LR 10205 MRAE%E. 2016000624.
24 K 5: QY4 ‘ # . NI

¥
:

AR AFSE KR HBRBR RO

Effects of Nitrogen Fertilizer on Growth and Nitrate Accumulation

of American Ginseng

FRIEN: EY%*
WtFTi A : ThEesTEW¥E
FALRE: FARBIL

teEt . Rk

EeEm: = Rl #H &
PRI B

BEFRBAANL: A RLE R

=07 A R



mof % B B

ENMEEH: FRSHFELM IR CRANEZITRT T IALHAT
R TAE TSR RR « |WIRFTAN, B T Re 50 ARSI R E04r Y 07
A, WXHFAOEHMACERRBES LRI TR AR
MR EE TR AR, AR T HHRULE . AE 3
HIREREE R A AR E.

SRR BRI F: 2010 6.0l
ALV A A

MW IAEE TR T HRFIMOREH R E A E AR UK
e, Bl KFIMEKZABRE HF W EFKA GBS AL E AT
W EEMEM BT, RVFIE N E RG] R ARZAE NG
REAA] LR 22018 SO iR R 0 W A A BT R, 1]
PLRAIRCEN. FENEH B HFRRME. ILRAEAIR

(R B AL SE MR R IE R A A4

sy, Bt S %l FEL
a0 oW 2. by How Al bl




ZRAFG: 10205 WRES¥S: 2016000024
a4 K 5. Q4 2 %. NI

R EFSE K LHIBRER RN

Effects of Nitrogen Fertilizer on Growth and Nitrate Accumulation

of American Ginseng

FRE: EWFE
BEFCITIH: ThEesrFHEM
HHERR: FARBIL
TEEL: BRK
RBHE: = A H #
FRI BRI
BEIRBAT: AR
EaHE: 201946 H5H



wm =

AERMWERKDLFOREE R CRZ —, B2 E Y 0 IE# 4
K, HENEHEAS 2 WSS S 11 KIERESM R — e mfaE., ek
bEE ANTAETE AR S, TS @R REARE N, N7 AR SIS &,
A Bt B O PRV 2 B AR RS I B Tt 2 — o [ 603 S AR A Ak A i
MRER RN FEE TR —, WMRHBNIE ER RS EYN & 2 2 RIS
PR o 9 T RS DTS I AR AE AN IR R A 1B O, AN [A) BUIE Jte FH =T P
RN ISR LA RAG BT O ST B AR TR AR AR I DE VR S 4
NMPREEAT H RS, FUCHHERE 1 5 DEEKE, DU AR ZUE
KPR S R EMR P i HRURS IR, T RIS IR EE, e
EEMERE, NRERS ARSI AR . L@ 5 A P S
THIR Hh AR R B, 1 R RNE T 2 SRR R R, € PETE SR N IR &
GRIMAREN, NA¥ES GRS IR E 2 IR KR, A7 E%E
BAFLL TR T4 R

L W€ WA TU VRS I I B RUEE Y N2 ZKFRI 10 g/m?, BEIN PR 27
107.58 g/m?, PFEATEFESSCR IS Al M S & &0 15.12%, AbE. &b,
RERE . RS B BIA E] 0.3%- 0.59%. 7.16%- 2.70%, 9 Fi B FF S EIA 3.80%,
HEBEEN 8.65%, 16 fh EEEILIR S EN 2.40%, MHIRHEEN 14.74 mg/kg.

2. WHEAEFESEANMEF IR, HE, 25, Z2H, JBK, 118 ®
LS SPAD. JeAHE, FEEFAKT IR E RIETHE AR (R, 7E N2 /K
S IR i, HIR BB EMEE R (P<0.05) .

3. WHEAETEESERZEr 200805 & E B R & 13N R3S T
Ja AR &S, WA TESREE N1 A R RME 13.49%, HEXSIRANE N 31.40%, 7%
FARE; BEEEEE N KFRGARIEE, ¥ 10.35%.

4. LTSGR, I MEAREE N1, N2 ACF & B, 4



S EL XTI 4L NO 5525 G0 25.40%H01 24.24%, FRE8 N R A B 2 0 5 B AR AT %
PESBERIA R SRR N2 I H I KAE, &80 4.34%, EEXTIRAANE K 18.29%,
HZERARE: EARSBERKRARKERN SELZMAHE, &87E 9g/100g i
A, 1E N4 mRKF PR R ERE R BERZRKFRRE, ZEREEHIHAR
FEFERIIG N, Horb N1 KPS ER %, O RRZH S35 22.19%.

5. WARAR T IS USRI A A BH IR S8 10 B R Bl 203 KT (R 4 vt A (R
(XN, FHEREh & EANLIEE N 14.37mg/kg-32.92 mg/kg, WANES h & B4 L
4 0.94 mg/kg-1.47 mg/kg.

6. RRHE I =2 A ™= it o AR 24 B XS VP Ay g R = AR T P S R I IR R R B
BTSRRI, RIMPEEES TRSER L . WRSER AR HO 435128 0.04%F1 0.06%,
AT 100%, VLETHES TREEREL . WIR S AR RN, AEaH
Ak

KA NS B AR RS

II



Abstract

Nitrogen is one of the essential nutrients elements for plant growth, and nitrogen
deficiency can seriously affect the normal growth of plants. However, excessive
application of nitrogen fertilizer can bring certain harm to crops, soil and water source
environment. In recent years, with the continuous improvement of people's living, the
demand of American ginseng has been increasing. To increase the yield of American
ginseng effectively, the rational application of nitrogen fertilizer is one of the effect
measures to improve the yield and quality of American ginseng farmland cultivation.
At the same time, nitrogen is also one of the main factors for nitrate accumulation in
plants, and excessive accumulation of nitrate may bring potential risks to food safety.
In order to investigate whether there is nitrate pollution in American ginseng, it is
necessary to study the accumulation of nitrate in American ginseng under different
nitrogen application levels. In this work, two year American ginseng seeding have been
choose for the field test, and five nitrogen levels were set to explore the influence of
nitrogen fertilizer rates for agronomic traits, yields and active ingredients. And this
work was used for understanding the nitrogen requirement law of American ginseng to
determinate the optimal nitrogen application amount, and providing the basis for
scientific fertilization of American ginseng cultivation. Moreover, the effect of nitrogen
fertilizer on the accumulation of nitrate in American ginseng was studied to understand
the relationship between the nitrogen fertilizer amount and the nitrate accumulation, to
provide more theoretical basis for the safety evaluation of American ginseng in food
and medicine fields. This work mainly achieved the following research results:

1. N2 level of 10 g/m? was determined to be the optimal nitrogen level with the
yield about 107.58 g/m? for the two-year-old American ginseng. The total soluble

sugar content was 15.12%, and the fruit, grape, cane and maltose was 0.3%, 0.59%,
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7.16% and 2.70%, respectively. The total content of 9 saponins was 3.80%, the protein
content was 8.65%, the content of 16 main amino acids was 2.40%, and the nitrate
content was 14.74 mg/kg.

2. The leaf area, leaf weight, stem height, stem weight, root length, root diameter,
root weight, SPAD and photosynthetic rate of the two-year-old American ginseng at
different growth stages showed the tendency to rise first and then fall with the increase
of nitrogen level, and they reached the peak at N2 level, the difference was significant
at the level of P <0.05.

3. The content of active constituents in the stems and leaves of the two-year-old
American ginseng during the two-year-old harvest increased first and then decreased
with the increase of nitrogen fertilizer dosage. The total soluble sugar had a maximum
of 13.49% at N1 level, which was 31.40% higher than the control group, and the
difference was significant. The total saponin content peaked at the N1 level, which was
10.35%.

4. In the two-year-old American ginseng root, the content of soluble total sugar
was significantly increased by 25.40% of N1 and 24.24% of N2 compared with NO,
but significantly decreased by increased nitrogen levels; The total saponins reached a
maximum content at N2 about 4.34% increased by 18.29% compared with NO, but
with no significant difference; The protein content reached about 9g/100g with slight
changes at a low nitrogen level, but the accumulation was significantly reduced at a
high nitrogen level of N4; The different increased degrees of amino acids were present
with the increase of nitrogen level, and the highest increase value shown at N1 by
22.19% compared with the control level NO.

5. The accumulation of nitrate in two-year-old American ginseng increased to
different degrees with the increase of nitrogen levels. The variation range of nitrate

content was 14.37-32.92 mg/kg, and the variation range of nitrite content was
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0.94-1.47 mg/kg.

6. According to the risk assessment method of pesticide residues in Polish
agricultural products, the chronic exposure of nitrate residues in three-year-old
American ginseng was assessed. It was found that the HQ of nitrate and nitrite in
American ginseng was 0.07% and 0.11% respectively, which was far less than 100%.
This indicated that there was no chronic health risk of nitrate and nitrite in American

ginseng and it was safe to eat.
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(2) RIGBET

HE IR R FHBEALIX L8, ANXERL 5 m?, e, #HE (R BRE
100 g/ m?, & P &N 46%; BRERH 50 ¢/ m?, & K &% 50%it5) , #% 5 Ml
K, 51N 0. 5. 104 20, 40 g/ m?, I NO. N1. N2. N3. N4 %R, &K
i 5 IREE, DX AE I 2.2, S E WAE 2.3 1E 4 RS
AR, AR T O R, s IERE A IR A SR, o AR S A e



MR PEESMERAM MRS, SIS MG 28 sz, R BIEE
BT, HTEAHETER PR IET = 110 em~120 cm, 7EALERBTFELFANAE, A5 LA W5 (e
RERAAAE L BERTARR A BLR, W PRIESESS IR L /NMX A ] 20 em 58 1928
R AT BELRR

#22 WA
Table 2.2 Test distribution map

K1 JK 2 K 3 JK 4 K 5
N4-3 N3-3 N1-4 N2-5 N4-1
N3-1 N4-5 N2-3 N1-3 NO0-4
N1-1 NO-5 N3-5 N4-4 N2-2
NO0-2 N2-1 N4-2 NO-3 N3-4
N2-4 N1-2 NO-1 N3-2 N1-5
H: Na-b fBIZH a M NIKFIE b IREH.
%23 A A B AL E
Table 2.3  Tests for each treatment
MR R (g/m?)
AL PR

N P K

NO 0 46 25

N1 5 46 25

N2 10 46 25

N3 20 46 25

N4 40 46 25

232 MERIRSFHE

RS AR )1 ML JHE]. ORI, DR LR ORI AT
SPAD & SFEMCREE, B/NXBEHLLE 5 BRSHEE, DRTZ, HTPRSIREH .
el e AR E . MR, MRAE. Zm LA A IR IE T IE . Horb 3/5 S46)
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NI AR, 105°C AT 30 min J5, fE 65 CHAENMETEEE, FHMAK L
SRS 100 H I, VEARFIEES, LA S E0H 208 R . IR 2/5 IRIAE
HRT-80 CIUUKAE, L& fELRAEIR #h & 2 ikl .

ARKAERR: KL ZEm DUR A /M BRI & R AR A b RO
ST WM E 22 DR R A B R IE

JaEHRbR: MHEREEA SPAD LUNE; Al A A AN E .

ARG ARERRR SR F 30 2 BT CCEAT RN s AT VAP S Wl SR FH 2R -
BRER L illsE , ANorF 08 CRBE. BERE. BERE. 200D KA m ol
i, =4F (Rgl. Re. Rbl. Ro. Rc. Rb2. Rb3. Rd. F11) H /Rt %=
WAHERE, F11 SRR S 8ooE kil & A sR A AL S 37 2R

TR 6 15 TE AR #h R AV 51 23 I

TR IS T T SOOI, {8 P i o s S A R A 5 K 79 5 5 A

233 G
BT 56 B0 22K B Excel2003. SPSS 22.0. Origion 54314801t %
SN BRI K R L

11



$ 3T AEXEFSE KRN

T ARV A KR B I — R A S I, @i O A AR KT i 1 33 5k
MR AR A N A A . R R AERKRKBEREEREERITR
22—, RMEHAERAMYE RN EERS) ). BAEATEANDZE. HER.
R RGN HEA R M EDEERSELEK. WERE. HRREE. td
RO LA 4 30 S48 BAT B B R 2763631,

DR R ESRE T, SERRRARERK &SR, S aNmnE
F, AT LA KR B AR SRS 6 B 3 PR 7 B i S e 0 B
RN, AR 2 FREMSGR R AERK, ™ E R 2 Bobe i 5 A P
[FIRE SR I P2 S A . DRI, B Bt A T DAE SRR A2 I A K 1 [ B 4
EAE BT VEEES SR E, AETRES N AR KRS fAETRS
SO EPNAE KR B IS T BT — ARt AL . ok, ZrEohdld PN
BRI DRSS, BT SRR E R SRR NRREAHESZH TS
G, SHRMIER RIS R (NDFF%) & & i 3 & 48 5w T H R . M &Ue
5 R M E AL F TSGR SRy 28.89% 1 21.82%; M Z G I T S & A &R
FEARM SR, IHFLH 80% PN SEBISHRE AR . By mid e L5
FIZKBE SEIRAF 5T T PU RS0 NHa R NOs (R ISR I B AR N (1 23 A1 i 25 2R
R, FEKERME NS PR HTE) B R R IT BN AT SIE e N, IR
IS o PIMRRIG 26 AF R, MR NHa MR Lo NOs IR IS AT et 1 A AL,
I HAEKEE N AEZEM i) 704 i TAEMR P 0 A s AERRZE RIS, MRS PIMIEZS
IR N BRI B SOR G PEDREEAR o (8 23 A0 e TAE 22 b i 20 A . &
BEVH PSRN S RIS N & 80% LA ok B T4, 5%k AR, Hax
BEARfEZS . BRIL, BRI RS AR R IR e S B A ) B R AR F)
BT TE AN R A A2 AR ST 0G R 2 S AR o 33 v R B e 3ORI 35 B AR A 1
B, AVEEESTESbR H A A = EIR AL T AR MBS AR . iR BN, TIESAEK

12



R P N E AR AR L 5 AN [R5 A2 U A 2 L AE H v e B R T A TR A N
P, K% 1: 0.67: 2 Mlji; #4FAVHESIHZEARN N Py K FERE M%, £
MZWE R SR A mE; EUFESARNENEE, SEZRTESE
TR FYIFEITE N P K FIEEEE S RIS . HEOSSEEAT 1K SEg,
BEFE 7R BE WICER BRI SRR I B H B R IR R &)
Wi, fFhaies. v Wk = ol SEOUESIR AR W B K EAF
AL

SRIMTIE SRR, BEE S TR EA WG, e EaLr” Bl 7 Iek
Wit AL, R EE I A RS AN G B . B AN 2 520 vl
SRR, ERBUEEIRA AR SR, N R OK, AR A
Ther, AMRMIN & K2 4. Bk, WA H B S e s #0988+
HE AREEE I A FBNEACT RS AR MRS 'R, KRN
FS KRB GG R, ANESIR & R R KRR A S %

3.1 MR R TTE

3.1 MR 5% &

HHARE M 24 FIRENHEE TS

1088 Wb R R BR. BT R, SPAD-502 M4 MIE . Li-6400 Y&
1EFH I E A o

3.1.2 5%

MR 2 DR B (R ORI B RO s ARAR A I b R RO s Bk
B ZEEE DR TR CPIE s HAER S R SPAD-502 4 E I E A 52
[¥] SPAD {H K 7r; A 3 A Li-6400 Y6-& 1 FH & SO 5E -
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324R50H

3.2.1 RAEX P F S B BHAE KRRV R
MREL R AR S A E KR AIR S, 7T BLEDWIF H 78 70 1 e ik
PHAE S AR RAS BT P A 2 A IR

® 3.1 AFARFIKTREES AR (meantSEM, n=5)
Table 3.1 Effect of different nitrogen levels on the growth of American ginseng
(mean+=SEM, n=5)

ARH BKF /g HR4%/mm R /em
NO 3.30+0.21b 9.0420.20bc 19.70+0.22a
N1 4.25+0.23a 9.28+0.44ab 19.72+0.33a
Jeg i 3 N2 4.64+0.38a 10.23+0.24a 20.26+1.24a
N3 4.11+0.24a 10.13+0.26a 20.04+0.24a
N4 2.65+0.15b 8.28+0.43¢c 19.53+0.75a
NO 3.47+0.13¢ 9.6620.46bc 19.30+0.77a
N1 4.48+0.06b 10.18+0.27ab 19.72+0.62a
TEAEH N2 5.55+0.33a 11.04+0.21a 19.28+0.58a
N3 4.15+0.19b 10.36+0.24ab 18.90+0.18a
N4 2.98+0.32¢ 9.09+0.50c 18.76+0.42a
NO 5.24+0.20b 9.94+0.44b 18.60+0.67a
N1 5.63+0.24b 10.24+0.22b 18.80+0.88a
EE N2 6.67+0.30a 12.94+0.70a 19.04+0.47a
N3 5.50+0.62b 11.07+0.45b 19.00+0.46a
N4 4.87+0.20b 10.55+0.27b 18.58+0.61a
NO 9.24+0.19b 11.61+0.39¢ 18.68+1.32a
N1 11.49+0.38a 11.80+0.19c¢ 19.10+0.45a
AR N2 11.60+0.51a 15.30+0.25a 19.78+0.50a
N3 8.50+0.18b 13.08+0.60b 19.56+0.48a
N4 6.36:0.41¢ 11.03+0.10c 18.76+0.16a
NO 5.65+0.13d 11.30+0.10c 16.26+0.44b
N1 9.58+0.30b 12.35+0.23b 17.80+0.37a
5k ] N2 10.83+0.64a 15.08+0.34a 18.42+0.92a
N3 7.42+0.10¢ 11.61+0.30c 17.58+0.43ab
N4 5.67+0.25d 11.08+0.20c 16.40+0.70b

e NG FREFRORA R R R KT A 8] 22 7k B KF, P<0.05, JEl.
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AR ZE KT 76 P S 130 A e

M (mean+SEM, n=5)

Table 3.2 Effect of different nitrogen levels on the growth of the aerial part of American ginseng

(mean=SEM, n=5)

AEFEH  FKF ZH/g & /cm H/g H-THI A /em?
NO 1.294+0.03b 12.26+0.42b 0.83+0.05b 32.31£1.02b
N1 1.48+0.09ab 12.56+0.24b 0.86+0.05ab 35.77+2.29b

JE A N2 1.62+0.04a 15.524+0.97a 1.04+0.07a 56.28+4.85a
N3 1.46+0.20a 15.40+0.67a 0.9840.15a 41.43+4.77b
N4 0.95+0.07¢ 12.70+0.21b 0.91+0.04a 34.3742.25b
NO 1.54+0.04a 17.14+0.31a 2.02+0.03b 57.03+3.90c¢
N1 1.78+0.15a 17.90+0.39a 2.20+0.08b 60.90+3.51bc

JTHAE] N2 1.80+0.12a 15.66+0.41b 3.26+0.15a 92.33+1.60a
N3 1.7440.02a 15.30£0.40b 2.19£0.10b 68.54+2.86b
N4 1.03+0.11b 13.70+0.21¢c 2.07+0.15b 58.00+2.97¢
NO 1.63+0.06a 15.8640.36ab 2.56+0.10c 69.69+4.43¢cd
N1 1.70+0.09a 16.40+0.42a 2.67+0.15¢ 71.31+3.03bc

e k| N2 1.83£0.10a 16.36+0.57a 4.49+0.24a 95.12+4.15a
N3 1.77+0.18a 15.30+0.25ab 3.354+0.13b 80.78+2.24b
N4 1.19+0.13b 15.1840.31b 2.64+0.03¢ 60.18+4.06d
NO 1.61+0.08a 15.86+0.41ab 1.71+0.19b 55.50+2.89b
N1 1.25+0.08b 16.66+0.24a 1.81+0.08b 59.84+3.20b

AR 3L N2 1.08+0.03¢c 15.94+0.68ab 3.05+0.08a 98.74+1.85a
N3 0.96+0.04¢ 15.98+0.24a 1.01£0.05¢ 59.80+2.49b
N4 0.52+0.02d 14.78+0.24b 0.93+0.12¢ 48.73+6.70b
NO 0.19+0.02b 13.9440.38¢c 0.25+0.04b 22.2843.14b
N1 0.68+0.07a 15.84+0.29b 0.56+0.05ab 42.82+5.59a

Wk A N2 0.69+0.07a 17.44+0.58a 0.68+0.31a 53.67+10.85a
N3 0.32+0.04b 15.10:£0.48bc 0.4140.13ab 42.41+0a
N4 0.21+0.02b 14.3840.52¢ 0.33+0.06ab

e HEBUOY R AR

xR 3.1 AR 3.2 #4700, RS A KR TP AR EAARAE R 2.65
g~11.60 g, FAKIMSIR HEFEE R E R BN =R FRIK ERE R N2

I e, 20 A N2 B[R X

HBHLE RN 25.54%, WERHAN N2 LExHR

HIEHE 91.68%, & 0.05 KPFTFHEEMZER. SR EEHKNEEIED R
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N2 7K, A 11.60 g, LLUSCGRIAMI B M 10.83 g it 7.11%, HEAT RIS
MR TR R F K ik B e s fE

IRAHIZWTEFEITE 8.28 mm~15.30 mm, SHREMBEH—F, 7E N2 KF
FE MR EE, 27 Z 0 s RE s BEEER . WERI N2 Az
XTREZH NO et 33.45%. SR ARARAKIE HIRAE LT B N2 7K~F, O 15.30 mm,
FEWSCERIA N2 ¥ 15.08 mm & 1.46%. WK 5 20 RS &K T AR IR AR .

PHEES SR B LR B WA AR Y N 16.26 cm~20.26 cm, HURAR
KB R R AP IR m A e THE &S, IR REZER. HEHEEKR
AW HEAT, RABA I BRI, R R R BRI R, A g A 2
PSSR AE K FEARRERS L IR K E Lo FTREH TUOR ARG,
PR 9 BE IR SR AR R I &, PSRN SR K I B T
AR 3

L E B AR S BRI RIS, oA A K BE UG 0 BT 2 30
(R F 2 ST G AR, N2 ZKP RAT B o 0 SRS 2 010 i i R0 P 4 o v
L TRER), ZZFYIHE 0.05 KPP FEREE . BORR 2 E P RACT HARK

2 e b B B g 23 BT R N RERGESS, EAFEA KT B &
ERRAKFAAR, B, BERI sEE HIAE N2 KF, I e, ¢
R AR sl AR N1 ZKF. JEHZE s N2 ZK-FHEXT IR NO s
26.59%, JFAEHA N1 HLNO f&th 4.43%, 2050 N1 HE NO =i 3.40%, 2053 N1
EENO it 5.04%, WO N2 EE NO =it 25.11%.

AR AR VBB, 7F 22.28 ¢cm®~98.74 cm? Z i), AN[AAEK {2 LA F]
(IR, BRIV BE 283 KT (R G I TR AR S 1 K5 e/, 7E N2 7K TR i
KA. LR N2 AP AR b BRIt = Y 77.91%, Z Rt R . it
SMITAEIA 2 FE A S 20 R A v T AR B S s R S AR B, X2 | T e 3
I WIRIA J F  A i e T, TSGR AR iy W T RS2 IR
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- Fy BB ARG IZE 0.25 g~4.49 g, 5 A A EAH — 2. "R
H 72 2 RSB il 2 SR S K IR 5 B 2 R IR, Il M A BT A S
18, S ST iy B e T AR S o 12N B N2 K g B R 75.39%,
PEE R ERTE

K 3.1 AREFKT R ES KSR
Figure 3.1 Growth of American ginseng under different nitrogen levels
K 3.0 AR EACE FIFES KA OLE, WEFRT UG B, & A
e B F IS ER AR, FUIEE 2027405 N2 4GP R eSS KERF L
IR AC T Hoh K, 5T A KSR PR B i 0 A 45 2R — B
LR ERTIR, fEVEHES BN ERERET, BEE R FAERE N, HRE .
WAe. Z2HE e, RO IR LA KSR 23T =R R ES,
117 H A& SR bR R 072 N2 ZKCF R A RN 10 g/m? AR f s Rl NO 5 N4
BN BRI K, 150 B AN I R it UL 22 38 AR T A 2 AR K il e AR K
PRI PSR ERIRURE , N2 K RiE B S R K.

3.2.2 TAEXT 02 2 ETHART T SPAD {ERYEMT
BEFTEVAEKRE . PR ST A SR I SEE 2507 TH 520 5
RNEBURPE FR RO, MRERE, BEEREYT SRS &R IET,



23 3K TH(SPAD-502) & — Ml S AE ) Fr 2 3 AR & B e R A4S, DR e 2
AP DU AR R S R A m R XA RS DL S 30 2 AL 2041
FRIAN TR WR SR A D S BRI S R D P RIARDR 2k &, AT T DL 4 3R
SR 2R R ARG AR ERE FRIRDL, 2 maf 2 2 15 B> 760

%33 AERERZKFEXTEESM A SPAD {5 (meantSEM, n=15)

Table 3.3  Effect of different nitrogen levels on SPAD values of American ginseng leaves
(mean+SEM, n=15)

THEH] AR 2RI
NO 37.93+0.78b 38.83+0.54b 32.26+0.79b
N1 39.33+1.54b 40.15+0.41a 32.99+0.52b
N2 39.19+1.20b 40.73+£0.57a 35.83+0.45a
N3 42.47+0.77a 40.32+0.37a 35.15+0.51a
N4 40.77£1.02ab 39.03+0.32b 31.88+1.00b

#* 33 W[ LU H, SPAD {HAFIEHITE 31.88~42.47, AN [FIA= & HRH # it & & 1A
Wisgn, vEREZn A SPAD | 2T G FERIE S, S RWIAZR IR N2 I8 )
mere e, JTAEHITE N3 I femi. JTAEBIR B SPAD {H 42.47 HE NO 4 11.97%;
ZRAIATE N2 ZKF T IR =i 40.73 LU IR 51 4.89%: £ SRR 5 % SPAD {4
35.83, LLXTHRZH NO 1) 32.26 =it 11.07%, HEE/KE N4 @i 12.39%. B A
NETt F B A FEDR I SPAD A7 35 0 REHR , i G i IE & AT $R = v SPAD
B, 1B 240 St 2 i O & BE K SPAD, XAl g 2 MERAF TR INE
BT ) o ARSI TR ER K, N2 fe 5 R st i) SPAD fH, NiEH
i I

3.2.3 UM AFSERYME S E RS

Je A E AR L BRF PR OB T b A BB, T S T AR A R Ak
b= AR 5] R =T <% =1 i e N1 I A NRTIDAE e 8 A LTINS SR A, WiETE Y
WAL () — SE A T BRI SRR, R e] PRI [ Az it i R BT AR 3R T4
JRERAR. HYVROCEER TP AR AR R A PRI RE,  #im e & 15
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Figure 3.2 Changes in photosynthetic rate of Panax quinquefolium leaves under different
nitrogen levels

o

3.2 AGERIIRA R FE K RS b A E RN, mER A, A
P FH B P VE S DG Sl R 2 A — i R . PEVES I B & SR B A i A
BRI INeT m R G N2 KRG E R RS, 183 5.59 pmol - m™?s!, FHLLT
FEXHEZH NO I3 R T 16.96%, (HZERAEZE.

3.2.4 RO ES 2N

19



125

2
W [ d
“:LSO—/ d

25 -
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33 ARRRKTF FHES~ BN

Figure 3.3 Changes in the yield of American ginseng under different nitrogen levels
& 3.3 /LA, BEE R ZKFIANRE, TSR & 25T BT
A AR, N2 I Pe B e N 107.58 g/m?,  FEXHIRAH AP K485 51 g, HAMRZE
PESMHT P<0.05, ZERRE. UM IMEALHE, PI7ER TR AR H i 2 0 (RN e
SR ERE, EFMNUEST > EA REER G, EARRE T, AIHE N2 BjEA

= 10g/m? NiE H AL E .

33 MES IR

T I A FAN [F) BER K0 PO 2 & AR MR I R i 45 R A3 Y DU T 458

LWEATIEES ALK RN R (AR, B, 225, ZE, RE. WRE g
BEATIANTIE S, BT T &GRS, KEBMIEREEN 10 g/m?
) N2 KPPk R mlE, AR BEEZER. DR, &8 kEE
N2 EEXSHEZH M- T RGN 77.91%, MEIGE 75.39%, =Gk 0.5%, RN
5.89%, MRAEHEE 31.78%, MREMK 25.54%. UilHiE LIS &AL A&, 7T LA
RIREVEESHEIR, HE, 52EARAEYEZM AR -HT. A&
BN, MERAEKER, &M AT SRR IR, INTs &
P Z . BEIRYIBUE BCE G N, #E— B USRI AK, AR, R
A RIR R B TSGR, BT S R R P e DA AR
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IR, HRBERIARARES A KIRS R T AR SR Rk, 78 A3 2R
BEVRVES AR EIN, NSRBI ], By d . RE . RS RS
PR AN R o

20U S A ERFRAR (SPAD. Je& i) Bl it U i3 i A, N2 K
ik B e, BEJE SCEEE RN R . AR A IR OB, N2 K-F
if SPAD fH A 40.73, LEXTHRZIEIH 4.89%. AHNHL, Y& R X IR SE R
16.96%, XA IE TS KR IAENRSREN &R, S5 KRR
RAEAR ) 224 — 3

3. AR AR T P S UG P B e A 1 2 S T v S BRI AR R, N2
ARV E A 10 g/m? i, POEES &R, 18 107.58 g/m?, TGzt & 1% 2 7=
o EEMIEEE R ENES R, EEY 2 DA TSR
=GN, RN LRSI EEAFRREAKT VTR, a2
WIS EN 11.60 g, HXTIRIGE 25.54%. Mk R K E SN PSR P
SKIAFIFEN, & 252 AT R () S RE 3R vE i 2 = &
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£ 48 ARMNAEFSRENIMN

PEFESEAE M BIR, BARRIZH . RIEOE. BEE IR
AREVRRE, NIR TS 2B AE B A BHBERN, 2 KB TRV SR
P EFABEAEHNARURD N BT 2. BERSE, HEMABRNER, 2=
AR HOR A A, (BB AR & A RUR 3 IR RSN & AR AT i AN RIS 78-821, o i
HRGHFEROAVIE, SHAAIUET . HERRE. eI EN,
WS BN ST PE R . RUIEAE NP EES I (R R A2 15 2 4 v HeAT
BUsor &, MG ES R NE F D a7, AW S il 4%
FES R R T I R ERAT K 3 v P A S R AT U AR B NS 1
I SE TR A BB LA, 3t i T I AR A B R BEURIR 9%, B AR M AUIE I
St ] A HA P A 20 7 1 o (K e R A TS B S5 . TR E 1,
HAVEEBTT T RIEHEXN S TR 2. E AR R,

\\

4.1 X P F S M2 ERNFMN

4.1.1 EEMES5i%E

SKIRAT L 1 100 HIGFEEVTAES AR, RWE, MEnE, e, LI, K
By, WK, M.

LR B0, IRGE, K, HEAEREIRG FIMHORET, P
" KONIK f HPLC 560 (type B) .

4.12 KW FHIE

FE AR ) 45 X 2.3.2 il s IORE AR R 0.1 g, KEEEFRE CRERAZEY 0.001
g), BT 25 mL AZERE T, N 10 mL /KIRE ds48 57, A $2H 30 min, 10000 r/min
B0 10 4080, BCETEBRAI .

A VA ORI B VAR G FETRFREN 50 mg D-Jo/K & BE, FHKER 2 50
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mL 7.

PEARAEI AW £ . A0 9652 CT 4 2 h ISREME. HIEINE. HERE. ZFMES
FEHRFREL 0.5 ¢ CRERIES 0.001 @) , MIZKEARZE 50 mL A&+, FFll.

AP SRR T s 23 BT SO R AR 0, 0.1, 0.2, 0.4, 0.6, 0.8,
1 mL PLRAE S AR 0.1 mL BT 25 mL BIERE R, II/KE 10 mL, 2 )55 500
AN 5%ZKMy ImL FIVRERER SmL, #RZG#HES, T 35 C/KBHT/KAE 30 min, 7£
490 nm AEMESGEAE Ao AIEVESBEPRHET & a1 4.1.1 B

0.9
A= 0.0103C- 0.0193 0.804

0.8 R2=0.9999
0.7 |

0.6
0.5
0.4
0.3
0.2

0.597

W 3 76 PEAL(A)

0.1
0.0

0 20 40 60 80 100
D-JE /K & 78 B IR C (ug/ml)

BL4.11 PP ORI O B s v it 2k
Figure 4.1.1 The standard curve of absorbance of soluble total sugar.

RWE. HERE. . ZREIE 2 BOREARHE I M 50 pL, 250 pL,
500 pL, 1000 puL,2500 uL B T 50 mL 25 & K e 25, il & K EE N 10 pg/mL,
50 ug/mL, 100 pg/mL, 200 pg/mL, 500 pg/mL MIARHETR . 0 AIEL 1 mL BE 5 AR
WABEFR BT 0.45 pm FRFLIEREZRE SO, BEUAE G b . Bk &4 s
N T0%M R, FiEN 1.0 mL/min, #3540 C, #FEE 10 pL. Jrik2eH et g
BNKEEE .. EEMMRE R, frdEihsk R>0.99. BEFRAEMR N Bl a0 4.1.2
PR
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Bl 4.1.2 SUWE. A&, TERE. ZAPNAR AR S OB i A
Figure 4.1.2 High performance liquid chromatogram of fructose, glucose, sucrose and
maltose standard solutions

VE: 1 RN 2 REEN 3 RN 4 RETN

4.1.3 RABX P F S EMHREIR ReIFm

| 223 e
= FF2E ]
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Ziot

0.0
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REKF
K413 GUIEXTPEAE S 250 b OB & B S
Figure 4.1.3  Effect of nitrogen fertilizer on fructose content in stems and leaves of American
ginseng

W& 4.1.3 ATBLE W, PUFES 2 i R R & e A B s bE Ok, RIA 28
Sl AR Y, B RWIRE & R, 3E— DX & AR A
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Figure 4.1.4 Effect of nitrogen fertilizer on glucose content in stems and leaves of American
ginseng
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Figure 4.1.6 Effect of nitrogen fertilizer on fructose content in roots of American ginseng

M 4.1.6 HRTULE L, PHESHRARIES BB D, 1 0.15%~1.16% 2 [/ . 5
ACFEARES, AW PEFES AN A KERE, SRS EEL R Y&, X
FEFEM], N3 N4 KRR A R S E R . AREERET,
JEM S IR & BAL 2BV R, BRARE R 5109 0.45%A1 0.28%.
RIS, BRGNS ML R AR RN, ER. T EE T RS B
YEFFIE 0.46%~0.49% 2 ). BEMRRAE , T INGUIL (0 ft 1Y B 5 AN REAT R i vt Pl
SRR R &, M, 7RISR 70 v 2 b B0 25 5 I e 2 1 4
ERERTEES . BERPIN SRS & B A Y ERATHE R ES, HEiZn

WA S AR R I RAR T 2RI

27



[ ez R

1.8

’%ﬁﬁg (%)

e
=

0.0

N2 ) N3
AT
14,17 I 7 % AR A A B B S

Figure 4.1.7 Effect of nitrogen fertilizer on glucose content in roots of American ginseng
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Figure 4.1.10 Effect of nitrogen fertilizer on total soluble sugar content in roots of American
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(RIS A [ 8 U, ELAE R RIS A I ) & B . EET S A K
s E A, o FL1 MR R R B e, B L5 5 Bl o M0 S P 3 o 2 0
A SRRk S . SRR, FEAN IRV F1L &8 BT AN R RR R i3 b,
AN3 iR EE EiR %, WK T 75.00%2 % . L FESRIIA L N1 KK &
%%, oA LRI X HR AL 0 24.37%F1 12.28%. B— (& F11 (AR Bl N1 A
EEEACE, EAEKETR, EESRT FI S ER .

B 4.2.15 A[ &1, WEESRT Rgl SEEAEKITTIHEERE, FHEIAR
FEREMIPEAR . ZUIEXT Rl & RAN BRIGREmth 3 ZERIUEAK AT, B 200
3N, S Rl W& & HOUR FIRLEE K. FFIRIAMIE(E N 0.26%, TEjt
REN NI BFEE NO H9h0 41.37%. SERMIFERZE N N3 M KER KA, H[EY]
NO 5K 46.34% . 2L R IAFIGRIH Rel & EREARRE, 7 5I7E 0.14%H 0.11%4 44 .

WL 4.2.16 T 50, SIRIEEMAS ] Re &R, SEBEE 1.20%5 4.
e A AE I Re 32 BUIERIRZ AN . BUEXT Re & EHIAR R & 2RI A
Kb S . MEIE A =L R Re S R2ABIAFREE R, N4 KT Re &
EIKECNHE, KT 58.33%. LARMIAIIAR, Re & & HEE MG %
THE RIS . TR WIFE R RN N2 i Re IR EMKE L, & 1.06%,
NO 8K 22.26%, % 5 535  WCRIATE N1 I Re & & LU BRI IN—£5 2, 15 1.17%.

Kl 4.2.17 y Rbl S EKAACE, BmEFA, SR IENEX Rbl & & 1500 &
A FAESE 2 2R . FRAE LR SGRES 1 Rb1 £ HH AN [F) 2 1
&, (AR E. SR, R, BB A EACPIGI Rbl & & BT AR
FEEEIIE NI S, SO ZE R LFARE, 2590 N1 LE NO /KF Rbl 2 &
BEMINT 5025%. Z5E0HT, N1 AKFHEESIRSHE I Rbl &, 1EN
PNIE H R RS %

SHTE 4.2.18 FIA, BEE RN EM, S Ro &=L TFES MK
HHAR I 26 1 Jo Pl R 35 o RE 3 N3 7KSF Ro & & iy, EEXTHRALHE N 41.29% .
LR HARIZT I Ro & SE#ITE N2 /K-FH 1k BIUEARA , 4353 LU 5] 1% HR2E 189 1 37.64%
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16.81%, ZRARZE . WERIHKR LN KT Ro & EMKUIE, B A B 2
I 22.15%. BRI HT, N2 AKPPEESIR Ro SrEfim, RBEE—E Ro R
RS IR AR N2 A A8 it AR KT

MK 4.2.19 FTUUEH, 2R Rb2 SEVEM S ERG, £ 0.13%4A4, £
KEIEERIG, K2 0.07%. BIELESABHAXT Rb2 & & 1R B0, X
tLE 4.2.21 AT R I, Rb3 & &AL E Rb2 AHEL.

WL & 4.2.20 FTHN, 16 R BN 2R Re & B, 255 A KA,
L EAW T, ZIEXS Re & 25200 3 ZERIE R HAFIZ A, RIBE %A
IRV RIS, HAE N2 N5 2 5 IS, 20 0 EEx BRI 25.92%1.20.50%
R & Re & &R R IO S& T AL 7 2 AN it E .

M1 4.2.22 FIH0, PEVESHR Rd & 210K A B R A . ZOIE 3
Ik Rd £ & ) R CE BN AR KIS n AR I, R 9 Se 5 % . U] Rd £ N3
ISP 5 5 P R 25 3G 0 22.74% . FFAE T N2 B NO 33800 31.25%. 283
N2, N3 2Bt NO 2100 84.50%. 86.31%. ZLHH. Uk Rd & EHE
N2 GKEMH, 7300 0.59%. 0.50%, (HIGKEFARE. GEHE, mEEN N2
AR T PSR R AR R

\

425 INEHTIR

PHIE 2 A 2 Hh S TR A BRI AL UK — b 2R 5, P SI
FEENE SO A E B SRR, | ARE TR RES I AN AL 2 rh B0,
HATRTF 70 T4 25 PGV S A L 50 P, L BHAR BT 2 e g5/ A Al
F B NIEI SR (Dammarane). 553UR R 7Y (Oleanane). B 76 B I 1 (Ocotillol)
SRS, 2 AR h A B RSY, TEESRFESET Rbl I Re S &
SIS BB SR S0%L b, ZEMENEERT EURTY, FHUAS
B FI1 2 2 150 [JH 002 NS BB S BAE 6.36%~7.35% 1,
5 EAMPES SR A B A ), 2SI TR TS B BA BN P
55 BEIURE. $Rm e ). ORI DL S8 2 ST R AL RE ) 55 2 P AR A AN 2
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HE P, B E RN Z DU BR TSI, A RIS 74 18 S A R
HITEAFEEUK TR 9 FhEZE PR BT S ERAN, WITEEHEN S 2T
SR, B AESHTIE EIEXS P82 R RS .

BT 2017 SERAMIRR, PEFESEVGRIAZ BIRTS, SUmt reaim=, [
WCSR I PG 3 23 (0 AR K R RO o AR B2 B — s s, T 20 SRS AN SR AR I,
FT LA = ZE DAL RS £ AT 70, SR G090, AL RS0

LAERTIR) 9 Ay, POES M BE S &M Rd NE, A1E 3.40% /40
Rb3 K2, &&EHA 1.65%; Re FE 1.40%L4, EHAES =00 ZJFEKIKA
F11(1.30%)~ Rb2(0.7%)~ Rc(0.35%)+ Rgl(0.26%). Rb1(0.16%). Ro(0.13%). PH¥E
SR UM R A &2 RS F AR IR N Ro(1.20%)> Re(1.00%)> Rd(0.55%)>
Rb1(0.50%)> Re(0.30%)> F11(0.23%)> Rg1(0.14%)> Rb2(0.07%)> Rb3(0.05%). 2=
¥ Rd. Rb3 FF11 M ETEE TSR EE, HEHETLRERTSH.

2ANEXS IS 22 B S BT BEE ZIEACERIE N, Rel. Re.
Rbl. Rb2. Rb3. Rc. Rd. Ro MEEIBEI T 5l m o AR, Hrp
Rgl. Re. Rbl. Rb2. Rb3 PLA Re HJWEAE HBLE N2 7K~F, 7375 L NO i fE2H 1%
K 14.70%. 17.24%- 96.83%- 7.60%- 18.37%. 18.54%, 7 Rbl Bf E&H %
%5 Rd. Ro £ N1 ZK-PHAHUE(E, LEXTREZNEI 16.82% 14.5%, KA BHER;
F11 %A PR 2R 2 H 527 N1 IIA 14.47%, BT REZH 38
10.75%, HZEFHALE, N2 bt NO KT 3.79%, 2 J5hEE R =K 3G,
RN TR

BIEXNTEFES R B E S EREWUT: EERRKFREN, e HSE
I T T RIS, AFFZ, Res Rb2. Re. Ro [MUEEIHILIE N2
KR, 43 AIEERT IR AL NO 91 22.26% 21.46%- 17.6%- 16.81%, ZRAREZE;
F11. Rgl MR &AL N1 KER, 405 NO 23K 24.37%. 9.24%; Rd 7E N2,

7/

N3 H 5 NO 2B &30 12.66%- 14.00%, EZRALE; Rbl £F N3 &5

IEfHA, MK 60.94%, ZREE; Rb3, MAREMZHSEWMINES, N4 t
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NO A& I 22.99%, (HAENEH BE %R SHE SRR 0 H I e
IR S, N2 B EIARR KME 4.34% , HEXTRRZAIEK 18.29%, A &
FHZES, N1 NO BN 12.57%.

BLEAHLEL N1 N2 AP RS2 5 B S A EaEm, 258
10.35%+4.13%(ZEM+Z34R). 9.16%+4.34%(ZEMH+S34R), HIEN S ERFHFX —FH
BURAYI, T N1 RIS B R T %

ANTE PRI B 2 BB B A I A, A B A B A R
HSHE, MBS R T R S e M. XN RS
SRR . RS I AR AR T IR SRR, R S B — R S R (1 R SR AR 4T
) JERE R

43 RN AFEER RS ENTMN

43.1 LM 5%
SLER AR i 100 BIFTRIEFESH R, AaifEd EDTAGE KH] VELP A ).
LIRS TR, B4, B, NDA701 # 5 &4 (& A F] VELP
/,

AR

Zl

4.3.2 EBTTE

AEFFRECT IR VG E S R 50 mg(FE i 22 0.001 g), HEliric %, M8 Eavayr,
457556 ORI RE 5 BT B S BERE A b S5 A5 HERERT I o R0 S 1 95 UL FEE 1 B AE
1020 CPL L, JERMNAEE 650 CLLE, FEHS(AE=99.99%)E 77 2.5 bar LA
b, EA(ZEE>99.99%) % 77 2.0 bar PLE, &SR (465>99.99%) % 77 3.0 bar P A}
I B BEREAI .
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B AR A ARE I R A, RO R R, B3 5E A KR 1
240 60 335K 73 2L LA SO A R PR T B DA S AR A 72, A P e AS T 2D (R 2H GRS 4«
CAHPFRE, PHERARAGHME. PO, REHTTEZRNEME, AMUSH
Z5RRTT AR R VIR G, T HL R T AR e M 1 5 0k 2R AHT 10 v 24 it o ) 5 5
JRE R E BRI, T ASEARNHAZESTTAS, HFESHT
B ARBE AR ASEAREEARTHARGEIIRE. IR, Dk

PRI 2B R 100, PR S E AR A R L, iR A
FiT o 6 U AR A S — e RIS T AR & 2 A T3 ARy, T H
B8 & VG R SR ARAS [F) A K 30 LB IR 1 AR A 11031,

EAFCPHER 16%A 4, TERW FRAE H & &R B R —E 1R,

AT A A AR VRS A K SR, B A A R A
AATE EI IS T BE N v S R SBGR A AR RS R, bR
PR R B i S AR KR A S . 2R BT TR BL R 418

LVEPES 200 B (8 U S o AR, EL2E 2 (i & B PG v S R A K
BEAT I T AT A AR AR A, T AR B 0 TE W AU . R BRAE S AR o AR
SRR REHHEATI, R AR RS il PR 2R e AN TR
bo RERPTEFESR P E AR S #ANERM, HETSRWER, SiE
7= e B 3

2. 22 MR E S E R BN E AR I e T R PERRE S, R N1 & E
IEVEAR, LEXTIRAAIGIN 3.8%, ZFA R . & i EUIL 2 3 SRR T 8 1
fry 2 #00s),

BMRIBE A S EMAR S =N L RIS EEES, £ NI N2, N3
2 0 2 140 ) El X HE A BRI 6.28%, 7.25%, 9.93%, ZESFARZE, 7E N4 i
P 13.30%. ATREE T RASEIRE , 220t b it B 5 AR L A b, [
MR IE 75 K i A B R AR A SR AR RS Al SR A R2 I, R B A e b SR
BRI S M F AR
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R, 35— B8R AR RGN, Al FEA N &I R L 7 Sk Of
UEPEFES B R & R R .

4.4 R AFS B RER S ERFIT

441 XWMBS5EE

SRR T 100 HIGFRIGES R, IRE IR, AR IERR
fg (Nle) , WEIKIE, #HER, M OKRBE. GHED .

TIGW A TR, REGH, WSO, AR AT (BEEZE R
S433D)

442 EWHE

WARECH: FREL 10 g CRERAE 0.001 g) FFL /KR, A4k EZR S 100 mL,
H K 10%A8E3E KA FRVE TR « K5 FREL 0.6559 g IEZ2 2, 0.1 mol/L ) HCl B %&
% 100 mL, FCRKEEA 50 umol/mL MIEREBRIA R . WL 0.5 mL KN 50
umol/mL {1 IEZZZ IRV E T 100 mL 2+, F 10%EEE KBRS UE %, H
BEER 1 % 250 nmol/mL 1E 3220 BR Y ARV »

FESMACER: FREL 0.05 g CRETAZE 0.0001 g) PEFESRYAR, M 5 mL 484K,
RGHIREGHE 2 h, EIRGIEFERERT WK, B IR

PRI B 0.5 mL EIEW T 1 mL S.0E S, A 0.5 mL AFREH, 10000
r/min FEGG S min, BIERE T EVVINE T EBNEIERR B ) 7 0Ch AT R

4.43 AR EFS R EBEER S ERFN
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®441 ARRFAKTT 16 Mhiff SRR G RENZRN (AL mg/g)

Table 4.4.1 Changes in 16 amino acid contents under different nitrogen levels (mg/g)

REARER  HEAR 2% BER WER O HEAR  AER SER

Asp Thr Ser Glu Pro Gly Ala Val

NO 0.33 0.50 0.29 0.01 0.23 0.06 0.45 0.27

N1 0.25 0.82 0.43 — 0.26 0.05 0.36 0.27

N2 0.38 0.94 0.57 0.47 0.15 0.04 0.49 0.25

N3 — 0.79 0.39 0.45 0.21 0.05 0.56 0.21

N4 0.25 0.89 0.35 0.18 0.20 0.04 0.39 0.20
HEAKR  AaE RER BER S FAE dEkR BEKR O RER

Met R Ile Leu Tyr % Phe His Lys Arg

NO 0.08 0.26 0.42 0.17 0.46 1.21 10.36 7.44
N1 0.12 0.25 0.43 0.12 0.36 1.28 12.37 10.18
N2 0.06 0.23 0.37 0.13 0.38 1.44 3.74 15.97
N3 0.01 0.21 0.40 0.09 0.43 2.15 0.14 22.73
N4 0.07 0.17 0.35 0.11 0.33 2.23 5.22 13.30

30 ~

25

WIERR 75 it (mg/g)
T T T

wn
T

0

N1 . N2 N3
BEAKF
K441 ZFUEXTEHES SRR S BN
Figure 4.4.1 Effect of nitrogen fertilizer on total amino acid content of American ginseng
CAVRRY, SRR EREEFE, SFEEEREER 50%L L
HOCI07], 7 #r 3k 4.4.1 PUPES RGP AR Z R AT 16 Mra bl & & ARG Il
DB, AFTRRERE CHERS R -2, WESHRET & EREHEAER A
Arg, fE 7.44 mg/g~22.73 mg/g ulEN, HIN Lys, S EAE 0.14 mg/g~ 12.37 mg/g
Z I8, HEESE=ALN His, V33 1.5 mg/g 747, SREBEMINEASRE Gly. Met

Al Tyr, &8LE0.01 mg/g £ 4. RALK 16 FREILRR & &M MAS KHIE, FEER
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AR, Ser 1 Arg (K18 BRI SETHE EFEARAIE S, Ser HIE(E thIL/E
N2 /KPR, 24 0.57 mg/g, LRI IR IT — %, 257 235, Arg MR s {E N 22.73
mg/g, BHELLXTHRAL NO BEINW %22 Val Al Tle B 3G IN& &1 F4K; His
)2 BB s Met & S ZUEAKCE RN E PR S BT, 7E N3 BHEF)
BARAR, OO HRZEPRAR 83.00%: HARZEMN AR A LI B MHHE. HE
4.4.1, 16 MEARERO G ENBWBEHBTI, HERRKTFIIR S, IR
SEREMW T BT TR BT S, NT A R OE, B E NO 30 22.19%,
N2 AT 6.65%.

SRR A RE AR AL, R—F 2 AE T BARRNEGRENE
PURRMGEHR, R—UIEamzii. WiESh EESARER. AER. BER. 75
AR, HER. mE&R. KRINZXARSE 18 MLl Era £, L adE 7 hA
R TREIER . TS AR IR &8, B &R A AR>S k>3
HRUOS, JE H PSR SR & 2B E S8 KT A i DU, a2
SRR, A RE AN A M BB, A 0 RT B M P W BB AR, AT
Z 5 S EA 2R ThEE, AR RARSRKPUREEEM, A R A
EFRR RN, XSRS AR AT 20 as 00 2554087, N1. N2 UK
ST 2 R8O i R A R I N I A T R
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B 5T AEXEFSHEBRERZNIMN

RILHE RS SR B M EE R N 22— SRR, G AR SR 1
5 A RN Bt B 5 LA ORI T g ) Rt P B /D e S A MR R I — TR
B . DRI R AR IR S BRSNS AR B &
BRIMAZL R FORE SO0 IOMER B, vk, RS AN 1 R i TP LA R £ 5
IR B AR o H A% T il TR A IR S S A PR 6 2 B AR A R 730 2 B4R P e
2R 2 b, Of H 28 vh R TR 6 R0 IE AR R 28k 1) 25 B AR A FUAR PR I AR 22 AL
Tt 15 2 20 VUV S i R A IR kS A IR 1 PO P B e 3 DL R e AT 5 B AR A L
SEATFINI R A PR EE 0T TR PO RS R AR IR ER AR 3R R il R I T i
YERIRET, T REICH R SR RV, HE U SR A R IR £h 5 & AR
250, IS S & 25 22 1R 05 2 IR KE .

5.1 RAEX FFES IR E S RSN

5.1.1 SKEE# AL
SCEG I e BTN SRR, WEREALH, MRt KO, WIERTY, #HiR.
SERAN S . WA A, KIS, BT RF, B

5.1.2 R 555
FERALHE: S [E s GB5009.33-2016 H AL ALFE 77k, X PO EERE S AT
WOFE . EEREVRIR IR T R UIREIR S, VUAMEBCE S, WFERHTBE s A 324 (id=ein

SRl RELS g ORI 0.0001 g, 1836 MR (MK EIT D & T 250
mL HZEHETZH T, I 50 o/L IAEAMBIRN A 12.5 mL A1 70 °C /4 7K 150 mL,
B2, T AKBin# 15 min, BUHEAKBHANREE =IE. CEER LR
RBUEZE 200 mL &M, A 106 g/L WEKFALEIATR 5 mL #£5), FIIA 220
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g/L W OTREEHEW 5 mL, DAUTIEE AR MKZEZIE, $82), J4E 30 min, FrE
EEREWT, AT UE EIEW, WIUEVRE 30 mL 2%, 3B ERBGR RN .
Mg Psh oA LU

513 RS

®51 ARBRFRAKFFUESIRPHEREE . RS B2

Table 5.1 Changes of Nitrate and Nitrite Content in Roots of American Ginseng under
Different Nitrogen Levels

A K BEKF TEMR £ mg/kg W HHIR £ mg/kg
N1 4.45+0.24¢ 1.38+0.21b
N2 16.81+0.48b 1.38+0.07b

e N3 16.62+0.32b 1.98+0.16a
N4 35.49+0.27a 1.02+0.04b
N1 14.37£0.21¢c 1.22+0.20a
N2 14.74+0.33¢ 0.94+0.07a

IRH)

gl N3 22.06+0.32b 1.47+0.13a

N4 28.20+0.17a 1.05+0.19a

2 5.1 ATAL, PSR LI 5 B AE 0.94 mg/kg~1.98 mg/kg Z I8, /T
4 mg/kg, BT EFR AT R (4 5558 Hh TR R S PR AR e o T SR Hp iR 26 2 i
i T AR & &, PRSP MRS & & HEN 1437 mg/ke~28.20
mg/kg. PSR A ANIR #h & 5 AL T AL HIAISCER I BRI 1 88 I it FH & 1Y
B2 AN BT ARG S, AR R IEAR O, X 5 AN BRI e as R — 2Pl
WS I ST A 1 8 5 B B AR AN R, AT RE TGRSR A R 3 TR il v R SR AR
2

TR R T 2o A (K VR R, ESh P s P93 S A T A IR o ST R 56 T {8 30
Py EESR A, PR BRI PO, R B, REE SO RS R
Fi 254 T R SO V) O A i, AT 5 R B 1 A3 R e A8 . (HTE L IRFRER
H, RARANIAR DRI, HETH R Z KR ER RN TEREP IR FEABE
W, BEEEREE YUK, BNERRTRYIEER 5 &R 5T IR N & .
PRI, A R P e S R 5 AN IR 2h 1) & B v — e R EARIE B 224,

52



5.2 RABX A F S AHER L R BEE 14 RO 200

5.2.1 SKEEM R AL &

SEIG I e BT PIAE SRR, UKAREKE, HRE BRGNS OB TR E
A TR T

SIS KR, GRELHL, OHE, 96 SLEEFRIR, BERR{X.

522 A

1. 5E Je B«

fi§ B2 38 JR B ( Nitrate Reductase, NR) {1k fili B& £h 6 J5 4 T A 1R &
NOs +NADH+H — NO; +NAD +H20; F=ERI IR e MM 41T, 5
X EFERRR . o-Z e B AR AL OB B S R AR SYE 540
nm A F KR, 7T 236G BEEIGE .

2 FiF§ TR 3 D AR X 3 K 7 2L A B 1«

Bl —, 2 mmol/L NR At & 8 =, &Y W=, REH: 1KH
W, SN0 BT, BREGER. (IraRmSeE 4 CHRE

100 pmol/L NR i i B R BC #1 « K5 2 mmol/L FrifE b 86 5 X FE /K H 1:19
HILLBIR G, B AR AE S 259 20 A5WRE, #4321 100 pmol/L At i SR -

75 70N PR I P AR SR R S R K 123 LR RE, 2 b
[FEZA .

3FFAHT AL

W0 -5 T 0 SR BN RN R 46 2 . BURTEE VT RS SR gy, e
F HIEAR T, B RN RIS, BIE%S 2 h@ CHEH). FS
SR I i ELR T TS B T-20 “CA % 30 min, SR )5 FE IR F SRR T I FREL
—EEE, 0.3 g(FEMiE 0.0001 g). #ZHEF(g): A(mL)=1:3 MLLBEIIA 3 514
7RI, B 1.2 mL AT, TEVKIRPREE it B 11l s 25% I 515 Sl
7F 3500 t/min &5.0> 10 min, H_E7ERAR .
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4.31F 1)

®52 BAARBRAEDR
Table 5.2 Specific steps

THE PR e & pagiGR=g
R ZEIK 0.2
100 pmol/L ArifE B H K 0.2
FEA 0.2
Rl = EY 1 1 1 1
BAIE, 37°ChEYE/KI 30 min
RAI= B 1 1 1 1
FEA 0.2

ZAIRAI IS 3500 r/min B0 10 min, U EJE 1 em Y648, 540 nm L, XZEAKHE, ME OD 4

SRR IRPS
BANLE X B HZE 37 CISFRAT N EE/NIE R 1.0 pmol AR £h O A FE 55
N 1A T HAL
A3
NEFH _MeODHaMEODH  IRERE L oii Uy FAMEN

- #
(UEE) RECDMSACDE (Whwell) SEOREHEG-REHEL  EARR

523 RS54
351 v Jm
NN V3|
- 5 SRR
cH InEIRS |
S | XX Wikl
o 1 |
H’g a
N e
QLT E‘% v
KX KX KX ¢
& k4 K £ ab%
o K K o o8
= K & o 5
K K o ]
0.7 & b ER e £
% 3 o K
K a Ll 6 K
Ha Ky a s a R K
7 . K 7 £ b
<l K K X

0.0

BEKF
K 5.1 BAEXPEEESH B NR W 2

Figure 5.1 Effect of nitrogen fertilizer on NR activity of Panax quinquefolius leaves
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HIFE 5. 1 ATLLE H NR M2 4R E . BUIRHE A K P IOXCE#Z) . Bi0RE,
WCRIARY Bt NR VG M fe i, JUHRTE N2 KPRk Bl s . 76 NO. N1 RE/KF
T, NREAKEIIERECR, EAKME. PEEA R, B2 %00 5
Mo FEREUKT N4 T, NRETEN=ZAFARmER, B ETHE%S. £ N2,
N3 /KPR NR GEPER I 7SR THafE T RRAETH m sy, HIGESEA ALK
B NR VA A mE], — AR, — ARG, x5 T/ pgne
IR T4 RA LN . XA R GIBERAE . AURFZAMA K, ARKIFERAR (I
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Figure 5.2 Changes of NR activity in leaves and roots of Panax quinquefolius under different
nitrogen levels at full flowering stage
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Figure 5.3 The relationship between nitrate and nitrite content and nitrate reductase activity
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