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Abstract: Objective Seedling transplantation and wild-simulated planting are the two primary cropping modes for Huangqi
(Astragali Radix). To elucidate the effects of planting methods on the quality of Astragali Radix, this study analyzed the soil
physicochemical properties, the rhizosphere microbial communities, and the bioactive ingredients of Astragali Radix under different
planting modes. Methods High-throughput sequencing technology was employed to analyze the structure of the bacterial and fungal
communities in the rhizosphere soil of 2-year-old transplanted Astragali Radix (TA) and 2-year-old and 3-year-old wild-simulated
Astragali Radix (WA) from Gansu. High-performance liquid chromatography was utilized to determine the contents of four flavonoid
compounds and four saponin compounds. Total flavonoid, total saponin, and total polysaccharide contents were measured using
ultraviolet-visible spectrophotometry. Conventional methods were applied to assess the soil physicochemical properties. The
correlation among root-associated bacteria and fungi, soil properties, and eleven main bioactive ingredients were examined using
multivariate correlation analysis. Results The soil organic matter (SOM), total nitrogen (TN), ammonium nitrogen (NH**-N), total

phosphorus (TP), available potassium (AK), and available boron (AB) contents were significantly higher in TA compared to WA. The
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richness indices (Sobs and Chaol) of the bacterial and fungal communities in the rhizosphere of TA were significantly higher than those
of WA, and the diversity index (Shannon) of the bacterial communities was also significantly higher. The genus Vishniacozyma was
identified as the dominant fungal colony in the rhizosphere of TA, while the genus Fusarium was dominant of WA. The contents of
formononetin, calycosin, and total polysaccharides in TA were significantly higher than those in WA. Correlation analysis showed that the
contents of total flavonoid, calycosin, ononin, formononetin, astragaloside I, astragaloside IV and total polysaccharides were correlated
with soil physicochemical factors. Soil NH*'-N, SOM, TN, TP, AS, AP, AK, AB, and manganese (Mn) were the main factors that affected
the structure and diversity of bacterial and fungal communities in the rhizosphere under different planting patterns. The bacterial
community Sobs, Chaol, and Shannon were significantly positively correlated with formononetin , and both Sobs and Chaol were
significantly positively correlated with total flavonoids. The fungal community Chaol, was significantly negatively correlated with
calycosin-7-glucoside. Conclusion The active components of Astragali Radix are influenced by a combination of soil physicochemical
factors and the rhizosphere microbial community. By analyzing the mechanism of interaction between soil, microbes and medicinal plants,
it is possible to provide a scientific basis for improving the yield and quality of Astragali Radix under different planting patterns.

Key words: Astragali Radix; cropping modes; rhizosphere soil; physicochemical properties; total flavonoid; calycosin; ononin;

formononetin; astragaloside [; astragaloside IV; microbial diversity
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Table 1 Regression analysis of four flavonoid compounds

EY =157 7% I LR/ (ug-mL Y
BT Y=59279.9 X—104 994 0.999 6 10~400
TEARAE Y=58 836.9 X+23 110.8 0.999 9 10~200
B Y=64 054.0 X+6 300.78 0.999 9 1~50
TEWIE# Y=151430 X—6 827.18 0.999 6 0.2~10
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Table 2 Regression analysis of four saponin compounds
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R Y=585.433 4 X—2.989 2 0.998 5 10~100
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SEH Smin. ¥ Ll BN LR
WS, Bk &4 B SCET Nlumina MiSeq &



* 4404 -

¢EH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

AT EEE T .
2.9 HEALIE
2.9.1 RPREIERADEER  REBIRE R EE. %
W PHEE. A, RSB IR A AEE,
BRINEL 97% ) — BN A 2407 51 5K A OTUSs.
i OTUs H tH I ARE 55 i (1 /7 414 A OTUs (4R
FFH. FT Silva 4. UNITE 8, #H47
VIFh o K208, FR0 SAEARGAT P AL 2. f
Fi QIIME2 #4447 Alpha 2 ££14: . Beta £ FE1E .
Yk RN BEIEZE RSP, R R
K.
2.9.2 B EEAL PR BT R B RS 1 A = AUl
THETOEIH (X E£S) IR, KA SPSS26.0 #4174k
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PRALMEIE SR, T E IR BASERIK, HE5Z

A it SR P B B UIAE G o 0 H IR AS R P A5 5
BRI R T LR 3. 2 AT IR
AN 5. A EIH. G EEeT
2. 3 AR I (P<0.05) , SEESREL
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GERNEK 4. 2 FABREHETHTEWERSTER
EmT 2 AR 3 FEAEMGFARK, B2, BE
S AR T 2 AR B AR IR (P<<0.05),
FoAhEVE R & S B AE M AR . 2 AR
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AEERK, DEEEST 3 FAEGEERK. 3
AR R IR R L E KR L ER
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*3 BERRETIFEBUMER (X+s,n=6)
Table 3 Physicol-chemical factors of rhizosphere soil of Astragali Radix (X+s,n=6)

Bir pH  KIEMHAe ke )PRE TR B R (cmolkg) AN /(gke!) 2% (gke!) MEF (mgkg )R A/ (mgke!) BBi(gke!) H B (mgkg?)
GQH-18.34+0.3220.98+0.67a 7.58+1.57a 12851452 097£017a  220%£230a 22241052 0592005  435%19a
GQH-28.53+0.19 2 1.0320.35a 8.70£0.70a 54120636 03320020  1.03£069a  1.06+0.61b 05620042 385 1.13a
GQH-38.51021 a 1.170.34a 760+ 1.11a 563£116b 0390150  092+048a 08440220 04620036  113£121b
Fig 1.068 0.235 1.758 83.794 44.208 1.529 6.511 20349 8.21
PR 0368 0.793 0.206 0 0 0.249 0.009 0 0.004
Bl B Aeke) A (mg ke HMEE(mgke!)  HAMAmgke!) Himgkg))  Bmgkg)  Bhleke)  Himgke!)

GQH-114.50+1.01a 225.73%61.8a 83.92115.2a 1.08£037a 17.94+181b 64.48+24.08a 18.87+1.85a 459.63134.63b
GQH-215.09+0.47a 79.79£9.61b 65.02£11.63b 0.32x0.16b 18.86x1.17ab 60.39+5.55a 20.37x1.85a 509.60+24.12a
GQH-314.54+1.55a 76401 12.43b 77.70£8.65ab 0.38£030b 2040%1.04a 67.51x8.00a 20.82%1.73a 492.34130.29ab
Fi 0.537 32.179 3.785 12.327 4.839 0.341 1914 4.296
P 0.595 0 0.047 0.001 0.024 0.716 0.182 0.033

R P EUE G AR NS TREORER B (P<0.05) 5 T,

Different lowercase letters after the values in the same line indicate significant differences. ANOVA: P < 0.05 , same as below.

w4 BEFMERDPEENM (X£5,n=6)
Table 4 Content of active components of Astragali Radix (X s ,n=6)
[ 8 (mg g ™)
BHE BERAME BERAN SR ERER BEH O AREH] ARSI HEBT I KKTHE BER
GQH-1 2.0040.29a 0.57+0.29a  0.09+0.04a 0.824-0.80a 0.0174-0.004a 16.23+1.12a 0.26+0.08a 0.48+0.34a 0.12+0.04a 1.91£0.83a 25.65+3.86a
GQH-2 1.9340.552 0.7410.18a  0.040.02b 0.3740.14a 0.0124-0.003b 13.58+3.08b 0.21£0.07a 0.31£0.11a 0.09+0.06a 1.27+0.29a 17.60+4.36b
GQH-3 1.6240.24a 0.691+0.22a  0.05+0.03ab 0.444-0.22a 0.0091-0.002b 15.79+1.21ab 0.23£0.08a 0.51+0.452 0.14+0.05a 2.34+1.45222.59+3.292

F{d 1.667 0.765 3.407 1.462 10.693 2971 0.734 0.64 1.646 1.813 6.648
PfE 0.222 0.483 0.06 0.263 0.001 0.082 0.497 0.541 0.226 0.197 0.009

fiks
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33 HERRFRTIEBEYSH

3.3.1 Alpha ZHEMESHT KT E RO b L8 AT 40
16S FIELTH ITS i &N 7, AN FEMEAR T 18
A LIRS A AT I R AR . 3 AR
YH T A BT HEHE 53 706~177 944 %%, OTUs AL
PG S 1SR 24 1], 76 20, 118 H . 218 £,
457 JRI IR EYIFE R . 3 ARER B R A XY
HIEAE 37 057~63 932 %%, OTUs fXERJFHIZ&XS T
YEBRR 16 1] 5249, 124 H. 274 BE. 579 JB I
TEEEYMME R

Alpha ZFEVEFR BT AR IR E R I &
FERZFEME. 3R 5 A 41, LA Sobs. Chaol F1 Shannon
fabr AT s, 2 AR AR PR LA B VK
Sobs. Chaol I Shannon ¥& (3% & 3 = T 05 B A= Fh
T (P<<0.05) , FFH 2 FAEMEE R IC Alpha £
FEVERRROS T 3 AR AR B AR I . MBS T LR R T 45
TR TR B % 25 FARIL, 2 A RS AR B B LRI TR 74 Sobs
Chaol 1 Shannon Fa%im 1078 A MHEE S, HH Sobs
TEHON Chaol $R¥CERZE (P<<0.05) . 2 FAM5E
A2 PHTE Sobs 1 Chaol 5% 3 SN B A M.

®5 ARMIRITIRMEY Alpha ZHMIEY
Table 5 Microbial Alpha diversity indexes of rhizosphere soil of Astragali Radix

5ig 4 B HE
Sobs Chaol Shannon Sobs Chaol Shannon
GQH-1 26353319822 a 307429+9447a  6.18%£0.17a 872.00x145.51a 1080.15+103.66a 3.76x1.17a
GQH-2 2315.504+226.95b 2740.43%£18121b 5.73x0.15b 498.67+166.44b 667.711277.66b 2.70£0.71a
GQH-3 1641£266.90 ¢ 207455429142 ¢ 5.40%0.40b 380+£324.34b 499.81£455.35b 2.9840.65a
FlE 35.031 36.807 12.652 7.701 5.438 2.357
PlE 0 0 0.001 0.005 0.017 0.129

3.3.2 Beta ZFEVEHT KBRS GH R AT B E AE
OTUs /KF L, KT Unifrac B 5IERK I
AR 2 BT (principal co-ordinates analysis, PCoA)
e v AR b LR AE R A5 2= (D) .
4 1 T e M) B A B AN TR B VR AT R T, 2
SEAEN 3 AR AR B AR T R A T T R L B
IrES . FLBH WIS TR, R R e BT AR B
AR FES R, TOIEI R X 7. KW 2 M b iE
BT 4 TR 4l ) 22 S K, H LB A R
HHIE

333 WFMA AT ASEAR A R bR - 4H e
AE B T IACT RS A WL 20 Bl 2 7]

..... o b e
a wGQH-1
*a ®GQH-2
.. ®GQH-3

(=)
[=}
Tons

PcoAl(14.35%)

. < .

PeoAl(14.35%)
o

|
=]
L.
|
=]
()

-0.2 0 0.2 -02 0 0.2 04 0.6
PcoA1(20.23%) PcoA1(20.23%)

1 £T Unifrac EEHHEE (2). EE (b) Ei% PCoA
o
Fig.1 Principal coordinates analysis of bacteria (a) and
fungi (b) composition based on Unifrac distance

RN K BB R H A R A AR T
MFEREZERANR, FH R 5 AL 15 A2 R T W
I'] Proteobacteria. fUUFFE ] Bacteroidetes FRHFT B
I'] Acidobacteria. JHZE# ] Actinobacteria. JEil A
I'] Verrucomicrobia. %20 B B FEVR (5 LLAT 5 A2
g a2 ¥ % B ] Ascomycota « fH T ]
Basidiomycota. # %] Mortierellomycota. k%
[T Glomeromycota « 175 2 #i fif K % € K
unclassified-k-fungi. FHEARL R 35 5200 5 1R A0 34 1
FEAEXT F . SRR, B4R %
T-HEH ] Ascomycota FEHIF (66.29%- 88.55%-
71.62%) .

AN TR ARE 2 T AR o - 4 B R B 1 VR B UK
PR A WL 3. B 3 eI, fEJEKE L
I R T A VR ZE RLE AN [R] RO AR ST B 3 FE AR R
K, i bCHET 5 AL8) 5 & GQH-1 4. 2 I 5
J& Sphingomonas ( 5.47% ) > B ¥ B -Gp4

(4.14%) >R -Gp6 (3.79%) > {5 5 il B &
Pseudomonas (2.48%) > 1 IEFFH & Pedobacter
(2.19% ) ; GQH-2 4 : 15 ¥ % M & )&
Pseudoxanthomonas ( 6.34% ) > i ¥ il & J&
Pseudomonas (3.41%) >MAT B -Gp6 (2.94%) >
FEAT B -Gpad (2.37%) > F 14T B8 Aridibacter
(2.33%) ;5 GQH-3 4l: BT B -Gp6 (3.53%) >
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= M Proteobasteria
# Bacteroidetes
W Acidobacteria
M Actinobactcria
“ Verrucomicrobia
Planctomvcetes
B Gemmatimonadetes

W Firmicutes

M Chloroflexi

candidate division WPS-1
Bunclassified Bacteria
other

AR FELE /%

«@
jas)
<
©)

GQH-2

@ Ascomvcota

@ Basidiomvcota

m Mortierellomvcota

@ Glomeromvcota

W unclassifiedfungi
other

AR /%

2 IVKFRFRLEE (a) NEHR (b) WHENEE
Fig.2 Relative abundance of the dominant bacteria (a) and fungi (b) phyla

'm Gp6
w Sphingomonas

'@ Pseudomonas

m Gp4

w Pseudoxanthomonas
Aridibacter

g Gemmatimonas

Lysobacter

Phyllobacterium

HERS /%

aesedis
Terrimonas
Pedobacter
other

Spartobacteriageneraincert

100,

80!

N g
40

11
W Fusarium

W Plectosphaerella
W Aureobasidium

® Dactylonectria

1 Gibberella
Alternaria

W Mortierella

W Vishniacozyma

W Paraphoma
Fusidium

W Humicola

other

HEXF /%

3

GQH-2
GQH

B3 BKFERFLTHAE (a) MER (b) AUENEE

Fig.3 Relative abundance of dominant bacteria (a) and fungi (b) genera

RN & Pseudomonas (3.44%) > Phyllobacterium
(325%) >HHE NN & Sphingomonas (2.51%) >
TR Aridibacter (2.23%) o 3 NMIEH A
R AR 22 RIBOR,  EGRT 5 AL 4002 GQH-
1 4H: 4TRSS SR Vishniacozyma (1.73%) >%i
W % J& Aureobasidium ( 5.79% ) > M Bk & J&
Plectosphaerella (5.69% ) > # fl % J& Mortierella
(5.56%) >9fl)E Fusarium (5.34%) ; GQH-2 4.:
B 4 B Fusarium ( 20.57% ) > [ff Kk J&
Plectosphaerella (7.07% ) > 75 % [ J& Gibberella
(6.39%) >Dactylonectria (5.83%) >FZ% A%H)E
Paraphoma (5.60%) ; GQH-3 H: #6118 Alternaria
(9.44%) >Hf1)E Fusarium (9.18%) >5HHN%E )8
Aureobasidium (6.73%) >Dactylonectria (6.36%) >
WIS Fusidium (4.17%)
34 WREMESREAMREEXM
341 BEFULE SRRSO T #
TP A R S EIE Y O AT ARG b, G
DL 4. BEHSIEER. BEETEE . TR,

Wl ER . BT 1 HEHH. L2 LIl
Rl FEONAHDG . R S5 A 2 B3 IEAEG (P<
0.05) o BEEF I A £ EZE IEMC (P<
0.01) , SHEMLREEEIEMKE (P<0.05) . 51
HFHEHUREEZIEMHL (P<0.05) . THfERS
AR BBEEREEIEHS (P<0.0D) , 5HUA.
SR AR HAE. AR R EE IEAR (P<
0.05) , 5. #rREEFAMAK (P<0.05 .
TR 1 5A 24k 2 B IEAR (P<0.05) .
WICEH I SHcR2RENMEX (P<0.05) .
WrRHHSEREEEIEMEL (P<0.05 , H1IE
P FAc i, fook BRE MK (P<0.05) .
MEZRS5REAEMEEEMEL (P<0.0D) , 5f
BUFR . &% AR EEIEMX (P<0.05) .
342 WA AN AT R
FITC& M1 (redundancy analysis, RDA) W57 3%
WAEYIERS DI T2 RN R, SHRERH
B R B - 9 A e R T 0 T T A N BT R 45
A B, W 6. 135 &% 34k K 10 145
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B . 10
B R ps
8 R ® - 06
PR JEN 04
TEWTER e 6 . .. . ‘N X ) ) ~02
BRT -0
BRI . -0.2
WREF I 04
R I @ e 06
0 HE A ® " 20 s
JSE2 ® e - § 10
ZHE L EREKEEE EEEE S K W '
HRERHREED R DR R
& E i E £ ®HEwk
9
"P<0.05; ""P<0.01.
F4 HIEBUMRSHELZFERDHEXME
Fig. 4 Correlation of soil physicol-chemical properties and active components of Astragali Radix
T 6 WEMEEARSITIEIREWETH RDA S5
Table 6 Redundancy analysis between physical-chemical factors and soil microbial community
TiH M HE
N RDALI RDA2 R? PlE RDALI RDA2 R? Pl
pH 0.606 -0.796 0.158 0.264 0.339 -0.941 0.06 0.613
IRV £R 0.989 0.145 0.071 0.571 0.475 0.880 0.085 0.533
FH & A e -0.321 -0.947 0.293 0.070 -0.242 -0.970 0.305 0.061
HHLIA -0.621 0.784 0.852 0.001 -0.670 0.742 0.666 0.002
o -0.514 0.858 0.826 0.001 -0.556 0.831 0.678 0.002
HAE —0.553 —-0.833 0.128 0.332 -0.068 -0.998 0.144 0.318
A —0.657 0.753 0.863 0.001 —-0.733 0.680 0.765 0.002
oy -1.000 0.031 0.718 0.002 -1.000 0.010 0.602 0.003
R —0.999 —0.051 0.472 0.014 —0.997 0.071 0.462 0.013
s —-0.608 0.794 0.154 0.261 -0.783 0.622 0.171 0.254
TR —0.755 0.655 0.430 0.011 -0.839 0.545 0.273 0.088
Rk —0.552 0.834 0.572 0.002 —0.498 0.867 0.532 0.006
A -0.192 0.981 0.352 0.038 -0.048 0.999 0.275 0.102
Sl 0.928 -0.372 0.269 0.083 0.958 -0.288 0.314 0.062
(2 0.916 0.402 0.020 0.879 0.929 0.370 0.019 0.892
B 0.629 -0.778 0.168 0.237 0.641 -0.767 0.189 0.207
i 0.131 -0.991 0.339 0.043 0.302 -0.953 0.318 0.059

YR OTUs HE & I52 W T N B > A WL >4
> SV > R > 808 > R > 80 >
B, N -EECE OTUs BEVA B2 M T 2 0> 4
B> WL > A 8000 >4 20 .

343 RPRAED S REER S HES T K
FHZ A R 53 i FEBR T AR VR 1 o ZRE S
RGO Z HC R, SRKY, MREEEF
& E 1% Sobs. Chaol A& #1484 Shannon 57
ARG EEEE LML, Chaol M Shannon 5 &

HlE. BT ENEEE MK, AREEEEE
FE%U Chaol 5B 7 Wl 2 B35 fAH G, WIS,
4 Tig
MR B S R R o dh, LR
& B 245 ) A K B A T i B 2 [
R AWFRKRI, BRI S070 A3 15
MERACIE A AE B 2 2 57, AR i i A AL
R~ AR EHE. AR EE S TR AR
B, Bk i e N LIS A 264 Fl

=
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Fig.5 Correlation diagram of microbial alpha diversity indices and active components of Astragali Radix

WAL EBE SR T Bt A, T
SRR AR B A 3 B B AR AR KOIRES, JEA DS HITH]
R, DR A AR R B R TR R TR O
TOIEP AR, IRETERR EEAFE L. 2
FRMEEASAC S, XL o 3 FVE AR 3 B
FEGPERTT . PUMIE . PURTE. PIREBETT A E
ZUERL, AN VRA 30 B 5 ) B AR AR, At
Fo, RGP ENIER . BRI 2
SREE TR, BRHMRERRNE R
W T 2 AR AR, LB T M AE
PERCT BIAHSE M B, PERAE R 5 2 Ui L
Ry (AP, 2% HER. &, B0k,
AR AR RIEMR, BRI S AR
AR R IEAR, B2 SANUR. 2% AR
AREER B, I r I, R R I R A
EIOROAR T LR BEAWE. B2 %
I TERT IR B BRI I i Ve 5
i TUIEA R, Ui AR R B TR
BERA KR, 33 FAEN AR KRS
BSR4 FMEERR O NS BT 2 AN
PR, SRR S EERIL, I ERKSE
BUDBIN T FEE F ALK, ORI 6
BB, —BAEMIE 4 0L R B M
BRAHE N, 58 AR PR TR 1) S AR
A

AR PR A R T AL VPO IR DL I F LR
RS RIFE  ah EREE . 7R

Fr R E PSR B mEAE A, AR TR,
BB IR A R R S IR A B —
FERH OO, TR b R 40 TR VR S I A
AR A S AR0E. AR AR
ABONANER B A OC, A S A A
AHUR AR AR EEMK . ERFI R
brtsgrh, (ORAIBEHEVE T 5 B Z R Sobs.
Shannon }% Chaol #8434 & T AR K, &
P 7% Sobs fil Chaol $Bthm T A K. #
BB B A 2 A AECE S I RAEY)
v, nlReR B NH LR w, LIRS R,
RS AR PR A M) B 7 SR AL 22 178 97 R0 3 L 1)
AEAFIRES o A 5T FP 47 B A v I o P A PR P 3
hn, PR LR ZAEERRS. AP RER, 24E
AL FAE Y I DLRE . MoAC S5 Bl A AR AR R 138,
MRBR I B 2 AR A b RIS i #0112, 0K
Al e T IR T FRAC, 06 AR B L g i A= 4
AR AETE, [FINR A0S A 2. i
T A P 22 A5 1 TR 2 vy 2 2 Wi 245 R AR 4 ok A AR g
I A AR B . Liu S0V AR PR - 410 5 B v
Shannon fR#5 H ¥R RAERBYHHE T 2 EE
IEAHK . EABTL T, 8RR PR 33 b 40 1 B vk
Sobs. Chaol I Shannon 53 EH T WL R & EE
i.# IEAH2%, Chaol 1 Shannon 5 & 3. B RF
TR 2R EAE G, BRI R SR
BT EY S T AR, BRI RR bR
LR P A TR B VR 2 M T R S A S R 0 B
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2 o A R R R R 22—

TR 08 B 5 07 B 2R B S AR PRl A M B % 45
MIAFAERE 2SS, "R H T 2 Fil i A
KB, MEEAE, HAR R WA 25, @it
i B B — M A K, A SRR
MAEBEE S 22 040, B K L, i e
WARFSEE Vishniacozyma 2755835 FEAR bR FL A
H V& LA E . BFFE R ILYEAT JE R 5 B s
Vishniacozyma £ H IR EE T iz 504, Z 560
R o3 R AVE SR B IE R, WA R 4 A R A
A — e e EN, —2% Vishniacozyma J&I)
R B A AR 71, Bl Vishniacozyma
victoriae REIG w0 K00 B I BLE, AN oab
D9 35 1R R AR 0L 93 B 0 )& Fusarium 972 5
R RAER, SRR AR A 2R 5
Z PR FE )7 B A i AR bR L A8 Fusarium
FERER TR, R KE 8%
P JEAA IR Y, B2 R e LT B AR P T R B BRI
IR F BIEE ST A8 ROR AR B ok 2 s R A0 H 3
AR R E R, X R A B P SR i B
BRI,

LR ERTR, R s v i IR AE AR P B
(PIOCERR 2, BRI MR R o3 32 - e R A IR AR B
TMAMBEE N ZEG R . EAFMEET, HE
g AR - 5 IR AR W T U 2 RSO 5 R () 2
TR . BRI R IR I E TR T 07 B AR T RS
T3, BRORE LIB AR IBEAAE S
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