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Changes of rhizosphere soil microbial community structure
of Stellaria dichotoma L. var. lanceolata Bge. planted for
different years
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Abstract: [Background] Sellaria dichotoma L. var. lanceolata Bge. is a perennial herb of
Caryophyllaceae, with dried roots (Stellariae Radix) as the medicinal part. [Objective] To
explore the changes of rhizosphere soil microbial community structure of S. dichotoma var.
lanceolata planted for different years in genuine production area and the correlations of
microbial community with soil physical and chemical factors and active components in
Stellariae Radix. [Methods] Illumina high-throughput sequencing of bacterial 16S rRNA gene
and fungal ITS sequences were performed to reveal the microbial community structures in the
rhizosphere soil samples of S. dichotoma var. lanceolata planted for 1, 2, 3, and 7 years. The
soil properties and the content of total flavonoids and total sterols in Stellariae Radix were
determined by conventional methods. [Results] As the planting years of S dichotoma var.
lanceolate increased, the bacteria showed little change in the richness and increased diversity,
while the fungi presented increased richness and diversity. The dominant bacteria were
Actinobacteriota, Proteobacteria, and Chloroflexi, and the dominant fungi were Ascomycota
and Basidiomycota in the rhizosphere soil. The dominant microbial genera varied significantly
in the rhizosphere soil samples of S. dichotoma var. lanceolata planted for different years. In
addition, the content of total sterols and total flavonoids in 3-year-old Stellariac Radix were
significantly higher than those in the samples of other planting years. The correlation analysis
showed that pH and alkali-hydrolyzable nitrogen had strong correlations with the microbial
community in the rhizosphere soil. Amycolatopsis, Mortierella, Preussia, and Penicillium had
significantly positive correlations with the main active components in Stellariae Radix.
[Conclusion] The study preliminarily revealed the rhizosphere soil microorganisms related to
the active components in Stellariae Radix, which provided a theoretical basis for the
high-quality production of this herbal medicine.

Keywords: Sellaria dichotoma L. var. lanceolata Bge.; planting years; rhizosphere soil microbial;
soil properties; active components
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L5 (Sellaria dichotoma L. var. lanceolata
Bge.) A TR B2k | Z A FANY), LA TR
WAZY, BT EROERZM, TR
MR 25T RN LIRS R R T B AR
WO F = A TRETE . N5, bR
PO HRM TR, P T Resi s X, Z—fh
HRH L OWIE R LR AR P BT A
AR E R S C U T AR AR SR, B T
g FEw ", AU M T 5. BT 5
A SR B R ER L W H BN TR
AWM X AT | I o MR E R — R
1M, BEE RS SR GE AL TR K, 2544 I
HMHRERT R VA I EEER, ©f
WFFERI, ARGEHA B S RRAE R A DD, 3 4R
A AR SR RHS LB A AR TS M A
iR, E I 3 AR R PR B R A
TR,

AR, TEH 25 8 MV TR UL B 5
T NS R, R 2 A 2
(Traditional ~ Chinese = Medical = Microecology,
TCMM), MAE -T2 1) - 3 Y )22 T A )
2 PR N AE T T | AR B - 3 2 VA h 2 B
AR REZmA A R, A7
B 7R T 2T AR EE R (AT B S AR A AR
RS20 A Z R R, ST
FHARSESI A CHF TR RIRITE A, X) 8 % S i
WHE R, AT THL SR b i N AR TR R %
TG )5S e e RS EY % R S € W) dh
HEREFEMHCHNEREZ, HXTARR
B AR FRAR S AR R - T WU v 4l A8 Ak S
Hi At ds 5 R RARPE T . 2504 o & 2 []
156 2D WU HGE o Sy AR BIE SR DL 7 5236
NNRW: 403 i IS T ETOO E S T s
I 452 A X6 AN [i] oo 4 FIR 1 B S R s 1 438 0

AW REVE FRIE AT 08, RIS IR A AR AR R
BECHIAR B SRR S YR 2 A AL
WIS, RSN TR L A AR Y
AL B BB AR

1A

1.1 ARXBLFERRE

WFFE I T 7 E Rl IR X S AT R B
NEAETT F 5T (106°31-116°33'E, 36°81'-36°83'N),
X BER 1572-1 590 m, 4ES R 8.78 °C,
FEYIE K 311,15 mm, 8PN 358 5 Hb k5
to T 2023 423 A BASRAEMSEIA 1 A MRBR
F(Y1), 2 FEAMRBRE(Y2), 3 HFEAMRBRL(Y3)
Ko 7 AEAERRBR (YT, LAJE— Hb DX R oA i 4
B B A A XTI (CK) o MR PR - FE R AR AR B B
PLZ SRS R FEI® AR MR E 10 MR K
fRFRAVER ST, FRHERICERPR L, # 10 4>
THRABSER VAER, RS S IKE
i, it 25 DA RERAE MR S ARAE AR
PR AR bty BRI = . IR PARBR A, —
#B4r FHF 11 DNA $EHU S 2L 4T 16S rRNA
S FETE ITS WF 5 75 —&B5r LA AR,
FAF R A M B A DU A o AR S A AR A i A
W ERIREET , AR T 5 ki, i 40 B,
TR 1
1.2 FERAFIFNH

PTG, AR RS E R IR A ]
o F5 BT B, XS T ROCAE MR A TR A
) ; DNeasy” PowerSoil®” Pro Kit, Qiagen 2\,
Bl P RS, Rl A AR B A F
AN UL A YRR T, 6 A AR B
TAE/ Al 3 NanoDrop 2000 MR 43 GG T
Qubit 4.0 2% 51X, Thermo Fisher Scientific

7S
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1.3 SRS RIS HEES 2RNE

B FE i (total flavonoids) & = HYIE . = iR
PRIV BVFREUR S A 2 g % 50 mL
ELOE T, A 95%I1 £ 25 mL, ik 250 W
MR 0.5 h, WU EEWUS K R AR R A
95%I1 £ 25 mL, FR4FLLES 15 min f5HCE
THIR B 2 RIS FIE IR G5 5w 2
TEAE I AERE S TR, A I AR BN - A R 41 - 2
AALERLLEEL, DS TAE X B, 7E 496 nm
A0 A B WO BE A, TS i v S
Sty

S £ T (total sterols) & = M - FRHRAER 58
KR 0.5 ¢ BT 25 mL A=, AR
20 mL, it 250 WA 20 min J5 A& 2=
ZIRELL, A G HIEAGEE . DL o HS B 0
B, 78 546 nm AR E AR WO BEAE, TH5R
FAE R e
1.4 TP RANE

- 1 B AR T A I E 2 B - B DA
%, pH R pH LK N 2.5:1), Al
£k (soluble salt, SS)F& w R A EIECK R
5:1). A ML (organic matter, OM) ¥ & % ] 55 8%
TR R 25 F - . 4K (total nitrogen, TN)
K HPLRE R . 4 W (total phosphorus, TP)K
FH NaOH %5 il - 5H 86 0 o 53 . 42 B (total
potassium, TK)R H NaOH ¥ fifi- )i+ W 5 5 o't
Y RE T | BfiF & (alkali-hydrolyzable nitrogen, AN)
K R P 12 . A (available phosphorus,
AP)X ] 0.5 mol/L NaHCO; 12 $E-4HE6T b (4 ik |
A (available potassium, AK)R ] NH,OAc 7
fe- KIS
1.5 1% DNA #i#E. PCR # 3EFNF

% Jfl DNeasy” PowerSoil® Pro Kit fili 42 115
FEGL )G DNA, DNA SEREPEZE 1% B E B BEIE
LIk A 54 i, {8 F NanoDrop 2000 i#8 3 i

AL EE T E DNA P BEFIEEEE . 415 16S
rRNA ZE[H ) PCR § 3451411 338F (5'-ACT
CCTACGGGAGGCAGCAG-3")H1 806R (5-GGA
CTACHVGGGTWTCTAAT-3), F-IJK: Ky 468 bp.,
B ITS i PCR P15 4k ITSIF (5'-CTTG
GTCATTTAGAGGAAGTAA-3") fll ITS2R (5'-GC
TGCGTTCTTCATCGATGC-3"), ¥ K N
350 bp. PCR JZJW 1A% : 5xTransStart FastPfu 2%
M 4 uL, dNTPs (2.5 mmol/L) 2 uL, b, Fiif
5|#)(5 pmol/L)#% 0.8 uL, TransStart FastPfu DNA
RA4W 0.4 pL, HE[HZH DNA 10 ng, ddH,0 #h 2
20 uL. PCR [ 2&f4: 95°C 3 min; 95°C 30,
55°C30s, 72°C45s, 4 27 MEH/EH 35 4~
fli¥F; 72 °C 10 min. X PCR f=#jfA 7 [l A et
1k, I Qubit 4.0 X [Ny A TAIN E 5L, Fif
JE ik b ARV AR PR w AT IN Y
1.6 3R E

XF 6 Bl AR PR IS AT RIS, KR
FLEE R T 9% 857 91 5E L —4> OTU,
W B FEA P SV B T Y- THI o 2RSS
O R Welch T A 864740 0] 22 553415 1
Y EEYE 0 Bar KR Heatmap K fE/R; Kt
T bray_curtis FE 2 553k S 17 E A AR o By
(principal co-ordinates analysis, PCoA), FK&H
AEARLA: 3 A7 X6 A () oo A A PR B 5 A AR B - 8 7k
Y RE VR S 25 S AT B E A
Excel 2019, Origin 2018, IBM SPSS 26 #{f:%}
- 5 PR S5 R AR S AR OB 0 AT A A B
R AR o b, R O 2 K I
(variance inflation factor, VIF)73#T, 7% 1 58
AP 5T IR 2 5 K I AR i (VIF>10), X314
AL 5T 5 1K A W R R T
TUAY 53 #T (redundancy analysis, RDA) . fiJ5 XA
() oA A PR B S S AR B T e i e RV 5 3
PRACAE BT A T AH R T .
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2 EREGHN

2.1 REARPRTIBEREBREMT K
2.1.1 HEEE o ZHM

o ZAEPE LR VE Y Ah T B R 2R
ACE #1 Chaol 8%/ Mit#EV% = &, Shannon
il Simpson FE AU MAE TR ZAEE . ARBR 14
HREVE Y ACE $6%k. Chaol #8803 % N CK
2R T AP AR R, 45 Pl A R 22 8] G 2 3
P22 5% ; Shannon 550N CK>Y3>Y7>Y2>Y1,
Simpson 85N Y1>Y2>CK>Y7>Y3 (£ 1), 44
R, MT CK 41, FhREERSeH 5 g0 i i
T BTN R E TR, FE R A RR 1
Hom, MEFEELEEEES, HE2HENE

A
2.1.2 WEEEEMR ST

M 25 AN [ Fof i A BIR AR 4 AR e 1 A
AP 10 442 M4 OTU, 43k e T
38 17 113 49276 H 444 #} 853 J& . #k—xF AR
[Fi) 41 R AR 4% 5 M3 B 4 398 v 41 8 A X = B HE 44
AT 10 AOOREAER T TiEA T T 40T, 255 0LE 1A, A
FL1A AT LA ) ol 4 PR AR S B AR P 1 3 v
DA B 34 J ik 2 1] (Actinobacteriota) . 25T B4
I"J(Proteobacteria), %5 5[ J(Chloroflexi). FERFT
B ] (Acidobacteriota) fI4LLFT B | ] (Bacteroidota),

ARGE =R 2 F0 o 40 B R AR 80% LA . A%
T CK 4, ML 1 FRLRTT. 2E
AT VRO TR 1T A ARG =5 B d 23, 1
FA 29.79% . 20.67%F1 52.73%; MLk ]
FERAT BT T A AEDGE = BE  28 RAIR R 43 01 Ay
42.25%F1 46.45% 2 4EAEERSESHOL S ANTR T Y
AR BT B AR . TERE 3 AERT, SRR
TR ARDS = B S R, MR IA 46.94%, T4l
FREAT TR RRAIK, FRIRIE 14.03%, TEHLSEHI D
M7 AR, RE TR EREAL, mASEE
[T AN = B2 3 H

AHXS = BEHEA4 I 15 A 40 8w a1 1B Firs
1E CK Hr, L2 TR J& o 1941 141 J& (Arthrobacter ) |
Vicinamibacteraceae #} 44335 )& (Norank f
Vicinamibacteraceae) . JG30-KF-CM45 £l K 41
2% J& (Norank f JG30-KF-CM45) . 2§ B ity 15 &}
AK4rJ5JE (Norank f Gemmatimonadaceae) .
Mcinamibacterales H A& 4325 /& (Norank_f norank
o Mcinamibacterales), £I (%1 1% )& (Rubrobacter) .
Gaiellales H&432%J& (Norank f norank o
Gaiellales), X2 i BUFA 1) 24.76%.
TERMEAR SIS, RSN TR 8 BT = B A
AERRIE IR A TSR, Horp 1 ARA T 2 AR
FREEETHAR PR T IE PR E . 9 LA IR &
(Lechevalieria). »¢H U7 )& (Kribbella), Z5i#%

x1 TEMEFRIREARFTIBRAREEZN o ZHMEEHR

Table 1 Alpha diversity index of bacterial community in rhizosphere soil of Sellaria dichotoma L. var.
lanceolata Bge. planted for different years

Item ACE index Chaol index Shannon index Simpson index

CK 4 055.35+£199.04a 3919.23+123.94a 6.54+0.07a 0.007 2+0.002 5b

Yl 3 064.89+78.35b 2 899.29+67.62b 6.13+0.04¢ 0.010 1£0.000 9a

Y2 3 130.63+88.96b 2 954.85+£79.28b 6.17+0.09¢ 0.009 7£0.001 9a

Y3 3079.88+110.08b 2 952.22+125.09b 6.28+0.02b 0.006 8+0.000 4b

Y7 2 968.74+32.72b 2 849.76+32.49b 6.27+0.06b 0.006 9+£0.001 6b

[FIFEAE A AR NG PR FROR 25 B2, T

The different lowercase letters after the same column value indicate significant difference. The same below.
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Figure 1 The relative abundance of bacteria in rhizosphere soil of Sellaria dichotoma L. var. lanceolata

Bge. at the level of phylum (A) and genus (B).

G JE (Nocardioides) fil Chloroplast H A48 A4RSEIAMPR L3, F)& A RS . 7 H I
J& (Norank_f norank o Chloroplast) % 1# J& & $iJEF] Norank f norank o Gaidlales AYAHXT=E
AN, M 3 ARG R 3, J& i A, 1 Norank f norank o Chloroplast.,
Norank_f JG30-KF-CM45 , #58[#)# (Sreptomyces) 5 2 I . fifd 14 )8 (Sphingomonas) Fl 43 44 FF 4 Ja
AR F B B E TR IO IR E R s 72 7 4 (Mycobacterium) i L 3 e

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4138 (YIS Gk

Microbiol. China

2.1.3 WEEEELERSHN

K H bray_curtis B 255 T 3 AR 43T
FER A 2 B A T4 0] 22 AR 36 . AR AR
ST R TR YRR AL R N 22 5,
B2 fR, Y1, Y2, Y3 B4, 5 Y741 PCI
ShAEH IR B gt , 1 CK S5 44EFRUT PC1
W43 U AR AR S50 I T A R 75 25
AARES, FEHME 75 1. 2. 3 4RSI
PR - S 2 B RV S5 b AN ]
22 SREHMARMRIIBERIFEEMT
221 HEHE o ZHM

M=k 2 s, MHET CK 41, PR L]
JEARPR IR R A B N, FhAE 7 AERT 2
FEMKES CK M FEAMREAEBR 3, &
W FE MRS RIS s, 7 44
2 R T AR AR AR PR
222 EEREEMSH

M 25 AR GEEHAR PR 13 b — RS 2 274 4
HF OTU, #5IsRET 13171394995 H 217 #}
479 J& . il 3A Fran, X CK K 4 DSASTRIFI A
AERRAR SRR b B HEAA AT 10 A9DR
PR THEAT AT o A [ AR A PR AR S B L B 1
e LB TR ¥ 72 TR | ] (Ascomycota) , $HF
A J(Basidiomycota) , #7f1%] J(Mortierellomycota) .
Unclassified k fungi FIGEEE [ J(Chytridiomycota),
AR 2 B 2 A0 B RS 90%LA . Hir,
FREG T A ARXT B OC B ARk PR

02 R=0.909 6, P=0.001 000
¢
¢
0.1 0’
c A
S 00f aa e o
Lo
)
0 -0.1
oy
e CK
. Y1
92 *Y2
AY3
Y7

0.3 L s i L s i L i L L N
-0.20 -0.10 0.00 0.10 0.20 0.30
PC1 (29.29%)
2 TEMEFRIREARRTIRABREREE
AR
Figure 2 Principal co-ordinates analysis of bacterial

community in rhizosphere soil of Sellaria dichotoma
L. var. lanceolata Bge. planted for different years.

AR RE R, AT CK 41, PRl I7ER
MRS 1 4R J5 BT, (ERE 2 4R A0 3 48
JE R EREAL, M7 7 45 LB EAE. g
ITROARXS F BEAESS 3 4R & & T HMARE R .
Unclassified k fungi 4% [ ]/ CK H 2 & =
T At A AR

X EREEHEA BT 15 B E 8 aniE 3B
N, PRI 7R JE (Gibberella) . #54% )8
(Alternaria) . £ 5 1 J& (Acremonium) . #it J] )&
(Fusarium), E5¢ & (Chaetomium) ., il 7 J&

R2 TEMEFRIREARFRTIRERTRE o ZHMEER

Table 2 Alpha diversity index of fungi community in rhizosphere soil of Sellaria dichotoma L. var.

lanceolata Bge. planted for different years

Item ACE index Chaol index Shannon index Simpson index
CK 562.25+78.71c¢ 532.09+£57.63¢ 4.30+0.11a 0.037 2+0.007 2¢
Y1 666.14+£28.19b 667.45+39.19b 3.97+0.13b 0.048 2+0.005 8bc
Y2 644.39+31.56b 632.98+27.93b 3.84+0.16b 0.079 8+0.019 6a
Y3 626.44+36.83b 616.48+33.12b 3.91+£0.14b 0.057 3+0.007 Ob
Y7 730.66+25.44a 730.64+28.00a 4.17+0.03a 0.035 8+0.001 1c
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Figure 3 The relative abundance of fungi in rhizosphere soil of Stellaria dichotoma L. var. lanceolata Bge.

at the level of phylum (A) and genus (B).

(Phaeomycocentrospora) Fl # 1 %% J& (Mortierella)  #\@HjE . MHETHE 3 48, 8 7 F85%

L, TERAER, MM FEEZERR R 14 HRAMX TR, MG s
A2 AR B R AL AR, 7655 3 AERT,  BRAISTERIAR M 2E (Unclassifid_f  Didymellaceae) .
RS A AR A8 SE B R A X IR, T A& & (Asperigillus) . w4 % (Sarocladium) |

PR R AL 3 AR B T A AR, ORI 5725 5 5 J@ (Paraphoma) fil Unclassified k fungi

[N
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B R 3 B T 0.61 R=0.923 9, P=0.001 000
223 EEIEFLIRDH

AP 4 TR, [l — B4R RRAG 5 4 HEAE 7E 2L =T &
BRSPS I A, RIS Aty 7 4R %0},‘-
PR SRR bR L R B R SR IR AR S
BRI, 1.2, 3 AAHSESRELIENE 5
BREE BB BT, DIIROR R, e -
5 7 AR I LIRS A AL BK o2b o ma Y2
23 REPRIFHIRAEMEES 118 e
I BRI AE K 1 53 4 403 02 01 00 01 02 03 04 05

SRLCHEAIR PR T I AR 1L 14 R

% 3 ATA1, SRAR MY 1 85 5 e bk
(pH>8.0), 7F CK 4" pH {H 2 & = T Al 4R 4
BAZL, I FLRE AR A R ) 2 2 a3
AT, 2R . . A . BUREE MR
B B o B R A PR R D AR A, FhAE 7 AR
BF - A S TR B B et 2 AR T X BRI L A A B
AR A RS A R R E AR
2.3.2 SREEMRFRTIBMEE S S LR AM
Rz B8 % H

XTI RDA S48 SRl 5A s, §i 2 4>
HeEF i B T8 519 60.15% (RDAL: 48.63%,
RDA2: 11.52%), Ae4 i b S R 4550 1 S 3R Ak

2.3.1

*3 TEMEFRIREATRBUMR

PCI1 (32.22%)

Bl 4 AREMEFIRREPERREEZ LTI
Figure 4 Principal co-ordinates analysis of fungi
community in rhizosphere soil of Sellaria
dichotoma L. var. lanceolata Bge. planted for
different years.

W S5ME K FHEERR, 4581 FKY pH
(R*=0.674, P=0.001). AN (R*=0.490, P=0.001)
TP (R*=0.275, P=0.031)5 +- 34N 5 BE L5 M A5
WEAOCHE, pH SkZ&E T, BRI, BT
R TR, STET. BRFWT2IEM
X, AN, TP 5 EI]. #FFEI T2 0MHEK,
S eI NE N ES

Table 3 Soil physicochemical properties of rhizosphere of Sellaria dichotoma L. var. lanceolata Bge.

planted for different years

Item CK Yl Y2 Y3 Y7
pH 8.52+0.07a 7.99+0.06d 8.03+£0.01cd 8.07+0.02¢ 8.19£0.01b
Soluble salt (g/kg) 0.61+£0.21a 0.84+0.21a 0.75+0.14a 0.93+0.13a 0.89+0.28a
Organic matter (g/kg) 9.67+0.62b 8.54+0.17¢ 10.98+0.34a 9.15+0.36bc 5.39+0.27d
Total nitrogen (g/kg) 0.42+0.01ab 0.38+0.01c 0.43+0.01a 0.41+0.01bc 0.24+0.01d
Total phosphorus (g/kg) 0.75+0.02ab 0.70+£0.01cd 0.78+0.02a 0.73+0.01bc 0.68+0.03d
Total potassium (g/kg) 19.59+3.17a 20.92+1.19a 19.77+1.88a 20.38+0.55a 19.22+0.18a
Alkali-hydrolyzable nitrogen

32.42+5.29a 27.87+3.36a 30.19+2.00a 27.82+3.53a 16.23+2.02b
(mg/kg)
Available phosphorus (mg/kg) 19.86+0.59a 11.75+0.12b 12.3240.39b 11.99+0.50b 8.11+£0.29¢

Available potassium (mg/kg) 208.75+1.54b 143.1043.09c¢

239.06+3.82a 128.28+3.50d 120.54+2.54¢
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Figure 5 Correlation analysis of bacterial (A), fungi (B) communities at the phylum level and soil physical

and chemical factors.
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Figure 6 Contents of total flavonoids (A) and total sterols (B) of Stellaria Radix planted for different years.
Different lowercase letters in the figure indicate significant differences between different groups (P<0.05).
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Figure 7 Correlation of rhizosphere bacteria in genus-level of Sellaria dichotoma L. var. lanceolata Bge.
with active components of medicinal materials. *: P<0.05; **: P<(.01; ***: P<0.001.
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Figure 8 Correlation of rhizosphere fungi in genus-level of Sellaria dichotoma L. var. lanceolata Bge. with
active components of medicinal materials. *: P<0.05; **: P<0.01; ***: P<0.001.
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