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Abstract; Cyperus esculentus is an important species for agriculture developing in sandy area in China. The arid and saline
habitat in the northern sandy region is a major obstacle for introduction of C. esculentus. This paper aims to reveal the effects

of different irrigation and salinity conditions on the composition structure and functional group characteristics of soil fungal
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communities in C. esculentus field in Horqin sandy land. A random plot sampling experiment was conducted with two-factor,
three-level (irrigation level: 50% , 70% and 100% of standard irrigation quota; salt level; non-saline, weakly saline and
medium saline soils) to study the characteristics of soil fungal populations of C. esculentus under different irrigation and
salinity treatments, in C. esculenius field in Songyuan City, Jilin Province. Results showed that: (1) a total of 2354 fungal
operational taxonomic units (OTUs) were obtained in soil sample collected in C. esculentus field, which belonged to 13
phyla, 3 classes, 43 orders, 224 families and 434 genera. Ascomycota ( (67.83+6.33)% ), Mortierellomycota ( (16.96+
6.02)%) and Basidiomycota ( (11.31+1.82)% ) were absolutely dominant in the fungal community. With increasing
irrigation, the dominant fungal genera changed from Mortierella ( (22.8+7.41)%) to Fusarium ( (11.52+£3.91)%) and
Chaetomium ( (11.35+4.64)% ). There was no significant difference in fungal diversity among different irrigation and
salinity treatments (P>0.05). (2) The fungal functional groups were dominant by saprophytic trophic types, followed by
pathotrophic trophic types, and the symbiotic trophic type was the lowest one. Both symbiotic and saprophytic trophic fungi
reached the lowest value in 70% standard irrigation quota conditions, when pathotrophic fungi reached utmost. Both
saprophytic and pathotrophic fungi didn’t show significantly different in different salinity stress levels. (3) There was no
significant interaction between different irrigation and salinity treatments on the structure and function of soil fungal
communities in C. esculentus field. (4) The main effect factors on soil fungal communities in the study area included soil
moisture and total phosphorus content. The total phosphorus content in soil was negatively correlated with Chaol index ( P<
0.05) . Soil physicochemical properties were not significantly correlated with fungal trophic type (P>0.05). The irrigation
amount in the study area affected the composition of dominant genera of fungal communities and altered the relative
abundance of saprophytic and pathotrophic fungal groups. This study contributes to understanding the formation mechanisms
of soil fungal communities in C. esculentus field, further revealing the effects of water-salt interaction on soil fungal
community composition and fungal eco-functional group characteristics in C. esculentus field, and also provides a theoretical

basis for better introduction and irrigation strategies of C. esculentus in saline lands.

Key Words: abiotic stress; fungal community structure; diversity; function prediction; Cyperus esculentus
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IMIFTL( Cyperus esculentus) JE T AFARIRIE AL TT Vb DX 24 05| FAEY) , J2 30 DT R v IX A= A0 Y 22 9)
FRUST ORI, AL U X5 RS AR BTN S5 R R 1 — RS, BT R W], LR A 1 T
VPRI EE N BORRBIFTE AT AR 2 S ER e il V5 A R T G 3 ek A A DX R B AN ]
REME BT , IR FTIKER S F AT HIAS V5 T2 A T 38 TR 7 2HL JSOR B 2E 25 D RERE AR TR OS2 ), LU 3
BRI 7 B2 D v R S BEE PR B
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1.1 BT XA

ST X AL T35 MR A S T S8R 2 S LTS8 JR % I IX (44°17" —45°28'N,123°35" —125°18'E) . i%h
KIEARALIURHEIX 2 — | JRBHRID I HLIX, JE A AR POl 28 F e , = MR T R B i v - i Ak b
AR ECANEES . X8 T KRR, R, FBRETREEZR, ERBREW e mk 5
IR LN, A Z T8 KGRI . TEFRI 130—140 d, 4F-F) H BT £L 2879 h, AFF#4SR 4.5°C  4F- X[
KA 430 mm, 24FEZE R HETE 1200 mm DL L, BIEEAESES 1 B+ X8 IR X DR 8 E, B
T, SR LT AN 536.4 km?, (5 HEIX AT ARG 41.7% , BENHEPFIEE L DIRARMEY £5 0 &
BB
1.2 Skt

2021 4E 7 A TERTER/R % HrE IX Ve B — F #5510 37 M ( JCHEVE i sl Rt A ) R JH Bt BIL IX. 4 5 6 183 T
INR PR , BB K R R 2 AL (3 MEIKOK X3 At KT ) A EE 3 AN 3L 27 AN, B
NXTIRUY 8 mx8 m, /NX[AITHEA 1 m [ EEAE T RAL A, ALl 2187 m?,

DA 224 3t 7% VB R R S 5 (2700 m’/hm® ) A ARUE, BB 3 AN UK B BE 43I A WO (50% s o HE I RE ) W1
(70% bR UEREBEE A ) \W2(100%brfERERE B A) o MR FR R 00+ S ) o brfe 1 B 3 A AR RS /KT, 4
BAAEER B £ ST SR+ S2(FRAMIM B E & =1k 0.02—0.04 Ju ) HPERE £ S3(ER AR EAE T
ks 0.04—0.1 ) , 3R 3G o 7 I AL PSR R)Z L8 (50 em DAY ik BT A i,

SE RS AR AT AN B AT IR TS GRS N X AR IRA TS (1B 30 em #EFR 1 AP T SLEERR 144
W, SR IR SR A T R AL B FE VS T A K 0 DU A 3 A A TV K AL B (REFR DT 3 Uk e 2
WA 2 I B855I 2 1)

1.3 HIERRSCRE

TEM PP G A5 (9 A ) TP A IEBURE . 45/ INX i S HERAE DT R B 5 AN SR Sy - S9EE f BORE 5, 408
BL0—20 cm F£JZ2 )58 5 A SEERIR A VB 20 g 1EM | AMFEAR, BRI AR i L BRAE AR s sk ik LA S
b= o, W ml £ 4 J5 57 Bk 20 B, B4 RS R0 5 A B BTSRRI AE fh 3—5 g — I BHE S A
F-80°C yFvkrfr, Tokiz ik #f | T 1TS WP Koy #t ; 73— WO A7, T e & mila
1.4 e PR B

KH 4 A 3k 2% 53 A1 A ( Smartchem 200, & K F ) M 22 £ 198 42 Al ( Total Nitrogen, TN ) F1 4= # ( Total
Phosphorus, TP ) & &,

1.5 3 ECp e T

K Soil DNA isolation kit 3 VEH Power Soil® DNA Kit( QIAGEN 23 7)) i # &% 0.4 g X5 490 kE 5 ik
17 DNA $2H¢, 58 s R 2 DNA Fe S5, (8 19% B A e ra Uk A Il DNA B2 B2 B, DA 514 1TS1
X514 (1TS5-1737F : GGAAGTAAAAGTCGTAACAAGG ; ITS2-2043R; GCTGCGTTCTTCATCGATGG ) ffi F Trans
Gen AP221-02: Trans Start Fastpfu DNA Polymerase 4T B fDNA ITS X ¥, PCR fi@ﬁ&%(ZS wl) .
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KAPA 2G Robust HotStart ReadyMix12.5 wL, 5% ITS1(5 pmol/L)1 wL, 5% ITS2(5 pmol/L) 1 wL, ¥z DNA
5 uL (30 ng) ,ddH,0 #ME % 25 pL, PCR W 5F:95°C 5 min;95°C 45 5,55°C 50 5,72°C 45 5,28 PMEHF;
72°C 10 min, Y HERBRPEMEARTER 3 WK FE—HEA R PCR YR G 5 1% U WEEERE B DKk A6
J& R RERIE AT AL SRS ] Axy Prep DNA &8 R0 & ( AXYGEN 24 ), 36 ) PIRE a1 PCR 7™
W, B fi ] MISeq8 Reagent Nt Vo (ouo oyale) N Lowo {7, &A% 1) PCR =4 T Nllumina Miseq “F- 5 AL
¥ Miseq Pl FF45- 3 (152 Pair-End (PE) B 5 51 40 , RS Fastq £ 647 B A 3, fe 2445 2000 5T Y
Fasta £04 , fhdb st BA4E R W RHE A BR A RS2 PCR =9y TAE, 455 HA MR T 97% 1) OTU Ht
J&oR o A8 3R E FE LA EOR A SO (NCBI) M3, F A BLAST 204, % OTU AR ¥ S 2E 4T HUXT, IF 1 FUA
ST 0 BB K BB E A E R, A AR = 97% , W n] LU E B RlKF 25
HUZEA T 90%—97% Z 1], I AT L)% 5 g ACE
1.6 Hfnib

KT SPSS 25 X} oo ZAEPEHE RIEAT BRI K 7 2253 M Ml Spearman AH 734, 54T Chaol , Shannon il
Simpson ZFEPESE B D FpAR SEPEHEFETHR A FUNGuild - 5 (http : //www. stbates. org/guilds/app. php ) 1
UEER ST OTU , H4 + B R 73 S AN [FE SR B RN D REE , 45 R AR LA B 8 A5 B S “ AR AT HE” (Probable ) F1“ 4 AT
fiE” (Highly probable) i) OTU f H:Z551 ;K H Unweighted UniFrac 5558 43 HT AN [R] - SFERE i (0] B FE V% 25 44 1)
255 il AR R 2 4E R (NMDS) #EAT rT AL, it — 2D da s g my L B REIE i BRI F 7, L R
T KPR~ B Sy w7 728 e, A MR BR B IA 1 Oh i R i R AT RDA JUAR 20 M7 SR Origin 2018 | Lingbo
MicroClass F1 Chiplot 2 &I F%i tH 45

2 HREHS

21 IERERRANS 2T

MBI 95 7 SR L3RS 2354 AN EL OTU, I REAMITSIE T 13 17 43 49 114 H 224 £} 434 5
679 Ff, ANRDKERAEIET + I H TR o ZAEERREURTC R #2257 (P>0.05) (R 1) . AR 2500 &M,
AN TRIHEAKFER 53 AL BRI 95 & R R VR 2 e M I B B S AR . TET KPR R R T
YR F8EH 1] ( Ascomycota) #{F9%85] ( Mortierellomycota) #HFF# [] ( Basidiomycota ) , X 3 43 51 4 (67.83
+6.33) % . (16.96+6.02) %  (11.31+1.82) %, FHREK GG, AEER BT L b, BB TR XS = BE 2 i Ty, HoAth
AR A FRZE X T AR R A s B T AN BB AR, W2 AP WO ZKP i REAIK T 68.11% ; TiHH
I TCH A ke #e Btk o 0 30 R BE IR, T RETE TTHE W2 KPR AR ER Wi b AR B 8 B e
60.99% ; B ALFE T THE WO ZACF-AAEER T b rhoRE X 3 B3k 3 fe iy 21.74% ; 0T/ 11T A8 fb a3, 72N 78 in
AR AL PREH AR B TA B fe i s (B 1)

x1 AEKZRLEBETHTETEAEREE o ZHEES

Table 1 Alpha diversity index of soil fungal community in Cyperus esculentus field under different irrigation and salinity treatments

Ab¥R Chaol F5%L Shannon 5% Simpson F8% ps:l Chaol F5% Shannon $8%% Simpson 8%k
Treatments Chaol index Shannon index Simpson index Treatments Chaol index Shannon index Simpson index
BWOS1 702.79+160.46a 5.81+0.52a 0.96+0.01a BW1S3 732.23+73.30a 6.03+0.45a 0.96+0.01a
BW0S2 682.57+81.32a 5.92+0.24a 0.96+0.01a BW2S1 765.21+123.01a 5.88+0.44a 0.95+0.02a
BWO0S3 761.97+111.30a 6.31+0.29a 0.97+0.01a BW2S2 753.77+107.23a 5.82+0.20a 0.95+0.01a
BW1S1 656.67+79.87a 5.95+0.48a 0.95+0.01a BW2S3 797.00+57.45a 5.90+0.28a 0.96+0.02a
BW1S2 831.44+93.47a 5.96+0.41a 0.96+0.02a

B #£/xF1 Surface soil;WO;SO%ﬁ??ﬁﬂ?%i%ﬁ 50% standard irrigation quota; W1 L T0% bR UEHE I 72 %5 70% standard irrigation quota;W2;$ﬁ7ﬁ7&f
WERE & standard irrigation quota;S1:JE£RY5 - non-saline soil ;S2 : 55%k75% + weakly saline soil;S3: 1££75 + medium saline soil; FH /NS ERER
[F 7K 6 Ab BN AF7E B 35 22 5 (P>0.05,n=3)
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Fig.1 Relative abundance of soil fungi in Cyperus esculentus field under different irrigation and salinity treatments

Chylridiomycota;ﬁ‘]rz_ljilhn ; Rozellomycota ; ] ;Glomeromycota;f*%j[%l‘l\] ; Kickxellomycota ; LA s Mucoromycota; B ; Zoopagomycota bl

HFF T ; Neocallimastigomycota : 7 il i & 2 [ ] ; Blastocladiomycota ; 2% %5 ] ; Olpidiomycota ; #1417 5 | ] ; Penicillium : 75 5 18 J& ; Humicola ; J& [ 75
J&; Pseudogymnoascus ; (R F s ;s Tomentella . e N s Metarhizium . SRR s Cistella . /N E R E Aspergillus ; )8 ; Preussia ; Y22 elE H
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TEJE YL BFFEIX WO ZKF-Ab B2 AL 35 TR i A 9k #6155 J& ( Mortierella) ( (22.85+7.41) %) , WV % &t 34
DEH R AN BRAL I8 (Fusarium) ((11.52£3.91) %) FMTEFE 1 ( Chaetomium) ((11.35£4.64) % ) , B A% s A1
Xf 42 R B F AR ER T AL FIEH W2 AP WO KPR AR T 65.15% ; SRl B 7E W2 7K1 v 6 vt
- AR IR B, B WO KA B AL S T T 125% 5 B 5T R R AE 55 3R 15t - AL B A o B Ok B
1,3 WO KA FRAL 5 2 T8 T 152.99% , Bifidh 2 Mol 36 A B 46, S 70 141 I 2 PR AR 3 W70 5 Jm A B 7 TR

JE I AR H | BT B AE WO K- S3 7K P-4 ST /K AR PEZ B THE T 209.95% (I 1)

ST Unirfac BEESAEFEHEFT UPGMA SIS %A ) b BRA + S 0o = FEAR IV EHEA TSRS (1K 2) o 129
b BT o SR RE R R 2 3 FC A A B O R, ARMLLE B sy, B WO K AR Ehist - s Rt 4 (W1 K

P ARER BT AR R W KSR W2 AP R SRR R S5 A P EE D AR A
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Fig.2 Heatmap of soil fungal community relative abundance in Cyperus esculentus field treated by nine groups
B /R F 1 Surface soil ; WO ; 50% b ifEFEE 22 47 50% standard irrigation quota; W1 :70% bR HEHEBERE 7 70% standard irrigation quota; W2 ; bR
WEE A standard irrigation quota;S1:3EER{TE £ non-saline soil ;S2; 55 #h 75 1 weakly saline soil ;S3: HHERi5t 1= medium saline soil ; (B4 BT At 2 14 231

IR AR ] A AR/

2.2 HEECRTER DI REREAS AR AR

WL I RERESS ) M R I B o XM PP B SR A IR A R R A 4 FE AL 3) , i
B EBEDEAEFERIN T ((16.66+1.66) %) JRBLE FERIR Z ((3.44+0.77) %) . JEHE SRR A £ 5 H
AT A LA S A LR A R A R AR R, R T AR TR R R e LR ER M DI RERE , 7F WO K
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Fig.3 Relative abundance of functional groups of soil fungi in Cyperus esculentus field under different irrigation and salinity treatments
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AT E B RETE SR R, 55 PR AL BHRE AR A | Bwasi .
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(P<0.05) , F W]+ HE3% 40 & Bhud /b, 4R 43 I 360 % 4
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Fig.4 Nonmetric multidimensional scale ordination of soil fungal

BEPR AL B T B EAH O OC &R (P>0.05)
FL A FEVE AR DA HE il 0 A B 0 51 91.13%

communities in Cyperus esculentus field
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1 8.87% , Uil RDA [WZ5RTTEE (K 6) . FEAFRIEKIR AL REN , HHEESE(P=0.015) M4#(P=0.022)
SEROE I R I E R R S HEE R A DG, M OC R BT -0.6257 F1-0.1380, T HEE NI
FNJE 3 A 52 B R 52 e B B & ( Humicola ) 5 T3 A BEAR SCMER K, IR L TR ( Pseudogymnoascus )
F Solicoccozyma 5 34 A MR,
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E5 AEKELETHTIETHEAHRSE
Fig.5 Soil nitrogen and phosphorus content under different soil moisture and salty treatments in Cyperus esculentus field

AWEINE FAEFR R4 AL A A AE B 22 5, P<0.05; TN ; 13 4% Soil total nitrogen; TP : 134 Soil total phosphorus

F2 BPEIEERSHUMERBENFEES TEBRAERIEXE
Table 2 Correlation between soil fungal diversity in Cyperus esculentus field and relative abundance of trophic modes together with soil

physicochemical properties

P e ST
WiH Item Chaol Shannon Simpson 't . s L ESCEL GECELS
Symbiotroph Saprotroph Pathotroph
TN -0.237 0.111 0.356 -0.336 -0.150 -0.143
TP -0.400 " 0.037 0.226 -0.204 -0.079 -0.270

* F7n P<0.05; TN 134 % Soil total nitrogen; TP ; 384 Soil total phosphorus
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Fig.6 Two dimensional sequencing of redundancy analysis on the relationship between soil properties and fungi in Cyperus esculentus field
Trichoderma ; K%%J& ; Paraphoma . 525 }5 %5 J& ; Thielavia : IRTA5T)E ; P AUB R JBK T 5 LR T2 T 10% 0 HE 5 BB AY R R TN 1
2% Soil total nitrogen; TP ; 14 4#% Soil total phosphorus

LT LI N > R A PO 3 AR LR KV L BB U (P>0.05) TR b A A3
LT, R PRSP IR SRR BE £ K SR AL B R ORARAE 35 25 5+ (P>0.05) , H.
ANZIKERALPRAZ A0 , W] LSRRI 2R Z BRI R B, Gao AN FUR AT LL7E 4
TR EBARM TGO T 7= A B2 22, LASEIAE 5 A RS B AR IBUK A3 RIS 4320 X i B 1 AR5
FLTRRET 22 REPEX AN ) - PR I3 o B2 T 2 M ) 2R B
3.2 R[EIKER AR HERT 4 HE ECRRRE 7 5 57 B A

IR R EER > NI B AR RIS 4 RE SR, BEREIE A B0 , iy SR v A A
A IR I LR S SR AR T e, o B SR R I S S T iR BT B, B B R L 5 g A R A
FERY BT 5 2 GUADC, R U DC O R AE LATERFIE L i I, A B2 S5 oE e 17 S i 3R AL A
JE A R R T T O AR O R AR S AR T i Do B 3 B 10 s L AR P A S 3 ARFE
VI AT o B IR B T R R AR R A AR B R R e, X Lin' Y SRR AE R — 2, B
K I AR B0 A B AR T AR AN A IR R L A B R B A AR . EARESE R, &
SRR X BB B SR BT 0 (P>0.05) , HoK R PR 20 B 7R B TC 92 S HLALON, 8 e aT

http ; //www.ecologica.cn



21 4 R RIRID VS A [ K ER AL X T2 T L VR A A RE Y S 8725

R A Y e b s 3R R T 22 0 52 0 T S KRR
3.3 MRG0 LR v 4 F Y R

TET R T RAEGRG D, LA — 7 52 3 3K o0 B9 B, 75— J7 L 52 3 N 3K o 51 %
(¥ L 3EFR A R O AR AR ST Pl T A 1Y O il B AR R R SR 32 B 8 S (<
0.05) ('5) , Bl /K fE3 fin e A e Wl 35 52 10 35 R 34 (P<0.05 ) MR E I iZ 4 R h T 13y
KA T 3SR AR T s S B 45 2R LR A i e BELAR T AR 3 R AR 1 2R
e BEAR T OLSJE BAHXS FBE I R 1 AR DY RSO IR — B, ARBFRIUAR T R
b Al R B L PR P A R B R GBI B R (3R 2) , XA RAE MG U AE Y A Dang
SR RGN 5 AR R RS AR BIIE . ply b v LA T, AL B AT LA o Bt
IR o A LR A R A S BB AL . b SR Bl R Xk i 9 LA T e R A W T R
(P>0.05) , 7K FEPIAZR A IF 0 B35 H AR, il 0 R sl DX 3l 70 S T b 3 5 70 BRI G 2 2N 3R
FEME , iAlE L R

4 Zig

WFFEIXImyD G A3 2 + BB ISAFE 13 1743 40 114 H 224 B 434 J& 679 i, & /KERALHT +3EA0
PO R ) AR SRR ] B X R DU A B IR AU R EE FR AR BT K
B, AR i A B AR R R Bt R S R SR T, S A RS A B IR A B TR T
PSRRI B BN, IR R 75 25 W M D RE 1 52 E Ik 2 9 1 24, VEETE — Jy Tl ok el 2 4 5K & 5
— 7 T8 2ok AR SR A TR YR A - S TR IR S A R e A e, YR A B IR AN A7
-3 B R A S R, K R ORI 2R X i VD AR R 2 LB TS ALV

£ 3L Hf ( References) :

[ 1] ikmimg, #Ekiy, BURE, SRR, TRt XN TR E BT RV 15 me. v IR RL2, 2018, 38(4) . 1449-1458.

[2] FEMRL, MBIy, W08, R, sk, Bk, BEL, T4 EESRIER FRPE LB TRIE S RE. b EAS R IR .
FR3EC, 2022, DOI: 10.12357/¢jea.20220577

[ 3] Cordovez V, Dini-Andreote F, Carrion V, Raaijmakers J. Ecology and evolution of plant microbiomes. Annual Review of Microbiology, 2019, 73
(1):69-88.

[ 4] Vaishnav A, Shukla A K, Sharma A, Kumar R, Choudhary D K. Endophytic bacteria in plant salt stress tolerance; current and future prospects.
Journal of Plant Growth Regulation, 2019, 38(2) : 650-668.

(5] FEUGBL, skOlp, Phk, o3, SR [ 4 8 o MRS RAR B - B 4 T A e S OB M B SR AR Bl 2 i, 2020, 60(6) -
1117-1129.

[6] BRAkse, BRfr&e, X, BIWE, HRRA, K3 ABOEREETE LA RMIR PR, A8, 2014, 34(17) : 4807-4815.

[ 7] Singh P K, Singh M, Tripathi B N. Glomalin: an arbuscular mycorrhizal fungal soil protein. Protoplasma, 2013, 250(3) : 663-669.

[ 8] 4R%E, Z4ni, RhmimN, SR, EUEAE, BHI, 5622, 0 PHMWINH + SERUE Py M x4 B ok SCE AR e . WA R, 2019, 31(2):
551-559.

(9] JAER, g, S0Onsh, R, A/NE, ZIEd. 3-S5 APUCHUEEIER AR (LR, Lol B4, 2020, 51(5) : 295-304.

[10] Krishnamoorthy R, Kim K, Kim C, Sa T M. Changes of arbuscular mycorrhizal traits and community structure with respect to soil salinity in a
coastal reclamation land. Soil Biology and Biochemistry, 2014, 72. 1-10.

[11] Wu N, Li Z, Tang M. Impact of salt and exogenous AM inoculation on indigenous microbial community structure in the rhizosphere of dioecious
plant, Populus cathayana. Scientific Reports, 2021, 11 18403.

[12] Thiem D, Piernik A, Hrynkiewicz K. Ectomycorrhizal and endophytic fungi associated with Alnus glutinosa growing in a saline area of central
Poland. Symbiosis, 2018, 75(1): 17-28.

[13] YangR, QinZ F, Wang J J, Xu S, Zhao W, Zhang X X, Huang Z Y. Salinity changes root occupancy by arbuscular mycorrhizal fungal species.
Pedobiologia, 2020, 81/82: 150665.

[14] TG, Lfedy, S5, TRY, Rl BEFES. b0 Lo+ S fU: YR 450 2 Z HbE 0 0. AR5 23R, 2020, 40(11) :

http ; //www.ecologica.cn



8726 JAE = 43 4

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]
[29]

[30]
[31]

[32]

[33]

[34]

[35]

3764-3775.

de Vries F T, Liiri M E, Bjgrnlund L, Bowker M A, Christensen S, Setild H M, Bardgett R D. Land use alters the resistance and resilience of soil
food webs to drought. Nature Climate Change, 2012, 2(4) : 276-280.

wKCAE, ARIEAE, ARG, B SNREXT IS S At R A A B AR PR 2k, 2012, 30(5) : 605-611.

XU, RPET, EAY, TRBERL. PR B R TR DL RGBT ST Il R . A, 2021, 40(4) ; 851-872.

Nguyen N H, Song Z W, Bates ST, Branco S, Tedersoo L, Menke J, Schilling J S, Kennedy P G. FUNGuild: An open annotation tool for parsing
fungal community datasets by ecological guild. Fungal Ecology, 2016, 20; 241-248.

X3, FoME, XVSRdn, X0, XI5, 3 P AU A [R] A By 2% SRk R PR R R R . RS, 2019, 39(12)
4376-4389.

IME, RESE, BRE, . TR BT B N R AR AR PR L A R 2 R R VE A . R i AR, 2019, 46 (11):
2963-2972.

FERFD, ARER, AR, WIETE, PhEE, JJBTL - HWTHE, sKARAR. JUSEER AR N A SRR AL 0 A TR IR S B, 2021, 35
(5): 137-143.

IR, TAE, U, KA, SEAABTRR - ARG Iy . w9 O R A A AR PR S ECT A TR S MR AE. AR AR, 2021, 41(21):
8484-8495.

e, 20Tl XU e, AR, e, F4EAr, sKokih. ARG LR REE 454 O REARAE . BREERL 22224, 2022,
42(4) . 432-442.

WA, mvd s, BRI, (P2, 0t WAL, 2R, S MG M X AR R A AR - 38 SORRTRE P 454 S D BB AE I s ). A= 352741, 2020,
40(11) ; 3813-3821.

S, BULIE. ARAR LIRS TR RN NI A 52441, 2020, 31(7) : 2464-2472.

Gao Y, Xu X T, Ding J J, Bao F, De Costa Y G, Zhuang W Q, Wu B. The responses to long-term water addition of soil bacterial, archaeal, and
fungal communities in a desert ecosystem. Microorganisms, 2021, 9(5) ; 981.

BBAZ , oK, R #, TR, K38, RN T -0 5 DR AR A BRI T 45 A R I RE I 25 Bh A R AE. PREERL22
2023, 44(1): 502-511.

RIEZ, FKI, BT E, TR, SkIE BRIV R AR N TR P A M RIS RERERRAE. Mol A4, 2020, 56(9) : 87-96.

Lin Y B, Kong J J, Yang L, He Q, Su Y, LiJ Y, Wang G Y, Qiu Q. Soil bacterial and fungal community responses to throughfall reduction in a
Eucalyptus plantation in Southern China. Forests, 2021, 13(1): 37.

RAELE, Tk, RIER, KA, XIETEE, EH. PRAL S 4 XY 3K S X AR AR B R N AV LR, 2014, 45(5) : 118-124.
Ty, BRE, B, BRIRAS, B, Brdt s, St ASIRDEAC Oy 200 w25k Pl M B AR VR . AR AR, 2018, 38(22) .
8158-8166.

WK, S, MER, BEOCE, B 2R S XA AR VT e - SR R A5 S I BE B . BRI R, 2021, 42(5)
2531-2540.

BEESC, BB, ), N, TR, k3, 3ok, BRBEIm. BRPEHIAR YD DR T AR A Z B VS A5 D RETE AR AE. TR 2 4L,
2020, 39(10) : 1854-1865.

PVIEN, P BRER, ZER0Fe, AT, BEALME, XUSKES, EWEAR. 0 T A DR TR 5 46 B 06 A — AR L AR AR A X L R TV Y
. P E AR R T IESC, 2022, 30(6) : 965-975.

Dang P, Vu N H, Shen Z, Liu J L, Zhao F, Zhu H L, Yu X, Zhao Z. Changes in soil fungal communities and vegetation following afforestation
with Pinus tabulaeformis on the Loess Plateau. Ecosphere, 2018, 9(8) : €02401.

http ; //www.ecologica.cn



