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Abstract: [Objective] Chemical and microbial factors in field soils related to disease occurrence of continuously cropped
Pesudostellaria heterophylla were investigated. [Method] Microbial community structure and diversity of rhizosphere soil
from 5 continuous cropping P. heterophylla fields in Zherong County, Fujian were analyzed on data obtained by high-
throughput sequencing technology. Correlation analysis of the microbial distribution was conducted based on the chemical
properties of rhizosphere soil and phenolic acids. [Result] A clustering analysis on 744,331 fungal and 1,032,029 bacterial
effective sequences resulted in 1,314 operational taxonomic units for the fungi and 10,310 for the bacteria. At each of the 5
locations, the number of common OTUs was significantly greater than that of unique ones. On the other hand, the alpha
diversity analysis showed significant differences in microbial composition and abundance among the habitats as the species
richness at Habitat [V, II, and I were higher than those at Habitat V and III. The canonical correspondence analysis indicated
the soil chemical properties and phenolic acids in the root exudates significantly affected the microbial distribution. Fusarium

and other pathogenic fungi were found at all 5 sites with the count of the pathogenic fungi inversely proportional to that of
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other microbial species, i.e., a possible correlation between Fusarium and the rhizosphere community. [ Conclusion] It

appeared that the continuous cropping that frequent fungal diseases on the plants might be significantly associated with the

evolution of rhizosphere microbial structure and diversity mediated by the root exudate from P. heterophylla itself.

Key words: Pseudostellaria heterophylla; continuous cropping; rhizosphere soil; high-throughput sequencing; community

diversity; correlation analysis
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Table | Information on soils sampled from rhizosphere of P. heterophylla habitats

il Rt
Number Collection places

I o B9 2 3 FRE A Youmacuo Village, Yingshan Township, Zherong County

II PR EARIE £ B4 LM Yuanyangtou Village, Dongyuan Township, Zherong County
11 PR E AR £ JHI4HT Chouling Village, Dongyuan Township, Zherong County
v FhoEE AR IR £ ZRIEAT Dongyuan Village, Dongyuan Township, Zherong County

\ ok B/EPE 2 R FE A Shuliucuo Village, Zhayang Township, Zherong County

YA s KFEFAT
Latitude-longitude Sampling conditions
N27°16'42" E119°49"2" — 4/ annual
N27°10'17" E119°56"42" —4E4E annual
N27°11'20" E119°55'3" —4E4E annual
N27°13'1" E119°5340" —4E4E annual
N27°11'54" E119°59'43" —4Ek annual

% OKEFE 2.5:1); HHEAPLUR ( Organic Matter,
OM ) R F A4 4% MR A b - ik ISR

( total nitrogen, TN ) >k F ik A JC % 7 #1{ ( VARIO
MAX, ## [§ ELEMENTAR ) Il & "'+ B¢ & 45
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2% (total phosphorus, TP ) >R F & 48 Ak 4l 44 Rl -#H 26
btk ; H3EA %% (available phosphorus, AP ) %
PR R S AR - B Pt ks 28 (total
potassium, TK ) R FHB A% - K I B 5 4 B g

(‘available potassium, AK ) % H £ R & 1= $& - K 16t
Jig g,
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L-min ', RIHERE R 7.80 mm, T RFE 3 K,

1.5 TIEEER XM RAKN

A RE B0 B2 R A i, R
WEZE G AW B E S E 5 mL 5 B BOR A 3 HEA T
R, o Fliy WL IR X RS OR R . B . T R
iz, H2E. HEMR. WK, KT, Kinik Kk
PIRERR , 5 M T B4 b i 2F AT HPLC A0 i . Al
WA s B Eig A AigH: (SunFire C18 5 um,
4.6 mm X250 mm Column ), JizhHH A 5 0.1% Bilg, i
A B MHEE, 0~6min (A: 73.00%; B: 27.00% ),
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Note: *p<0.05; **p<0.01; ***p<0.001.
E1 EFEMAREMNOTUEERFZEAE (AB: #%E; CD: FEED

Fig. 1 OTU richness and Venn diagrams on fungi and bacteria in rhizosphere soil (AB: Box-plot; CD: Venn diagrams)
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F2 HSoBZHMER
Table 2 a diversity indices on 5 rhizosphere soil samples at P. heterophylla habitats

PCol [27.25%]

A4 Microbe FEA Samples PR E FE e 21 Observed_species AR 4L Shannon = FRAE 4L Simpson Chaol#5% Chaol
I 5016.67ab 10.51a 1.00a 6403.94ab
I 5458.00a 10.94a 1.00a 6804.53a
Z11# Bacteria I 3019.67¢ 9.32b 0.99a 3907.68c
v 5502.00a 10.68a 1.00a 7007.58a
4407.33b 10.19ab 0.99a 5717.60b
I 470.00a 6.09a 0.97a 565.75a
I 417.67a 5.74a 0.95a 512.36a
HLI# Fungi 11 348.33a 4.70a 0.82a 426.65a
v 469.00a 6.18a 0.97a 501.44a
A% 410.67a 4.68a 0.81a 506.34a
e FSEE G TR M RORE R BE (P<0.05) . E&5~8[H.
Note: Data with letters on same column indicate significant difference (P<0.05). Same for Table 5-8.
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PCol [38.67%]
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Fig. 2
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HE T Unifrac B8 50 [ i7F 47 UPGMA 25047,

Principal coordinates analysis on fungi and bacteria communities in rhizosphere soil of P. heterophylla habitats
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( Zygomycota ) . HGHE] ( Mortierellomycota ) . EF ]
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Fig. 3 Cluster analysis of UPGMA
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Note: A: fungi community at phylum level; B: bacteria community at phylum level; C: fungi heatmap at genus level; D: bacteria heatmap at genus level.
B4 XTFERFRTBURBBEDEZENR

Fig. 4 Compositions of dominant microbial communities in rhizosphere soil of P. heterophylia habitats
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B ] (Ascomycota ) TEV MR HIEF & BN RS,
1E MARPR B3 rp &%, #7581 ( Basidiomycota )
MR PR H e By & & e, 76V ARBR L3P &
BB, HAE] (Zygomycota) £ 1 MR+
S A EE, EVRIR RS R, A
()t P B8 A U R T ~F BE AP A 22 57 o

E 4-B s, TEHECT 52K B, 54
B b oK - S A B - A 20 B TR V% 1 A O e R
Ze ), ELTE 240 T RE 45 R R 0 T2 B 2 e LR
No TE S ADHEHLE R FSMRPR L 5Eha 6 T 14
WWHE % . BILHEI] (Proteobacteria ) . TRFT
I"] (Acidobacteria ) . W2 W '] (Actinobacteria) .
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KFSHRbr L Eh & & G4 E 0. BRATE
(Acidobacteria ) 1 5 DFEHLI) FE A fr 225, Hrp
VAT K72 b 3 & A0 B F B A
w, M R A R, M &R
(Actinobacteria ) £ 1 & it m, EINV MR
TIPSR AR, SR (Chloroflexi) 5
BETAT] (Firmicutes ) £ 5 A b Y 1 38 v & 5 SEAC
Tl BRI, TECTT 2K B, 5 eI G
PP ORFE 2, WUITECT ] KF, KFSREr+
SR Wy R v A LA AR

= B AR S X = B = R 20 BRI AR 250 B
HEATARAUPE SRS, LUBAE AR R AR M 2 0]« Jg Y 75 it
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FERE B ( Cryptococcus ) . #HFA5C 8 ( Podospora ) .
WM EE (Mortierella) . M k4 JE (Agrocybe )
TEREHL T RS, %8 (Humicola)
Ascomycota_unclassified. P VEW & ( Hypocrea ) TEFE
oV ERER, MR (Entoloma ) TEFEHE T 4
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R R R . BRI I, [ T R AN () A
JEAAE 2 . A 4-D fros, Al — A EAR
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IV B, IR JE ( Gemmatimonas ) TEAF
M I H = B A, HR AT A b 3 B 3
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5 20 R R A B B AT B — 3
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Table 3 Top 20 dominant taxa and their relative abundance of fungi community in rhizosphere soil of P. heterophylla habitats

AHXF 32 Relative abundance /%

J& 44 Genus
I il 111 v Y%
TFE [ 1_A 512 Ascomycota_unclassified 12.98 a 14.06 a 3.13a 1237a 24.03 a
K5 unidentified 14.85a 13.25 ab 496 b 17.16 a 8.03 ab
Wi EEH ® Mortierella 20.14a 9.03b 6.78 b 11.65b 6.13b
TN K52 Sordariomycetes_unclassified 344 a 6.54a 15.03 a 1.72a 26.65a
J %8 Humicola 7.14a 6.06 a 4.60a 393a 725a
7~% @ Gibberella 174 a 2.99b 2.96b 9.45a 1.90b
45 )8 Rickenella 0.01a 0.00a 1727 a 1.18a 0.00 a
FER/RIL TS Teberdinia 3.51 ab 0.95b 0.07b 7.59a 0.16b
SUAH )& Geminibasidium 0.01b 0.00 b 10.59 a 0.15b 0.00 b
5% H_R 52K Sordariales_unclassified 1.98 be 3.93a 0.06d 3.05 ab 1.00 cd
FaBkEE 8 Cryptococcus 3.52a 1.00 b 2.27 ab 0.59b 1.16 b
IEH 58 Eupenicillium 2.69 a 1.67a 142a 0.84a 1.70 a
FEh g Villosiclava 2.74a 253a 0.07b 222a 0.11b
MR Entoloma 0.19a 7.24a 0.02a 0.03 a 0.10a
#7375 )& Podospora 3.75a 1.76 ab 0.87 ab 0.22b 031b
BW_ASr 2 Fungi_unclassified 0.02a 153a 1.66 a 1.94a 0.06 a
A B J& Hypocrea 031a 0.34a 0.36a 129a 244 a
E5EH & Chaetomium 0.22b 0.33b 0.90 b 2.18a 0.23a
RIJW & Fusarium 0.57a 0.69 a 0.06 a 1.66 a 0.40 a
HH 3L %5 & Agrocybe 0.51a 021a 0.11a 0.23a 0.25a

e FATEUR S TR R RE R R E (P<0.05) SR4lH.

Note: Data with letters on same row indicate significant difference (P<<0.05). Same for Table 4.

EAT
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TR PUBLRR . AW . KRN, H
LSRR R . ZERR . T HARA LS
T AL 6 B, AR SRR THER. X
FAEARRR, WEER ., F2RAES MR
WS B2, BB RRAEA RS R AN,
(7] — A 3t ) AN [ I3 R 5 A7 A 22 Sk o AN )
FEHR T2 WA WY h B AR, HERs
AP2ES: .
2.5 MEXRE

P 26 5 2 P i) 2 00 T A2 2 Bl A W v A R
o LAEOFFERW]: AR R TS MRER 1 R
AV EE A LR R AP RITR

TSR HAESAR R AEY R EAER, Aot
S 38 32 % 22 S TR A [RDRE OC R AR H A,
AR (K 5), fEEFE B EMEE T, &l
W Jm 2R IR 8 8 ( Teberdinia ) . F i1 7 J&

(Villosiclava ) ; TEANE L ZL M 48 RGih, b
WS L W AT (Gpl. Gp3) A% W /N AT 1 s

( Rhodanobacter ) .
26 ARIHMAKFSIRREEBEMEMEZSH. £
AL S R R B R B SE X N 43

PERCELRIET 3 P 1= 21 ] (Ascomycota )

HWFEI] (Basidiomycota ) . 5 W] ( Zygomycota )
AN BT 4 11”2 IE R ] ( Proteobacteria ) |
FRAFIET] (Acidobacteria ) . TEEHT] ( Actinobacteria ) |
LR (Chloroflexi) , RV K TSR PR LIERUE
Y RE L AR BR A 2 e o K I R SIS ) Jo 1) B X
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Table 4 Top 20 dominant taxa and their relative abundance of bacteria community in rhizosphere soil of P. heterophylla habitats

FHXF=F & Relative abundance/%

J& % Genus
I 11 il v \%
TR 1 Gpl 8.28a 9.13a 591a 8.98a 5.51a
JEREV AR 4512 Firmicutes_unclassified 2.26b 3.19b 6.20a 4.60ab 4.40ab
WAL 52 Xanthomonadaceae_unclassified 3.25a 1.332 3.73a 2.14a 8.352
S HT AR5 Chloroflexi_unclassified 3.79a 3.02a 3.76a 3.28a 2.75a
BB AN A 432 Betaproteobacteria_unclassified 3.58a 3.36ab 1.94b 3.33ab 2.61ab
BT B Rhodanobacter 2.48ab 0.20b 7.51a 0.34b 3.67ab
v-BEN K5I Gammaproteobacteria_unclassified 3.22a 1.83b 2.63b 34la 2.57ab
M A2 Bacteria_unclassified 2.20a 2.73a 2.83a 2.90a 2.49a
IR Gemmatimonas 3.13a 3.76a 1.70a 2.06a 2.34a
TR H K432 Actinomycetales_unclassified 2.03ab 1.09¢ 5.72a 1.47ab 2.20a
BT Gp3 2.50a 2.77a 1.66a 3.28a 2.12a
MRBE AL K532 Rhodospirillaceae_unclassified 1.32b 2.02ab 3.62a 2.51ab 1.55b
IR H K538 Rhizobiales_unclassified 2.09a 2.34a 2.00a 231a 221a
LI2H B A>3 Rhodospirillales_unclassified 1.76b 1.50b 3.84a 2.16b 1.46b
25K )@ Ktedonobacter 2.51a 1.72ab 1.33b 1.71ab 2.57a
FAT T Gp2 1.75ab 2.14b 1.0lc 3.29a 1.34ab
FRFF W I ]_FRAT W _R 539 Acidobacteria_Gpl_unclassified 221a 1.84ab 2.01ab 1.42bc 1.23¢
HIKWE Gaiella 1.36a 1.23a 2.06a 1.96a 1.81a
TR K432 Actinobacteria_unclassified 2.44a 1.72ab 1.31b 1.96ab 0.95b
fiT % WPS-2_genera_incertae_sedis 1.51a 1.16a 1.68a 1.16a 1.12a
=5 TEHMKFSRETBEBUZER
Table 5 Chemical properties of rhizosphere soil from P. heterophylla habitats
o) W ﬁmﬁﬁ 2R K ol ’fz:z"f’*:?—k ﬁiﬂﬁ% Eﬁﬂz%‘?
Number oH Organic m]atter/ Total I\II/ Total II’/ Total I](/ Ammomunll N/ Avallable] P/ AvallablelK/
(g'kg ) (g'kg ) (g'kg ) (g'kg ) (mg-kg ) (mg-kg ) (mg-kg )
I 4.82¢ 32.56¢ 1.58b 1.54e 1.05b 14.67b 45.90ab 90.00b
11 531a 43.83a 2.37a 2.06¢ 1.08b 14.00b 51.30ab 62.00c
il 4.64d 23.30d 1.36¢ 2.59a 0.67¢c 14.00b 52.20b 195.00a
v 4.95b 38.07b 1.28¢c 1.61d 1.10b 18.67a 44.00b 107.00b
\% 4.82¢ 39.84b 227a 2.38b 2.19a 14.67b 54.50a 106.50b
*x6 TEHMAXFERELEPAEUSHELENE R
Table 6 Content of available trace elements in rhizosphere soil of P. heterophylla habitats
F 5 1R b A i A R B
Number Available Mn/ (mgkg ) Available Cu/ (mgkg ) Available Zn/ (mg'kg ) Available Fe/ (mgkg )
I 18.45d 4.18a 9.35d 151.94a
I 19.33¢ 1.23d 13.19a 64.08¢c
il 16.80e 0.76e 5.19 43.85¢
v 23.14a 2.53¢ 11.80b 98.50b
\ 21.22b 3.29b 11.61c 49.46d
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Table 7 Content of phenolic acids in root exudates of P. heterophylla at different locations

p-Hydroxybenzoic acid/ (mg'kg )

SR
p-Coumaric acid/ (mg-kg ")

Pupze T ey

5 FHR THR
Number Vanillic acid/ (mgkg ") Syringic acid/ (mg-kg )

I 0.84b 2.99b

1T 1.38a 4.05a

il 0.78¢c 1.93¢

\Y 0.87b 2.85¢

\4 0.71d 2.19d

1.73¢ 3.83¢
1.86a 6.07a
1.76b 1.83¢
1.53d 3.28d
1.28e 4.77b

%8 TREHEATFSRASDYIBBRNSE

Table 8 Content of phenolic acids in root exudates of P. heterophylia at different locations

e FER R B ZRER KR AEERR
Number ~ Vanillin/ (mg-kg ) Ferulic acid/ (mg-kg ) Benzoic Acid/ (mg'kg ") Salicylic acid/ (mg-kg ) Cinnamic acid/ (mgkg )
I 0.68d 1.45b 3.83a 1.51ab 0.13¢
I 1.02a 2.03a 2.58¢c 1.40b 0.15a
il 0.65¢ 0.90d 2.45¢ 1.37bc 0.12d
v 0.72b 1.35¢ 3.31b 1.24c 0.13b
vV 0.70c 1.46b 3.37b 1.57a 0.15d
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Fig. 5 Co-occurrent network of microorganisms in rhizosphere soil of P. heterophylla habitats
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Fig. 6 Canonical correspondence analysis on community distribution, chemical properties and phenolic acids in rhizosphere

soil of P. heterophylla habitats
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