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Abstract: [Objective] Microorganisms are key executors of the migration and transformation of
geochemical elements in intertidal zones. Fungi play an important role in the cycling of carbon,
nitrogen, and phosphorus and the degradation of organic pollutants. [Methods] In this study, soil
samples were collected from the rhizosphere and non-rhizosphere of Phragmites australis, Tamarix
chinensis, and Suaeda salsa (intertidal zone and saline inland), which were the typical intertidal
plants in the Yellow River Delta. The fungal community structures in different soil samples were
investigated by high-throughput sequencing. [Results] In the rhizosphere, the soil sample of
S. salsa in saline inland showed higher fungal abundance, richness, and evenness than other soil
samples, with a distinct fungal community structure. In the non-rhizosphere, the fungal abundance,
richness, and evenness were the highest in the soil samples of P. australis, S. salsa in saline inland,
and T. chinensis, respectively, and the fungal community structure of P. australis was similar with
that of S. salsa in saline inland. Ascomycota and Basidiomycota were the dominant fungal phyla in
both the rhizosphere and non-rhizosphere. However, the functional fungi were different among
plants. Saprophytic fungi such as Alternaria and Aspergillus were the dominant functional fungi in
the rhizosphere and non-rhizosphere of P. australis, T. chinensis, and S. salsa in saline inland, with
the relative abundance of 13.60%, 6.33%, and 20.16% in the rhizosphere and 11.98%, 24.25%, and
8.52% in the non-rhizosphere, respectively. Saprophytic fungi were essential for the production of
humus by decomposition of organic matter and the improvement of soil aeration and
physicochemical properties. Aureobasidium (1.51%) were identified in the non-rhizosphere of
T. chinensis, and they were haloduric fungi and could work synergistically with plants to prevent
soil salinization. The dominant functional fungi in the rhizosphere of S. salsa in intertidal zone
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were mainly Talaromyces (15.90%) and Stachybotrys (0.53%), which were involved in sugar
degradation. They were able to break down cellulose into glucose, produce humus, and form a
stable soil aggregate structure to improve soil aeration. Trichoderma (0.13%) were identified in the
rhizosphere of S. salsa in saline inland, and they could promote soil nitrogen and phosphorus
conversion and prevent the soil pollution caused by excessive inorganic phosphorus. The relative
abundance of functional fungi was less than 0.10% in the non-rhizosphere. In addition,
Phanerochaete (0.15%) capable of degrading persistent organic pollutants and Penicillium (1.16%)
capable of degrading quinones were identified in the non-rhizosphere, providing microbial
resources for the remediation of organic pollution in soil. However, they were not identified in the
plant rhizosphere. The fungal diversity and evenness in the rhizosphere were positively correlated
with soil factors such as electrical conductance (EC), calcium concentration, and salinity. In the
non-rhizosphere, the fungal richness and diversity were positively correlated with total nitrogen,
while the fungal evenness was positively correlated with pH, salinity, and ammonia nitrogen.
[Conclusion] This study established a framework for understanding the structures and functions of
fungal communities in the intertidal zone of the Yellow River Delta. Additionally, it provides a
theoretical foundation for the future application of different functional fungi in soil structure
improvement, biodiversity maintenance, organic pollution treatment, ecological protection, and
saline-alkali land restoration.

Keywords: Yellow River Delta; fungal community; application of microorganisms; environmental
factors
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Figure 1 Box plots of Chaol index, Shannon index, Simpson index, and Pielou_e index for four plant species in
the rhizosphere and non-rhizosphere. A: Chaol index of the rhizosphere soils; B: Shannon index of the
rhizosphere soils; C: Simpson index of the rhizosphere soils; D: Pielou_e index of the rhizosphere soils; E: Chaol
index of non-rhizosphere soils; F: Shannon index of the non-rhizosphere soils; G: Simpson index of the non-
rhizosphere soils; H: Pielou_e index of the non-rhizosphere soils. LW: Rhizosphere of P. australis; CL:
Rhizosphere of T. chinensis; HIP: Rhizosphere of intertidal S. salsa; LJP: Rhizosphere of inland saline S. salsa;
FLW: Non-rhizosphere of P. australis; FCL: Non-rhizosphere of T. chinensis; FHJP: Non-rhizosphere of intertidal
S. salsa; FLJP: Non-rhizosphere of inland saline S. salsa.
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NS E 45 R —201224 ) Pielou_e FEEA K EI /N
WU R AEMI(0.471 2+0.116 5 b il b £ Hb 5k 32
(0.449 1+0.078 9). 77 (0.423 0+0.029 6). J#I[a]
A5 Eh 1B 32 (0.149 1+0.092 0) (K] 1H). 4 FPitidy

1 Shannon #8%% . Simpson #5%%. Pielou_e 8%k
o LA ) [ ey b 5 5 HL At 3 R ) 22 ) 2%
5 i % (P<0.05), HAhAEY) Z 0] 22 5 K 1B 3
(P>0.05).

PUFN A AR B . AEAR PR IR P
JERI S 2 AR, HYIARBR 1, SR
b b b B ) BCRE R L A T A A
Yy, 0T b B (1% TR T AR A,
I E S BRI EAK . SRR R g,
510 BT R A R, ARG R

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



816

ZHANG Ting et al. | Acta Microbiologica Sinica, 2025, 65(2)

R1 HFEYIRPR D IRIE A B

Table 1 Physical and chemical properties of rhizosphere soil in four plants

Item LW CL HJP LJP

pH 8.280+0.010 8.390+0.030 8.010+£0.020 8.000£0.000
TN (g/kg) 0.330+0.005 0.310+0.006 0.410+£0.014 0.210+0.006
TC (g/kg) 12.900+0.918 14.020+0.331 18.990+0.033 12.300+0.497
TOC (g/kg) 3.070+0.092 5.690+0.114 3.110+0.082 2.270+0.054
AP (mg/kg) 10.810+0.357 12.750+0.269 25.750+0.187 16.570+0.148
Saltness (mg/kg) 0.092+0.007 0.131+0.045 0.147+0.008 0.143+0.001
Ca (mg/kg) 1.700£0.175 1.737+0.339 2.877+0.589 2.927+0.487
Mn (g/kg) 0.158+0.017 0.151+0.026 0.327+0.040 0.193+0.030
Fe (g/kg) 10.831+0.977 10.448+1.134 17.214+0.777 11.702+1.621
NH,"-N (mg/kg) 5.427+0.730 1.000+0.000 30.102+0.460 4.132+0.400
EC (ms/cm) 0.135+0.000 6.010+£0.000 5.450+£0.020 6.960+0.030

LW PEARER; CL: BEMIARPR; HOP. I SRR P s LIP: ERAMMbER B AR P
LW: Rhizosphere of P. australis; CL: Rhizosphere of T. chinensis; HJP: Rhizosphere of intertidal S. salsa; LJP: Rhizosphere of

inland saline S. salsa.

w2 UFEYIIER PR IRIR LM IR

Table 2 Physical and chemical properties of non rhizosphere soil for four plant species

Iltem FLW FCL FHJP FLIP
pH 8.060+0.000 8.330+0.010 8.100+0.000 8.010+0.010
TN (g/kg) 0.310+0.007 0.230+0.005 0.260+0.005 0.310+0.001
TC (g/kg) 13.790+0.203 12.320+0.068 14.31020.107 14.960+0.029
TOC (g/kg) 2.590+0.081 2.930+0.092 3.100+0.086 3.580+0.121
AP (mg/kg) 16.350+0.514 20.840+0.298 21.01020.460 22.28020.397
Saltness (mg/kg) 0.105+0.007 0.269+0.069 0.121+0.012 0.148+0.025
Ca (mg/kg) 3.347+0.275 2.776+0.143 3.381%0.157 2.380+0.781
Mn (g/kg) 0.271%0.017 0.216+0.010 0.284+0.016 0.206+0.049
Fe (g/kg) 14.494+1.281 12.0010.326 15.210+0.808 13.223+1.582
NH,*-N (mg/kg) 6.853+0.194 13.979+1.540 6.104+0.207 44.241+2.760
EC (ms/cm) 3.350+0.020 5.720+0.010 3.760+0.020 3.250+0.030

FLW: A5AEMRRR; FCL: BEMIAEARFR; FHIP: WAl b iiGEJEAR bR ; FLIP: hflibih HbmsiE SRR IR

FLW: Non-rhizosphere of P. australis; FCL: Non-rhizosphere of T. chinensis; FHIJP: Non-rhizosphere of intertidal S. salsa; FLJP:

Non-rhizosphere of inland saline S. salsa.

BRI XSS BE R v, 0 T R b e 1) B 38 A
B o ARBR AR PR - 598 rp i 3 b 5% 11
L 5 S T A 3 R
212 A EEYERRDE p LM

B ZFEMERY E L5 73 AT (PCA) T LIS 4 Fh
TR BR . AR AR PR 3 ECTR R IR 19 AR AL 2
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Sk N 3 FR, FE 4 FOAEHPIARBR -5
TSy 1 (PCL) Mo — Ak bR, AR TTmR
7 63.8%; TMFEIEMRPR -3, PCL AT
BRIk 79.9%, FE %53 2 (PC2) 5 — 24k
b, TEARPR IR A fCRIETTIR AN 24.9%, 1E
JERPR 1 b B TTER 34l 16.5% . 7E PCA &t
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E3 PUFEPRER. IERFFER T DAE . A AFPRYIRER E80 008 B ARS8
SRS LW FUEEARER s CL: ARMIARER; HIP: W) SR AR PR s LIP: Ehotith £h b il AR B 5
FLW: F5dEMER; FCL: AEMIAEARPR; FHIP: i[RI EhmcEIEHLER; FLIP: Hhihh il AR P
Figure 3  Principal component analysis of rhizosphere and non-rhizosphere of four plant species. A: Root zone
principal component analysis of four plant species; B: Non-rhizosphere principal component analysis of four
plant species. LW: Rhizosphere of P. australis; CL: Rhizosphere of T. chinensis; HIP: Rhizosphere of intertidal
S. salsa; LJP: Rhizosphere of inland saline S. salsa; FLW: Non-rhizosphere of P. australis; FCL: Non-rhizosphere
of T. chinensis; FHJP: Non-rhizosphere of intertidal S. salsa; FLJP: Non-rhizosphere of inland saline S. salsa.

FOEE L ORRA I A R b e AR B 1 A
HEIE IR A0, 5 B o h B M 5 R B e
FW] 3 B W) 2 18] ) B T A v 4 A B e 1Y
AR, T -5 el th 56 b i 52 110 2 1 R 9 2 A
FAIMERAR (K] 3A). 4 FIE AR PRI 3B
'] A + 4 W '] (Ascomycota) Fl 1 + & [']
(Basidiomycota) (/& 4), P73 & 148 4 Rl
/R ING RO DO SN R Y S R o
(70.44%) . Eh it £ HiAH3% (56.94%) . 1 [H] 47 £h
Hi Bl 2 (55.80%) . BN (47.97%), FHTwT1H9AH
SF A A0 (27.00%) > 1 2 (16.34%) >Eh i
b 5 b ik 3% (10.66%) > il [7] 45 £h 1 il 32 (1.63%)) -
BEAN, 735 5 AR A b A AR PR A 3 e
A X 2551 ] (Rozellomycota), AR 32 5 4351 Ky
1.19% F1 4.99%. 4n& 3B fizs, FEARMRPR 135

RS B b 5% ] 1) B B R R 4
BRI T 5 L ER b R M B o )
RIS B = ] P T A s A
FERIEEAR . 4 FiAE AR AR B A 1) LR Dl 28
B AT T T8 4), fEAEMRER 3, 75
DAL TR AR 2 B £ Bt 6 Hb B 3% (49.62%) >
V) 1] 7 Hb R % (30.119%) > £ Ml (29.72%) > 12 25
(16.72%), FHF 5 T TAX=F 5 s BRI O
P (68.47%) LR AK Mo LR Hb B (57.56%) . FEAN
(34.05%) . {1 [ 47 £h b 5% 3% (3.39%) . BEMIAEAR
Br - P A AR AT P FL I 2 2K 1A 11(6.58%), T
1 100 Al A1 AR B 8 R A R AR X S
1.27% HY# A ] (Mortierellomycota), 4 Fi4)
MR ARMBR - e rp e B BT R R
MBFHIT], X5EAFRE RSP F 8w ]S
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E4 MHEDRER FERRABERETEE. LW: FEEMRER; CL: BEMIRER; HIP: ] [A)H L e
WPR; LIP: R s AR PR s FLW.: P35 dRMRES s FCL: BEMIHEARPR; FHIP: (81 )i £ i i AR

brs FLIP: Shomidhh b aigE IR bR

Figure 4 Four dominant fungal phyla in the rhizosphere and non-rhizosphere of plants. LW: Rhizosphere of
P. australis; CL: Rhizosphere of T. chinensis; HIP: Rhizosphere of intertidal S. salsa; LJP: Rhizosphere of inland
saline S. salsa; FLW: Non-rhizosphere of P. australis; FCL: Non-rhizosphere of T. chinensis; FHJP: Non-
rhizosphere of intertidal S. salsa; FLJP: Non-rhizosphere of inland saline S. salsa.

FHFBTTR  BM . R b 3 L 3
FLAT]—8. 4 FiAE 4R Pr (R?=0.14, P=0.66).
1 #2 B (R?=0.33, P=0.36) L [ 7 7% 45 14 22 K
e
213 EHREZHMSIRBMRAEXM
FISPES T I, W& 5A Firs, 4 iy
HilrH Chaol 6%, Shannon #5%¢. Simpson &
% . Pielou_e 5% 5 EC. Ca, ¥ IFHIE
#, 5 TN 2EHRMAXKER; I, Simpson F5%L
55 Pielou_e f§ 88 5 TC R R, Al L,
EC. Ca. #hJFY5 4 FiiEYIHR PR B H VK 2R
G E) R S IE A e, TN S A e, x5
AL T A PR () A W) 2 REPERE RS EC AR
IEAHR IR, HFHS AR R —
WO N ST BER BT U E R 2 S
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TN S HAHSE e RPN 2 R —3

5B /N HIE 4 FFEY)AER PR Chaol 45
% . Shannon $5%¢. Simpson #5%1. Pielou_e 4§
5+ EBAL N T Z K & . Chaol #5485
TN, TC. Fe BIEMHXIKHK, JFH'S TN 3%
PEIEARSE; [FEF, Chaol $5%('5 pH. R . EC
BERMHXEXR, X2 R 585 R T 45
R, Chaol #8405 2 AR KR —2 1L
4k, Shannon F5%F1 Simpson F8405 TN, FhE |
NH,™-N S2IEMICE R ; 1 Pielou_e #5405 pH.
HE . NHSN Z2EMXEER, X550 AR
SREONH," 5 E B Y8 Y Shannon 4 4K
Simpson #5 %% . Pielou_e 48 % & 1F A 26 — 245
Shannon 5%k . Simpson #5%k . Pielou_e #5444
5 Ca, Mn, Fe BRAXCKR, BHKE, 45
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Figure 5 Relationship diagram between soil physicochemical properties and fungal community abundance,
richness, and evenness. A: The relationship between the physical and chemical properties of plant rhizosphere soil
and the abundance, richness, and evenness of fungal communities; B: The relationship between the
physicochemical properties of non-rhizosphere soil of plants and the abundance, richness, and evenness of fungal
communities. LW: Rhizosphere of P. australis; CL: Rhizosphere of T. chinensis; HIP: Rhizosphere of intertidal
S. salsa; LJP: Rhizosphere of inland saline S. salsa; FLW: Non-rhizosphere of P. australis; FCL: Non-rhizosphere
of T. chinensis; FHJP: Non-rhizosphere of intertidal S. salsa; FLJP: Non-rhizosphere of inland saline S. salsa.
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TP AEAR bR EL B A 75 2 RE MRN8 51 BE 32 5 pH .
TN, TC. Fe. £/, EC. Ca. Mn ZEZFI[H T
(AT
22 AEED%R. & BETMEERE
FFAIE

FIMEADHERT 4 YRR AER
PRZ: 5 A P2k A2 HPoRE IS 23 M 1Y) L AR 3232
AHHFFE RN F) T 45 %5 #%5 J® (Stachybotrys) | &R
W J& (Talaromyces). 2& [& ¥ I

®3 UHEYIRFRIREEE A FEE

(Moesziomyces) . & #AHF- 1 J& (Mycothermus) . 4
#H 4 J& (Cystofilobasidium) 1 A 2 J& (Trichoderma)
LRES SIRAG I LI, X 8 LR A )
eI, REASHS & B A AL o3 8 /N e FREZE (n
AR, B S BRI BRI 1R CO,PY,
DU A AR o 1) L TR ARG = B Ak 3 iR,
PR S SRR L TR R (3.48%)
DR TR AT L 7= A N ) R il 7 4 R
PN ) SRRl o3 A 21 A 2R 51 I B-1,4- b

Table 3 Relative abundance of four plant rhizosphere functional fungi (%)

Fungal species Lw CL HJP LJP
Carbon cycle Trichoderma - - - 0.13
Cystofilobasidium - - - -
Stachybotrys - - 0.53 1.87
Talaromyces 3.48 - 15.90 2.73
Mycothermus - 0.16 - -
Moesziomyces - 3.55 - -
Nitrogen, phosphorus cycle Trichoderma - - - 0.13
Symbiosis with plants Trichoderma - - - 0.13
Aureobasidium - - - -
Botryotrichum - - - 0.58
Salt tolerant fungi Wallemia - - - 0.16
Monosporascus - 4.59 - -
Hortaea - 0.95 - -
Neocamarosporium - - 0.29 1.63
Aureobasidium - - - -
Saprophytic fungi Alternaria 6.07 2.81 15.05 14.87
Aspergillus 7.53 2.54 - 491
Nectria - - - -
Coprinellus - - - 0.22
Macrophoma - - - -
Kernia - 0.98 - -
Wallemia - - - 0.16
Degradation of organic pollutants Phanerochaete - - - -
Penicillium - - - -

—FR AT EE/NTF0.10% M EL A . LW, PEERRPR; CL. ARMIFRER; HIP:

HRPr.

TR SR R AR s LIP . L £k b il

— represents the abundance of fungi less than 0.10%. LW: Rhizosphere of P. australis; CL: Rhizosphere of T. chinensis; HJP:

Rhizosphere of intertidal S. salsa; LJP: Rhizosphere of inland saline S. salsa.
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Table 4 Relative abundance of non-rhizosphere functional fungi in four plant species (%)

Fungal species

Carbon cycle Trichoderma
Cystofilobasidium
Stachybotrys
Talaromyces
Mycothermus
Moesziomyces
Nitrogen, phosphorus cycle Trichoderma
Symbiosis with plants Trichoderma
Aureobasidium
Botryotrichum
Salt tolerant fungi Wallemia
Monosporascus
Hortaea
Neocamarosporium
Aureobasidium
Saprophytic fungi Alternaria
Aspergillus
Nectria
Coprinellus
Macrophoma
Kernia
Wallemia
Degradation of organic pollutants Phanerochaete

Penicillium

FLW FCL FHJIP FLJP
- - 0.32
- - 6.56
0.94 - - -
151 - -
9.68 - -
2.78 - -
1.51 - -
0.17 6.19 - 4.01
11.51 461 - 0.27
0.30 3.77 - -
- - 2.87
- - 1.37
9.68 - -
0.15 - - -
- - 1.16

—FRHIXT R /NT0.10%AY EL A . FLW: PT5RER; FCL: ARMIRER; FHIP: B3 Eh AR R s FLIP: £R stk sl

MR

- represents the abundance of fungi less than 0.1%. FLW: Non-rhizosphere of P. australis; FCL: Non-rhizosphere of T. chinensis;
FHJP: Non-rhizosphere of intertidal S. salsa; FLJP: Non-rhizosphere of inland saline S. salsa.

TR AR BT A, 1 TR T 4 R R A
B 5 2T 4 2= W R A AT 2 i 2F 4 R i g

W HFA N E A, S S5WAGIRLfE . e
RBRH, 25 06 P8 I B R 52 Bk 1 8
(3.55%) FIE P 14 % (0.16%) . 54 [C W5 14 Ak
553 WA 77 A K Fl FUBE O ST 4 LB K A A
I TR, EIRRE IR B- R FUBEEEEEY, X
it 455 LR 20 A by 2 LA R R T . eI T R
DUV 53006 P U106 SR L B- 7 2 W TR R AR SR

BES2) L v A RO A A SR 4 i My T A
FE ) [R) T £ A v, ARSI B Y 32 B O R
AR & (15.90%) 11 ] 45 14 %5 J& (0.53%) , Horp 4
HIREER R BRI B- A AT BT R, K F LA W)
WEFN L 2 SERE 53 Ry #0200 o 6 SR o b £5 1 5
E, S HRAEAR R AR (1.87%).
WK A R (2.73%) FLKR 25 & (0.13%), K& /i
TREBH I, 5 D 7 A A TR 43 O A R B
R WEIR T R SR PR L, REBNG T
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Hh i) £ 4t 25 454 HILWD I i Sk 4 2 SR ) I
T3 T 398 v (4 R A 0 B A, K S A A
AT IAE A 0 A K i IR R R R, i
RESIE A P AR R 28, IR A=t
IR, Bl W i sl W B4 AT Bl T4 A7 BL o e
bR A HILJTR AG E EE AAR o —— S A R
Ji 78 B aE 2ot R AR T, BB TR i Re Y 1 4
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PURMHE I AEAR PR (R 4)h, P 2 SRR
3 ) L TR A TR TR (0.94%) o R 5l 5 3 ik
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PEPH T R 4 WA TE PR TR DS, K B K A A
IR . BRI )y b % Hh BR 8 4 2
B EC DA AR FE /N T 0.10%.

ULk, b e b AR 1 B AR B P ) R B R AN
IREW 2 5HAER, 0 0] LS5 A6 A6
W, HAXTEREN 0.13%, A% HLARYIR
Bro. ARARBR L 3 AR BE NN 0.10%. 7
RAAGH I, ARBE BRI IR T R i 5k
AT IR P B Ak G 0 0 1 R 24 ) T [
K T i L R A0 48 R R A TS M, R
BB ) CHLBE AR5 1L, UE TS SEE3REY, 9F
st IR A R ALE T SER T R
TSR, R T A B AL,
XA Bl T 080 DA AILBE & s ok i 5 | & i 1
By gl {5, AT A Y RE A2 R ISR g
CHLEE, A SEK. Wik, KRERYF
ek 4 e 7 43 R 0 A DERE 9 A K HoA
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23 ARIEMEEREEERNERERE
FEAFHIE

3 M 4 JRIR T ALY LA B A AR X
JEo RER, TE 4 FRYIAR R £ 3 LK R
MR B T, B A B O B R
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(Botryotrichum) (0.58%) Fll & % J& (0.13%), iX 2
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(Monosporascus) (4.59%) F11 {i] 7 & J& (Hortaea)
(0.95%), HAfarfigs Jm iy Ak K S AR R OE
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