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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 7. chinensis; HIP: Rhizosphere of intertidal S. salsa; LJP: Rhizosphere of inland saline S. salsa;
FLW: Non-rhizosphere of P. australis; FCL: Non-rhizosphere of 7. chinensis; FHJP: Non-rhizosphere of intertidal
S. salsa; FLIP: Non-rhizosphere of inland saline S. salsa.
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WU AEMN(0.471 2+0.116 5) . £h ol b £ Hb ok 32
(0.449 1£0.078 9). 7 75(0.423 0+0.029 6). Jill[f]
A5 Eh 1B (0.149 1£0.092 0) (K] 1H). 4 FPitidy

H Shannon 75 %% . Simpson $§%% . Pielou e 45%X
a3 FUA 0 1) 5 b il 5 At 3 AR 2 1] 22
5 (P<0.05), AR Y 2 0] 22 7 8 B3
(P>0.05).

DUFPAE ) AR BR  AERR B - BRI A M Y
JERMI AR 22 SR, FEPIM R -3, ERe
b b 3 1 LT R XA T A
7/ I N (51 B  R TD BE JTUNEN SR o - E DO o I
5 E R B 5] BEARX AR, AEAR B g,
50 LT T AR, BRI s BRI Y
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R A EYIRPR DR IR L B

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

Ttem LW CL HIP LIP

pH 8.280+£0.010 8.39040.030 8.01040.020 8.00040.000
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 14.02040.331 18.990+0.033 12.30040.497
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 0.15140.026 0.327+0.040 0.193+0.030
Fe (g/kg) 10.83140.977 10.448+1.134 17.214+0.777 11.70241.621
NH,"-N (mg/kg) 5.427+0.730 1.000£0.000 30.10240.460 4.132+0.400
EC (ms/cm) 0.135+0.000 6.010+0.000 5.45040.020 6.960+0.030

LW: MEEMRFR; CL: FRMIARPR; HIP: MR AR HGEAR R LIP: Ehfsith Sk HumdzE A br .
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

Item FLW FCL FHIP 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 0.31040.001
TC (g/kg) 13.790+0.203 12.320+0.068 14.3100.107 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 21.0100.460 22.280+0.397
Saltness (mg/kg) 0.1050.007 0.2690.069 0.121+0.012 0.148+0.025
Ca (mg/kg) 3.34740.275 2.776+0.143 3.38140.157 2.38040.781
Mn (g/kg) 0.271+0.017 0.216+0.010 0.284+0.016 0.20620.049
Fe (g/kg) 14.494+1.281 12.001£0.326 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: FEARMRER; FCL: BEMIARMER; FHIP: JE)i R i FAPR; FLIP: SR ER i AR .

FLW: Non-rhizosphere of P. australis; FCL: Non-rhizosphere of 7. chinensis; FHJP: Non-rhizosphere of intertidal S. salsa; FLJP:

Non-rhizosphere of inland saline S. salsa.

PRSI R, W R R R Y LB A Sk W 3 R, FE 4 PR AR PR A h
K MRPR. AEARPR L SR iE 1 R 1 (PCYAE — F AR, HARFR M Trmk 3
FLIE - B4 T A 3 AR 1 63.8%; TMTEAERPR-3Ed, PC1 AR M: T
212 AEEERERE B ST kR =38 79.9%. FHLSr 2 (PC2)NEE —F 4k

B ZFEMER E LI AT (PCA)RT LIWLEE 4 B A5, FEARBR HIErP RN DTk R 24.9%, 7£
FEPIMER . AR PR DI AR AR I E RN 22 AEMRBR b i DTk EEh 16.5%. 7E PCA b,
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B3 MFREMRPR . IERPRERST DE A AR ER ER 0T B: AFPRIAE R 328000
BTl LW: YRR CL: AEMIRER; HIP: A4 Sh MU MR PR s LIP: kit £ 3 Al e 4R P 5
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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 7. 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; FLIP: Non-rhizosphere of inland saline S. salsa.

PO R IR e A AR PR S T
WIS IR A0, 5 B i b b 5 R B e
FH 3 Pl 4 22 100 1) 2L 0 RV 4 LA R 1
AR , 10 5 5 11 T 1 T 5 2L
FIMERAR (K] 3A). 4 FIA AR PRI 3
'] N F % W ) (Ascomycota) F1 HH T A ]
(Basidiomycota) ([l 4), H.pTFHER [ T1E 4 Fiid
Py AR B rp (8 AR X 35 BN i BRI . S
(70.44%) , ER AR HbZE (56.94%) . W (B4 £
Hi B2 (55.80%) . FEMIN(47.97%), HHTHIIHIAH
PR RE I Sy . BEHI(27.00%)> 1 25 (16.34%)>Eh Bl
iR b A2 (10.66%0) > [8] 5 £ b 5% 3% (1.63%)
BEAL, 77 35 5 el b 6 b 5% A AR B 1 3 P A
TG B 25581 1 (Rozellomycota), XT3 JE 435 A
1.19% #11 4.99%. WK 3B i, fEARMRBR 11

RS 5 R Rk b 5 2 [ A TR RV 4
BRI IR, TP 5 L Rtk H B 5% 43 )
S0 L ) 7 R b B 5 2 [ P TR RV 2 K
FHAAERCAR . 4 PP AEAR PRI B EL R 738
BV T (8 4), 7EARMR s L3, 7o
TE T TRARE F R R SR b R 1 ARZ (49.62%)>
{1 18] 7 £ b 3% (30.11%) >4 (29.72%) > 1 7
(16.72%), HF 5 I TAIR = 5 i 2RI R
P (68.47%) . Eh M ER HI T (57.56%) . AR
(34.05%) . I IA]H7 £h ML 3% (3.39%) . BEMIAEAR
PR3 P AR R A W LW 2 25T 11(6.58%) , T
T (B Y 8 b Al I AR s 458 p 7 A A G T
1.27% BT ] (Mortierellomycota), 4 FiFEY)
HRBR . AEARPR - b G T PR
FHETHETT, X5CA0FREREP FEET 1S
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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; LIP: 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; FLIP: Non-rhizosphere of inland saline S. salsa.

TR R, Hh e oA 3
ELIE ] —%0 . 4 Fl P AR PR (R7=0.14, P=0.66) .,
5 MR bR (R*=0.33, P=0.36) B B Ff 74 45 74 22 5 A
B
213 EEZH#MSIEIBNMRAMEXM
MR, K SA B, 4 FiiEy)
HFRH Chaol #5%%. Shannon #5%% . Simpson 7§
# . Pielou e 5% 5 EC. Ca, EhEEIFHIE
A, 5 TN EHRMAXKFR; I, Simpson F5%L
Y Pielou_e #5845 TC RHMAMKKFR, AT,
EC. Ca. /55 4 MEYIR bR B E R 2 HE%
TSI IR AR, TN N AR SEM:, X5
ARG TR B A ) ZREPERR B BC B L
IEMSEMZE ST, S EHAHRESR—
T NS B R E VTR U R 2R S
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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; HJP: Rhizosphere of intertidal
S. salsa; LJP: Rhizosphere of inland saline S. salsa; FLW: Non-rhizosphere of P. australis; FCL: Non-rhizosphere
of T. chinensis; FHIP: Non-rhizosphere of intertidal S. salsa; FLJP: Non-rhizosphere of inland saline S. salsa.
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TP AEAR Bs L B A 0% 22 FE MR R34 5 B 372 ) pHL.
TN. TC. Fe. #J¥ . EC. Ca. Mn ZZFH ¥
FRIFEI .
22 AEEDR. B BEFEEEE
FFAIE

F3IME 4 DHERT 4 YRR SIER
PRZs 5 A P2k A2 HPORESIE o3 M 1Y) L AR T2 132
AR F T % FEE & (Stachybotrys) . WEAR
W & (Talaromyces). 5 [% i) J&

R3 UHEYIRFRIREEE AN FEE

(Moesziomyces) . W&INFT 181 J& (Mycothermus) . 4
B J& (Cystofilobasidium) IR 5 J& (Trichoderma)
FRES SRIE A ILE , X2 B 7 A )
fife it , BEASHES A ML 43 i RN o 2R Can
R, IS BAR AR BRI 1 R O,
PO AR AR P AL R 1) L B AE R T2 B AN ER 3 R
AT S SRS R LA TR TR R (3.48%)
R & T DA A P D) SRR RN 2T 4 R 00
UL SRR 53 i AT 4E R 5553+ B-1,4-H g b

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

Fungal species LW CL HIJP 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

~FRAX EE/NT0.10%MEE . LW: PEEHER; CL. BHIRER; HIP.

WP

W] Eh HRGE AR b s LIP: Ehasith £h HhmsisE

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

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 FHIP FLJP
- - 032
- - 6.56
0.94 - - -
1.51 - -
9.68 - -
278 - -
1.51 - -
0.17 6.19 - 4.01
11.51 4.61 - 027
030 3.77 - -
- - 2.87
- - 1.37
9.68 - -

0.15 - - -

- - 1.16

—FRHIXTEE/NT0.10%A H B . FLW: PT5MRER; FCL: AMIHRER; FHIP: R th i fdGE RS ; FLIP: £RafibEh i hs

MR

- represents the abundance of fungi less than 0.1%. FLW: Non-rhizosphere of P. australis; FCL: Non-rhizosphere of 7. chinensis;

FHJP: Non-rhizosphere of intertidal S. salsa; FLJP: Non-rhizosphere of inland saline S. salsa.

TV A B A s, I TR T A 250 A o i A
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% 43 W 7= A K i LB (R Y, K LR K A
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T, SSRGS A S (1.87%).
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http://journals.im.ac.cn/actamicrocn



822

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

Hh i) £ 4t 25 454 HILW IO i Sk 4 A SR ) I
T3 T 39 v 4 R A 0 B,k S A A
AT LAVE A s A= 0 A K i i DR BE Sk IR, 3
RESIE A W AR R 2, IR A=
[ INF A W T 2 B 15 A Bl T K A DL o
b0 A BILJTR AG E EE AAR o —— S A R
Ji 78 e 2ot R AR T, AR TR i Re E Y 1 4
FRLZE R, X3 o IR PR PR IERE L ol
-3 )3 AR A HE K P AT B A A

PURME I AEAR PR (R )b, PR 2 SRR
3 ) LT TR TR (0.94%) o Fh 50 6 3 ik
O R R (0.32%) . 4 B R (6.56%),
P FH T JE S WA TE R TE R D, TR K R
AT o AN ) A R A TP RBAS iR 2
B FL IR ARG 2 EER/INT 0.10%

ULAk, b el £R 1 B3 AR B ) R B R AN
REH 2 5, 0] LS5 A6 A G
B, HARXTERE N 0.13%, A% PR
B, ARARBR 3 AR R BE N 0.10%. 7E
FAGH T, AR E BRI T IR Y 5k
AT IR P B Ak G 0 0 1 R 24 B T [l
K T i L R A0 48 R A R A TS M, b
BLBS 0 JCHLBE O S5k, DRI 2 SEEA63R0Y, I
0 S AL T, Al R R il
TR, R T A B AL,
XA Bl T 080 A AILBE O s ok i 5 | & i 1
By gl B, AT A Y BE A2 R ISR FE 3
ICHLEE, A SEK. Wik, KRERYTF
ek 4 38 % 43 R 0 AR RS A K oA
S0V
23 FAEEMEEREHEERNERER
TR

3 MR 4 JER T ALY A B A AR X
B RER, TE 4 FRYIAR R £ 3 LK R
MR B R, B A U N B R

P4 actamicro@im.ac.cn, 7 010-64807516

(Botryotrichum) (0.58%) F1 K %% J& (0.13%), iX 2
i LA e AR P B A T E IR T 0.10%. B
A JE WA R BT R RE T, I HAENE 43 W
i 107 43 gk DO, 2% g T A R A 7 A B I A
EERAE IR, B YR ORI . K% JE W RE
I3 AR K K R 4 & (siderophore) P, A4E K K fE
s )RR A A A R 43 24P K RE S
B VERR R s . R R R, Xk
BRI DA R ISORI R, AT e AR Y B RS
FARBPT; Rk R R REE A LR PO, &
Fow Bk, SR LA, X P 2]
PR IE PR o 38 3 I AN (R A A A g v gk
PSR 1), &I HmkE 1 58 rh 2k
SRR AR, M (11.702+1.621) mg/kg, NIk
A RET BRI IE B E R L2 Feo, LAME JEER
b b A XK R A

DA Dy AEAR BR A= B v, AR A
B T AP A LR FE A AR (Aureobasidium), H
FHXTFRE R 1.51%, 1 7E oAt RE 4 Hh A AG I 31132
FLA . FAER R B A TR S R T Y e
FICS RS A3 YA RN 7 R AR S R L IR
IDImR , X 53l 1y vl AR R ORI 5 2
PR 7E LA AR B AR = BE AR T 0.10%. D b
3FEFE(EHME . KR%E RS E) Y e
AR P 7 A 0 A S ) B o B B A
e, NG E B B AR o 7 SR A 3k Bl %
PR, BHAE ARG R SHEPIE R T4
KFR; MM, fEAMAERER T, Mg RwY
MY, T AR, ARG T
PR HEAE Y 5 A ) 2 (B B RS A, T A
L7/ liUEEE SO i Buw | DEE =N RS i 7 el ST i PR 32
MEFR, ATLOE A B R B, FEdifia
Yy Z R T R B AR R A
2.4 A[EHEYIH R B EREEYHIE

R 3 MK 4 PR, 16 4 Fidabrd, £



oI S| A AA R, 2025, 65(2)

823

G/ i o N S T N = N S B (O - 7 D
(Monosporascus) (4.59%) Fl fi] 15 55 J& (Hortaea)
(0.95%), Herh iy e Jm i AR R 5 B B R
FASE S R, Ta) A £h Hb 3 AR B o (1 it R
T KB 5% 105 JE (Neocamarosporium),,  HA XY
FHEH 0.29%; FhmER b ms2E A2 PR i £h E A
W] 51 45 B 7 A 1 5 IR (1.63%) H 1Y HH 1 R
(Wallemia) (0.16%); 17U & & —F ™45 0y rg£L
LR, TR VR A K TR B A 5 R Ak v R R Y 4
TR, S X R R PR A R
DL b TR LG AR = . Wl S ko . ER
i b, £ b B 3 B A S B IR T 0.10%. 7E
4 PR AERL PR, Bk TR A
J& i AR, AR R S R
9.68%. 2.78% Fl 1.51%. fE/% 5 . Wl [E] 7 £hh
B3 LA K R Bt 6 2 i3 ) AR AR B L4 rp, 3X
LT R FL G A AHAS AR T 0.10%. 25 B RTiA,
4 MHEY PR S TR ICRE . R, RTLURYE L
BB 1) R DR 5 18 5 MR AR 3 2 0 T ER AT, A
T WA ) - i B i S AR, X0 L3 dh
WAL BT G SR A TR A B LA
2.5 TEEVMIREEEREIFE

TEA YK vh L 4 B AE ) i AR B K AR
P - 38w BRI 2] T A A& (Alternaria) . #
B3R (Aspergillus) . \NIR5C)& (Nectria) . /NT A&
(Coprinellus). K25 m & )& (Macrophoma) . #25%
J& (Kernia), TTHEBESFBEAEELREGEE 1. £2).
B A LR A AROPR U 7 W 1 5 1 BR 0 i
— XA Yy R A G IR R LA P R
SO, ALFE R Y I A A AN A B A R
WA, 8 A LR A S A R - A A I i 2
FEIIREELIAM

PO AR PR s, PR A B
PR A 8 88 (7.53%) FEEAS 1) (6.07%) ;s BEMI
()65 A LR O BEAS TR (2.81%) . BB )R (2.54%)

2258 )8 (0.98%) 5 1 117 h b i 3% o Ji A LR
RS AR (15.05%) . EhBs sk sz i Ak 1
BRI R B A TR (14.87%) . M2 JE (4.91%). /N
DJE(0.22%) . TTHHEE(0.16%).

U A AERR R 3, s TR AR
LR A AEAS AR (0.17%) . HH 25 & (11.51%) AT A
eI (0.30%) . RN H 4B A TL TR A BE A f R
(6.19%). HHEE)E(4.61%). MIRTEIE(3.77%)FITi
FATR R (9.68%). MR 7e J& TEREMIAE AR R (3.77%)
H A X T B R 2 02 5 A AR B (0.30%) 1Y
13 4% o ERA b R b 5% v 0% B A FU TR A AR 76
J&(4.01%). M5 0.27%). /NFRAxIE (2.87%)F
RZE TR (1.37%); LAE 3 A= 01 7 ) 0] 45 &
Hi B AR PR P AR T R T 0.10%. JEA:
FLIE i LR A LR R OREZE . O, IR
X BIRS), et B R e AR A, T
o0 A E SR HE K, Sl 1 AR
PERTE A TR
2.6 AREEMENSEIEREERER S
FIE

F3ME 4 GHERT 4 PR, JE
HR B R A AT ML TS Y P TR ARG E . 7 4
RO B rp BT XS AE 7E AT LTS G %
fiff EL TR 32 2K 5B V- 55 1 & (Phanerochaete) Fl
%% J& (Penicillium), 5 B4 J@ 76 2 B AER PR
HRA AR 2R 0.15% . J5 B 1 i HLA P fi
A A HLT5 YL W) (persistent organic pollutants,
POPs)fET], X Ey5 Y i @b &b &
Yy, izl AR RIGeR L geah, B
D JE i RE A L Wit AR, 9 DL H0, 1
HHFZAR, b E LB S MRk i,
HA R MR R SR, A SR A b £R 1 Ak
EAEMRPR A, RERE AR LTS YL 0 BT T B
J&, HAXTEE R 1.16%., HERLA G NEE
MREI™, EEGRERS AL A HLTS Y h i 25

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



824

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

FINFELEM S A R I AL . BRI OV,
K Lo K M S A e S CHLY) . AR B
PR R B R A T AR AR B L ARARPR
AORREE RNy, BT TR AR R B R /N T 0.10%.
FEEARRPR B S R R O B POPs 5547
PLIm g Rt TR A IR TR
il 3t 6 2 AR AR P o 10 7 B R o B S
X WREA NS Y os Ye iy 3R 1L T
Z AR

3 %

WL XF 4 FAEPARES . AFRPRIELE o 2
P ILLR 28 o0 Hr, A2 4 MR IR Brrf, R 68
bk 3t 32 8 TR A B v LT R R R
YOI AR ARMRER A, 7 i B AR A
e, 1R A A Bl P B R R, AR
W W I3 A5 B R 3 5 B ZREPE T S R
AN, PSRRI, I IR] S R M R 2 (R A AR PR
FLRR AR v S5 A AR s v, Tk i R i 32
L5 AL 3 L) A L TR R 445 R AR DL DU A )
B AEARMRBR, 7o L SR e £k M A
[ (4 LT RV A A A PR By, T = L R
b M B 73 S5 A L A 18] R M 3 2 (]
8 AR v A ARG 3 4 PR B S5
PP B R fE A E I A E . LAk, 4 Pl
PR PR 5 AR PR3y I0A TR w1 S5 H TR,
T2 | SR B A 3 el 52 4 MR B LA R B B
WRERA IR KB T B 25 1 TIA7 A, T 18] 47 £ 3
i3 A AR AR BRI A Bl AT

A A A L ERR I N 5 LR A R 2 AR
ZIMRFR, KW EC, Ca, $HHE . TN ZRNT
AR B B TR R 7R 45 F 2 R E 5 1 5] Y T B b
N F5 R HERREE 7 5 AR AR PR LR 2 Al A7 A
WY FR, Hh TN, TC. Fe Y5 Chaol #5422
DG, #hJE . NH,-N & 51 5 5w AR

P4 actamicro@im.ac.cn, 7 010-64807516

ARG, 1ff Ca. Mn, Fe S5
AR

TEVUFPFEPI AR bR b, S4B 1 RE S 43 fif Al
KW TR AR S RE I Re LA, DA HE AT
AETREM AR E . I B SE . Ak, A
BT, BRM0 . IR R MR | AR R
b BZE AR B Hh ks o3 A G BT T BT R LA
R R A . SRt h Mo Bl A AR PR R
FHEMEES S N, PRI e S YA RS
JEE, MEHAAEY T, K& E R A X
H/NT 0.10%.

TEVAFRE P B AEAR PR 38 rp SRR I 1) 3
AL Thee EE . B E, AR B,
0 T b 6 b B % ) AR AR B H SRR T AR Th e
WL, B ALE . iR . S AN AR B R
3% 1 A AR B o A A E 43 A A 25 ) JoT 1Y) T e
W, WA E . WIREE; F, X2
TP ) AEAR PR il & BT B A LTS e i)
W, AR T A s T A% POPs DIRERYHE
TR J& FNAEAE T R et 3k Mo el H R AR R S
YT s, ik 2 FhOEE B AR . 8
(8] 77 Hb B 2% 1% A AL B v A X R R BN T
0.10%. FHILZ T, FEMIEYAEABR A WA A X
L Ath Ry B v B A R A ) R A
J&, DL HpE A

BT = A U TR 7 A TR Y IR TR BB A%
L IEAE, MRZE BN REfE A . i AL,
WA VBTG Gy, R SR X B IR R R
. BRI . KREE LR E S
R TE ML BT ARG R, XA AR R
A BT A K IR e A 2. AH
ZF, TEEE S EEN, fEAREhE
T IEER AL T TR R B T R AR . A,
5 ARAR B b 9 )52 6 1 55 T i R 3 el 6 b B35
WP ERERE, BB ALY RE



oI S| A AA R, 2025, 65(2)

825

J1o A A XL B R AR IR, R o e
TIELR L YERp A ZREE L IR B PTG
VAR il ot 2 25 P B 5488 506 B 2% £ (3L 1) A
PR o ASIESE A WA T = AR W R
PR ARV AT 2SR M REBEE T HE A, e ok A
FHAS[R] Sy BE EC BRI A 0 8 DA 3 I 3 ety B
st A MBI R AR PR AL T IR

162 FUHk # WA

EIS SR EITL IS LN T E R I T ]
& PEEEERME, S50 TR
AR R, 2513008 RER . =4t
TRZHE, Z50300HE: RIBI . BF5rk
5, ZHE0HE; ZE. IR RS,
Z 530 L. WESEH VRIS 07 4
T, BHEBCTE; BAF: PR MBI,
Z 5.

1B& A 35 ¢ RATE 7 A

VR P AAFAEAL AT AT BE 2 R W AR SC BT i
HTAERME AT s AR R

B3R

[1] WANG ZH, LI K, SHEN XY, YAN FF, ZHAO XK, XIN
Y, JI LH, XIANG QY, XU XY, LI DJ, RAN JH, XU XY,
CHEN QF. Soil nitrogen substances and denitrifying
communities regulate the anaerobic oxidation of methane
in wetlands of Yellow River Delta, China[J]. Science of
the Total Environment, 2023, 857: 159439.

[2] ZHU CM, ZHANG X, HUANG QH. Four decades of
estuarine wetland changes in the Yellow River Delta
based on landsat observations between 1973 and 2013[J].
Water, 2018, 10(7): 933.

[3] WANG MJ, QI SZ, ZHANG XX. Wetland loss and
degradation in the Yellow River Delta, Shandong
Province of China[J]. Environmental Earth Sciences,
2012, 67(1): 185-188.

[4] FIAE, A, FAE, R, Je30% . TR AR ELRR 0 ZRAR
ik SRR A0 B 52 W) EA) AT 5 128 2 0], TR ARl W52, 2020,
3(2): 22-26.

BAI HN, NIU X, WANG B, SONG QF, LONG WX.
Research progress on progress of the function of
mycorrhizal fungi in the cycle of carbon, nitrogen and
phosphorus[J]. Journal of Temperate Forestry Research,

2020, 3(2): 22-26 (in Chinese).

[5] FREY SD. Mycorrhizal fungi as mediators of soil organic
matter dynamics[J]. Annual Review of Ecology,
Evolution, and Systematics, 2019, 50: 237-259.

(6] YIRS, A8 T, 2min, it — . AR E AR

I &2 i BIF 5% 2F R (7). A db Rk 25 4k, 2023, 38(S1):
348-353.
LIU CY, YANG ZY, LI LL, YANG HY. Effects of
mycorrhizal fungi on plant nitrogen utilization[J]. Acta
Agriculturaec Boreali-Sinica, 2023, 38(S1): 348-353 (in
Chinese).

(7] SRR, HEA . RARE R AR ZIGIR RN SRR )],
AR AR, 2013, 40(1): 158-171.

GUO LD, TIAN CIJ. Progress of the function of
mycorrhizal fungi in the cycle of carbon and nitrogen[J].
Microbiology China, 2013, 40(1): 158-171 (in Chinese).

[8] SOUDZILOVSKAIA NA, van der HEIIDEN MG,

CORNELISSEN JH, MAKAROV MI, ONIPCHENKO

VG, MASLOV MN, AKHMETZHANOVA AA, van

BODEGOM PM. Quantitative assessment of the

differential impacts of arbuscular and ectomycorrhiza on

soil carbon cycling[J]. New Phytologist, 2015, 208(1):

280-293.

SRIGIR, FREE, BLACIE . 13T A Yy s B 2 WF S ot

[J]. ZE &5 4=, 2024. https:/kns.cnki.net/kems2/detail/

21.1148.Q.20230712.1812.024.html

ZHANG HS, ZHENG Y, HE JZ. Research progress on

the biogeography of soil fungi[J]. Chinese Journal of

Ecology, 2024. https://kns. cnki.net/kems2/detail/21.1148.

Q.20230712.1812.024.html (in Chinese).

[10] LI T, HU YJ, HAO ZP, LT H, WANG YS, CHEN BD.
First cloning and characterization of two functional
aquaporin genes from an arbuscular mycorrhizal fungus
Glomus intraradices[J]. New Phytologist, 2013, 197(2):
617-630.

(117 JEBHE, 85557, BURT, sKERTE, 47 Lo, SRR, X1

P | NG R T 2 e AR 0 A A 0 5 M 3 1 1 F
SEHERE[I]. 2, 2024(1): 4-9.
QU LL, GUO XF, JIA ZY, ZHANG YH, YANG ZK, MA
HL, LIU YL. Review on the progress of adaptability to
abiotic stress adversity by arbuscular mycorrhizal fungi
in plants[J]. Journal of Grassland and Forage Science,
2024(1): 4-9 (in Chinese).

(12] Boifgz, Wik, BEAIE, #jiGTs, B 545e, RRACA . IR

R T T IR RS TR -5 R AR E S R R[], Bl 4,
2024, 33(5): 166-182.
DUAN HX, SHI Q, KANG SP, GOU HQ, LUO CL,
XIONG YC. Advances in research on the interactions
among arbuscular mycorrhizal fungi, rhizobia, and
plants[J]. Acta Prataculturae Sinica, 2024, 33(5): 166-182
(in Chinese).

[13] YANG HL, LIAO YY, ZHANG J, WANG XL.
Comparative transcriptome analysis of salt tolerance
mechanism of Meyerozyma guilliermondii W2 under
NaCl stress[J]. 3 Biotech, 2019, 9(7): 286.

[14] BEHE, RSV, 458, XK, A8, F L2, FhERI, Bk
FRATY, A3 T A . S R T Xof ) = £ A A0 R B A 0 i
BIFZIRI]. A AS244R, 2022, 42(21): 8839-8859.
HOU GQ, LAI JB, L1 J, LIU Z, GONG HR, WANG B,

[9

—

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



826

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

[17]

[21]

[22]

SUN ZG, OUYANG Z, HOU RX. Driving force of soil
age on vegetation and microbial succession in the Yellow
River Delta[J]. Acta Ecologica Sinica, 2022, 42(21):
8839-8859 (in Chinese).

XIUFE-R . i = SR ISR AR e 15 2 1 B SSNRT2.1
FI SsNRT2.5 (I R FE[D]. T ra < LI AR i 2 1
BT, 2022.

LIU RR. Functional study on high-affinity nitrate
transporter genes SsNRT2.1 and SsNRT2.5 of Suaeda
salsa[D]. Jinan: Doctoral Dissertation of Shandong
Normal University, 2022 (in Chinese).

XIANG ZZ, CHEN X, BAI J, LI BH, LI H, HUANG X.
Salt-tolerant heterotrophic nitrification and aerobic
denitrification (HNAD) bacterium enhancing a pilot-scale
moving bed biofilm reactor (MBBR) treating mariculture
wastewater treatment with different COD/TN ratios[J].
Journal of Water Process Engineering, 2022, 50: 103278.
WL, B 2R, S8 a, RRSE, ORI, JEIRSC. U1
BEK A A DRI 5 BRARRAPE 20 A 0], B o4,
2024, 24(2): 281-291.

HU CH, YANG X, GUO QY, ZHENG Y, LI BG, FAN
YW. Analysis of microbial community and
physicochemical  characteristicsin ~ Sichuan  pickle
brine[J]. Journal of Chinese Institute of Food Science and
Technology, 2024, 24(2): 281-291 (in Chinese).

WRIR G, S, RN, R B, 252 B A TR
TR A AL BRAE 0], a5, 2024, 61(1):
247-257.

CHEN BM, FENG WT, WANG YG, CHEN YY, LI Y.
Inorganic carbon sequestration effect of desulfurized
gypsum in alkaline soil improvement[J]. Acta Pedologica
Sinica, 2024, 61(1): 247-257 (in Chinese).

AR SR AR BRI TR 7 9 SR S BIL R K 5 A B A
AL A2 26 R AYBESE[D]. b AR R 27 1 L
AL, 2024

XING H. Driving mechanisms of fungal community and
their relationships with the rare tree species Abies
beshanzuensisin in a subtropical forest[D]. Shanghai:
Doctoral Dissertation of East China Normal University,
2024 (in Chinese).

R, AR, sRore e, AN, FIIE, BRRR, s,
LA, B, TS T A R R R A £ A= TR EE Y
FAEE A KR H | A T e A I8 U W I 5
Wil [J]. AR B A A, 2024, 60(5): 299-305.

LI T, QI MD, ZHANG KY, WANG JP, BAI SP, ZENG
QF, PENG HW, XUAN Y, LU L, DING XM. Effects of
probiotics on growth, immune function and intestinal
microorganisms of laying hens during brooding period[J].
Chinese Journal of Animal Science, 2024, 60(5): 299-305
(in Chinese).

XUBHEE, B, So, EAMS. 5T 168 A DNA JE
DRUI PP AR 703 7 M A S U I Wi B T
RERYSEMA[T]. BREREE 24, 2024, 17(2): 223-231.

LIU LJ, YANG Y, JING WC, WANG YP. Study on the
effect of dissipation and discharge method on intestinal
microflora in bronchial asthmatic rats based on 16S
rDNA gene sequencing technology[J]. Global Traditional
Chinese Medicine, 2024, 17(2): 223-231 (in Chinese).
PG Ay, FIE, AL, TR . R AR

P4 actamicro@im.ac.cn, 7 010-64807516

[23

—_

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

] J2 T80 b A ) 22 P - SRR A S [ 7]. 1 AR
HL, 2024, 55(6): 20-23.

LI HJ, LIN Y, WANG RZ, WANG YA, WANG XY.
Effects of land use on plant diversity and soil properties
in East Dongting Lake wetland[J]. China Southern
Agricultural Machinery, 2024, 55(6): 20-23 (in Chinese).
FHALL, RRIE, B SO, R L, TR, SN AURES
AN TR 7K S K A T B TR 52 00 D28 23 A 0], v R PR
2%, 2023. 43(4): 2028-2038.

WANG YH, HAO Z, XUE WK, MENG HDS, DE J,
GUO XF. Environmental factors affecting yeast
community structure during different hydrological
periods in Nam Co Lake[J]. China Environmental
Science, 2023, 43(4): 2028-2038 (in Chinese).

AT KUK R R 0 DX 1A 1 20 PR R
T ZAEIEDTFE (D). BT B TR 2 A S,
2016.

LI HY. Bacterial community diversity in the vertical
climatic zones of Mingyong Glacier and retreat
region[D]. Kunming: Doctoral Dissertation of Kunming
University of Science and Technology, 2016 (in Chinese).
LIU Z, L1 J, HOU RX, ZHANG YT, GONG HR, SUN
YF, OUYANG Z, SUN ZG. Plant rhizospheres harbour
specific fungal groups and form a stable co-occurrence
pattern in the saline-alkali soil[J]. Agronomy, 2023,
13(4): 1036.

FEnn, HARS K . B N 5l BERIZ TR A H 24
PR A5 TULT]. AR 252741, 2020, 40(2): 578-589.
WANG XL, QI LGE. Bacterial diversity and community
structure in surface sediments of Yellow River from Inner
Mongolia section[J]. Acta Ecologica Sinica, 2020, 40(2):
578-589 (in Chinese).

ARFR L. X R IR B E WA PAHS IO HEFEH]
FHUHIWESE[D]. Prra: 8 Dl KA 2483, 2024
ZOU CJ. Study on the promoting and mechanism of
microbial degradation of PAHs by Suaeda glauca in
saline soils[D]. Jinan: Master’s Thesis of Qilu University
of Technology, 2024 (in Chinese).

EWI, BCELL, %, SR, MR, TRy, &
AR AN TR] st R P 5 O AR T R B e A S
HETEROREIA[D]. B4l 2023, 31(4): 992-1000.
WANG MT, ZHAO YH, MIAO YJ, MA SJ, BAO S, XU
YM, LEI BX. Effects of different land use patterns on
soil fungal community in typical steppe of southeastern
Xizang[J]. Acta Agrestia Sinica, 2023, 31(4): 992-1000
(in Chinese).

KUZYAKOV Y, JONES DL. Glucose uptake by maize
roots and its transformation in the rhizosphere[J]. Soil
Biology and Biochemistry, 2006, 38(5): 851-860.

SUN XR, XU MY, KONG WL, WU F, ZHANG Y, XIE
XL, LI DW, WU XQ. Fine identification and
classification of a novel beneficial Talaromyces fungal
species from Masson pine rhizosphere soil[J]. J Fungi
(Basel), 2022, 8(2): 155.

NASCIMENTO MF, BARREIROS R, OLIVEIRA AC,
FERREIRA FC, FARIA NT. Moesziomyces spp.
cultivation using cheese whey: new yeast extract-free
media, B-galactosidase biosynthesis and mannosylerythritol
lipids  production[J]. ~ Biomass Conversion and



K 4

WMAW2E R, 2025, 65(2)

827

[32]

[33]

[34]

[36]

Biorefinery, 2024, 14(5): 6783-6796.

BASOTRA N, KAUR B, di FALCO M, TSANG A,
CHADHA BS. Mycothermus thermophilus  (syn.
Scytalidium thermophilum): repertoire of a diverse array
of efficient cellulases and hemicellulases in the secretome
revealed[J]. Bioresour Technol, 2016, 222: 413-421.
SAIBI W, AMOURI B, GARGOURI A. Purification and
biochemical characterization of a transglucosilating
B-glucosidase of Stachybotrys strain[J]. Applied Microbiology
and Biotechnology, 2007, 77(2): 293-300.

BRI, EARTE, E 5, MR, FHm, KA, 20
R AR B RRAEY) B A PR B 2 [T]. o ARl
R G41, 2023, 25(11): 166-172.

ZHAO X, WANG YF, WANG JJ, WANG PY, WANG
GD, ZHU LX, LI LL. Trichoderma affects crop growth
and soil ecological environment[J]. Journal of
Agricultural Science and Technology, 2023, 25(11):
166-172 (in Chinese).

DASKAYA-DIKMEN C, KARBANCIOGLU-GULER F,
OZCELIK B. Cold active pectinase, amylase and
protease production by yeast isolates obtained from
environmental samples[J]. Extremophiles, 2018, 22(4):
599-606.

MOHARRAM AM, ABDEL-GALIL FA, HAFEZ WMM.
On the enzymes’ actions of entomopathogenic fungi
against certain indigenous and invasive insect pests[J].
Egyptian Journal of Biological Pest Control, 2021,
31(1): 51.

XUHRYH, VAR, e R, Zeds, XK EE . 2R AT A e 8k
KU, TLIRAO2#4R, 2023, 39(1): 266-276.
LIU YZ, SHEN JH, QIAO JQ, ZUO'Y, LIU YF. Research
progress of siderophore produced by Bacillus spp. [J].
Jiangsu Journal of Agricultural Sciences, 2023, 39(1):
266-276 (in Chinese).

di  FRANCESCO A, ZAJC J, STENBERG JA.
Aureobasidium spp.: diversity, versatility, and agricultural

[39]

[40]

[41]

[42]

[43]

[44]

utility[J]. Horticulturae, 2023, 9(1): 59.

Sy, ST A, AR, R . AEH IR DU T
Fr FLIA S HO BE | R B2 AR P BT )], A,
2020, 39(7): 1291-1300.

MA YY, ZHANG SM, FENG CH, LI W. Fungi isolated
from deep-sea sediments of the Philippine Sea Basin and
their adaptation to temperature and salinity[J].
Mycosystema, 2020, 39(7): 1291-1300 (in Chinese).
REVERCHON F, MARIA del ORTEGA-LARROCEA P,
PEREZ-MORENO J. Saprophytic fungal communities
change in diversity and species composition across a
volcanic soil chronosequence at Sierra del Chichinautzin,
Mexico[J]. Annals of Microbiology, 2010, 60(2):
217-226.

KANG P, PAN YQ, RAN YC, LI WN, SHAO MX,
ZHANG YQ, JI QB, DING XD. Soil saprophytic fungi
could be used as an important ecological indicator for
land management in desert steppe[J]. Ecological
Indicators, 2023, 150: 110224.

MacDONALD J, SUZUKI H, MASTER ER. Expression
and regulation of genes encoding lignocellulose-
degrading activity in the genus Phanerochaete[]].
Applied Microbiology and Biotechnology, 2012, 94(2):
339-351.

CAMERON MD, TIMOFEEVSKI S, AUST SD.
Enzymology of Phanerochaete chrysosporium with
respect to the degradation of recalcitrant compounds and
xenobiotics[J]. Applied Microbiology and Biotechnology,
2000, 54(6): 751-758.

B2, KRB, R, BRI, TA . HRREXIFET
AT R IR KBRS [T]. v FAREIE, 2022, 40(3):
285-291.

ZHAO YX, ZHANG T, ZHAO YX, HUA DL, YU HL.
Effect of Penicillium on the degradation of straw by
compound Dbacterium agent[J]. Renewable Energy
Resources, 2022, 40(3): 285-291 (in Chinese).

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



