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The Accumulation Differences of Sanqi Ginseng Saponins in Different Producing Areas and

Their Relationships with Soil Fungal Pathogens
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Abstract: To investigate the differences and shifts in the contents and accumulations of saponins in the taproots of Sanqi ginseng
(Panax notoginseng) from different producing areas, and to analyze the relationship between saponins content and accumulation
and the quantity of soil-borne fungal pathogens, Sanqi ginseng planting bases in the traditional producing area (Qiubei, Wenshan)
and the emerging producing area (Shilin, Kunming) were chosen, and samples of Sanqi ginseng plant and corresponding
rhizosphere soil at the two-year seedling stage, two-year root growth stage, three-year flowering stage, and three-year harvesting
stage were collected, high-performance liquid chromatography (HPLC) and real-time quantitative PCR were employed to analyze
the contents of major saponins (R;, Rg;, Rb;, and Rd), as well as the quantities of soil-borne fungal pathogens (Fusarium
oxysporum, F. solani, and Cylindrospora destructus). Additionally, the aboveground biomass and belowground biomass of Sanqi

ginseng were also measured. Results showed that the producing area had significant effects on the biomass accumulation of Sanqi
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ginseng. At the three-year harvesting stage, the total fresh biomass and dry biomass of Sanqi ginseng of Qiubei were 27.7% and
31.1% higher than those of Shilin. Similarly, the producing area also had significant impacts on the contents and accumulations of
saponins in the taproots of Sanqi ginseng, with the level of saponin monomers, total saponin content and accumulation in the
Sangqi ginseng of Qiubei higher than those of Shilin. In particular, the total saponin accumulation in the taproot of Sanqi ginseng
at the three-year harvesting stage of Qiubei reached 2 364.8 mg, which was 1.56 times higher than that of Shilin. Throughout the
entire growth cycle of Sanqi ginseng, the quantity of F. solani and its proportion in fungi in the rhizosphere soils of Sanqi ginseng
of Qiubei were significantly (P<0.05) higher than those of Shilin, while the quantities and proportions of F. oxysporum and C.
destructus were varied. Correlation analysis showed that the quantity and proportion of F. solani in the rhizosphere soil of Sanqi
ginseng had significant positive correlations with the contents and accumulations of most saponins in its taproots, except for the
two-year seedling stage. In conclusion, saponin accumulation of Sanqi ginseng is significantly different between Qiubei and
Shilin, and the difference is closely related to the quantity and proportion of F solani in the rhizosphere soil, which provides

useful information and scientific basis for deciphering the quality formation mechanism of Sanqi ginseng from the perspective of

biological stress and plant-pathogenic microbe interaction.

Key words: Sanqi ginseng; Producing area; Yunnan Wenshan; Saponin content; Fusarium solani
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Table 1 Primers and PCR conditions used in real-time PCR
H bR 514 ]l RT3t 22 30k
LA ITS ITS1F CTTGGTCATTTAGAGGAAGTAA  95°C #iZ8 1% 1 min; 95 °C f#4E 5s, 60 °C fiRIEIE k [18]
ITS2R GCTGCGTTCTTCATCGATGC FEfH 308, 39 PMEFR
ik Bz Bl T ITSIF  CTTGGTCATTTAGAGGAAGTAA [19]
ITS AFP346R  GGTATGTTCACAGGGTTGATG
AR T E ITSIF CTTGGTCATTTAGAGGAAGTAA 95 °C HiiZE M 1 min; 95 °C 4% 10s, 58 'C fiLiRiR [20]
ITS AFP308R  CGAATTAACGCGAGTCCCAAC KIEMH 155, 72 °C FRAE(H 205, 40 PHFR
SRR A CDu2 GCTACCCTATAGCGCAGGTG 94 °C WAtk S min; 95 C fi#4% 30s, 60 C {KiEiR [21]
IGS CDL2b CCGTACTGGCTGAAGAGTCA KIEMH 405, 72 C FHAEM | min, 40 P

AR 7 2201 (One-way ANOVA) M Duncan 3556
(] — 7 M AN [ A B B 45 4 s 2 7 1) J 2542k, SR FHRL
K 2 2230t (Two-way  ANOVA) LA K BB, 7
i K HAE HAE XA PRS2 00, SR t K 56 oA
AT MR — A K B B de br 22 S i R L Ak, SR
I Spearman #H 43 B4 G AR s - 498955 [ P Bl M
07 IS =0 EAR R A B AR A OCE . R
H5 B9 AT AL 35 il Origin 2021 A4 5¢ AL -
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21 i =t4EYEREIN
P 2 A, 76 2 SRR, PR H EIbHIX A =
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Table 2  Effect of producing regions on the biomass of Sanqi ginseng

A 2 AR 2 ARA IR A K 3R 3 AR RN
(g/kR) (4 Ak it Ak (4 Ak b Ak
o L #EETE 427+051a 2.78+028b 8.14+1.09a 525+088b 41.24+3.93a 33.56+4.16b 41.83+1.75a 32.05+1.93b
WREEEE 3.20£0.11b 3.58+020a 1545+3.06a 7.44=090b 44.74+196a 34.86+3.77b 76.24+439a 60.44+3.14b
A fi 7.47+0.50a 6.36+0.19b 23.59+4.00a 12.69+1.61b 8598+4.67a 68.43+7.20b 118.06+4.56a 92.49+4.86b
M EFTE 056+003a 033+0.03b 1.77+028a 1.08+021b 829+086a 643+084b 890+0.36a 7.04+020b
WFHTE  041£001b 053+0.05a 4.19+0.72a 2.00+0.11b 1235+0.32a 9.29+0.23b 25.01+227a 18.78+0.82b
BTE 0.97+0.02a 0.85+0.03b 597+095a 3.08+0.29b 20.64+0.84a 15.72+0.85b 33.91+2.19a 2582+0.98b

E: RPEIRATHE £ FRHEZE0=5). FATARRNG FEERR Rl R RS [ 7 X 5] 22 53 2. 3% (P<0.05).

22 XN EEFRPEESERRERENEIN
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Frdb X =L FAR A S H Rg, .Rb, Fl Rd 195
B ETAKBX, b Edt=tmAS 8 Re
T 2 AFAE AR AR L 3 AR AE AR 3 AR A RIS Y
SR BES T AKP<0.05), MFiH =1t AS8ir
Rb; il Rd W5 25 50 4 3 AEA AR I 2 4 2E
AR A AN 3 A2 AR A B 25 /K F-(P<0.05) . 4R

1M, P =L B =R R R M ERICEEE
M AN 2A Bizn, 78 2 AFAEARERAE K 2 3 4FAE R
WY, Fedb X A = SR B A 80.5 ~ 94.8 mg/g,
BERTAMHIX K 65.9 ~ 80.6 mg/g(P<0.05)., AUH
R 2o, ARErEB . 7 A AR IR A
Z A Rgy. Rd FLEEH & S AU 2 (P<0.05),
MAS AT Rby B8 A2 A K W BOR™ bl i 1 35
F(P<0.05, & 1A~ 1D 1K 2A),
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Fig. 1 Effects of producing regions on the contents of Sanqi ginseng saponin R, (A), ginsenoside Rg; (B), ginsenoside Rb, (C), and ginsenoside
Rd (D) and their cumulative contents (E-H)
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Fig. 2 Effects of producing regions on the total saponin content (A) and its accumulation (B) of Sanqi ginseng
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Fig. 3 Effects of producing regions on the quantities of fungi (A), F. oxysporum (B), F. solani (C), and C. destructans (D) and their proportions
to fungi (E-G) in rhizosphere soil of Sanqi ginseng
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