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Abstract: This study investigated the impact of intensive facility cultivation on the structure and function of the soil fungal
community. Soil samples were collected from areas cultivated within facilities and from neighboring open field soils in
intensive vegetable planting regions in Ningxia, with the latter serving as the control group. Illumina high-throughput
sequencing, in combination with the FUNGuild tool, was utilized to examine the variations in fungal community structure,,
diversity, functional groups, and the primary influencing factors between open field and facility soil. Results highlighted
that: (1) Facility cultivation has resulted in a decrease of alpha diversity in soil fungal communities. In comparison with the
open field soil, the Pielou evenness index, Shannon diversity index, mean nearest taxon distance, and mean pairings
distance of the fungal communities in facility soil exhibited significant decrease of 20.54%, 21.92%, 29.82%, and
16.35%, respectively. (2) The soil fungal community composition and structure were notably influenced by facility
cultivation, displaying distinct regional variations. The relative abundances of fungal genera such as Gibberella and
Coprinellus decreased significantly in the facility soil, while Kernia, Humicola, Microascus, Fusarium, and Neocosmospora
exhibited a notable increase. (3) Facilities cultivation diminishes the complexity and stability of soil fungal networks. In
comparison with the field soil, the facility soil exhibited a decrease in the node number, edge number, diameter, average
degree, average path length, clustering coefficient, and modularity of the fungal network by 30.20%, 79.68%, 45.57%,
70.89% , 37.26% , 47.43% , and 10.00%, respectively. Additionally, the Robustness decreased by 43.75%, and the
maximum vulnerability increased by 72.51%. (4) Facility cultivation brought about significant ¢ hanges in the composition
and structure of soil fungal functional groups. The relative abundance of functional groups linked to pathotroph,
symbiotroph, and pathotroph-saprotroph fungi, as well as arbuscular mycorrhizal fungi, experienced a marked decrease in
facility soil. In contrast, the relative abundance of functional groups associated with pathotroph-saprotroph-symbiotroph fungi
and plant-pathogen fungi underwent significant enrichment in facility soil. (5) The practice of facility cultivation has altered
the critical environmental factors that affected the diversity of soil fungal communities. In facility soil, the annual average
temperature exerted the most significant influence on the diversity of soil fungal communities, whereas nitrate nitrogen
played the most dominant role in open field soil. The findings enhance our understanding of how intensive human
interference affects the structure and function of soil fungal communities in facility cultivation, and offer the theoretical

references for the sustainable utilization of facility soil.

Key Words: facility cultivation; fungal community structure; diversity; function prediction
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PR s M 5 QAN [RI T A S35 22 5, B R 224 A R ] ) 98 R I 25 SRR AN [R) 9 4, — Bk 7326
REDCA T RN L MR PSR, e S A5 0] P el e B AR A B, A I 35 s e B 1
LRSS, H O T EE 5 R o 2R FUNDEER . V0% R PCR-DGGE HAR %
B, T i A - — SE R SRR R I )2, T B SR E W R VR S R A A SR R R T
e i S TR R A AR 55 1 A AU AR ST RE

S HR AR A A RGP R B E A, S Tt b ik — B AR 7 07 3O L e
TR BT RE R E AT AN B o A SRt R S % b M T 1 5% i A GBI 5% 22 3R A T L HESR AL R T
I T ARV AR P, X it o 5 - S8 v 250 T v 4 R R ) 2 TR 9 D R ) 22 AL S TE AR X A, 4 Dang
A NI 16StRNA. I - AR = M8 57 43 I % 326 A 1500 7 i - 3 5 A L, 30 1 150 0 7 A 2 1 I 35 e
THRBR A TE AE VA A 2R TR AR i S PR P A A A A A R IR AR A, JHE v SRR 2 SR sl 2 A v 2 S 1
FEAZR  Li A5 R Mlumina 25 38 e 0 7B AR 2248 8 TG VR 0t 1 MR 7 A B, - M 200 1 (A0 34 J AR 0 2 2
RZ IS ING T RRA RS A0 TR VR 22 M Bl R A PR 7 e 1 [+ B il 48 74 7 7 2 R 22 A il b AL
JRARAE RS R BT L AT WU ek B T R A AL AR B S HE st [T P AR AR T e - 9 400 T 11 2 R 1
ST ARG AR RO IR 22 59 R DO o SR TR v A M S D RE A S A K 5| A L R AR v
FRAR AUl N ZR ) T WA R A R 8y it R 1 A X ] 2 o = S A 25 R GE T BE 48 7s B0t - HEIR AL L 25
HATRE S, ABFELLT B A6 DB R BT XE G, SRAE M 10 1) 85 X T S DR ot R >R
o 18 I PR RS G FUNGuild TR PRV 33 B P8R 19 8 29 A0 Bt 7 0f + 398 ECRR i s 45 1 A1 D) e
ARSI, 7 0 1 R AL e FL AV SR T A4 S P S DA st - 3 vl 2 M B (A B S48 e il
NIRFER AR

1 MRS

11 BRI

WEZED0L T B I 14 DS ST BT b T3 (37°53'—38°45N , 105°21'—107°32'E ) , oAb 9k [1 7
JE BT F T B X 8 R A KRl v A, T 5D, 28 R AN, AFE 25 & B 1100—1600mm, [ K &
180—200mm, XN HIB7E R BB, TRMIKIE 164d, F30E 8—9°C . F B IR IKES + B+ |
R/ LI e
1.2 SEEiotS BHERE R AE

PIWFFEIX. 6 A0t 6% S B L9 MAE X A e X 42, 20 ) 3 A 7E 5% AR T ZL SR A8 X (HSP) FE X (LT) (#hith
H(YC) B THELIX (SPT) M (QTX) AR T MR IX (XQ) o B RAE S LAFE AR 3 450 |
FRAEY N T A0 BN (— AR — ) 11t 5% 52 KM ( Greenhouse, GH) MG X4, DA 1T R e /N2
o} oK (—AF— A B ) AL 5855 KK (Open field, OF) Xt BR {fi FHELA2 2.5em (R + R EEY
HRJE (0—5cm) T3 SRAERIE 0—20em , B> FHERPHZ IR S I AT fd 2ok 4R 6 DRG0 1 DRI, +
SRR SR AETC I F B IR P B KAV O DU M S8 %, 1R 6 DTS IX N, REGE IR it + %
PR 338 301 A9 B U SR A -IERE i SR AR T 52 U0t SR A, 15 88 RIS HIAE i, BLACRAE 4301 WL 3R
1o SREEGFIY T SERE T B BR B SR AR A A5 2R B s WHE S 2mm 07, S 0 /5 O F it FE 001 A0, — BB Ik
F7 5 4°C T B PR BT, — 3853 DR A7 T~ 80°C HI T 1- 3% DNA 241,
1.3 RESTH &7k
1.3.1 L HERb R B il e A S At S

3 pH {HF IR /K HE 1:2.5 (m/v) IR 3 )5 2K F S220K pH 4% ( Metter, Switzerland ) 1 52 . 1 3 H1 &K
( Electrical conductivity, EC) #& R /K kb 1.5 (m/v) 3235 K H DDS-320 HL 54 ( Dapu, China) Ml %€ , 1A
HLIFE ( Soil organic matter, SOM) % #% ( Available phosphorus, AP) FEAUER ( Available potassium, AK) 43 7| 2 f8
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(A2 E ) T T Y H,S0,-K, Cr, 0, #8581 .0.5mol/L NaHCO3 248 - 4186 BT L (3% L 1mol/L 2.
PREG IR Bt — KA R AT I R . 3 A5 A ( Ammonium nitrogen, NH -N) FlAS 25 % ( Nitrate nitrogen, NO; -
N) S 1mol/L KCI ¥ % B8+ LU W 1:5 (m 2v) #4725 18 FH U 3 73 B 4% ( Skalar San++, Breda, The
Netherlands ) M 7& Ho & & . SRAE S S SRS IE T WorldClim SF- 6 ( https : //www. WorldClim )

R1 BEENHRETZEER

Table 1 Distribution of samples and their soil types

Sampling point Longitude Latitude Soil type e
number Greenhouse Open field
HSP RBTTLSF X 106°14'E, 37°32'N RIRES 1 13 2
LT S SR 3 X 106°07'E, 37°53'N ERIKES 1 6 3
YC BN E R 107°19'E 37°48'N B 9 2
SPT Tk X 105°12'F, 37°32'N T 15 5
QTX T i e T 106°05'E 38°08'N HER 3 1
XQ ISR X 106°24'E 38°27'N HEWR 6 2

R H 8 R T 3 it - it Rt -

1.3.2 4 DNA SR U A RcE I

FREL 0.5g HIERE N (-80°C 18- 4% ) , K JH FastDNA® SPIN Kit ( MP Biomedicals, USA ) a7 £ 2 Bt + 2
DNA, $2HUAY DNA £ 81 DS-11 Spectrophotometer( Denovix INC , DE , USA ) il 2 ¥ B Fn 4 & | 460 58 i &
T-20°CUKFARAERFH . R QuanStudio3 SEHT 2 it PCR Y ( Applied Biosystems, USA) 5 4 48 1 HL
o PR NARZR A . 2ul £33 DNA 10pL SYBR Green premix Taq (2%, Takara, 1 [E K% ) 6l JoHE K 1E
WA W 5] 4 4 1L, §7 88 BT FH X 51 4 A ITS1F ( CTTGGTCATTTAGAGGAAGTAA ) Fil ITS2R
(GCTGCGTTCTTCATCGATGC) ™ s 1 26 1 Kbk A M 5% Lin 5517 5 ik
1.3.3 HEY T

SR P FH 519 TTS1F/TTS2R X B ITS1 KIRIEAT PCR 30, 934 5544 2% Huang™ 25 )75k, § 1445
J5 i AMPure XP Beads ( Beckman Coulter, Brea, USA ) [FIGR T & b7 4lifl | F6 S5 BE IR M JE P 8 1% &2
gAY B 2R AT B A BT Y Tllumina Miseq - 3 #EAT @5 3@ S 07, () QUIME" 5 {4 Xof v i 00 )5
B A TAL B 5 o3BT A PP 9 B B R R4S . JRIER M pick _open_reference_otus. py AT 1E 97%
FHABLEE K bR 43 #4825 ( Operational taxonomic unit, OTU) , 7B ] UNITE %048 125 %5 L OTU #4749y
TR, TAREATTE 2 50329 450741, $L 515 4852 D H.IE OTU, HEHFTE o ZHEPEE L alpha_diversity. py
AT AT
1.4 Hdakbp

fii Fi] SPSS 25.0( SPSS Inc, Chicago, USA) Fl R (version 4.2.3) Xf 8RS TG0 Hr ] #i4k R b7 ke
AT KIS A B PR 7 22508 ( One-way ANOVA ) Fil LSD #EAT I8 5 1 22 A A2 & L, B 5 Mok Pk e
A P<0.05, 3T OTU 4347 i) Bary-Curtis 5 25 %5 [ {8 FH “ phyloseq” £, 37E 47 3£ A8 B5 43 M7 ( Principal coordinates
analyses, PCoA) . fi FH “ vegan” £ X} B B # 75 5 AS [6] 52 i (K 1 6 47 7 22 43 f# 43 BF ( Variation partitioning
analysis, VPA), I X TR B VK 45 R 1) 2 S AT B 0 £ 90 )5 22 43 BT ( Permutational multivariate analysis of
variance, PERMANOVA) , E [0 OTU f4 Spearman #H & {# FH “ psych” A1 318, 3k A FDR ( BH %) %}
P AEHEATIFRIE SR B T A E R T 0.019% 19 OTU AT . BB ILBLR 440 FIAHSE 2% r>0.5 H P<0.05
AR SCHE MR EA T o0 BT, I AR 45 R8T Gephi (0.9.2) BPFHEAT T ALAK o B0t M -3 N8R R K HH 398 ) 2% 235 4y
K 7 M1 3 8 FE 1 ( Robustness ) Flf K 5 5P ( Max vulnerability ) 2 AE . i F] FunGuild T H % ELTH 5 5526
AR T REZ R T3 JE T 3l ok 5 250008 A Lo F, W AR AR “ A P RE” AR TTRE” | FTRE” 3 AN ELAE Y
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2.1 ARG I E R | Alpha ZFEMEAT Beta 2R A5

HI P 1 AT DUE it 1398 55 5 XK B S0 1L, BRI A B B 82 AN W35 (P>0.05) |, Pielou 1
STBEFEEL  Shannon Z2 FEMEFR R V- 35 8530 43 25 BRI 5 RS- 250 S0 XT I 8 ) 3 3] Jed 2 R AIK T 20.549% ,21.92%
29.82%F1 16.35% (P<0.01) . BLAN, #E—25 7341 & BUAS ] b 3L 8 0 - JE 280 rh i it R 055 5 | 1 EL TR R VR o
ZHAE T BB —3,
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Fig.1 Fungal population and alpha diversity in the greenhouse and open field soils

SR I T-test K630 15t 1 198 55 58 KR HH 38 ) 2 R bR 14 26 53 1 ns FORTC R FMEZE S« %+ 7RI + % = "4}5I5R/R P<0.01 F10.001

FAEFRSAT ( Principal Coordinates Analysis, PCoA ) 454 & #2507 22501 (PERMANOVA) & B, it 4%
B R AV B A 4 39 L R A R (P<0.001) 5200, W] st 5 4 =22 (8] 34 A5 4 S 3 ( P<0.001) A58
HAEM ZRBIAS W] DX 30t R 15 51 09 T B R s A S AL B 2= 5 (&1 2) . il 2 J7 200 o i
(Variance Partitioning Analysis, VPA ) 25 F A A1, AN [6] ) FHASE 2 b 207 B8 R 1 33 B0 P JB o0k + 98 B R 7 205
BB AR R BE 73 301 6.80% (13.37% A1 11.70% , H| FHARE X5 BRAG R B AT Al B FEE 0 4.10% , i PR 8 25 53t )
TR RIS A5 BAT B AR
2.2 VR RGN R R T 2 R e

JI A LSRG T 4852 DL OTU, & T 15 AM71,278 AF}, 521 Mg, MAEIET 3 FlAl 4 AT, Bt
I E SR T R AR TR OTU KM AH M, EITKF B i L IEREA T 7R E ]
( Ascomycota) . #% ffl 5 ] ( Mortierellomycota ) , H F i | ] ( Basidiomycota ) J& fix 2 ) E B 1), 5 H H S5
88.89% , FL T4 B | 1P M B f i, o BLTR R BK 74.43% , AR 15 0 5 008 T - HEECE 1T 4Lk,
BRPEEA ] ( Glomeromycota ) FIFHABARK 4= BE 7] ( Others ) AH X = BE7E Bt 4238 i i ZFFEAR (P<0.05) 5 ELANIR] # 2
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Fig.2 Principal coordinates analysis( PCoA) and variance partitioning analysis( VPA) of soil fungal community structure

HSP: RGTTLL PR DX LT RASTTAE X YO RAGTTER ML  SPT. ip AT UMk I QX AT ; XQ AR TT 24 IR X

N7 It AR B P BB AR B R M R B 22 5%, WA BT ( Chytridiomycota ) AHXT = BE7E 52 BT 41 S AR X
TR it - 458 A A T - 458 G S A i L R - R R T R S AR (B 3)

TEJE K- b AT A A T A/ NS R (Kernia ) B B3 & ( Humicola)) /N3E T & ( Microascus ) (Hik 7]
J& (Fusarium) BT /R8¢ & ( Neocosmospora ) S5 AL 3 Jg AT 32 BE 7R 150 it 3% o i 38 & TR 3% (P<0.05) , IR
B )& ( Gibberella) Y& J& ( Coprinellus ) % A% 3 BEFE B0 398 b B A8 F R H 3 ( P<0.05) , Btk %+
R P38 2H R R S s X 25 S, e ) B R S ST AT S AR X 1R 1 R R - AR X
JiE b S A R T v Sk X it - A e SR B S (R 3)

FE OTU 7K b, AT 3R AR i RN A H 388 Bl kR EL T OTU (& 430K 62.17% F1 44.29% , Horh Ay
220 4~ OTU AN = B 78 15t e AN A FH - Je (B] e B0 i1 0 3 PE 22 5% (P<0.05) , H 25 5% OTU e+ s
$(63.64%) (11 4) ,
2.3 iRk BT 3 BB AR 45 S AR M R )

SRy AT VRt R 55 6T - P B R I ) ELAE DG R W R R, 3 SR T A - R R DR K T - A L AR )
2% JFE A SRR R G B PEAE ZSRa e e, MR IEER 2 FAL 5 45 AT AR B BN T IR
W2 1 52 2, 5 K H - B BT I 28 A L, it - S L T R 2 0 s B GO AR P PR KR R
2 R B HAL AR E 2 AR T 30.20% .79.68% 45.57% . 70.89% 37.26% 47.43% 1 10.00% ; TEFEHL I KR
509% 75 I it 198 TR O 4% 5 A M A R T - A S AR T 43.75% (P<0.001 ) |, 15t - 498 L TR X 26 119 e K
Sy I LR 4 15 72.51% , LA LS5 R R Itk 15 BRI T 3 LR V% N 45 1 2 4 LSS T

F2 @S ERA ST EE LI M ARIEIMER

Table 2 Topological properties of soil fungal co-occurrence network in soils from greenhouse and open field cultivation systems

PR AR T RERLL

e TR BUk¢ HAizE )i . BT T

L. . Average Clustering .

Soil type Nodes Edges Diameter  Average degree .. Modularity
path length coefficient

K H 3% Open field soil 1063 16963 11.184 31.915 3.772 0.813 0.680

15t 13 Greenhouse soil 742 3447 6.088 9.291 2.367 0.428 0.612
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Fig.3 Relative abundance of dominant fungal phylum and genus between greenhouse and open fields
A A R AR OF 8 K K I 4+ 18, GH. Bt R #4185 HoAlh . HoAh 1T 5k )& 5 Ascomycota; T2 B '] Mortierellomycota; 8% 1% [ 15
Basidiomycota; 87 B []; Chytridiomycota: 4% B ] ; Rozellomycota: % %% i ] ; Olpidiomycota; it &% B []; Blastocladiomycota: % £ 5 1715
Glomeromycota : BR¥E R | ] ; Chaetomium : B5C i J& ; Mortierella : #5785 J& ; UC_{__Microascaceae ; & % 5 /N B FF; UC_k__Fungi: A& % E B,
Gibberella ; 77355 W J& ; UC _o__ Sordariales: & % & % 5¢ W H ; Fusarium: 9 71 & )& ; Neocosmospora ; F NG Aspergillus ih %5 Jm ; UC _f__
Pyronemataceae ; A% 5 ‘K 22 18 B} ; UC_p__ Chytridiomycota ; A %5 % W4 [ ] ; Coprinellus ; Y4 J& ; UC_c__Sordariomycetes ; A % 1& 3% 5¢ 18 4 ;
Gibellulopsis ; Gibellulopsis J& s Pseudombrophila R sAcremonium ; TR s Microascus N R ; Kernia ; 4] N R 3 Humicola ; &
FEIE 5 T IACEOR TR 3 BE KT 2.00% P30T, A% = BE/NTF 2.00% (1411 S HoAlh ; JE KOSP4 B T AR = BE R 20 ME3R , A IE 15
S H Al

2.4 Wtk RE N B T RE SR 1 R

AR & 6 P it Rk b 2 AR T IR D RS A A S 454, R FUNGuild T B L4 5] 97
FhECEE DI RESRERN 7 Al R A2, 3 2k 5 AR bR 40 W7 A B 40 22 5005 25 40 W7 2 B, IR R ORIt B4 7 B A b
(P<0.001) 50+ B B DI RESSBFE5H (T 6)
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