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[Abstract] Objective: To investigate the effects of different cultivation modes on the yield of Gentiana
crassicaulis and its microbial diversity and secondary metabolite content in the rhizosphere soil. Method: With
G. crassicaulis of different cultivation modes and its rhizosphere soil as the research objects, the composition of
bacterial and fungal communities, dominant bacteria, and differential microorganisms in the rhizosphere soil
were analyzed by high-throughput sequencing technology. HPLC was used to determine the content of iridoids in
G. crassicaulis with different cultivation modes. Result: Compared with plastic film mulching, planting without

mulch and intercropping of peony, white kidney bean, potato, and corn increased the yield of fresh products by
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16.11%-17.68%, 22.48%-26.34%, 29.37%-32.19%, 34.82%-36.57%, and 35.34%-39.71%, respectively, and
increased the yield of dry products by 19.75%-23.17%, 25.86%-29.32%, 30.18%-34.94%, 35.22%-39.87%,
and 39.72%-43.73%. The total content of four iridoids, including gentiopicrin, loganic acid, sweroside, and
10.17%-37.83%, 5.93%-47.44%, 9.09%-28.84%, and 10.71%-28.57%,
respectively. The diversity of bacterial and fungal communities in the rhizosphere soil increased significantly ( P<
0.05). The

Tremellomycetes, Eurotiomycetes, Fusarium, and Cladophialophora decreased, and the proportions of

swertiamarin, increased by

relative abundance of pathogenic bacteria such as Sordariomycetes, Leotiomycetes,

beneficial bacteria such as Proteobacteria, Acidobacteria, and Actinobacteriota increased and they gradually
became the dominant bacteria. Conclusion: Different cultivation modes can affect the yield of G. crassicaulis

and its microbial diversity and iridoid content in the rhizosphere soil. Cultivation without mulch and

intercropping patterns have certain advantages, which can provide theoretical references for the planting of

G. crassicaulis.
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Fig. 1 Cluster analysis of bacteria (A) and fungi (B) in rhizosphere soil of G. crassicaulis under different cultivation modes
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Fig. 2 Structural characteristics of bacteria at phylum level (A) and genus level (B) in rhizosphere soil of G. crassicaulis under different

cultivation modes
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Fig. 3 Structural characteristics of fungi at phylum level (A) class level (B) in rhizosphere soil of G. crassicaulis under different

cultivation modes
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& 4 W B 18 % JE (Mortierella) . 1 ¥ % J&
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(Humicola) ¢ i W& AR 6 J& ( Ceratobasidium ) [ FH %f
FEE W R LK 4,

25 b, AN )Rk 1 A58 S OM 25 25 UM B 4 18 L TR A
7 20 B AR TR BE 25 S L Ml R A AR X b B
o L TR A T B A A BOML 25 28 DU A RN A I LA
KRR TR 9 45 g HL 5 ™ Y D IR o R BRTG Hl REE R A
s A VR HABAE Y IS, BEAR T B0 B Y e, A R
LR AR R B S
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REHFRI 0T AEFIKE EXT 6 FhAS 7] Kk 55 45
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Fig. 4  Structural characteristics of fungi at genus level in

rhizosphere soil of G. crassicaulis under different cultivation

modes
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HHL 25 22 JUML B A 338 Gl A W 8 v 22 TRL A7 2 W 2 1Y 22
5o [ B AE ol KOS X6 R 25 28 JTAR B A 8 AR W B
7 1) Beta Z FEVEIEAT 40 AT, VAL FLRE 9% 41 i A 010
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JE T4 T 1] (Actinobacteriota) , [A] 7 + & %% = = %
YE AR ) 2 IR 41 18 B (Acidobacteriales) , M {1 52
[X B H (Burkholderiales) 1 V. fif fk ¥ i@ & &b
(Nitrosomonadaceae ) Wl J2 [A] VF 4 P15 2 32 2 4F I sk
A TR 25 G S A AR R b
T 15 I SR TR AT TR AN 5 45 A a0E Ak 43 S IR RT i b R

2FRH1 A EM ORI AR 2R 1R L B A2 R R A
oA, e B 2 SRR 3R 4 R4 H 14, )
VEH PR R R 3R 3R 3 H 140, Eflh TR
F& TR LRE 1A [ AR B R O 25 2 U B L3
PCTRRE 7 LU ], 26 B A () ok 45 55 50Ok 25 28 U AR B
MY R A NS AR EEER,

PR AL A5 4 70 3L 1 H , JC 3 b AR A A 65 2 Fif

®3 TEARBEXMEIRTRE T EMEWE R LDATHE

WK s,

Table 3 LDA contribution values of rhizosphere soil microbial communities of G. crassicaulis under different cultivation modes

4151 bR W) LDA 5i#k{E 415 CRYE Tyt LDA B3 ik fE
i A Rhizobiales 4.18 [H]E £ K uncultured 431
Xanthobacteraceae 4.05 Actinobacteriota 4.35
Sphingomonadales 3.67 Polyangia 3.60
SC_ 1 84 3.80 Acidobacteriales 4.34
SC_1 84 3.84 Pseudonocardiaceae 3.75
Sphingomonadaceae 3.70 Puia 3.77
Gemmatimonas 3.66 Elusimicrobiota 4.05
Gemmatimonas 3.67 Muribaculaceae.Other 1.78
A21b 3.72 SJA_28 3.27
Pseudolabrys 3.72 Polyangiales 3.07
EIE (S Acidobacteriales 4.52 T Hb 5 Pseudolabrys 3.72
Bradyrhizobium 351 Proteobacteria 4.91
uncultured 3.65 Burkholderiaceae 4.02
Acidobacteriales 3.82 Paraburkholderia 4.02
Acidobacteriaceae Subgroup 1 3.86 Xanthomonadales 3.92
Acidobacteriales 3.81 Rhodanobacteraceae 3.92
a] g 4 Nitrospiraceae 3.66 B (EEE=EA uncultured 3.78
Nitrospirales 3.69 Acidobacteriae 4.717
Nitrospiria 3.65 Bryobacterales 3.93
Nitrospirota 3.67 Subgroup 2 4.47
Nitrosomonadaceae 4.13 Micropepsales 3.75
Unknown_Family 3.68 Diplorickettsiales 3.52
Burkholderiales 4.48 Acidobacteriota 4.71
Gammaproteobacteria_Incertae_Sedis 3.64 Diplorickettsiaceae 3.54
MNDI1 3.98 Subgroup 2 4.47
Nitrospira 3.65 Bryobacter 3.93
Acidibacter 3.67 Bryobacteraceae 3.90
IS 44 3.54 Micropepsaceae 3.72

3.4 A [R] R R O R 25 28 D0 o Rk AR AR

Yy 5 05

3401 ARGBIGHEAXBZERZIU= R0 A

7 R A8 SO 2 28 T0 7™ 0, T B b 5 o A s SO 25

Z OO0 e A&, g0 ) O B Rh (1 853.78~
- 198 -

2 167.53 kg-hm?) F1 T §h (1 142.21~1 418.18 kg-hm?) ;
]/ oK 485 2XOHL 25 28O0 7™ & f o L o3 il Ol
(2 508.91~3 028.26 kg-hm™) 1 T /& (1 595.89~
2 038.35 kg-hm?™) ; Foyk by ()4 = T A=, 43 51 S i
fn (2 361.27~2 960.23 kg-hm™) fl + i (1 544.49~
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Fig.5 Clade map of rhizosphere soil microorganisms under different cultivation modes of G. crassicaulis
1 983.61 kg-hm™) ; Al /F 11 25 TR HESS 3, 20 501 Ky
i (2 397.45~2 865.26 kg+hm?) Fl 5 (1 486.92~
1 913.69 kg+hm?) ; [B) /41 P HE SR 10U, 43 501 Sy £
i (2 269.73~2 738.46 kg-hm™) Al T & (1 437.58~
1 833.99 kg-hm™) ; JC Hh JiE i A B X HE 25 5, 20 il
i 5 (2 152.51~2 550.75 kg-hm?) A1+ 5 (1 367.79~
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C_ 184
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Diplorickettsiaceae
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Unknow_Family
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Rhodanobacter
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k: g_Subgroup_2
bgroup_2
u%gro%p_z
idobacteriae
_Gemmatimonas
Polyangia
Nitrospira
trospiraceae
:0_Nitrospirales
Nitrospiria
_uncultured
:f_Micropepsaceae
_Micropepsales
_Bradyrhizobium
Pseudelabrys
anthobacteraceae

1:f_ Sphingomonadaceae
2:0_Sphingomonadales
3:g_A21b

1 £.A21b

: g_Burkholderia_Paraunurkholderia
: f_Burkholderiaceae
19 IS 44
8:9_MND1

a9:f_Nitrosomomadceae
C 184

P SEEHST AT LB EREEY G M
25 2% J0 EE L o BB P 16.11%~17.68% | 22.48%~
34.82%~36.57% Al
35.34%~39.71%, + & 43 51 3% 7 19.75%~23.17% .
25.86%~29.32% ., 30.18%~34.94% ., 35.22%~39.87%
AN R AR BERS [A) AR B M 25 2

Table 4 Yield of G. crassicaulis under different cultivation mo (x+s,n=3) kg-hm™
e SN
B it T b S fif T b e it T b

b g 1853.78+21.98 1142.21+65.57 2026.93+13.56 1337.38+11.32 2 167.53£13.56 1418.18+12.71

TG b fiE 2 152.51+83.08 1367.79+36.43 2370.14+31.76 1614.15£18.42 2 550.75+24.84 1746.77+6.45

[ 4 4 2 2361.27+62.70 1 544.49+50.62 2 694.09+31.33 1879.61£11.08 2 960.23£23.07 1 983.61£3.69
EIE(EE N 2508.91+67.28 1595.89+18.23 2 867.91£29.74 1937.17+£2.23 3028.26+29.61 2 038.354+2.23
FfEHZEE 2397.45+53.41 1486.92+13.32 2 553.25+31.53 1 846.41+£20.96 2 865.26+29.14 1913.69+11.17

[ 4 2 3 2269.73+77.67 1437.58+53.46 2 452.75+41.01 1721.69£10.94 2 738.46+29.03 1 833.99+10.94

3.4.2 AN [AD ARG O 25 28 TU R AR AU )
OrHT AR AR R R 2 RO W S R AL R
J7 AR B T T 25 b b g A AR A
S [a A B A 5OML 25 28 DU A A ™ 1 5 B 23 # 4
RIS b g e A e B 23 ] £

+ 5.(57.85 mg-g") > FE F K (54.69 mg-g")> ] fE
HEFF(52.06 mge g!) > 1125 5.(50.57 mg-g') >
Hi JBEF 48 (46.24 mg- g ) > MR R (41.97 mg-g) ;
R R S A 2 B A+ 512,43 mgeg')>
] fF Ok (11.23 mg-g ") > [ £ 41 4+ (9.73 mg-g")>
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| VE 2 (928 mgeg') > JC ML B FP oA
(8.93 mg-g")>Hb I Fh A (8.43 mg-g') . JCHb IR A
AR 255 HF  Fok BRI 2Rt
B R A AR = e S B AD AEAE  2E RO B
40 22 5, SR MG Ml RS AR AR AR 125 L
TR+ G R, e IR SRR A ST R
O3 AR R A S i i B R 10.17%~37.83% .
5.93%~47.44% . 9.09%~28.84% F1 10.71%~28.57%.
L[] = R K PR PR R 25 %8 5T 9 e IR
T DT IR A5 5 R 7.43% F1 6.71%, I 5

x5 TEARBEXMEIRARERPFEUEENE (F£s5,1=3)

T 2020 4 p S [ 25 M) AR TE 2.50% o

LB FUMR PR LAY S5 AR
HH A 20 BT 465 SR, 26 W R 25 25 JUMR Bk - 396 491 T AN ARk
Az ) e 5 R E R R R R R A o 2 IE A
F(P<0.01) , 5755 7 3247 FURE 2 32 96 7 P Fh ol 49 5
B3 TF AH G (P<0.05) 5 A3 B 4 38 B0 T 55 8 IR 55 45 A
IR AT 1R W1 FP 43 12 IE A G (P<0.05) , 5 5% F R T
IR 28 S35 15 PR 40 O 38 AR O s sk b — 20 3%
WIKH 25 28 JU R AE AR = & 1 5 O bR+ oA
P YIM G, WK 6.

Table 5 Determination results of secondary metabolites of G. crassicaulis under different cultivation modes (x+s,n=3) mg g’
Fif R A =X B B A T BB WA A St
Hb JiE 8.43+1.65 3.19£0.75 41.97+11.14 0.56=0.15 50.55+11.29
Tt Hi 8.93+0.90 3.48+0.35 46.24+8.38" 0.62+0.18 58.17+8.44"
1+ 12.43+0.90 4.11£0.16% 57.85+2.38” 0.72+0.16" 70.07+2.55%
[ 4 1125 9.28+3.29" 3.65+1.29" 50.57+1.41% 0.69+0.10" 63.87+3.81"
Jia) 4L P 9.73£6.15" 3.88+0.83" 52.06+8.96% 0.78+0.54> 66.55+10.91%
JB 1 oK 11.23+1.67% 4.08+0.31% 54.69+4.97% 0.670.1" 68.54+5.30%

Fo6 ARBEEXMEERARFIEREYSRERG=WHIHE
Xtk
Table 6 Correlation between rhizosphere soil microorganisms

and secondary metabolites of G. crassicaulis in different cultivation

patterns
) eI BB WA AW
+ HEAN B 0.976” 0.984” 0.657" 0.101"
B 0.470" 0.223" 0.064 0.297
R 0.113% 0.153% 0.277" 0.425"

A YV P<0.05,2 P<0.01

4 itit
4.1 A [R]AR HEARE m  2E 2 JUAR PR IR RUAE )
FEVR A1 R S LS50 2 e O TR AR 35 45 21 R 25
Z% JUAR B 4 428 40 1 R L TR R VR A R S A 2 R
B W22 5, R UG b RS R oRE AN DA+ 52 LR OK
F 25 G PSR VE Y 5, M 25 28 U AR B 1 18 40 1
LR HE 7% 22 A 1 2 1 i O TR T R B B
K A o5 T LE 9 3 o O A R L X B 55 T
AW B TEVRL R B R T A R AR A RN R Y e
T3, AT AT R0 AR B A R A R IR
S ] A R A X AR B A A B A W 1 R AR LG AR
A K W R R TR 45 Ak B A Y IH AR
S R 5% T AT R TR Y D R R I TR A
F 3 A B AR o AR5 BUe TR
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Mo R AR A 5P R R SR AR, B BOHL 2R R TUR B+
Tl A= 1 s B DA 2 T 8 ) R R R ) B A i D TR
AR R AR E AR AT A MR K
ob e A XK 225 28 0 5 S8 ok R R JBS o 25 e L
MK A AR PR B Y R 2o B, SR AN R A%
B R O 25 28 JUMR P b S 2R W A X R 22 3
F , ELA ) B A OML 28 28 JUAR B 1 S B A= M A 9
PR AN AR o 25 R B, AN [R5 2, 2 i 25
ZE JUMR PR 1 U Wy RIS A LS Z e, &
L f1% i) A% 50 T s JE o A T DA ke L 25 2R DR
PR RO

4.2 AR B G 2R R TUT E LA A
[vi) 5 35 A5 A A5 i R B b 338 B2 W 25 A Ll 2
FEPE I 52 WARL 25 28 U™ B S A AR ™ A AR R
GG, B S 2R B e
MRPR 1 HEROR BT, W AR PR L R B Y A, f2
A A L B M 2R O i R e A AR
o AR RO R AT . BT
SRR, KRR AR B AR W R VR 4 R S
AR W% T IR A AR AL R A
o L A I S A AR . AT, R
ot YRk R K (B S SN RGNS EIGA KA R
Yyl M5 28 JUMR B - e p R 0B B R BT L T AR
TR T T 1T T T 25 AT 2 R LG 491 98 g 1 I 4
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GERE 78 T8 R ZR 1R T DL AR 2 Rl AR R R
AR T R, B B A 1 A LY Y R
P2 o TR LA I M T R T A o T Y A
2O TR AT B T R A SR IR 2 R S 5 B AE IE
PGB AE A2 5 ki & W A, y-"2 B FF
120 1 4 TR g O B R R AR R AT, R AR B - A
I, T BB TE TR RT A gk 2 I A 7R R AE - 4 g R
ZLHAEY AT R R FEE R XA
38 o 8 5 AR R b O BT A AR ROR =R
ZE VAR A S Hoy d 5 R BE R 22 20U AR KL 12
A A W 0 R 2 P I PR A3 1 R AR
B R T e R 2R 2 T A T
5 NG

A5 75 1A [] A 3 455 SRR 22 2 00 7
NAR B S5 G0 A= ) Rk A ARG ) 08 5 e 25 SRR
SET A PR ] AR X R G M R R T LA 2 S A 2R
Z& JUMR Br A IR B, I8 4 AR R S8 A4 T R L R A
T S5 2 A, A1 F M 25 22 S0 AR A 1 i AR
TR, $E R 2R 2 0 e py R A B T TR ZE R LY
ARl BT, A AT B g b A R R A ZE R
PR 2B 2 A S R A oA g — 20 ) B8 IR LAl
T A ) TR 25 28 T B8 R A AT R 2R .
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