B3NS 3569+315% 609+203°  405%64% % 313 17%, 61+£33°  1339£52° 998+197°

! Values are mean =+ standard deviation (0= 4-6). Averages followed by the same letter are
not significantly different (P < 0.05, Duncan S milluple range test).
2 ML: mature leaf; MS: mature stent; Y.L: young"l'eaf YS young stem.
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Fig. 6. Effect of different treatments on the nitrate nitrogen concentration in various
parts of N. foetida. Error bars represent standard deviation (n = 4-6) and bars with the
same letter were not significantly different (P < 0.05, Duncan’s multiple range test).

" ML: mature leaf; MS: mature stem; YL: young leaf.
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Fig. 7. Effect of different treatments on the insoluble nitrogen concentration in various
parts of N. foetida. Error bars represent standard deviation (n = 4-6) and bars with the
same letter were not significantly different (P < 0.05, Duncan’s multiple range test).

" ML: mature leaf; MS: mature stem; YL: young leaf.
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Fig. 8. Effect of different treatments on the soluble reduced nitrogen concentration in
various parts of N. foetida. Error bars represent standard deviation (n = 4-6) and bars
with the same letter were not significantly different (P < 0.05, Duncan’s multiple range
test).

" ML: mature leaf; MS: mature stem; YL: young leaf.
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Fig. 9. Effect of different treatments on the phosphorus concentration in various parts of
N. foetida. Error bars represent standard deviation (n = 4-6) and bars with the same
letter were not significantly different (P < 0.05, Duncan’s multiple range test).

" ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem.
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Table 8. Effect of different treatments on the amount of phosphorus of various parts in N. foetida

Total ML? YL MS YS Trunk Root
Treatments . -1
The first sampling, mg plant
2N 5524227 1724+£95% 200+72° 121+£57% 58+24%
3N 539+220% 252+134°% 12.1+64°* 13.1+70* 35+16°

3ND 49.1+59* 167+43% 154+7.1" 13.1+1.0* 39+15°
3NS 56.3+13.9" 183+73" 108+4.0" 108+4.0" 50+04°

The second sampling, mg plant™
2N 1497 £367% 314+93%  275+99°  296+117% 115+66°  425+101° 73+35°
3N 1269 £650* 537+93°  123+£13°  326+187* 44+18° 476 +163° 93+31°
3ND 1610+£2327 225+65°  144+29° 257+22%  67+18° 734+£183° 183+47°
3NS 1568 £233% 370+103* 274+63° _.276+£83* 100+25°  456+112° 92+38°

! Values are mean + standard deviation (n = 4-6). Avé'fages-followed by the same letter are not
significantly different (P < 0.05, Duncan’s multlple range test)
2 ML: mature leaf; MS: mature stem; YL: young lca,fg YS young stem.
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Fig. 10. Effect of different treatments on the potassium concentration in various parts of

N. foetida. Error bars represent standard deviation (n = 4-6) and bars with the same

letter were not significantly different (P < 0.05, Duncan’s multiple range test).
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ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem.
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Table 9. Effect of different treatments on the amount of potassium in various parts of N.

foetida
Total ML? MS YL YS Trunk Root
Treatments ) -1
The first sampling, mg plant
2N 576 £223%  224+101* 210+89°% 98 +48* 43 +16*
3N 565+202% 297+136% 111+56% 122 +£57% 36+ 14°

3ND 502 +97° 236+ 52° 140+ 69° 98+ 15° 31+11°
3NS 708 £212%  327+132%  256+72° 78 +18° 46+11°

The second sampling, mg plant™
2N 2020+ 419° 314+93*  275+99° 296+ 117° 115+66°  425+101° 597+227°
3N 2077 +1039% 537+93*  123+13°  326+187% 44+18° 476 £163° 900+ 524°
3ND 3208 +£486° 225+65° 144429  257+22°  67+18° 734183 1781 +415°
3NS 2137474 370+ 103" 274+63%  276+83'  100+£25°  456+112" 661+290°

! Values are mean + standard deviation (il = 4-6). Averages followed by the same letter are
not significantly different (P < 0. 05 Duncza‘n s multlple range test).
? ML: mature leaf; MS: mature stem; YL: youﬂg Ieaf YS: young stem.
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Fig. 11. Effect of different treatments on the calcium concentration in various parts of N.
foetida. Error bars represent standard deviation (n = 4-6) and bars with the same letter
were not significantly different (P < 0.05, Duncan’s multiple range test).

" ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem.
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Table 10. Effect of different treatments on the amount of calcium in various parts of N. foetida

Total ML’ YL MS YS Trunk Root
Treatments . -1
The first sampling, mg plant
2N 400+ 190 194+126° 130+64° 48 £23°% 28+9%
3N 331+159°* 226+108* 55+44° 37+19° 13+ 7%
3ND 303+10° 153 +£34° 72+£35% 57+£7% 21+10°
3NS 383 +82° 198 £67° 118 +18% 44+16° 23+3.7°
The second sampling, mg plant™
2N 886+226" 243 +58° 132+55% 56+13° 23+10° 321+98°% 116 +80°
3N 749 +374° 409+ 114 44+30° 123 +£47% 14+5% 315+ 116°  94+29°
3ND 1130 +£174% 152+51° 66+16%  76+11° 20+£7° 4454210 371 +64°
3NS 1054 £226° 288+133*  102+20 %96+ 38 * 28+7° 310£33*  230£210%

! Values are mean + standard deviation.Avetages f'(')"llox_yed by the same letter are not significantly
different (P < 0.05, Duncan’s multlple range test)
2 ML: mature leaf; MS: mature stem; YL: youn,g 1(%"chw YS: young stem.
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Fig. 12. Effect of different treatments on the magnesium concentration in various parts
of N. foetida. Error bars represent standard deviation (n = 4-6) and bars with the same
letter were not significantly different (P < 0.05, Duncan’s multiple range test).

" ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem.
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Table 11. Effect of different treatments on the amount of magnesium in various parts of N. foetida

Treatments Total ML? YL MS YS Trunk Root
The first sampling, mg plant™
2N 173+£8.1%* 6.1+2.7° 52+24% 41+23°% 19+1.0°
3N 120+£52% 55+£19°? 29+19°% 27+16% 09+04°

3ND 124+1.0° 47+19° 30£1.6° 36£1.2° 1.2+02°
3NS 11.0+£21* 44+£09° 40+06° 1.8+£0.7° 0.7+02°

The second sampling, mg plant™

2N 305£84°  16+11° 14+9° 9+4° 40+24* 84+32° 179+ 80°
3N 321+£97° 32+9° 4+3° 20+3° 2.1+£0.8* 83+19° 206+50°
3ND 541+£73°  11+7° g+2° 15+6° 20+£14% 120+23°  384+70°
3NS 320£91* 25+7° 1542° 1245 39+12* 88+17° 176 + 74"

! Values are mean + standard deviation.Avetages f'(')"llox_yed by the same letter are not significantly
different (P < 0.05, Duncan’s multlple range test)
2 ML: mature leaf; MS: mature stem; YL: youn.g léaf YS: young stem.
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Fig. 13. Effect of different treatments on the iron concentration in various parts of N.
foetida. Error bars represent standard deviation (n = 4-6) and bars with the same letter
were not significantly different (P < 0.05, Duncan’s multiple range test).

" ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem.
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Fig. 14. Effects of different treatments on the manganese concentration in various parts
of N. foetida. Error bars represent standard deviation (n = 4-6) and bars with the same
letter were not significantly different (P < 0.05, Duncan’s multiple range test).

" ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem.
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Fig. 15. Effect of different treatments on the copper concentration in various parts of N.
foetida. Error bars represent standard deviation (n = 4-6) and bars with the same letter
were not significantly different (P < 0.05, Duncan’s multiple range test).

" ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem.
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Fig. 16. Effects of different treatments on the zinc concentration in various parts of N.
foetida. Error bars represent standard deviation and bars with the same letter were not
significantly different (P < 0.05, Duncan’s multiple range test).

" ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem,
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Fig. 17. Effect of different treatments on the camptothecin concentration in various parts

of N. foetida. Error bars represent standard deviation (n = 4-6) and bars with the same

letter were not significantly different (P < 0.05, Duncan’s multiple range test).

" ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem.
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Table 12. Effect of different treatments on the amount of camptothecin in various parts of N.

foetida
Total ML? YL MS YS Trunk Root
Treatments - R
The first sampling, mg plant
2N 102+54% 29+15%  1.8+09° 46+27% 10+05°
3N 78+46° 23+09° 06+04" 45+32°  04+03°
3ND 10.1+1.6* 3.0+05* 13+08° 52+09° 0.6+04°
3NS 104+55% 38+26° 1.4+£05% 47+£25° 05+£0.1°
The second sampling, mg plant™
2N 191.1£747°09+05" 08+03* 44+17% 01+£00° 948+387" 89.9+46.1°"
3N 1582+422°04+0.0" 02+02* 49+27* 01+0.0° 822+27.6" 708+163°"
3ND 313.9+£638° 09+04°  02£00" "54£14° 01£00° 121.8+362° 1854£51.4"
3NS 183.9+86.6° 1.4+1.0° . 04+0.02° 3.9i§.oa 0.1£0.0" 1063+51.6* 71.7+37.6°

! Values are mean + standard deviationsAverages followed by the same letter are not
significantly different (P < 0.05, Duncan.’fsx:_'i@.!lﬁiple range.test).
2ML: mature leaf; MS: mature stem; YL: *oufi_g leaf; YS: young stem.
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VWD A, Wavelength=385 nm (F\PMHPLC\STANDARDWFINALHEID0024.0)

". (A)

VWD A, Wavelength=285 nm [F\PMHFLC\STD'HCFT\STDO0016.0)
~

| (B)

10 o L
04
T T T T T
o 5 10 18 prii} 25 min
’ E?

B~ - 2 HPLC ] % A 22 10-25 % Hig 3B 2. B3 » (A) % Ak 1 (B) 10-37
o e

o

7 & Aie : 'ﬂ'll"'--‘- i | Ii
| . || :

Fig. 18. HPLC chromatograms of’ standakd _’é%lutidn of “ecamptothecin and 10-hydroxy-

camptothecin, (A) camptothecin, (B) 1_0-.hyd|roxycam_ptethecin.
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Fig. 19. HPLC chromatograms of camptothecin in various parts of N. foetida (A) leaf, (B)

stem, (C) root.
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,:E

4’3“?411,—-7 ’m‘l:lﬁf’éﬁ”)ff'uiéui’%;ﬁ}i%?—r v BT V—-‘}»‘:i:\‘/-é‘%’ Jﬁﬁ’é’\

2007) » Ft 0 55 @E—’_Jﬁ" (BND) ' pefs § DR AR il > i H s 1 3Eiw 4 4ppf
FlF+ 5 AL R N ARG I AP F L pH EL 71 i
E s L pH B 5 6.5 WY § R Ak > Aom s e i@ 4 3 pH
BT R AHESE AT oA I EAFRAGINSET (12 gkg) o HA

PRE

fow &g ¢ 2 AT A R ON AT BB R F 4
@Eg)ﬁﬂwiﬂﬁ’ﬁﬁﬁiﬂ*%ém%%ﬁ$¢%?wﬂﬁﬁﬁ“°i)
Bray-1 # % 70-100 mg kg™ %..4 'vf” ﬁ'_fﬁ’ T:JEW 9 300mgkg' > B fw £ P vy
aqﬁwﬁgwwrﬁﬁﬁ%uuﬁjﬁﬁ%ﬁZ;éagﬁ P M rdoa = o AR

Rawigge g LR LB e TR F%ﬂ*%&%ﬂjﬁ R
s B oo . '
s Feteend £ 2 ¥ AR

TR AR ES A EREFR A TT AY - ABELRILY R =
BEPpoRNaEEEGEE S 20-30g 0 D AREE RIS BLE IR
e Az iEenE iz E 5 10-30ge % - SR 0 2N 2 3N 2 BJE BJE IR A i
BREFEaZ £ > m 3ND &2 3NS = AU 42k B @ p igag i o

FAREF A LSRRI PR RE R E BB 2 PP 7 R
Fo'RAR PN E Z§ s AP P HY 28 AR R Y
oo KMo &L EFEG 0.1-02 % v B4 jzgr 4 & (Racusen and Foote,
1960; Helleburst and Bidwell, 1963) o = & + 97 B 4% 2 39 & ~ ik ~ £% % -
A F2 APy > LS RHPEHEDAEL AT FERELPEAF R L
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Bide o - S dt o AR FBKES LT EANE S (BIT) > ;@ﬁﬁ

i/ 4% (luxury consumption) ¢f% Ak f5 > @ % = SRR & VR F RR YR -
SRR PR A - SRR R ek A RE R FHR08 Llg
3

(=) FHFpkami$2 B sw g 12 2 23 Fannd g mg vy

,\4‘-

g o e r BORIFAE L 0 - EBESEF o ERAIMFERSY S
ﬁ%:ﬁﬁﬁﬁ%@%%&ﬁ%—ﬁﬁﬁﬁ%o
b PR pRELAE S A BN R o 3 G B o de ATP S PifE o B T2

fg%@mmoi’jﬁﬁﬁwm@?ﬁ%§@ﬁ4ﬁﬁ@%;ﬂ%ﬂio*%@ﬁ
P RER & 1-10 g kg 2 B (B 490 i%km%k&w—%@ﬁ%%(%+$
3-4gkg’ - kA 3-4gke)o '*"’E]’fﬁ#"& ;«:#"L (2 -3 g ki) (Charles, 2007) o & = $ ##
Y R ER LR A < %F'r ﬂ‘f 563 . % I/F#mﬁsa] = bk’ﬁsa] - R
@{aawﬁﬁﬁzm@+’%#ﬂmﬁg%{ﬁ@@%aa$,aﬁﬁw«ﬂ
Epr By TR MPBAE L SRS T A BT R E Y kR
B Far (25-35 gkg!) M F I AT (25-45 g kg') (Mengel, 2007) o % - S
ﬁ%%ﬁﬁé(wg@amﬁxgaaﬁg%,aiﬁﬁiﬁﬁﬁ@é3wng@%

RFEEBL RS § o w3 agrnd v Ap g LR e

G e BEG e Wochd S o SRR Y F SR E SRR R T o BFEF
Bl R EEFT M RS- o R E AUk R frE v (16-38 gkg) Ap
oA A FEF B (Aot $ Tgkg'~ 3% 9 gkg') (Pilbeam and Morley, 2007)
AR DB 4T L NIAETE > F 0 AR X ESAHE
4Tk R HCE B o % 384 4% 70-85% % & chif F]F  (cofactor): @ 20-30% 4%

SEBR DY S RT ARG I A AR o FARE T - T
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W AR AE et R R 0 AR T R PR O FLRAE 1453 025 g4 0 B - KD
FREER L 0507gke’ @ 5o ZHEFEEYHEERL 1530gke (B+2)>
RERBA R TR T T PEER G L 24 g kg SIEBRTUEER S H B
LHE 07 (0.1-2.0 g kg') (Merharut, 2007) o A3k 3 BT 4T LT Lz B
(Fw) BB 305 » 49 48 (F) M0k I RARR AT 4% opt) > 4 3 5 »a4n i 5 %
e 5§ oxdE 2w B 0 IR Fl4e B 4T e ] 5 64 JxdE (Cao and Tibbitts,
1992; Pefialosa et al., 1995; Lasa et al., 2000) » @ 13 = % — =X 3 & e f8 4% 4% -

S T4 2% (heme) M % 4% -9 (Fe-S protein) shje =t 4 > it 48 x
ZEEeritr P 73 ﬁﬂ#&-‘i'z —w® d % (cytochrome) e73Rix 8 ~ > @ ¥ - 3¢
P R E I R Mo A G Rtk £ 1E Y Y del el R
(nitrate reductase) % I #ific iR R pe (sulfite fé'ductase) c Bl BT AR E Yk
BEHE (90-160 mg kg #pig (Romheld and Nikolic, 2007) » 4 A fede p # 85 14
Mo Fp o R EER Y é‘&%#—éﬁuifa}i@@% ﬁuf@«ﬁ’@*"" Ll SRR
404 7 = (dehydrogenase) » #‘@f} ﬁ4 (transferase) > 2% it f= (hydroxylase) ~ %t %2 fis
(decarboxylase) » &7 "R i it - ~ ?‘r‘% mi‘ = Fﬁ» Bl BT R ERER S W
¥ (40-100 mg kg'') fo#+E (50-120 mg kg') 4piT (Humphries et al., 2007) > @ 4&
Bl p BB > ME%RY EEEERRITES o

SFFBErE AP BES S R B M e A T
FEOGEE TR F OO o A S B RARE TS A I g B P D
AT W afid P BRI o BT BT AR A ARINTRR KR S
40-45mgkg’ QL EFMHERGZ B> A EEhbFER G FITE o

EE R R (Zn™) A ik jc > 3 pH BB P 12 ZnOH™ % 4 &
A o R M E RS AR A A S R BT £
Y Hap it s SHERFE BT JM o <N FE P SRR

F B2 10-100mgkg '@ ¥ F 2 4R L 10mgkg! ¢ T4 L 4236 100 mg
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kg! Bl dim4renE T (Storey, 2007) > @ 18 4~ 4% &2 peslei-2 f2 (indole acetic acid,
IAA) & & ¢ < $|#r4] (Salimi and Kenfick, 1970; Singh, 1981) » B+ = &% 7 %

HHEARE I A (20-70 mgkg) AT o FINEE AR B I F -

F AfE e & FoOASIADERT R g L A RF A
0 FHRT AR EF EHNE R EARFLAR 2T a s i VR
BRERIRPRT R - BREE Y RF ) Y10 g kg B ALk Ak

s

43+ 30 mg kg B % 0 # 4~  (luxury consumption) % 4 ;& i (Barker and
Bryson, 2007) o & = $$% fAJEE & 3 F kR ¥ 426 30 mg kg (BT ) BT
bhE%Y 5§ BHF B R 2 LR B P BT SR T F B

Svdm B Ao o (R g E AP GO HS S &g—r ﬂ\ﬁé%%aiﬂm&ﬁ ERV Y AN ER

hL )
W 1

(critical concentration) 2. F o | | == | :
m |
FRILF 4 e E R }H?‘ﬁ”p‘*#ﬁi* A g gl g

il

PPt B @G M WL g o R (Clark, 1983)- A3psk 733
BRAFPs g Beinsfhea 12 (W= ) a7 3R EREF ZAMES AR
Fle g Ea e (B B A) S BT AR SN E EE T ERAS
4K Tt 03N 2N AR 5 F o A F v AR R R E N

e o

2

AR F BRI RBRI o P ANFLE LS (Re) ani 4 H
WD B R BT LB PR P AL R p e £ 02 3N UL e
TR L R MR T R T T E > 4 TR ARE R AT (7).
AR E EHEAKER T ENFLBLHE (ML) o § ARmARELE

-

BHig BB A% - oY TR R 3N EIE | o
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MR E R EREY KA Z 2R R RUZE A EIPE P i
TEET A G R PR 8P dodf MRl 4o (Gzik, 1996; Maldonado et al., 1997,

Izzo and Rascio, 1999; Sarker et al., 2005; Monreal et al., 2007) °
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EAEL R rl N CULINTIN - I G R Bgiigr%év”::}g; ESRONE e o B4 REE

RGPS IEE (Bl-)° & ﬁ/«*@:;;;«'tﬁlj MRFRRE ATTH RJLV G B

PARE 0 3T IR R R P f@g%n ’ @w&a—% ‘%fi'ﬁﬁ'%‘ 2R A e BiE Y
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1\4

BEBRGTRRA S o S 4 S ha ki

=

BRE ARBRpFOEEE XA EF P ARLEF DR 2 (Morrilaetal,
1973; Heuer et al., 1979; Erskine et al., 1996) » @ & 3#%% ® AL e & A P A % 4
(Bl ) Br Ak AeR 2z jcd AL D it v 22 1 o

B HEBRET Pt Y § e i Ap i o B e 4 4R B g
AR IR AP E o Y R F BRI BRI RY C BRA
e S e F 2 FAIMITY A AR 5 A& g R
B R AT sz ¢ % PR 9734 % (Schwartz and Yosef, 1983; Lasa et al.,
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PARLEF /AR ET RS (R ) BEFRY o BERXGFRET < (B
LTAIR D) BRA ARSI BT AFTAF LN RS ROk 0 A L&k

IR ® fok PP A& > 2§82 Fw ok T "‘f”) IR F 2

CE IR FRRARIGEE L H G RS2 A R A A A4 A
R FIEEH en o LROBER TS S EANT Y (FLe)-
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A ) % TOFgE R ik i T oA Ee R R pE s 1L € Fe ] (Lillo et al, 1994; Gunes et al.,

1994; Gaudreau et al., 1995) ¢t » 7rga sk & {8 % -0 » @ pE2 FH 2 & T F B o R
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gttt R W8 I E Aee (camptothecin) 0 @ & 10-7 A E Atk
(10-hydroxycamptothecin) » ¥ b » & F i< F B2 s 47 R Y 0 B ARG A E IR
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Table 1. Some selected chemical properties of the soil before planting

Sand (g kg™”) 143
Silt (g kg™) 493
Clay (g kg™ 43
Soil texture class Loam
pH (1:1) 7.1
EC' (dSm™) 1.0
OM' (gkg™) 23
Total N (g kg™) 1.2
NOs-N (mg kg ™) 37
NH4-N (mg kg™ 114
Bray-1 P (mg kg™) 43
M-II2K (mg kg™) _ 2 I 27
M-III Ca (mg kg™) _ ) "\ 1973
M-III Mg (mg kg ™) ¢ : 445
M-I Fe (mg kg!) - (== 794
M-I Mn (mg kg A 4 R || Wag 1753
M-III Cu (mg kg™ &\l L /¢ 6.2
M-III Zn (mg kg™ Z . 6.2

" EC, electrical conductivity of saturatediextract; OM: organic matter
? Mehlich IIT extractable
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Table 2. Effects of different treatments on the concentration and the amount of total nitrogen in

various parts of N. foetida

Total ML? YL MS YS Trunk Root
Treatments } -1
Concentration, g kg
The first sampling
2N 315+2.5°  30.0+£34° 337+20° 115+18° 21.2+44°
3N 422+75% 428+47* 505+49° 215+24° 575+45%
3ND 414+£24% 423+48° 457+21°% 214+29° 373+3.6%
3NS 468 +£10.7% 465+28° 538+47° 242+47° 449+48°
The second sampling
2N 20.8+32° 48.6+21° 534+38° 343+49° 443+57° 143+22° 241+23°
3N 235+22% 614+23% 538+8.0°%.460+58% 579+90° 17.7+26% 267+2.1%
3ND 233+28% 537+68" 481:28% 394+13° 506+57° 160+29° 285+15°
NS 976+42° 598+3.0° 4 604463° 487H59° 540:16° 20.1+55° 321£60°
/ w:a_flf;unt mg plant’'
| "‘fﬁé first sampling
2N 752+315%  318+166° 29_3:t1i1_La “o6d4et Vags1qn
3N 872+323°  502+204° 202 % 1'11 25l !'i"é.g; @ A31+220
3ND 8241 124° 381£94°  2598116° 148409%  43125°
3NS 1119+314° 474+201° 466+140° 127+30°  52+10°
The second sampling
2N 2057+710° 488+143* 381+117% 313+108° 51+12° 980+309° 795+.78°
3N 3269+£1032° 973 +149°  96+38° 439+£222%  30+7° 1312+ 111° 930+205°
3ND 4957+537% 350+92°  195+30°  369+56°  54+46° 1730 £274 " 1899 + 369 *
3NS 3569+£315° 609+203° 405+64°  313+£17°  61+£33°  1339+52° 998+ 197"

! Values are mean + standard deviation (n = 4-6). Averages followed by the same letter are not
significantly different (P < 0.05, Duncan’s multiple range test).
* ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem
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Table 3. Effects of different treatments on the concentration of nitrate nitrogen in various parts of N.
foetida
Treatments Total ML? YL MS YS Trunk Root
The first sampling, mg kg™’
2N 38+7° 41+22°¢ 41+2° 29+15°
3N 188+29°  173+£34°  173+63°  231+£96®
3ND 384+ 130% 289+27°  194+59°  642+262°
3NS 266+£84% 151+£35°  290+83*%  318+£25°
The second sampling, mg kg™
2N 292+£190° 176 +£136° 123+92°  770+430° 151£62°  636+357°¢
3N 694+£231°  625+166° 362+157% 1799 £288° 256+172° 1057 +397°
3ND 564+ 182 640+147° 343 +103°,..1295+440 301+90° 849 + 108 ¥
3NS 634 £180°? 1092 £233 % 579i334.a'_ 16,61 i304a 218+78* 1514 +£220°

! Values are mean + standard deviation (1 6) Averages followed by the same letter are not
=

s1gn1ﬁcantly different (P < 0.05, Duncan’s mulu.p,l'e\fange test)
2 ML: mature leaf; MS: mature stem; YiL: yo|urrg;|%éﬁ Y'S:iyoung stem

S\ |l
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Table 4. Effects of different treatments on the concentration of insoluble nitrogen in various parts of

B E RESREE

N. foetida
Total ML? YL MS YS Trunk Root
Treatments . -1
The first sampling, g kg
2N 158+1.0* 209+12* 237+1.6° 74+09°
3N 176+£1.9* 213+25% 257+33° 10.0+08°
3ND 149+25% 197+25% 228+1.7° 80+08°
3NS 162+22* 202+19* 239+07° 85+09°
The second sampling, g kg™
2N 97+14% 287+25° 302+3.0° 85+12° 47+05%  11.5+0.8°
3N 78+1.6° 328+1.1" 382+04° 81+1.7° 4710  11.1+03°
3ND 8.6+1.1% 270+26° 30.6+05° 72+08" 47+1.0° 11.7+£04°
3NS 102+1.0*  33.1+18"° 32.6i2.5.b_ 8.6_i1.5*‘ 52+14°  121+18°

! Values are mean + standard deviation (1 6) Averages followed by the same letter are not
=

s1gn1ﬁcantly different (P < 0.05, Duncan’s mulu.p,l'e\fange test)
2 ML: mature leaf; MS: mature stem; YiL: yo|urrg;|%éﬁ Y'S:iyoung stem
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Table 5. Effects of different treatments on the concentration of soluble reduced nitrogen in various

parts of N. foetida

]"1?%},%',’3 1%&‘:775 @K

Treatments Total ML? YL MS YS Trunk Root
The first sampling, g kg
2N 83+1.6° 98+39° 105+26° 6.1+2.7°
3N 174+29% 208+56* 225+41° 11.8+22°
3ND 19.0£2.0* 24.8+34° 223+20° 129+23°
3NS 206+42% 244+64° 298+49° 140+34°
The second sampling, g kg™
2N 10.8+25° 195+24° 229+29% 235+15° 8.1+£3.6° 120+24°
3N 150£1.6* 28.0+2.7° 214+10° 361+73° 127£2.6™ 142+25®
3ND 141+£19® 264+46* 173+23% 305+20% 10.9+26® 16.0+12°
3NS 16.8+34% 257+23"° 212i65? 3L7i&7“ 147+44% 18.6+4.6"°

! Values are mean + standard deviation (1 6) Averages followed by the same letter are not
=

s1gn1ﬁcantly different (P < 0.05, Duncan’s mulu.p,l'e\fange test)
2 ML: mature leaf; MS: mature stem; YiL: yo|urrg;|%éﬁ Y'S:iyoung stem

& \l| | 'I.
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Table 6. Effects of different treatments on the concentration and the amount of phosphorus in

various parts of N. foetida

Total ML? YL MS YS Trunk Root
Treatments . -1
Concentration, g kg
The first sampling
2N 1.9+0.1° 1.7+£0.1% 23+£02° 1.5£02° 27+£04°
3N 22403% 19+£02*  29+06° 19+08° 35+06°
3ND 22+02° 1.9+£03* 29+05° 1.9+04* 28+03*
3NS 22+02°  1.8+02°% 26+02° 19+05* 3.7+03°
The second sampling
2N 12+£0.1° 18+02% 1.9+02° 1.5+02° 23+04° 0701 23+04"
3N 14+02°  22+03*° 2906 _17+04% 26+06° 08+01° 25+03%
3ND 1.6+0.2°2 22+02°% 22ﬂ:03'b 3 2.()’__i 0.12 29+05°% 0.7+0.1% 27+02°%
3NS 13£02°  21+02° 21i04b 18i03.ab 26+02*  07+01° 21+04°
_y_fglbunt mgplant
| | “ffle ﬁrst samphng
2N 55.2422.7°% 17.2+9.5% 20.067.2° -'121i57a "58+24°
3N 53.9+22.0° 252+13.4° 12.1_i_6.4‘ 13.1ﬂ:..7\_.oa 35+1.6°
3ND 491+£59° 167443 154%71° *131£40° 39+15°
3NS 563+13.9% 183+73% 108+4.0° 108+40° 50+04°
The second sampling
2N 1497 £367% 314+93*  275+99°%  296+117* 115+66°  425+101° 73+35°
3N 1269+ 650° 537+93%  123+13%  326+187° 44+18° 476 £163° 93+31°
3ND 1610+£232°% 225+65°  144+29%  257+22°  67+18° 734183  183+47°
3NS 1568 £233% 370+103° 274+63° 276+83°  100+25%  456+112° 92+38°

! Values are mean + standard deviation (n = 4-6). Averages followed by the same letter are not

significantly different (P < 0.05, Duncan’s multiple range test).

* ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem
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Table 7. Effects of different treatments on the concentration and the amount of potassium in various

parts of N. foetida

Total ML? YL MS YS Trunk Root
Treatments . -1
Concentration, g kg
The first sampling
2N 202+£20° 228+29° 243+21° 11.9+3.1° 212+54°
3N 235+32%" 244+48"™ 274+27" 18.6+52" 32.7+24°
3IND 219+3.1%  265+29° 247+4.0% 142+23° 24.1+6.0%
3NS 265+27%  313+23%  29.1+25%° 143+33° 293+10.5°
The second sampling
2N 10.1+£24*  353+20° 362+59° 319+7.1° 443+57° 53+08° 19.1+3.0"
3N 77+28% 337+05° 382+64° 296+82" 579+90° 56+13° 229+6.6®
3ND 81+0.6°  339+1.6" 356+43% 2IR+31% 506+57° 66+07°  265+18"
3NS 0627  37.6+18° [ 380508° 306®3IB®  540+1.6° 54+£09°  153+£3.0°
f ;@ﬁunt mg plant’'
| i “'ﬁfg fl"l%st sampling
2N 576+223%  224+101% 2108 89 g A48 Y 431 160
3N 565£202°  297+136° A1 £ 56 %l 122 I‘il’slya 36+ 14°
3ND S02+£97°  236+52° 1404697 98 £ 158 31+11°
3NS 708 £212%  327+132°  256+72° 78+ 18° 46+ 11°
The second sampling
2N 2020 +£419° 314+93*  275+99*  296+117° 115+66°  425+101° 597+227°
3N 2077 +1039* 537+93*  123+13®  326+187% 44+18° 476 £163° 900+ 524°
3ND 3208 £486° 225+65%  144+29%  257+22°  67+18° 734+183% 1781 +£415°
3NS 2137 +474% 370+103° 274+63*  276+83%  100+25°  456+112° 661 +290°

' Values are mean + standard deviation (n = 4-6). Averages followed by the same letter are not

significantly different (P < 0.05, Duncan’s multiple range test).

* ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem
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Table 8. Effects of different treatments on the concentration and the amount of calcium in various

parts of N. foetida

Total ML? YL YL YS Trunk Root

Treatments } -1

Concentration, g kg

The first sampling
2N 13.5+1.6" 18.0+4.6% 148+22° 58+0.7% 13.8+14%
3N 133+£1.5% 174+35° 120+27° 60+1.7° 124+1.7"
3ND 134+14% 172+29° 129£18° 83+10° 151+2.8°
3NS 152+£17% 212443 140+3.1° 7.6+23° 154423°

The second sampling
2N 63+1.5%  29.6+£40° 172+48% 6.1+1.8° 93+45° 48+19° 36+1.6%
3N 47+18%  252+29% 162+9.7° 100+17° 11.0+51° 41+1.6* 24+08°
3ND 57+12%  236+67" 168+37% 83=18% 140+38" 43+16" 57+09°
3NS 74+15°  271+46° L162560° 10816 148+13° S51+24° 50+28%

f ;@ﬁunt mg plant’'

|i “'ﬁfg fl"l%st sampling
2N 400+190° 194126 /1304 64]* 484234 28490
3N 331£159° 226+ 108° 155 444 " ulBga 108 41357
IND  303£10°  153+£34° 724355 *57+73 201410°
3NS 383+82°  198+67°  118+18°  44+16° 23+3.7°

The second sampling
2N 886 +£226% 243 +£58° 132+55°% 56+13° 23+10° 321+98°% 116 £80°
3N 749 +374% 409+ 114° 44+30° 123+47%  14+5° 315116 94+29°
3ND 1130+ 174* 152+£51°  66+16™  76+11° 20+7° 445+£210°  371+64°
3NS 1054 £226° 288+133* 102+20® 96+38° 28+7° 310£33% 230210

! Values are mean + standard deviation (n = 4-6). Averages followed by the same letter are not

significantly different (P < 0.05, Duncan’s multiple range test).

* ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem
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Table 9. Effects of different treatments on the concentration and the amount of magnesium in

various parts of N. foetida

Total ML? YL MS YS Trunk Root
Treatments ) 1
Concentration, g ke
The first sampling
2N 0.6+0.1% 0.7+02°? 0.6+02% 0.5+0.1% 09+03°%
3IN 05+0.1°% 05+0.1°% 0.7+£02°% 05+£02°% 09+£03°

3ND 06+0.1* 05+01* 06+0.1* 05+01° 08+£02%
3NS 04+0.1* 05+02° 05+01° 03+01° 05+0.1°

The second sampling
2N 21+£04%  15+£07° 1.9+1.0° 1.0+£03™ 17+08" 1.0+£02* 55+05%
3N 23+£02°  20+03* 1.7+£09° _08+04° 09+05° 1.0+01* 57+05°
3ND 27+04% 1.6+£06° 20£0.3% " 1.7__i 0.82 1.9+03°2 1.1+£02° 58+04°

3NS 22407 26+05° (22408% 14804  20+02°  1.0+02° 51+08°
~Amount, mg plant’
| | “fffé' first sampling
N 17381 61+2.7° 52i2:F 414b3% “oL10®
1
3N 120£52°  55+£19° 29+19%@27+16° £09+04°

3ND 124£10° 47+19° 308L6% *36512% 12+02°
3NS 11.0£2.1° 44+09° 40+06° 1.8+07° 07+02°

The second sampling

2N 305£84°  16+11° 1449 9+ 4 40+24* 84+32° 179+ 80°
3N 321+97%  32+9* 4+3° 20+£3° 21+08* 83+19° 206+ 50"
3ND 541+£73°  11x7° g+2° 15+6° 20+£14% 120+23°  384+70°
3NS 320£91* 25+7° 1542° 12+£5° 39+12* 88+17° 176 + 74"

! Values are mean + standard deviation (n = 4-6). Averages followed by the same letter are not
significantly different (P < 0.05, Duncan’s multiple range test).
* ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem
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Table 10. Effects of different treatments on the concentration and the amount of iron in various parts

of N. foetida
Total ML* YL MS YS Trunk Root
Treatments . -1
Concentration, mg kg
The first sampling
2N 77+13° 115£25% 70+12°  43+9° 62+21°
3N 91+£7° 11825  76+21° 50+ 17° 85+23°
3ND 7748° 99+ 14° 75+£13°  42+10° 89+36°
3NS 118+42°%  120+£29°  68+13° 53+£15° 79+ 13°
The second sampling
2N 593+£232°  150+37°  87+14° 59+7° 55+21° 293+92%  1805+335°%
3N 697+£261° 112+13°  104=11° _ 38+7° 145+£25%  268+132° 1723+338°
3ND 856+ 183% 123+£25°%  87#17° % 56£9® 101£22°  426+185* 1727+437%
3NS 726+328° 180+87° [ 143:36° 49BMAY  416£26%  293+150° 21034339 °
f ;@ﬁunt mg plant’'
| i “'ﬁfg fl"l%st sampling
N 21+£78%  1.1+05° 'o.gioizla 0.440.1" Y01 +00°
3N 23£09°  15£07°  0320.2% 04 ! Ib..'; 2V 40.1+00°

IND  17£02°  09+02°  04£02% ‘03:04% 0.1+00°
3NS 30£12% 15+£06° 1.1+06° 03+01° 0.1+0.0°

The second sampling
2N 83+£29° 13+06* 0.6+02° 06+02° 01+£00° 23+£3° 57+27°
3N 75+13° 1.8£04* 02+0.1°  04+02° 0.1+00° 22+7° 57+5°
3ND 176 +54*  0.8+02* 03+0.1° 05+0.1° 0.1£0.0° 52+25° 123 +45°
3NS 92+13° 1.6+08* 08+02% 04+01° 02+01° 18+3° 70+15°

! Values are mean + standard deviation (n = 4-6). Averages followed by the same letter are not
significantly different (P < 0.05, Duncan’s multiple range test).
* ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem
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Table 11. Effects of different treatments on the concentration and the amount of manganese in

various parts of N. foetida

Total ML* YL MS YS Trunk Root
Treatments ; -1
Concentration, mg kg
The first sampling
2N 39+10° 47+9° 39+9%® 28+£9% 38+16°
3N 43£10° 44+9° 46+15° 39+11% 31+10°
3ND 30+£7° 41+£10° 28+6° 24+6° 21+3°
3NS 37+7° 47+11° 30+4"% 42+18° 37+13°
The second sampling
2N 50 +£14° 69+29° 59+34° 35+£16° 44+6° 19+6° 121 +36°
3N 54+9° 61+8° 4+12° 47+18° 58+9° 26+7° 117 +26°
3ND 49+9° 82+23% 60171 38%12° 51+6° 23+4® 83+9°¢
3NS 70+10° 109+32% 81434 0BT 50110 28+9° 162 +38°
f ;@ﬁunt mg plant’'
| i “'ﬁfg fl"l%st sampling
N 1.0£03°  04+02° 03ioﬂa 0240.1% 770,07 +0.00°
3N 09£03°  05+£02° 02401 ozibqa 0.03+0.01"

3ND 07£0.0°  03+0.1° 01%01% “02£00° 003£001°
3NS 1.0£03*  04=01* 02+0.1° 02+0.1° 0.05+0.02°

The second sampling
2N 6.7+1.8% 05+01° 03+01® 03+0.1* 01+00*° 18+1.0° 3.7+18°
3N 73+£25%  1.0+£03°  01£01° 04+02* 00+00® 18+01°" 44+21°
3ND 100£24* 05+02°  02+01" 04+£01° 01£00* 24+04" 63+22°
3NS 11.0+1.6* 1.0+02° 05+£02° 0.5+£0.1° 1.2+£0.1° 23+£06° 65+£20°

! Values are mean + standard deviation (n = 4-6). Averages followed by the same letter are not
significantly different (P < 0.05, Duncan’s multiple range test).
* ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem
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Table 12. Effects of different treatments on the concentration and the amount of copper in various

parts of N. foetida

Total ML? YL MS YS Trunk Root
Treatments . -1
Concentration, mg kg
The first sampling
2N 10.7£09% 128+13° 93+14° 79+28° 168+42°
3N 112+1.7%  105+22% 113+32® 118+38% 17.0+3.0°
3ND 13.7+13%  156+32% 150+3.0° 98+3.0% 21.7+4.0°
3NS 126+1.7%  107+23% 11.9+14® 13.6+40°% 21.9+4.6°
The second sampling
2N 198+51% 139+41° 124420 112+24% 182+48° 83+23%® 4714967
3N 166+35 165+1.6° 145+53% 121+25% 30.1+58° 67+26° 421+9.1°%
3ND 205450 222+32°  150£33% 121+28% 200+33° 102+£12° 407+82°
3NS 156£59° 143£16° J135L86° 143m50° 220+£28° 49+19° 433+90°
;%mdiunt mg plant !
"’fﬁe first sampling
2N 0.31£0.12% 0.12£0.06" oogiq)lma'voouoow''003io.01a
3N 0.29+0.13% 0.14+0.08° O.OS_i.(l).D.’Jd 0.08'1Q.04“ 0.02 +0.01°
3ND 032+0.05° 0.14+001° 0.082004° “0.07=002° 0.03+0.01°
3NS 031+0.06* 0.10+0.02° 0.10+£0.02° 0.08+0.02° 0.03+0.01°
The second sampling
2N 261£090° 0.13+0.05° 0.10+£0.04* 0.10+=0.02° 0.03+0.04° 0.68+0.17% 1.58+0.82°
3N 244+1.10% 027+0.06° 0.03+0.01° 0.13+0.08* 0.03+0.01* 0.53+0.17° 1.60+0.73°
3ND 401£0.70% 0.15+0.04* 0.06+0.01® 0.11+£0.01* 0.03+0.01° 1.16+0.35* 2.50+0.84"°
3NS 247+097% 0.14+0.03% 0.10+£0.04* 0.14+0.06° 0.04+0.01° 042+0.10° 1.63+0.85°

! Values are mean + standard deviation (n = 4-6). Averages followed by the same letter are not

significantly different (P < 0.05, Duncan’s multiple range test).

* ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem
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Table 13. Effects of different treatments on the concentration and the amount of zinc in various

parts of N. foetida

Total ML? YL MS YS Trunk Root
Treatments . 1
Concentration, mg kg
The first sampling
N 515+1.5% 466+13% 513+13° 514+44% 756+56°
3N 57.1+6.0% 50.7+28% 67.6+158% 54.6+7.7° 102.0+20.9°

3ND 525+34° 439+48° 63.8+147° 492+42° 96.6+37.8°
3NS 574+52° 50.8+69° 574+9.0% 552+34° 1005+12.1°

The second sampling
2N 380+3.4° 30.1+88" 18.6+4.6° 235+3.1° 405+9.1° 269+152" 762+174°
3N 442+£70° 29.1+28" 387+109% 224+68° 497+148" 248+78" 692+94°
3ND 464+56% 343+40° 325+53" 263+43P 464+159° 269+57° 81.8+100°
3NS 375461° 383+92° [455560° 310BES® 581+£94° 21.6+35° 708+ 184°

~Amount, mg plant "'
! "’fﬁe’ fitst sampling
054027 “Foa+02°

!
2N 144£0.6%  0.1+00° . 04%02"

3N 14+£05°  0.1+0.1° 03¢05” 05i&33 030.1°
3ND 12401°  01400° 03200% “03L04® 03+01°
3NS 14+03*  014£00° 03x01°  05+02% 05+0.1°
The second sampling
2N 54+14%  03+£02° 0.1+00° 02+00° 01+00* 23+1.0° 24+1.1°
3N 52+£14°  04+01° 0.1+£00° 02+01* 01+00* 20+05*° 26+0.7°
3ND 93+19° 02+00° 01+£00° 02+0.1° 01£00° 31+1.1* 55+14°
3NS 54+1.1°  03+£01° 03+00° 03+01° 01+00* 20+04° 24+07°

! Values are mean + standard deviation (n = 4-6). Averages followed by the same letter are not
significantly different (P < 0.05, Duncan’s multiple range test).
* ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem
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Table 14. Effects of different treatments on the concentration and the amount of camptothecin

in various parts of N. foetida

Total ML? YL MS YS Trunk Root
Treatments ) -1
Concentration, mg kg
The first sampling
N 336£65% 280+87™  198+40® 497+142° 457+71°
3N 29055 199+60° 145439 609+ 127 340+83°

3ND 441+27°  378+108% 222+61°  627+93°  422+165°
3NS 441 £127° 431+£136° 202+49°  901+£238° 418+84°

The second sampling

2N 914+363° 99+45° 125+49° 462+154° 44+6° 1026 +139° 2570 +412%
3N 904 +£284° 27+6°" 76+54  443+83°  58+9° 1018 +230° 1965+357°
3ND 1562+133" 131+33"  66#22° %" S78% 144% 51+6° 1060 £170° 2766 236 *
3NS 1312+£710° 146+49° 92ﬂ:39a 447izoia 5011 1673 £433 % 2196+ 697

_A,Q_L‘imt mg plant

| "‘I‘;Tfe ﬂrst sampling
2N 102+54° 29+1.5° = 1.8%0. 4 "46j:27a 1.0+0.5*
3N 78+46°  23:09°  0.6+04 4.5ﬂ:3.2~_a 0.4+03*

IND  101£1.6° 3.0+£05° 13208% 522094 06+04°
3NS 104+55% 38+26" 14+05° 47+25° 05+0.1°

The second sampling
2N 191.1+747°09+05%  08+03° 44+17* 0.1+00* 948+387" 89.9+46.1°"
3N 1582+422°04+£00*  02+02° 49+27° 0.1+£00* 822+276" 708+163"°
3ND 3139+ 63.8° 09+04°  02+£00° 54+14°  01+00° 121.8+362" 1854+51.4°
3NS 183.9+86.6° 1.4+1.0° 04+00° 39+30* 0.1+00* 1063+51.6* 71.7+37.6°"

! Values are mean =+ standard deviation (n = 4-6). Averages followed by the same letter are not
significantly different (P < 0.05, Duncan’s multiple range test).
*ML: mature leaf; MS: mature stem; YL: young leaf; YS: young stem

91



D A WWavelenoth=36S5 nm (PMSPIKEQQS Do

3
i3
E
I
435

11419

T T T T T
Q = 10 15 20 25 rmir
WD A WWavelenoth=365 nm (PMSPIKEODS D0

3
E
E
=69

13463

w
=]
I
11812

T T T T T

[n) = 10 15 20 25 mim

D A YWavvelenoth=365 nm (PhSPIKEQOT 00 -

L
100 -

3

13585

T T T T T
o = 10 15 20 25 mim

‘B - > L HPLC R 23 Seic f 5 1 2 F e R0 &0 4o Bl 0 (A) A7 4 F itk & (B)

~E

4o r Smg L’ & #Hg (C) 4v » 10mg L™ % ftdk
Fig. 1. HPLC chromatograms of leaf of N. foetida and different amount of camptothecin
(CPT) standard addition, (A) no CPT addition, (B) 5 mg L™ CPT addition, (C) 10 mg L' CPT

addition.
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Fig. 2. HPLC chromatograms of leaf of N. foetida and different amount of 10-hydorxy-
camptothecin (HCPT) standard addition, (A) no HCPT addition, (B) 10 mg L™ HCPT addition,

(C) 20 mg L' HCPT addition.
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