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Community and diversity of rhizosphere microorganisms and its correlation with
active ingredients of Epimedium sagittatum in different growth stages
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Abstract: Objective To explore the effect of rhizosphere microbial on the quality of Epimedium sagittatum in different growth
stages by analyzing the correlation between community and diversity of rhizosphere microbial and the content of active ingredients,
so as to provide the reference for its high-quality and high-yield cultivation. Methods Taking the rhizosphere soil of three-year-old
E. sagittatum in different growth stages as the object, high-throughput sequencing technology was used to analyze the community
structure and diversity of rhizosphere bacteria and fungi. At the same time, the physicochemical properties and enzyme activities of
rhizosphere soil and the contents of active ingredients such as total flavonoids and icariin were determined. Pearson correlation
analysis was used to explore the relationship between soil ecological factors and effective ingredients. Results High-throughput
sequencing results showed that Candidatus_Solibacter, Bryobacter, Acidothermus and Gemmatimonas were the dominant bacterial
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genus in the rhizosphere of E. sagittatum. Candidatus_Solibacter had the highest average abundance in the five growth periods.
Among the dominant rhizosphere fungi, Mortierella accounted for the largest proportion of relative abundance, which was as high as
44.27% in the flowering stage samples. UPGMA cluster analysis and NMDS analysis showed that the structures of rhizosphere soil
bacteria and fungi were similar in flowering, full-bloom, fruit expansion and full productive stage, while there were significant
differences in rhizosphere microoranganism community structure between the stable quality stage and the first four stages. Pearson
correlation analysis showed that the content of total flavonoids was significantly positively correlated with available phosphorus, and
was extremely significantly positively correlated with Candidatus_Solibacter and Bryobacter. Icariin was significantly positively
correlated with organic matter and Bryobacter, extremely significantly positively correlated with alkali hydrolyzable nitrogen,
available phosphorus, Candidatus_Solibacter, and significantly negatively correlated with catalase and Nitrospira; Epimedin Aand B
were positively correlated with alkali-hydrolyzed nitrogen and sucrase, and significantly positively correlated with available
phosphorus, Candidatus_Solibacter, Acidothermus, and chronic rhizobia, while significantly negatively correlated with urease and
Acidobacteria, and extremely significantly negatively correlated with pH, catalase and Nitrospira. Epimedin C was positively
correlated with organic matter, alkali-hydrolyzed nitrogen and Bryobacter, significantly positively correlated with available
phosphorus and relative abundance of Candidatus_Solibacter, and negatively correlated with Nitrospira. Conclusion Through the
analysis of the rhizosphere microbial community structure and diversity of E. sagittatum at different growth periods, the status of its
rhizosphere microbial resources was mastered. The study found that rhizosphere microbes, together with soil physical and chemical
properties and enzyme activities, participate in the synthesis and accumulation of effective ingredients. This study provides research
data for the community distribution of soil rhizosphere microorganisms during the cultivation of E. sagittatum, and provides a
reference for the excavation of rhizosphere microbial resources and its high-quality and high-yield cultivation.
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Table 1 Physical and chemical properties of rhizosphere soil of E. sagittatum in different growth stages

AFRH pHOK =25 1) BHLN(G kg™ BfEE/(Mg kg™ BB (mg kg™ L AR/(mg kgt
Al 5.22+0.13° 70.460+1.190° 205.47+7.94¢ 10.17+0.81b 198.40+2.29¢
A2 5.11+0.23° 82.846 +2.760? 226.87 +6.06? 12.10+0.532 242.62+41.31%
A3 5.21+0.09° 81.366+1.560% 226.00+7.29? 11.83+0.122 256.53+8.992
Ad 5.38+0.22P 78.016 +2.860° 222.53+3.91% 9.00+0.61°¢ 225.47 £22.54b¢
A5 7.00+0.112 84.520+1.150? 213.30+4.59% 9.534+0.71% 282.27 +£7.542

FFARFNG FRFOR AR R W ZERBE (P<0.05), A

Different lowercase letters in the same column indicated that there was a significant difference among the samples (P<<0.05), same as below

<2 EIMEFEISERTEARMR LIRS
Table 2 Enzyme activity of rhizosphere soil of E. sagittatum in different growth stages

ANFEIE A (ng g7t d7) FERERG/(mg gL dY) ERPEBERREE/ (nmol gt hY) IFEALE/(umol gL h7Y) EREE Al (ug gt hY)

Al 240.14+8.98¢ 17.59+0.37¢ 1474.63+91.98¢ 309.54 +9.44¢ 21.18+1.25°
A2 344.87+1.41¢ 19.87+£0.05¢ 2675.721+61.86° 277.42+1.86¢ 15.21+0.69°
A3 369.78 £2.60° 26.64+0.18° 3138.041+89.342 250.30+2.56¢ 12.09+0.83¢
A4 414.26 +3.95° 21.59+0.15P 3036.72+200.522% 326.96+1.43° 20.15+1.02°
A5  1041.90+15.182 16.44+0.22¢ 2843.92+172.26 373.10+1.64° 15.21+0.96°
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Table 3 Comparison of estimated operational taxonomic unit (OTU) and diversity indices of test samples

W / il , Hi

OTU % H Shannon  PD wholetree  Chaol  ZE#/E/% OTUHH Shannon  PD wholetree  Chaol /&%
Al 41144203 10.18+0.19% 344116 58591108 95.1 1140+36®  6.07£0.29 21642 1690+ 442 98.4
A2 34514272 9.71+0.21¢ 2954230 5094 + 265 95.7 8994277 6.62+£0.21% 180£350 123545150 991
A3 3848+ 265% 9.9540.22%¢ 333115 5496+ 255% 95.4 1229+140*°  6.811+0.29 228+15° 1790+ 1742 98.4
A4 34701266 9.8540.09 298+18° 4903 +411° 96.1 1087+ 78 6.41+0.212 211+9% 1532+ 95% 98.6
A5 3891+205%  10.31+0.14 32719 52661 350 95.9 1316+139*  6.61+059% 2424212 18774218 98.3
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Fig. 1 Venn diagrams of soil bacterial (A) and fungi (B) in different treaments
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Fig. 2 Analysis of NMDS and UPGMA cluster in rhizosphere bacterial (A) and fungi (B) community
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Fig. 4 Dominant bacterial (A) and fungi genus (B) detected from rhizosphere communities of E. sagittatum in different growth

stages
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Fig. 5 Circos plot of dominant bacterial (A) and fungi (B) genus detected from rhizosphere communities of E. sagittatum in

different growth stages
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Different lowercase letters indicate that there is a significant
difference between different samples in the same composition (P <
0.05)

E6 EMEEEFREKFMATRHEEYIXSTESE
Fig. 6 Active ingredient content of E. sagittatum in dry
leaves at different growth stages
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17.65%. VEFET R ESE, A2>A3>A4>A5>
Al, Al JiEDHEAR, PR ESECN 1.11%. &
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Al. X, WIEE A, HIEE B Mg E C4
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TEIEHETE 1.5%~2.0%, A2 W& ERE. 260k
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BOE A, W E B A E C4 &M S BN EE.
24 FIMEFEMHRBYRST SRETIEESE
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Fz4 SMEFEHRBYRS SRETIBESEF EHIHEEE
Table 4 Pearson correlation coefficient between active components and rhizosphere soil environmental factors
p— pESs:11] R HEE A HAEE B HEE C

MRRH P MRRH PE MXRHL PHE  HXR¥ PHE MHWER¥ PHE
WAL pH —-0.288 0298 -0.367 0179 -0.672™ 0.006 -0.669" 0006 -0.241 0.387
HHUR 0404 0135 0523° 0045 0239 0391  0.249 0371  0.536° 0.040
AR A 0445 0.096 0.685™ 0.005 0.628" 0012  0641* 001  0571" 0.026
A 2k 0.561" 0.029 0.672” 0.006 0.846™ 0 0.854™ 0 0.645" 0.009
A 0075 0791 0183 0513 -0.023 0936 -0.008 0979 0215 0.442
+ B Jiidl -0.190 0497 -0229 0412 -0569" 0027 -0565" 0.028 -0.118 0.676
R HR -0.048 0864 0295 0.286 0562° 0029  0611° 0015 0.092 0.745
R MR RR T 0138 0.623 039 0144 0216 0440  0.245 0378 0.286  0.302
HEMNERE -0.327 0234 -0526° 0.044 -0.866™ 0 -0.888™ 0 -0.397  0.143
TRMEE A -0.260 0350 -0.480 0.070 -0485 0.067 -0519°  0.047 -0.449 0.093
k| FRAF 8 Cuncultured) -0.048 0865 -0.207 0459 -0.527" 0.043 -0547° 0.035 -0.119 0.672
Candidatus_Solibacter J& 0.681™ 0.005 0.783" 0.001 0.864™ 0 0.851™ 0 0.721*  0.002
BT R 0.655™ 0.008 0.638° 0.011 0.679™ 0.005  0.646™ 0.009 0626 0.013
Haliangium J& -0.221 0428 -0142 0614 -0114 0685 -0.109 0.699 -0.276  0.320
W TR A b I 0.022 0939 0287 0299 0.641™ 0.1 0.676™ 0.006 0.136 0.629
18 A AR R B 0.257 0355 0355 0.194 0.654™ 0008  0.663” 0.007 0278 0.315
IR B -0.377 0.166 -0.623° 0013 -0.707" 0.003 -0.723* 0.002 -0522° 0.046
TR B -0.093 0742 0012 0965 0297 0282  0.307 0.266 -0.123  0.663
Metagenome -0.144 0609 -0.184 0511 -0.369 0177 -0.371 0173 -0.224 0422
MND1 -0.314 0254 -0.462 0083 -0.647" 0009 -0.654" 0008 -0422 0.117
Wi EE -0.190 0.498 -0.288 0.298 -0.048 0.864 -0.060 0.831 -0.335 0.222
e R 0.247 0375 0155 0581 -0266 0337 -0.284 0.304 0.282  0.309
Saitozyma J& 0022 0939 0186 0506 0240 0390  0.269 0.332  0.190  0.497
HH Ilyonectria J& -0.047 0867 0049 0863 0432 0108  0.454 0.089 -0.010 0.971
Mycoarthris J& 0.040 0886 0203 0468 0371 0173  0.400 0139 0.128 0.650
BB 0.200 0475 0328 0232 0218 0436  0.205 0464 0219 0.433
gz RN -0.197 0481 -0075 0789 0.164 0558  0.192 0492 -0.155 0.580
[driella J& -0405 0.35 -0504 0.055 -0.672 0.006 -0.666" 0007 -0.414 0.125
Xylaria J& -0.094 0740 -0.167 0553 -0.333 0226 -0.333 0.225 -0.091 0.747
)R -0.214 0443 -0.181 0520 -0.249 0371  -0.229 0412 -0.236  0.397

"ML BEIKF (P<0.05)  HIKRIEMREZEKFE (P<0.01)

“significant correlation (P < 0.05)

i, AR BB R S LR Y s A A
A3~AS WIYEFFELE IR 2 BEVE AT, AR
F o VLR PR TR R £ M 1 i SR AN R A B B
AT BARAC I, 2504 5 AR E IR b -39 H
A R A0 2R, MR BRI B MRS Y
FIZGH A E IR SRR R R, X AT REA
TEAEIL G, MR R E FREK, RER
WAL, XA FATA R TS A )
AR, B4R E U RE BRI,
Chao 1 BEHE TR F# A B WIRIAE, HRERYHE F R
%, MRPrH BRI T, XA RER B TR
ARJEH, SRR AR T RIRE I, SRR

“extremely significant correlation (P < 0.01)

EH P EE AR, R, U B
FEEER R EEBONFEE A, XEREYA
N EARZ, THFEERFEE . SHEEEAR
A KRR PR e R VR s SRR, AR AE R
S B S R AR B - R G AR B IR A A AE T 1K
FEAKF ERAE T BESE . RERAE LA
5 7% J2 11 ( Proteobacteria ) . TR #F & [
(Acidobacteria) . JitZE ] (Actinobacteria) %
B[] (Chloroflexi) &, FHA AR AR =F £
B, i 27.21%~38.66%, HLUCHIRATETT, 5
17.66% ~ 32.86% . 41 W b % B JE B ¥
Candidatus_Solibacter. # &£+ )& Bryobacter. F&
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P& 1 #4 B4 J& Acidothermus.  fifb 4 B4 J& Nitrospira.
& B J& Gemmatimonas . uncultured
Acidobacteria. MND1 % 16 N & (AT =E 2
Ay LM w S FER 200U, Hi,
Candidatus_Solibacter J&7% 5 MR HAR 13
FEfE e, (£ A2 JARE R I FEE s ik 4.29%,
A5 HIFE S B, O 0.89% . Candidatus_
Solibacter fEMEMIM R LI 24706, BAH DR
RV, (et EI APPSR R . RERETE
AR EFEHFEEETT (Mortierellomycota)  F3&
B ] (Ascomycota) . #H-F (] (Basidiomycota) -
Gid 7 Chytridiomycota ) Bk % Il
(Glomeromycota) . B[] (Rozellomycota) 4.

Hordr, FEERTRAE X = B & 31.15% ~
42.10% , H Xk A MmETT, & 11.19% ~

44.34%. 5 HFEG AN T RAE AR A — B, Y
BT 5 BB — e I 2 . L3 B 8
J& Mortierella AHX B 5 LA K, 78 AL BIFE &
L 44.27%. W B AR N — Fh
i AR LB, R S R E R AR,
W TR A SR8, Al A Sl B 1
W2 RN S REE W y-WHRER, EEFRIENZ
WIAIRI290, AR T AR T 3 B A R ) P AE FUTR B
J& it 4 i 7% B J8 Sebacina . Saitozyma J& .
llyonectria J&. fIBMRE)E Ceratobasidium. ZLjE
& ¥F % J8 Dactylaria . Xylaria J& 1 8 JJ 4 J&
Fusarium %, #i4d: BB 7E B k. BABRIE R
R E CEIER, HE WA E R EURE, Wk
JIwE. SREE R R E YRR R, &
SIRRAEYIE A A Z AN E IR AR R, [
AH B P 5 AR o 438 v i ) T AR S R I R 2
WA Re ot AR KR B A SR sE e . X bsh R
Tt BH 2 2 8 ) AR o o B 1) - 338 41 o LA e R
AL F IR R A 2SN, ZFHEE
—ERREE BRI A I . UPGMA 265
HrFl NMDS & R EoR, fEFMEFEENAK
WRER, FEE . BSAE I SRS I R R
R PR L 35 40 B FH LR S5 A A AL, T 24464 o 2 A e S
5T 4 DN EHHRRR PR B R VA S A R R .
XA B T MR BRI A PR U 25 M AH RSS2 AR )
WA R, XA YIFERR PRAERS K B e A T e S
RS TS AEMAERKRES . AR
P EEA KRB,

245 FHREI G 0850 & B B0 R 2504 1
JoT S FAE NG IR ST R, A2 VPO 24564 il i 1Y) 3 A
e MEMME, Hr- SIS RS 256 i
B PR SR SRR O . AN TR B R AR AE %
SRR, KR A R A RO S AR B 3
AR HEFHATHET L. AR, SRS =
5% 2 %% IEAHK, 5 Candidatus_Solibacter
& BRI EEEREE A BEEETSHL
Ji. EEEFREE 2R RS, SA. A0
& Candidatus_Solibacter J& £ 1IEMxR, M5
HENER . HAIRE 8 B R R E A
MEAEE B SR A. RERERE S EAHOS, 5H
fi . Candidatus_Solibacter J&. FERMIHE R . 12
AR R S R IR ARG, T S IREE . ERAT 8
EHMR, 5 pH. JEMERE. HGIREE 2]
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pH S HL 2 e R, UG UK ST ST e () R i
AR E AN FE TN SR, S LB
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TP BT AT PR AR A G, AR B A
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