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Abstract: Objective To provide basis for the optimization of planting mode of P. ginseng, and investigate the effects of buds removal on
the contents of main ginsenosides and plant hormones like salicylic acid and abscisic acid in various parts of similar wild ginseng, including
aerial part: leaf, petiole, stem tip, middle part stem base, and underground part: rhizome, root bark, root heart, lateral root and fibrous root.
Moreover, the further study focus on the correlation of content between ginsenosides and plant hormones. Methods The major
ginsenosides and plant hormones of P. ginseng in 10 parts were accurately quantified using UPLC-MS/MS technology. The quality of P.
ginseng affected by buds removal was evaluated using one-way ANOVA, and the correlation between the content of plant hormones and
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ginsenosides was investigated using Spearman correlation analysis. Results The methodologies that had been established were reliable and
practical. Total ginsenosides in root bark (P << 0.05) and lateral root (P << 0.001) of similar wild ginseng in the buds removed group were

significantly increased, whereas total ginsenosides in aboveground parts of similar wild ginseng, including leaves, petioles, and stems, were
significantly decreased (P << 0.001). The contents of ginsenoside Rd in rhizome(P <<0.05) and root bark (P << 0.01) in buds removed
group were significantly increased. The contents of salicylic acid in the root bark and root heart of ginseng in buds removed group were

significantly decreased (P << 0.001). Salicylic acid was positively correlated with ginsenoside Rbz and Rgz, and negatively correlated with

ginsenoside Rgs and F1 contents. Conclusion Removal of buds significantly increased the content of total ginsenosides in the underground

parts of P. ginseng except fibrous roots, but decreased in the above-ground part, leading to an increase in the comprehensive value of forest

cultivated ginseng. Furthermore, buds removal can cause changes in salicylic acid content, which was correlated to the change of ginsenoside

contents.

Key words: Panax ginseng C. A. Meyer; buds removal; ginsenoside Rbz; ginsenoside Rgs; ginsenoside Rd; salicylic acid; abscisic

acid; UPLC-MS/MS
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Table 1 Mass spectrum parameters of components
HwEY BT U T %6 (m/z) AT B QL fill f# REF/V AT L& Q3/V

NS 2+ Rby [M+Na]* 1131.60>365.10 -32.0 -55.0 -24.0

ANZBH Rd [M-+Na]* 969.70>789.30 -28.0 -51.0 -38.0

NS B Re [M+COOH]~ 991.60>119.05 22.0 54.0 12.0

ANSEH F1 [M-+Na]* 661.35>203.05 -32.0 -37.0 -21.0

NS B Ry [M+Na]* 823.55>203.10 —-24.0 —44.0 -20.0

NS B H Ry [M-H]" 783.50>475.30 30.0 42.0 14.0

ANZRB1 Ros [M+COOH]~ 829.50>783.40 24.0 20.0 30.0

KGR [M-H]~ 137.25>93.00 10.0 16.0 10.0

I TE TR [M—H]~ 263.35>153.05 19.0 11.0 27.0

#z2 ASEERSSEPHENEITSIE. r. ZM4SEE. LOD 1 LOQ
Table 2 Linear regression, correlation coefficient, range, LOD and LOQ of components
E B Epay r 2R PN (g mL ) LOD/(ng-mL™)  LOQ/(ngmL™)

NS HBH Rby Y=84.102 5 X+1 036.80 0.999 1 0.051~50.000 10.8 50.00
NS B4 Rd Y=231.096 X—88 079.5 0.998 3 0.015~~30.000 1.42 431
NS Re Y=52.723 3 X+1 754.14 0.999 2 2.5X1073~50.0 0.65 1.97
ANSBEH R Y=70.982 8 X+14 112 0.999 4 0.01~50.00 2.06 6.23
ANZBH Ro Y=166.177 X—48 069.9 0.999 4 0.51~50.00 0.30 0.87
NS BH Rgz Y=21.523 4 X+5 832.42 0.999 3 0.028~55.000 7.51 9.89
ANZ B Ros Y=981.649 X-+18 107.7 0.999 8 5.0X1073~10.0 0.60 1.85
KR Y=5789.64 X+4 731.95 0.999 2 0.010~0.200 0.30 0.95
JIt TR Y=6272.7 X—1497.42 0.999 7 1.0X103~0.2.0 0.02 0.08
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Fig. 2 Effect of ginsenosides distribution on the buds removal of total ginsenosides (A) and main ginsenosides (B)
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Fig. 3 Effect of seven ginsenosides content on flower buds removal

*3 MNTEREILAKASEHSE (X+s5,n=3)

Table 3 Content of ginsenosides in different parts of ginseng (X £s,n=3)

A

ANZR2H Rbd(mg g7

NS EH Rd/(mg ¢7?)

NZ BT Rel(mg g7

NBR2H Fu(mg 7))

CK BR CK BR CK BR CK BR
3k 313140288  4.0224+0.385° 0.163+£0.019 044310246 210440445 1.0064+0.098"  0.006+0.001 0.00440.000
i 2970+1582  3631+£0515  0.009+0.005 0.120+0.076™ 132440493 0.989+0066  0.003+0.001 0.002+0.001
LN 0.332+0087  0.328+0.086  0.016+0.001 0.083+0.071 0.192+0.048 0.029+0025  0.002+0.000 0.001+0.000
MR 4080+1.834  4.985+0202° 0.689+£0.470 054110105 1807+0.700 112640202  0.009+0.004 0.004%0.001
ik 6.301+0.725  4.965+0.797° 1598+0.116 133520407 2879+0.159 1.463+0.032"  0.021%0.007 0.015+0.006
H 0.068+£0.012  0.053+0.014° 1.223+£0.067 1982+0419 3504+0.161 1.480+0607°  0.802+0.051 0.31940.013
4 0.00740.001  0.007+0.000  0.019£0.003 0.023+0.005 2131+0.191 0.800+0.018°  0.088+0.015 0.072£0.016
ZFfise 0.007+£0000  0.005+0000  0.007£0000 0.008£0.001 0593+0.138 0.329+0035  0.002+0.000 0.006+0.001
.y 000640000  0.006+0.001  0.006+0.000 0.016+0.003 0.721+0.076 0.534+0.253  0.032£0.008 0.038+0.013
#.fFnf3 000640000  0.005+0000  0.014+0002 0.013+0.004 1037+0.143 0.428+0.078 0.021+0.009 0.024+0.008
i A2 B4 Rg(mg g78) N2 R2H Rod(mg g7 ANZRH Rgsl(mg g7
CK BR CK BR CK BR
3k 2135+0356 2.969+0421  0.106+0.036 0.125+0.025 0.006£0.001 0.006+0.001
g 154440650  2.669+0476  0.089+0.040 0.12440.018 0.005+0.001 0.005-0.000
B 138840779  2.6594+0.795  0.003+0.000 0.00240.001 0.004+0.000 0.004=0.000
MR 125740438  2.567+0.627" 0245+0.156 0.195+0.018" 0.008+0.001 0.006+0.000
ik 150740050  2.0064+0.095™ 0.575+0.055 0.41040.047° 0.039+0.011 0.018+0.005
i 328340104  2.196+0.100° 042540033 0.205+0.017° 0.063£0.009 0.72040.016™
4 169440169  1.3424+0.184  0.084+0.013 0.093£0.029 0.012+0.001 0.012+0.002
= ifie 033310004 034840114  0019£0004 0043+£0008 0.005+0.000 0.00540.001
o 077140440 087740158 0.034+0001 0.050+0.014 0.005+0.000 0.008+0.001
Eme 0931£0110  0.689+0190 00360008 0038+£0010 0.00740.001 0.00740.001
5 CK 41t#:: *P<<0.05 ™P<<0.01

"P<0.05

P < 0.01 vs CK group

3.3 HHEN ASFATEIHLE

331 fHEXM TS AR EAEYMR S 'R

W BRG SEATRG I, BR ZHF1 CK AN AR AL A4

Mg HY“2.17 TR FEFERIAR T Sk, 1% “2.27 T

Nl S B S, 12 247 TN B

WIS BTSSR IR 4 F1A 4.

2 AT ZHRIKMIRES . S0 SRE

REZESN, HMHMAGEEEEER (P<
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#*4 CKE5BRATAEIUIEMHENESEN (X+s,n=23)
Table 4 Determination results of plant hormones in normal cultivated and buds-picked ginseng with different part (X £ s,n=3)

FRESHU(ng g7)

HBAL KGR it 7% 12
CK BR CK BR
73k 22.278 +3.699b 15.286 +1.633ab 17.995+2.994a 5.979+2.770b
RO 45.736+2.434a 12.759+2.091abc 38.008 +8.577a 9.544+4.488b
B 52.812+6.939% 14.625+0.754abc 42.607+17.791a 8.303+0.131b
AR 19.632+1.561hc 18.033+2.091a 11.816+4.756a 9.905+3.733b
MR 12.365+1.014d 3.782+0.744d 35.292+15.781a 30.516 +4.487a
b 14.824+1.914cd 13.573+0.631abc 19.734+0.221a 18.755+0.131ab
A — 3.093+1.173d 42.332+6.960a 16.585+1.657ab
ZE-T AR v — 8.534+1.845¢c 19.260+0.507a 12.067 +2.749ab
UL — 23.025+5.530a 29.595+0.825a 13.678£0.131ab
E-S LT — 9.651+0.757ba 25.808+5.825a 14.610+£0.874ab
7 TR O EART R FABIEA R TR R B E R (P<0.05)
The symbol “—” means below LOQ; Different letters in the same column indicate significant difference (P < 0.05)
60 > KR 60 Jit v R
2w | T o
£ mer £
S 2 S 2
= B
0 LT GP GXCG XG Y YB JL IM JH 0 LT GP GXCG XG Y YB JL JM JH
LT-/3k GP-fRE GX-Ray CGHUMR G-ZUR Y- YB-rHAl JL-Z2HEd IM-25rbil JH-25Th: BR 415 CK 4AH#K: "P<<0.05 "P<0.001

LT-rhizome GP-root bark GX-root heart CG-lateral root XG-fibrous root Y-leaf YB-petiole JL-stem (stem base) JM-stem (middle part),

JH-stem (stem top) "P <0.05 P <0.001 vs CK group

B4 FHEREFENTEEBEZEMH RN
Fig. 4 Effect of plant hormones distribution on buds removal

0.05). CK 2K~ 2 i BRAEAN [R5 AL 1] (1 3 A
TEEWZS, (HE BR Arh, i E3A 545
&S mAAEENER (P<0.05), Fii5H
AR B BT R & =3 B R % 7 (P<<0.05).
WTFSEhRRENEYEESE LR EEER.

FHELT CK 41, BR A iR CAKGIR & & R
FR#% (P<<0.05); CK 41, MHEAIZE /KR &
B TENMK, BR AP /kBREEEE A H
fhERALK IR S AT A E B 22 7. 2 4]

My XU WAL, AT AT AR T 2 b il 9 R A
KRS NS BERIS B, 453 ILE 5.

KW 5 N2 2H Rby (r=0467, P<0.01). A
Z A Ry (r=0.294, P<<0.05) L1FHE, 5AZRE
1 Rgs(r=-0.257, P<0.05) fll A 21 F1(r=-0.355,
P<<0.0D) 2 fAHXK . B IR 5 N2 21 Re(r=0.257,
P<0.05). AZBEH F (r=0.258, P<0.05) FIE
R KRS B NS5 & (r=0.266, P<0.05)
BN, 5EFEAZRHEE (r=0.304, P<0.05)

PR S A [ B AL I v R & AR A e B V2 5 2 IR,
332 KM MERSANZEBHSEMMMRNE 4 e

SKH IBM SPSS 26 #1 R Studio 2k {4, %f 2 ZHFE A
2 BAF UL S AW R S BT Spearman AHIMES>

41 BIEEHER
T RORAR B s R R T E MR, B8
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1.0
Rb,

0.8
000 Ra
000 000 Re 0.6
000 000 000 Rd 0.4
000 000 000 000 Rg 0.2
001 064 000 009 000 0
097 002 000 000 000 | O 02
000 000 000 000 000 031 000 TG . 04
000 000 000 000 000 077 001 000 MG

-0.6
034 043 005 026 09 005 007 088 069 ABA

-0.8
000 002 099 008 054 001 005 004 002 008 SA

-1.0

FERABMENPE, A LATEERR i
the value in the lower left corner is P value, and the color in the upper
right corner is r value

E5 HTEHhEMHESASEFNEXEIITSIEE
Fig. 5 Reveal the correlation between determined
components by bubble plot

PRARAN 0 AT IR (R 200 A, I AR 22 Mo T
NS 2 i NS B A R 1A il e e,
NS4 WY R KBRS vk B & 2K, &
WAN 1078~107, [RIHIE A 158 FH = 250 mAH £ fi
I FVEEAT M o 6 N2 2 A s 2= A
A S R T R EE-K . FEE-K (0.05%FER) . H
fE-/K (0.1% ) Pl RS, 45 FR VKA HEE-
IKVERNGER RGN, NS BH RAEDE R &1L
RO, S P -0.19% P IR K VA VA 9k i &
i, N2 2 I B ROR B s SR
M -0.05% H 1% 7K V5 T -5 HF I -0. 1% HH R 7K T A itk
Ve RS, W NSRRI ZE R, PIiE
12-0.1% F R /K P T3k AT e i

AR SEBG IS T AT AN B A R &
NZ NIEHEY) & &2 1 UPLC-MS/IMS J5i%,
XM F S 10 MARFEFBALA I 7 Fp NS 2E Rba.
ANZEH Rgi. AZ 21 Rgs. ASRE1F Ry AZ
BH Rd. AZEH Re. NS 2H Fi K 2 Bl
FOKMIR . MIETREHAT T & &ElE, Frdsriis
FAETAT
42 MKTERRBUASEENSHNEREE
POp=R: 0}

AR E T B ERER S = LRSS

(re & e NS B RS 18, O T BRI R
RIS, ARSEIGN AN K EMR T S 7
A BHESERTNE . NS 2H &AL
i 22 7 K09, Hor A 22 57 5 38 i 2% U AH o 021,
Schramek 25120V 13C prid M RIS REE R, NS
B A B AT AEE T TR BRI A .
Kim 52215 Han S5t 50/ N R I, NS BH A0
HERFIEFA—F, BT LA, AS288
BN A M. 25T, PEs. . k. AR
B MR MR -5 ZB0AR 1) 2% 18] 40 A7 1T g S AR IR 3
OB RRNE . R AL T 201454 10 4S5
(0 DU~ i bei X il P NS M v B
ERHAHRET, My ASEHFESEN>
AR > 25 T > 25 Fh 3 > 2R 0880, RIAS BT A
FEAEN . MRS 2, X ATRE R A
ZRBAF R A A KRR JE S BRI R, SR
SCHRFRAE AH 7722280, 4575 Fe NS B e R A
SRV BRI RS ER AR5

EREELME, 8T S TR
WA EEASEHFMEASEH&ES L
Tb, M B EBEASEHENAASBEHSEYL
ERAK. FHEBIZURIEAR NSRS b
B, FUCREBRAEES TR mAR T~ S M AR &,
{HEIRT Z RN S 2504 i 5 505 BT T B
4.3 FEMRTEENMN TSR IMAEMH R B X

W 73R B AN KA IR S Mot v R AL B G N 2 2 8
GERAREMW, B, SNEKAGER A AT DL
BN TSR AS BT Rby. AZEA Roi. A3
B Re FASBHMEER,

W R KR R VK B3 2 5 REEM NS
BEAEYE R, Bk imid s NS5 s
W, (REASRER R, BygiEd FIAS
A AR G R B B T RIRIA, WS A
S REFRIFRLS 240, K, ARSZIGHAR N S AN E
PR R IR B I P& R ) 5 S dtAT TR . 357 00 AN )
ALK BRI & AR A B E . HYIAE 22 Ah
LIRS AT B R KRR . TR BRI
2, R RAAR I & BRI PR B i 29, 7K
WMTRIEIT 5 S BTG 1 . SCHE AL N 22 R R IE
WS R R B FIE T . FEYDIER (AP [F) A2
NS BAFAED & AR R0, R, Ak
BTSRRI & &, v Rk s =
it RAE VILE LD A B (1) DSV 1 B N 22 S
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