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Abstract: Objective To investigate the distribution characteristics of secondary metabolites in rhizosphere soil of Dihuang (Rehmanniae
Radix) and their effects on bacterial community characteristics in rhizosphere soil, and to provide theoretical reference for the study of the
interaction mechanism between root exudates and rhizosphere microorganisms during the formation of Rehmanniae Radix continuous
cropping soil. Methods The rhizosphere soil of Jinjiu Rehmanniae Radix in July, August, and October was selected as the research object.

First, the distribution of secondary metabolites of phenylethanosides, iridoid glycosides, and phenolic acids in the rhizosphere soil of three
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periods was analyzed by high performance liquid chromatography (HPLC). Secondly, the structural characteristics of bacterial community in
rhizosphere soil were analyzed by llumina MiSeq high-throughput sequencing. Finally, SIMCA 14.1 and SPSS 27 software were used to
analyze the differences of secondary metabolites and bacterial community structure in rhizosphere soil among the three growth stages, and the
main secondary metabolites and marker bacteria that caused the differences were screened out. Canoco 5.0 software was used to analyze the
correlation between them. Results A total of six phenylethanosides, three iridoid glycosides and five phenolic acids were detected in the
rhizosphere soil of Rehmanniae Radix during the three growth stages. The content of each monomer varied greatly, with coumaric acid,
heterologous cimicifuga glycoside, salidroside and vanillic acid being the main difference substances. The relative abundance of dominant
bacteria in the rhizosphere soil changed with the growth process. At the phylum and genus levels, the relative abundance of Actinobacteria,
Firmicutes, Chloroflexi, Unidentified Cyanobacteria and Gaiella gradually decreased, while that of Acidobacteria, Bacteroidetes,
Planctomycetes, Verrucomicrobia, Acidothermus and Unidentified Acidobacteria gradually increased. Results of correlation analysis and
redundancy analysis showed that there was a certain correlation between secondary metabolites and bacterial community structure in
rhizosphere soil, with coumaric acid and p-hydroxybenzoic acid having greater effects on rhizosphere bacterial community structure.
Conclusion The main secondary metabolites of Resimanniae Radix can be detected in the rhizosphere soil of Rehmanniae Radix, and have
certain effects on the structural characteristics of bacterial community in rhizosphere soil.
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Table 1 Linear equations for composition of phenylethanosides
B %y EVEp R? 2R PETE I/ (mg-mL™)
L RH Y=667 233.545 9 X+1492.574 6 0.998 0 0.004 9~0.006 4
AR H Y=13522941.130 0 X+1 644.398 1 0.999 4 0.000 3~0.002 5
W H A Y=168 501 070.830 0 X—6 914.071 3 0.999 2 0.001 2~0.009 5
BT Y=25316 006.404 4 X—8 614.318 3 0.998 2 0.001 5~0.011 6
ST R Y=25 788 647.010 0 X—2 953.661 8 0.999 0 0.000 2~0.001 9
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Table 3 Linear equations for composition of phenolic acids

L% mH A FE R? 2B PEVE FEl/(mg-mL™)
HER Y=30296 397.150 0 X—6 948.273 2 0.999 8 0.000 1~0.026 4
K2 FE R H R Y=19 530 031.990 0 X—9 547.704 8 0.998 0 0.000 3~0.010 7
HHR Y=33 394 202.980 0 X—13 645.614 1 0.999 4 0.001 5~0.014 2
TER Y=36 812 875.630 0 X—13 282.675 2 0.998 8 0.001 0~0.012 5
R BRIR Y=57 777 611.170 0 X—32148.787 0 0.998 8 0.000 7~0.006 7
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Table 4 Results of secondary metabolites content in rhizosphere soil of Rehmanniae Radix

Ji e E(pg g )

B T RTE RasT ARET A GEEWT  SRIURE - OMLE T R
7 H 0.0879 0.0351 02171 0.028 0 0.013 1 0.0114 2.366 6
8 H 0.1335 0.0050 0.2253 0.023 1 0.016 4 0.016 9 2.426 2
10 H 0.243 8 0.0713 0.333 8 0.1057 0.0143 0.009 3 22625

. _ i B (ng g )

W "WEED nhER | Aok NREATR T TEm BT
7 A 34826 4.569 9 42.588 6 0.0256 0.172 4 0.078 4 0.1195
8 H 24722 4.684 8 11.8914 0.0170 0.164 2 0.042 6 0.169 3
10 H 3.828 8 2.8264 6.867 3 0.029 7 0.1410 0.088 3 0.1030
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Fig. 4 Changes in contents of three secondary metabolites in three growth stages
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rhizosphere soil during three growth stages of Rehmanniae Radix



FEH 2024E5H B55% B 108 Chinese Traditional and Herbal Drugs 2024 May Vol. 55 No. 10 * 3451 -

N TS L R B A, AR

HEE 3 AN RPR e A AU Y OPLS-

DA FAEH R BRI E M (variable importance in -+ 4 > VIP {5 >1 ks, H P 1<0.05 57 0.01, Hrh

projection, VIP) {H>1 M5y, FHHMT Ttest IATE 2 DNRAEEFZRNS, 2 A NMERISRSY (R 5.
R5 M 3 AMNEKETEIRR IR TR E R E R R L

Table 5 Screening of differential substances of secondary metabolites in rhizosphere soil of Rehmanniae radix during three

H PAY, #8 VIP>1 H P<0.05 (IFCAREERZE 5
g¥e TEHBEARPR AR 3 SRR AL R

growth stages

- P14
ERNR VIP & 7H vs8 H 7H vs 10 8 Hvs10 A
KR 1.197 88 0.000 0 0.000 0 0.000 0
SR TR 1.136 15 0.000 0 0.001 3 0.000 1
LR 1.045 82 0.000 0 0.000 0 0.000 0
FER 1.034 40 0.000 0 0.000 0 0.000 0
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Fig. 7 Venn diagram of OTU clustering results of bacterial

communities in rhizosphere soil during three growth stages

of Rehmanniae Radix
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*6 WERRIRERE IS IR PR EFBX TR

Table 6 Correlation analysis of secondary metabolites in rhizosphere soil of Rehmanniae Radix and dominant flora in

rhizosphere at phylum level

. FHRFREL

A AT ] R ) BRAT ] JERER ] SRR SRR s ] VR R T A )
AR =9t 0.851 —0.892 0.808 —0.802 —0.943 0.990 0.653 0.833 0.816 —0.896
AR AT 0.979 —0.335 0.180 —0.171  —0.455 0.623 -0.047 0.224 0.195 —0.956
WA A 0.947  —0.768 0.655 —0.648 —0.845 0.934 0.468 0.688 0.666 —0.973
EEACNE 0.978  —0.689 0.564 —0.556 —0.777 0.887 0.362 0.600 0.576  —0.993
SRR -0.408  —0.566 0.691 —0.698 —0.454 0.268 0.837 0.658 0.680 0.322
- BEACHET  —0.872 0.036 0.124  —0.134 0.166 —0.359 0.346 0.080 0.110 0.822
FERE -0.995 0.430  —0.280 0.271 0.544  —0.700 —-0.056 —0.323 —0.294 0.981
HFEAF D 0.860 —0.014 —0.147 0.156 —0.143 0.337 -0.367 -0.103 —0.132 —0.809
7 B -0.978 0.687 —0.562 0.554 0.776  —0.886 -0.360 -0.598 —0.574 0.993
HER -0.380 0.987 —1.000" 1.000” 0.959 —0.883 -0.974  —0.999" -1.000**  0.464
KR IR IR 0.895 —0.087 —0.074 0.083 —0.216 0.406 -0.297 -0.029 -0.059 —0.850
HHR -0.869 0.876  —0.787 0.781 0.931 —0.985 -0.627 -0.814 -0.796 0.911
TEHER 0.839 0.027 —0.187 0.196 —0.103 0.299 -0.404 -0.143 -0.173 —0.785
B 2R -0.857 0.007 0.154  —0.163 0.137 —0.331 0.373 0.109 0.139 0.805

"P<0.05 "P<0.01
7 HWERRIIERERGEENSBKERIRMEBREBAXES

Table 7 Correlation analysis of secondary metabolites in rhizosphere soil of Rehmanniae Radix and dominant flora in

rhizosphere at genus level

R A

BB IR R PR R VIR R/ PR E R Gaiclle LR B I U B B A B R aliangium
qHRH —0.590 -0.967  0.866 0917  0.101 —0.860 0.135  —0.639 0323 —0.089
A REG -0.984 -0.878  0.284 0390 0758 -0273 0.780 0.066 -0.886  —0.750
KA A —0.756 -0.999*  0.732 0.804 0321 -—0.724 0353 0451 -0.526  —0310
BB —0.826 -0.997  0.649 0.730 0428 —0.639 0459  -0.345 -0.621  —0.418
SRR 0.722 0.127  0.610 0517 —0973 -0.619  —0.964  —0.847 0.896 0.976
2-CBERERT 0992 0.693  0.018 -0.095 -0919 -0.030  -0932  -0.363 0.984 0914
PR 0.960 0.922 -0.381 0482 -0.687 0370  -0.712 0.037 0.833 0.679
W D —0.989 —0.676  —0.040 0.072 0928  0.052 0.940 0.384 0988  —0.923
i BRI 0.828 0.996  -0.647 0728 —0430 0638  —0.461 0.343 0.623 0.420
HHR 0.003 0.631 —0.995 0977 0503  0.996 0.473 0.969 0295  -0513
xR EIK HR -0.997" -0.728  0.033 0.145  0.898 —0.021 0.913 0.315 -0.974  —0.893
HHR 0.617 0.975 —0.849 0902 -0.134 0842  —0.169 0.613 0.355 0.123
TER -0.982 -0.645 —0.081 0.031 0942  0.093 0.953 0.421 0994  -0.938
B SRR 0.988 0.671  0.047 -0.065 -0930 -0.059  -0943  -0.390 0.989 0.926

"P<0.05 ""P<0.01

*8 MMIRLIRPERZEFER. NGEGEE XN EMERAORE
KRBT IRPR IR AR R E LS DRI RN

Table 8 Effects of phenylethanosides, iridoid glycosides and
phenolic acids secondary metabolites in rhizosphere soil on

bacterial community structure

IS [X¥ R /% PiH
[Tk AR-w N 63.0 0.004
THRK 24.7 0.004

J@ K- IR 40.8 0.004
PUp2r N 36.0 0.002

i SRAGH 7.6 0.044
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