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Abstract: [Objective] This study aims to investigate the soil fungal community structure in
the tea plantations of Heshan and explore the relationship between fungal community and soil
physicochemical properties. [Methods] We employed high-throughput sequencing to analyze
the soil fungal community composition of 49 rhizosphere soil samples collected from healthy
and mismanaging tea plantations in Heshan. The redundancy analysis (RDA) was performed
to analyze the effects of soil physicochemical properties on the fungal community structure.
The pairwise Wilcoxon signed-rank test was performed to compare the fungal taxa between
the two kinds of tea plantations. FUNGuild was used to predict the soil fungal functions.
[Results] Basidiomycota, Mortierellomycota, and Ascomycota were the three dominant phyla
in the rhizosphere soil of tea plantations in Heshan. The mismanagement of tea plantations
increased the relative abundance of Basidiomycota, but significantly decreased the relative
abundance of Mortierellomycota. The fungal richness, Chaol index, and ACE index were
significantly lower in the mismanaging tea plantation than in the healthy tea plantation. The
total nitrogen, total phosphorus, available phosphorus, organic matter, and available nitrogen
were the primary driving factors for the differences of soil fungal B diversity. The soil pH,
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total phosphorus, exchangeable Ca’” and Mg®", available phosphorus, and available
potassium were significantly correlated with the fungal taxa. Compared with the healthy tea
plantation, the mismanaging tea plantation showed decreased relative abundance of core
fungal taxa but increased relative abundance of medium and rare taxa. Ten of OTUs was
common between healthy and mismanaging tea plantations. The pathogens causing tea gray
blight, i.e., Pseudopestalotiopsis theae and Fusarium keratoplasticum, were identified in the
healthy tea plantation. The relative abundance of biocontrol fungi, Trichoderma spirale and
T. atroviride, significantly increased in the mismanaging tea plantation. The mismanaging tea
plantation demonstrated increased relative abundance of pathotrophic, pathotrophic-
saprotrophic-symbiotrophic, and symbiotrophic fungi but decreased relative abundance of
elucidated the

management mode with fungal community composition and soil physicochemical properties,

saprotrophic-symbiotrophic fungi. [Conclusion] We relationship of

providing the insights into the prevention and control of pathogens infecting black tea and the
screening of biocontrol fungi in Heshan.

Keywords: Camellia sinensis (L.) O. Kuntze; Heshan; fungi in rhizosphere soil; element content in
soil; correlation

Z5#f[Camellia sinensis (L.) O. Kuntze)]J& T
IRl A s, EREEEYHHSFEDZ
— R AR e S R AR . A
A B 28 o T R e ol ez —, TR
5 B X 8 28 e PR R R R A R AR e A T T
HATEZR Y, EaEk, BRENAT L
N[ | B (EM WY iw s I R 2 SR TR
Horpr, bl i A8 B X 1 20 25 i il BT A e 1Y 26
SRR 2 P R R4y 2 J B S Ao
B, VMRS it . it IR 2R Ay R s
PR G PR 25 e A8 7 X RS iU AR Wy i I I
SERIFNLALAE, oo IR T, RS A K &
H, XA R A PR R

2% bel 8 B 7 29 A [) 23 6 255 bl 338 vp il A=
YIREIE M ES R Z R A e . A FR R
SRR AL BRECS AR LG, TR AR S AR
RERS 0 25 46 i AL Sy N oG M, JF B -
% J @i ] (Proteobacteria) .l FF 1]
(Bacteroidetes) . JERETR [ ](Firmicutes), %' 2%

I"] (Rozellomycota) 1 4ifi H %% '] (Zoopagomycota)
PRSP 1P RS NICA I (a1
A 30 A ACAR PR R T DX T R ARV 2L, 2 T
R A% I 11 S5 5 R SR R R T IR R A
P K HEBR RE S 1S 0 g8 iEm e, 8t
e AN B A B AR Y R AR m T A
MRS T P e R EYE, Wi T
FLA BER RO FEEZ RETE R A E R R AE 2y
XF - BRI Wi 7 AR S, 3 TS e b B A AL
T IEEALRIGEAE . ZR CREUWFSE T K[ it
JE Ty 2R - v R RV 52, R It A
T 3P RS T (Zygomycota) i A X R,
T FAR T 192 14 ] (Ascomycota) AR R 5 . A
(7] JIES ek XoF 255 A R ] - 8 iy P Jo N i A 4 AR
BHEYER R AN ], SRS I RN S 2E Y i fin 2
U R PR AR S, DA
YT B R ARG DI R & T
T IEIREG . RERERG . WA L . o A A
IR R W IR il 55 T S A TG 1, A AR R Pl

http://journals.im.ac.cn/actamicrocn



1420

WANG Xing et al. | Acta Microbiologica Sinica, 2024, 64(5)

R Ty, PR R W R R T R R
TEZREENT S A, 2RI A S AR SE 4K
gy FRar . PHSREETEUR, [R5 G 4% A5
sk s ANTR 44 B 4 1 it o 4% el -39 e+ 3k
WIREVR BRI 45 S T AR T T AR
2L 28 S TR 1 25 44 1 (B R b AR i A il , I
PR 1B P 1) 255 el 2 e 1 B 4 =X 32 A 4
JE S ARE A TR AR LIS
INZLZRPE A 25 R G WP FE X 4, RS20
A% T AR DX 8 P A B R G At B A% el R PR
AN DA R T 3R S, ) P e )
AR E L FLE RIS SRR, sy
T 558 1 B 5T R L TR VR A R = TR T SR
F, F454 FUNGuild T 53Hr B AR fid e A 2
A0 - B A T RE AR B L, BT T A%
el 2 A8 %o - 3R o RN LR VR 25 AR R S,
LT A B A S A B T e 48 BH T 1)

P

1.1 AR XEER A 3B A AL IR
R DX S S A 1L T A A A A

x1 EMEKRER

bl , el XY Rl 4 v 97 4 . e B L S I
TG, e MR R
F14) SR 2% el N — A BEAS 35 (9 2R A ARl (3R 1)
PERRBE IR R 15 om A2 19 138, LBR BRI
S, BUEEHE 1020 em WREEAY 1R
ity SR T RUBURE I AR 451 25 bl A SR SR AR L L
BEREG 5 0 WCEERIAE S ORAFTE DR IRA Il
U RS0 % SR AR 2 mm B, 43 AR
WG AT AMRFEAE 4 °CUKAR . —80 °CUKFEH R .
1.2 TEUFEMRMNE

1398 pH {ECR AN E (HT 962—2018);
S B (total potassium, TK) Al 3# % #f (available
potassium, AK)R I ZE Ak 1 5281 19 I 52 75 0
(LY/T 1234—2015)!"1; 22 #a Pk 45 (exchangeable
calcium, ExCa) Fll 3¢ ## 4 £ (exchangeable
magnesium, BExMg) R H 4 38 A2 #1455 FEE i il
FE B E (NY/T 1121.13—2006)19 5 4> & (total
nitrogen, TN) >R F 4 38 4= 200 % 16 0 8 (NY/T
1121.24—2012)"" 5 sk f# ¥ A (hydrolisis
nitrogen, HN) % F 2f Ak 1 3 50 09 0 22 72 0 2
(LY/T 1228—2015)!"81; 45 #L /% (organic matter,

Table 1 Sampling sites information
HORE R fERRS Sz
Sampling sites Heathy tea plantations Mismanaging tea plantations
(A Be: &S| Jih kg (AL d g JihrE
Position Soil type Vegetation Position Soil type Vegetation
TG N22.671389°,  FRMELIHE JLIRHE N 22.647 859°,  FatheriE REJH
Zhaiwu Town E 112.716 667°  Acidic red soil  No weeds E 112.621 803°  Acidicred soil ~ Mass of weeds
g N 22.843 054°,  [RYELI4E R N22.838432°,  [RPELIIE KA
Gulao Town E 112.893 026°  Acidic red soil ~ Few weeds E 112.886 121°  Acidic red soil ~ Mass of weeds
(G N 22.660 556°,  FRihLr i DRIRT N22.601 797°,  FRYELIHE REJH
Hecheng Town E 112.816 111°  Acidic red soil ~ Few weeds E 112.782232°  Acidicred soil =~ Mass of weeds
yARE: N 22.696 944°,  [RYELIHE JoAR N 22.746 563°,  FRPELIIE e
Longkou Town E 112.837 500°  Acidic red soil ~ No weeds E 112.873 685°  Acidic red soil  More weeds
G N 22.640 930°,  FRTELI g v St N 22.632996°,  FabELIHE LrEZ/S
Shuanghe Town  E 112.697 623°  Acidic red soil ~ Few weeds E 112.523292°  Acidic red soil ~ More weeds
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2 BB XA R R AR

Table 2 Analysis of basic chemical properties of tea plantation soil in Heshan of southern China

Group pH  OM (g/kg) AP (mg/kg) TN (%) HN (mg/kg) TP (mg/kg) TK (g/kg) AK ExCa ExMg
(mg/kg) (cmol/kg) (cmol/kg)

Health 4.72+ 36.11% 46.85+ 0.16= 130.98+ 748.68+ 13.66+ 73.01+ 341+ 0.43+

0.96a 17.64a 64.11a 0.07a  19.72a 455.46a 7.13a 38.54a 5.76a 0.40a
Mismana  4.22+ 28.69+ 46.58+ 0.11= 111.95+ 618.83+ 12.49+ 82.37+ 1.21+ 0.36+
gement 0.29b 17.17a 72.88a 0.07a  94.70a 487.55a 6.02a 106.74a 1.23a 0.25a

Data are mean+SD, significant differences are indicated with different letters above the columns; P-value was measured by a
two-tailed unpaired Student’s t-test.
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Figure 1 Dynamic of rhizospheric soil fungi community composition in healthy and mismanaging tea
plantations. A: The phylum. B: The genus. C: Operational taxonomic units (OTUs).
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Table 3 Diversity index of tea rhizospheric fungi communities

Group Richness index Chaol index  ACE index Shannon Simpson Pielou’s Coverage (%)
index index evenness

Health 156.96+39.94a 202.70+49.20a 205.71+50.45a 1.89+0.51a  0.67+0.15a  0.37+0.09a  99.80+0.06b

Mismanagement 134+32.51b 170.44+49.10b 169.67+44.49b 1.95+0.47a  0.71+£0.14a  0.40+0.10a  99.84+0.06a

Data are mean+SD, significant differences are indicated with different letters above the columns; P-value was measured by a

two-tailed unpaired Student’s t-test.

W12 bl g vh S B I 0 AT 7E 343 M EA
&, HALRHEIE N Saitozyma & il 4% 1 % &
(Mortierella) (& 1B). il 5% & PSS bel 5 4 %) 1 148
HWWFEES ZHEBEE8E AR, R
TR PE W E FEFE . Chaol 84U ACE 54K
BT AN R 92 v (1= = T =
FREZASHE (3R 3)o 1P By BT E SRR, RE X
el HhHH - B ) A RE X o B e T R Ak bl Tk
2T I AR T AR bl (8] 1A); J@ K-
B4 4 A7 235 S 2% B RS 1l DX 5% el 4 98 TR 0
PR JE N Saitozyma J& , {H 2 7E i B 4% el Fk 4E
Z5 el Tz AR = B B el s s RS AR
rh R B (Mortierdlla) AR XS 3 2 i 5 A, 1
K % J& (Trichoderma) Fl W H F & /&
(Geminibasi diurm) A = B2 00 i 25 T &5 (] 1B).,

LA, OTUs IK P-4 B 45 % B OTUS (M.
camargensis) . OTU2 [ /= #f 1 #¢ 0 & (M.
gemmifera)] . OTUI1 [ 2K 2% B #¢ #4 & (M.
amoeboidea)] il OTU12 [ #l & £ £ 1
(Pseudopestalotiopsis theae)]7E 2% 4 45 el A i 41
Xf 5 B EFEAL; T OTU7 (M. nantahalensis) .
OTUY [#2iE A % (Trichoderma spirale)] 1 OTU25
(Geminibasi dium) 7 2 45 4% [l H A 0 = 2
T (B 10), EREEREVIZRN R ESFTH 1
Ferh FLIE TR 454 R B AR A
23 BREXREFETEEEFENZLD
KBtk

TEMRPR - P LU E 1) 986 1> OTUs, 2RSS
el 0 2 A8 2 Bl vh ) 8 TE B 814 AT 691 A

OTUs. Hrr, {@#FEEAREIFFA I OTUs 2 295 1>,

PAE R ) OTUs & 172 4>, A K OTUs
JE 51940 HRHEAZ O 2 RE (R H 385 100%, AR
F FF >0.05%) . HE KB (R >65%
H<100%, FAXT3=EE>0.001%)F1H A S8 (K
H<65%, FAXTFEE<0.001%) A bR X BL R 25 R
HEATR A, DESE R, RSB TP AL OSSR L P
[ SRR A 2R BE OTUs BH 4350 12, 49
753 A4, HARXTFEESE 70.38%. 19.08%
H110.54%; KRG B PAZ.OS00E . PRI
WG ZEHER) OTUs 0 H 4002 10, 36 il 645 4>,

HARRT R4 61.25% ., 23.14%F1 15.61%.

@R A L, KREZRE P EZERR OTUSs
BHBER, A 2R OTUs 2L H K, Bk
EAZO A AR N T2 R BRI, rh Rl e
FHG A SR AX FBERG (& 2A . 2B). i —2
XA O ZRHEIEAT AT R I, (B 2% Tl 2R A %
bl LA B OTUs & 10 4~, fif& OTUl (S
podzolica) . OTU2 [ j~ ZF ffl #% 1 & (M.
gemmifera)]. OTU7 (M. nantahalensis)., OTUS
(M. camargensis) . OTU9 [ " ji¢ K % (T.
spirale)] . OTU10 [¥RZk A% (T. atroviride)] .

OTU12 [% ¥ # £ £ 1 (P. theae)] . OTUIL6
(Chaetosphaeria chloroconia) . OTU17
(Gliocladiopsis curvata)fl OTU26 [t k75 %8
(Penicillium abidjanum)]. 5 2% bl F A B0
OTUs 3£ 2 4>, 23051k OTU6 [kE/MkfIEE(M.
humilis)] F1 OTU30 [ ffi 1k o] %3 %k #1 1F (F.
keratoplasticum)] (& 2C. 2D).

http://journals.im.ac.cn/actamicrocn



1424 WANG Xing et al. | Acta Microbiologica Sinica, 2024, 64(5)

1.47% 6.02% 1.45% 5.21%
M Core taxa B Medium taxa [ Rare taxa M Core taxa B Medium taxa [ Rare taxa
C
e R — 500
_ , 0.36 2.40 _ OTUS8_Mortierella camargensis 40.00
[ 1652 o8 816 0.86 033  OTU2 Mortierella gemmifera 30.00
0.47 2.97 3.65 1.20 OTU7_ Mortierella nantahalensis 20.00
0.13 065 | 1321 025 1.56  OTU16_Chaetosphaeria chloroconia 10.00
0.04 0.77 0.29 3.10 1.82 OTU30_Fusarium keratoplasticum 0.00
0.12 0.06 0.06 0.15 0.02 OTU26_Penicillium abidjanum
0.92 1.08 1.75 0.59 0.24 OTU10_Trichoderma atroviride
0.12 0.18 1.55 2.07 0.69 OTU17_Gliocladiopsis curvata
0.24 1.20 0.06 6.62 3.70 OTU12_Pseudopestalotiopsis theae
0.60 359 0.78 1.49 3.41 OTU6_Mortierella humilis
0.64 1.95 1.86 278 596 OTU9 Trichoderma spirale
GS-H HS-H LS-H SS-H WS-H
D
e g ——— 00
D% 34 0.07 1.19 0.28  OTU7_Mortierella nantahalensis 40.00
! 5.98 521 737 | 1098  OTU9 Trichoderma spirale 30.00
1.19 2.34 S5H9 - OTU16_Chaetosphaeria chloroconia | ?ggg
0.97 0.24 0.24 OTU2_Mortierella gemmifera 0.00
0.51 4.92 0.16 1.28 OTUI10_Trichoderma atroviride
0.32 0.74 0.07 1.71 OTUI12_Pseudopestalotiopsis theae
0.18 0.02 0.13 0.11 OTU26_Penicillium abidjanum
0.18 0.23 0.39 0.36 OTUS_Mortierella camargensis
0.33 0.43 0.61 0.53 OTU17_Gliocladiopsis curvata
GS-M HS-M LS-M SS-M

B2 FERETEFEEZOEFNSHT

Figure 2 Analysis of core taxa in tea plantation rhizospheric soil. A: The ratio of OTUs and abundance in
healthy tea plantation. B: The ratio of OTUs and abundance in mismanaging tea plantation. C: Heatmap of
fungal core taxa in healthy tea plantation; GS-H, HS-H, LS-H, SS-H and WS-H represented the samples of
healthy tea plantation in Gulao town, Hecheng town, Longkou town, Shuanghe town and Zhaiwu town,
respectively. D: Heatmap of fungal core taxa in mismanaging tea plantation. GS-M, HS-M, LS-M, SS-M and
WS-M represented the samples of mismanaging tea plantation in Gulao town, Hecheng town, Longkou town,
Shuanghe town and Zhaiwu town, respectively.
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Figure 3 Relationship between tea rhizospheric soil fungi diversity and environmental factors analyzed by
RDA method. A: RDA diagram depicted fungal communities in relation to environmental variables from
healthy and mismanaging tea plantations. B: RDA diagram depicted fungal taxa in relation to environmental
variables from healthy (left) and mismanaging (right) tea plantations.
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Figure 4 The relative network of rhizospheric soil fungi taxa and environmental factors.
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Figure 5 Analysis of fungal taxa differences between healthy and mismanaging tea plantations.
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Figure 6 The FUNGuild prediction result in healthy and mismanaging tea plantations. A: The trophic
composition of tea rhizosphere communities in healthy and mismanaging tea plantations. B: The functional
group of tea rhizosphere communities in healthy and mismanaging tea plantations.
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