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Abstract; To investigate the characteristics and functional patterns of rhizosphere and root endophytic microbial
communities in different provenances of Davidia involucrata, this study took rhizosphere soil and root tissues as research
materials, systematically examined community composition, diversity, physicochemical factor correlations, co-
occurrence networks, and curried out the function prediction through 16S rRNA gene and ITS sequence amplicon
sequencing technology. The results were as follows: (1) No significant o diversity differences were observed, but
distinet B diversity patterns existed between provenances across compartments. (2) The dominant bacterial phyla
included Proteobacteria, Acidobacteriota, and Actinobacteriota, while the dominant fungal phyla were Ascomycota and
Basidiomycota; genus-level analysis revealed provenance-specific enrichment patterns. (3) Co-occurrence network
analysis revealed bacterial communities exhibited greater interaction complexity compared to fungi, as evidenced by a
higher average degree and modularity in network topology, reflecting the greater ecological conservatism of fungal
communities. (4) LEfSe analysis identified 39 bacterial and 30 fungal taxa that demonstrated significant provenance-
driven differentiation. (5) Physicochemical factor and microbial community correlation analysis indicated that soil
organic carbon significantly positively correlated with the dominant bacterial communities in rhizosphere soil, while soil
available potassium was significantly positively correlated with endophytic fungal communities within roots, with no other
physicochemical factor and microbial community correlations observed. ( 6) Functional prediction indicated that
dominant bacteria in the rhizosphere and roots endosphere primarily engage in functions such as metabolism, while fungi
were predominantly saprotrophic. The rhizosphere bacterial communities from the two provenances exhibited significant
differences in 11 functions, including the biosynthesis of other secondary metabolites, transcription, folding, sorting and
degradation. For rhizosphere fungi, only the function of lichen symbiotic fungi showed significant differences. In
conclusion, provenance can affect the composition and interactions of microorganisms, and shape differentiated functions
which may influence the ecological adaptability of D. inwvolucrata, therefore, the findings of this study can provide
theoretical support at the microbiome level for the ex-situ conservation of the endangered plant D. involucrata.
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Table 1  Physical and chemical properties of soil in Davidia involucrata transplanted forest
it TR L A HLEK BA A Uk A
Provenance pH SOC (g - kg') TN (g - kg') AP (mg - kg) AK (mg - kg")
M 6.91+0.10a 32.24+10.07a 2.12+0.44a 2.21+0.41a 156.93+10.43a
N 6.75+0.26a 20.76+4.22a 1.61+0.34a 1.89+0.46a 168.46+7.81a

T Bl =P E A 22 . RS0 PR RN 5 B3R R 6] 48 B 1 5 1L 22 5 (P<0.05) . ML MURZERN IR N. S5 A i

A,

Note; Values=x+s. Different lowercase letters in the same column indicate significant differences among the indicators in the plots ( P<

0.05). M. Shennongjia provenance; N. Houhe provenance. The same below.
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A. Bacteria; B. Fungi. MR. Root tissue of D. involucrata from Shennongjia; MS. Rhizosphere soil of D. involucrata from Shennongjia;

NR. Root tissue of D. involucrata from Houhe; NS. Rhizosphere soil of D. involucrata from Houhe. The same below.
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A. Bacterial phylum level; B. Fungal phylum level; C. Bacterial genus level; D. Fungal genus level.
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Fig. 2 Microbial community composition of Davidia involucrata

2.7 BEAEAR BRA AP0 AN R A 4 A0 Th Bk T

fdi F PICRUSY SOBEFM 2R (K 7:A) 16—
RIfe)Z I 6 AR ﬁ%ﬂjﬁr?ﬁﬁffﬁiﬁi
ISR USRS NG S /T ) (B R SR
HEREWRS, ,\'13,%?B?1tmﬁff$ﬁﬁﬁu$§v\1$
0 A R T R 1) A X 3 BE X 80% L I, R
WA BALE A BB AHLRGRYE, %
AEXT 2B 7 LU AT 20 B9 R I RE I I A, FE AT
25 WENE AT, 45 R (8 7. B) RIS 6] T 5 gt
AR B 40 P RE V% FE AR AR B A R, B s, BT
B SR ARG B 2 IR AR, AR S 5K
T, 4 MG B P B K Ak G B AR, = U8 W o i AR
VIR S AR, IR 10, 12 i 5 o AR A7 7
EE2E S (P<0.05) 5 /N [ Ff Y B A AR PN 2 A1 B B
IR TC W E 22 5% (P>0.05)

fii H FUNGuild XF B B #F 7% 1517 2 i 100 3%
B, B0 O B A SR T g U SR A R AR SR
B3 K3, Horp i A s 3 RIS S A = BEAE 80.0%
DI E(H 8. A) o BEFEAHXT B 5 L AT 10 o Zh g

(5 99.0% Lk 1) il 4K (Kl 8.B) , I i AT
#ﬁ%@éﬂﬁ,,n%%%waxmﬁnﬁwfrﬁ@ﬁi%
FEY R A A A B E M E R (P<
0.05) s i AE B WA TR DR LB FE 2R
(P>0.05) .

3 it

YA Y BETE Z R S HYIFZE (Yang Y Z
et al., 2024) VP E (Jin et al., 2024) KR
B (Yang X W et al., 2024) L RN KM K, R
BT A 5 R A BT T AN A B
PE2R AR SRAMAEYN B 2RI
FES E 22 5 . AN [R]Fh E S AR AR B 55 AR N AR
BATIARH RS (B IE R T R T R
FRRET T AR FRE T TR A
FEERE 80% LA 1) , 5 Jin % (2024) %38 A 3L A
HRBRE 540 T e A — 34, (B 78 J@ 7K OF 2 30 I 35 ¢
SPE 4k, 5 Yang Y Z %5 (2024 ) FI Yang X W



e A 3 = — /iy ) —He T 3 4 PNV
1] S WU AR B ) R P R R R R A 179
Adonis:
A B FEfhZI Typeof sample: R2=0.201 2, P=0.001
Chao 1 Shannon Pielou’s evenness Fhi Provenance: R*=0.132 4, P=0.002
0.5
13 -
§_ 0.4
ik > % * 203
e % *% 1.0 * : B
11 * E MS < 02 FE I Type of sample
s % S Q 3 Soil
=5 = S 0.1
o —tgn e E MR E\'i g O #& Roots
. 3 ° . E s ”“_}’ 00 Firii Provenance
0.9 ==V 1_*;—0.1 @ M: #ife/ft Shennongjia
9 o @ N: j53 Houhe
H-02
2000
o ] 03
oo -
o= 7 ° 0.8 O
MS MR NS NR MS MR NS NR MS MR NS NR -04 -02 00 02 04
FAFR1 PCoAl (20.5%)
Adonis:
C D HE I Typeof sample: R>=0.132 3, P=0.001
Ch: — A Provenance: R2=(0.113 2, P=0.001
a0 1 Shannon Pielou’s evenness 08 F
8 o 108
600 0.9 Lo}
S 06t
1 o~
500 *E 0.8 " MS = |
5 xk B g - 2 gi AR Type of sample
6 F et s T O +:3% Soil
400 ﬁ 0.7 . E B s ot 01 .2 Roots
L ® R Fi Provenance
00 > 5 s é . gl @ M: #ifelft Shennongjia
fj:i H oo} @ N: )i Houhe
4 —y
200 r—’I:‘ B | o5 . Hoorl
3 @ ® ° 02} 0
100 3 . 04} o . fg.j L 2

MS MR NS NR MS MR NS NR MS MR NS

NR

04 -02 00 02 04
FAFR1 PCoAl (13.8%)

A HEBER « ZRPEISEG B AR RS B ZFE1E PCoA 00T, C. HEHHR o ZFIEISNG D. KR REK B ZH1E PCoA 20T,

* /N P<0.05; #x £/8 P<0.01,

A. Bacterial community a diversity index; B. PCoA analysis of bacterial community B diversity; C. Fungal community a diversity index;
D. PCoA analysis of fungal community B diversity. * indicates P<0.05; ##* indicates P<0.01.

& 3

BARREREMFIR A ER o SHEIRLEA B S PCoA 5717
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microbial and root endophytes in Davidia involucrata

(2024) SFWF I8 — 5, X —BLRERW], H W Fh IR ]
FIE T Ao O] 2 AR R 3 A 0 AL R, 0 T 3 B S
AEWIZERE B SEOL SR v S PR I T A S
7R A BB 5 AR PR A0 TR R T S IR A G, Ak
PSRN A TR RV S 0 IR ARG, o kIR
AR S HE VR R A O, PN AR T AT AR JE A R
ERES S5E YIS a0, X — k5 B E
J5 FTit TR (2020) A& B b 5 - 2B ) - - 3
St 5 i B st L — B, 2 WY AR IR RT3 G A 4 )
WA "7 A IR B (AR A T R

Syt — 20 W o BAT B E VR 22 R A 2R
BB LESSe 20878 5€ T 39 DA A 30 D EL
2SR Hon, O RE R AR 2 3L 0 35 0 A2 25 62 70
o b MR PR 4 40 1 % T A 2F B T R
S35 i e S AR AT LB AL, 2 S5 Rk P 35 (He
et al., 2015; Becraft et al., 2017 ; Venkatachalam et
al., 2024 ) ;T PN A= 40 T8 i 20 5046 T i R B 2 A TR

3 A FEAT P B 0T ) A B ( Hirsch & Valdés 2010
FLBRFFAE,2023) ML 2 A9 45 B E) fE ( Vurukonda
et al., 2018) , UpBhfE T HEAE G A4 . AR B FIAR
P AR LT, A0 Sk AR | T JRE 5 | 4 A T TR
&, FE 2 59 B AR A AR A E 25 (Slippers &
Wingfield, 2007 ; Hilario & Gongalves, 2023)

T B 000 i#E — 25 BAIE 1 o 5 By AR A 3
PR ARWFIE 45 R s, Bt AR AR Fr R AR P A 46 R )
AE =2 7 MRS, T S A U LU A7 R 2
Fo 2R R Y AN s I RE, N
KA GO AE 11 Fh I REAFAE 3 k25 5 X
A E 5 S AR AR B 20 5 0 R A AR 2 DTAR OG5 AR
o LR A i 0 b A A T O T A AR W 2
F WA [R) b S AR AT B 8 5 4 S5 4 5 T AR L AR
&R A A S, AR R R T R E
AR FF R ] 5 B AR AR BRI G R,
W AE A S R G A BB, IR 1 LA



180 I G

46 4

'] Gemmatimonadota
Latescibacterota

ﬂcml 1 Methylomirabilota

1
a}ﬁﬁg] ['] Verrucomicrobiota
FAFF 4 Kiedonobacteria

YUfIH4) Gemmatimonadetes
FFHi40 Latescibacterota

4L 41 Methylomirabilia
NBIj

HHEW H Streptosporangiales

Vicinamibacterales

FLRF Kincosporiales

ML Micromonosporales

T H Streptomycetales
Ktedonobacterales

CAi
B Gemm'\llmomdales

-
FF14 H Steroidobacterales
WiAERNT - Pedosphaerales
HHTFL Acidothermaceae

%} Kincosporiaceae
FAIER Micromonosporaceae
JRAFHFE Latescibacterota
1 B PR Rokubacteriales

" Sandaracinaceae

SIRAFHIIE Latescibacterota
PHEHIE Rokubacteriales

g NBI
Wmig SCI-84

E:

i'] Rozellomycota

Lecanoromycetes
Pezizomycetes
144 Tremellomycetes

H Peltigerales

JHEIEE ] Botryosphariales
52 H Natipusillales
Chaetothyriales

[ Thelebolales

i Glomerellales

H

R=ngnis
ity
=

e

=5—
*‘7
i

F
Acrocalymmaceae
B} Natipusillaceae

S8
REE

Eﬂ#%

Sarcosomataceae

iocFt Diaporthaceae

#F} Hydnodontaceae

#} Trimorphomycetaceae

3

%‘&

e

i )8 Botryosphaeric

=0
m

il Trichaleurina
EJE Diaporthe

\.T,p«

A B. 4IF; C.D. HI{; A .C. %4, B .D. LDA 134},
A, B. Bacteria; C, D. Fungi; A, C. Taxonomic clade; B, D. LDA score.

RFFRFH Latescibacterota
ARFFHIAY Latescibacterota
SEAFEEH Latescibacterota

¢_NBI-j
p_NBIj
f__NBI-|
£NBL

YT G o
ST Gemmatinonadoia
Lf*?ﬁa H’ Gemmatimonadales
H @4 Gemmatimonadetes
JERPAT ] Verrucomicrobiota
ST Kiedonobacteria
SFLRF H Kiedonobacterales
W LLEIR Gemmatimonas
AR Pedosphacrales
JRIALETH Micromonosporales
RN IR Actinoplanes

4

%mﬁﬂ%u smpmepommm

LR
*/)?é I'] Fungi_phy_Incertae_sedis
il

A4rKH Fungi cls Incertae_sedis

ungi_ord_Incertac_sedis

1 F A4} 28} Thelebolales_fam_Incertae_sedis

“F} Fungi fam Incertac_sedis

"f""‘ﬂ»iﬁ/}jﬂg Natipusillaceae_gen_Incertae_sedis
i H A4 2% Thelebolales_gen Tncertae_sedis

i tipus
TSGR A S Kb wnpuﬂlldgeae gen_Incertae.

SLAUE Gliocephalotrichum
< HERE RIS, Subudicystidium
W cl: FHERE S Saitozyma
W d1: RSFKE Fungi_gen Incertac_sedis

7] Methylomirabilota
AL %4 Methylomirabilia
H Rokubacteriales
i Rokubacteriales
i@ Rokubacteriales
©0__Vicinamibacterales

f 84

Z:SFEF

g
Vicinamibacteraceae
T Latescibacicrota

mr@ 6, Latescibacterota

Sandaracinaccac
HGHT + Xamhnhuucmm
H Kincosporiales

Rl

ﬂ Kincosporiaccac

HETHTE H Streptomycetales
KIHNEFF i H Steroidobacterales
(i} Acidothermaceac
/NRFLEFE Micromonosporaceae

JLALAEL Hydnodontaceae
11 Rozellomycota
INASERL Glomerelles
SEAELER H Thelebolales
Thelebolales_fam_Incertae_sedis
)5 Thelcbolales gen Incertac sedis
Pezizomycetes

mﬁm Sarcosomataceac

S Trichaleurina

s Gliocephalotrichum
A4} HJE Fungi_gen_Incertae_sedis
ASy % Ft Fungi_fam_Incertac_sedis
Ay % H Fungi_ord_Incertae_sedis
A5y F# Fungi cls”Incertac_sedis
AU %11 Fungi phy_Incertac_sedis
A Tremellomycetes

Saitozyma

A&lm‘ﬂ Trimorphomycetaccae
JistH Chactothyriales

ﬂtﬁlﬁ W Subulicystidium
FHA Lecanoromyeetes

31 Peltigerales

Ji]J4 768} Diaporthaceae
TGN Botryosphaeria
%GR - Botryosphaeri:
Eﬁﬁ%‘mmﬂ V\K:\puaxﬂ

7E

é‘.

e
M) Diaporthe
lﬁmﬁﬂ Auow\ynmuuue

B 4 FEFIFEAREEEZER MM LEfSe 5317
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Fig. 6 Co-occurrence network analysis of microorganisms in the rhizosphere and roots of Davidia involucrata
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