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Abstract: The farming areas in karst peak-cluster depressions, where residents live densely and utilize the land more
intensively, pose a great risk for rocky desertification, and are usually seen as focal regions of ecological conservation.
Appropriate tillage modes can set the foundation for sustainable land use and ecological security in the area. This study was
conducted at the Guohua Karst Ecological Experimental Station in southwest China (a typical farming area in the peak
cluster depression) , to evaluate tillage effects on soil fungal community composition, fungal functions, and physicochemical
properties. Major types of croplands, including pitaya field ( representing conservation tillage, HF ), maize field
(representing plowing tillage, MF) , sugarcane field (representing minimum tillage +straw return, SF), and paddy field
(PF), were studied in contrast to forestland ( artificial forest transformed from cropland, FL) and grassland ( rehabilitated
naturally from abandoned farmland, AF). The results showed that: (1) by comparison with the rehabilitated-land modes
(FL, AF), the HF, MF and SF not only reduced the soil pH, soil organic matter contents (SOM ), and total nitrogen
(TN) but also altered the particle size distribution ( clay, silt, sand). (2) The HF, MF, PF and FL increased the
abundance-based coverage estimator ( ACE) index and Shannon index of soil fungal communities, while SF and AF
decreased the a-diversity index. The a-diversity index exhibited the indices declined as the soil depth increased. (3) In the
study area, the dominant fungal groups were Ascomycota, Basidiomycota, and Mortierellomycota. Tillage did not change the
species of dominant fungal strains, but affected their relative abundance. (4) The analysis of B-diversity showed that soil
fungal community structure of each tillage mode was unique, however similarity existed among the HF and rehabilitated-land
modes. Soil fungal community structures at 0—10 cm soil layers are similar to those at 10—20 cm, but they were largely
different from those of the 20—40 c¢m depth. The FL, SF and HF had more distinctive species ( biomarkers) , followed by
MF, PF, and the least was AF. (5) Soil pH, C/N, N/P were important factors affecting soil fungal community structures.
(6) The effect of tillage modes on soil fungal function was obvious, pathotrophic fungi and saprotrophic fungi in HF, MF,
SF, PF soil were significantly higher than those of FL and AF, moreover, the content of saprotrophic fungi in SF was the
highest, HF had the highest symbiotrophic fungi. The characteristics of fungal community structures were similar among the
HF, FL and AF, suggesting that no-tillage was conducive to maintaining the natural properties of soil fungal community

structures, and shows a positive soil ecological effect.

Key Words:; karst peak-cluster depressions; farming area; tillage modes; soil fungal diversity; soil fungal function

RERBRIRER 0 A T BUA R TR AR 129% , FErp 3R IE 23 A7 344 J7 km? , 205 [ R IR B 173, F [ PY RS
SR A ER = RBRIREE 5 3 2 43 A [X 22— W DA 2 32 X Y 4y W S0 R b S 2 A 2 — TRTARZY 9.7 T
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Bt - M TR TR S R AT | VB 5 R Y B 1 A B K Y B TR VR SR A 28 Liang 4512 BT R AR A
RO 3o IR B LT 1) 22 RE AR U R TE AR = JE A AR = YRR AR < B0 (TR 452 R R VA X LT
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1.1 5T IXHENL

JVE R A AR ST S A T 2001 4, BN B R AR G IR SBLF LI ATF 57 S b, 457 PR R B
SAVAA T 7 1129 5 km Ab(107°22/30"—107°24'47"E ,23°22/30" —23°24'32"N) % X HiiAb R 3V iy 2 S
fii X, H RS AR H BRI ECT-34 1682 h, H R 4348 389% ; SR AR | 4F ¥ 21.5°C, AR 345 d LA
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1.2.2 HEaCRAE Shb

12018 4E 4 J  FIH H 45 (Blik HAR 5 em) RN [RIFHER A I 5 A CE PRI i 22 /0 3
Yo, BHAEHR I S JEA SR 5 ikt SRR IR G MIZ A & . REE )28 0—10 em . 10—20 em 20—
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T R SR, JChe R A S T R TIORGOS A

R A

®1 MR
Table 1 Description of the field
T2 K RS
Name of the sampling field View of the sampling field

General description

K e SRAAE AR 1L (HE)
Pitaya field

FORHFPAEREHL (MF)
Maize field

JK e FH BBl (PF)
Paddy field

HRE LA R 3 (SF)

Sugarcane field

BAHA AR A (FL)

Forestland

BRI (AF)

Grassland

TS A T (OB T Bk ) o K SRR R ] S — N
1.5—2.0 m, 57 /K Ye ik AL FLH8 B, a5 o 7 BB b, 3550
IS EEEP T IO R X, Y T RP g ERS, fme
FAE OISR 10 457540, — 4RI 4 3K, BHAE = {E 135000 JT
ZeA (FEdth K BFF AR i A BRI M)

TR T (BB B ) . SRR K, AR, i
FOR-AELERAR, SR HGRBERE Bl A T BB PRAELAE 2, 7
T HHAR 12000 T6/hm? 76 A7 (5 Hb 2 B30T e 1= 98 78 2080 4
1),

TN THMX , BENZE (BRI 4—10 A) , KFEE
R ACIRES , OB K /K HE T, B 58 1 K R R - 3 K
WEVE . TEH R AR 24000—27000 JT/hm? ( 35 HiL & [ 35 4k P
T BRI .

LS YA A X R £, 2B AR, — R R R R
oI5, TR 3 AR AR — U ORI AN I B L
8 A HTREAR Brioht R AL , 755 158 mg s e 30 ik 1, A
Y E S OB ER L, 7 BN REAE 37500 J0/hm® 72
i (FEH BT P PR A BRI

M TR IR BEE A TR AR, M ]y 2006 4F
WRARBIEZ . AW R AR 5 A,
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Table 2 Characteristics of the physicochemical properties of the soil under different tillage modes

LR/ PR vERAR SR B wm ome wE omak o

Soil layer Tillage ol EC/ SOM/ N 1/ Clay/%  Silv%  Sand/% /N N/P
modes (b/em)  (gke) (ko) (ko)

0—10 HF 6.96h 2890c  273lc 1.89hc 2.35a 30124 56.24h  13.66¢ 8.81a 0.81b
MF 4.78¢ 3663 24.52 1.66¢ 1.66ab  1698bc  65.99a  17.03c 9.46a 0.98h

PR 7802 120.57a  53.05  2.8lab 2.07a 1087d  5551b  33.62a  11.62a 1.35b

SF 437d 81.97b  29.83cd  1.91be 2300 2029 65.43a  14.28c 9.02a 0.89h

FL 681b 4783 4379 2.97a 0.80b  1536bed  65.36a  19.28bc  8.65a 372

AF 7.51a 77.0b 6232a 3.37a 2502 1326ed  61.8lab  2492b  10.86a 1.41b

10—20 HF 7206 29.43b  2143b  1.79%c 207a 27.04b  663%c  6.57a 6.99a 0.90b
MF 5.07¢ 31406 2131b 1.23¢ 133ab  186lac  66.75a  14.64b  10.02a 0.93b

PR 7.90a 86432 33.57ab  2.27b 1.82a 15560 58.65h 2645 8.69a 1.41ab

SF 4500 6487ac  26.92b 1.56h 2120 2424 6482  1276bd  10.29a 0.77b

FL 7000 S0.66be  24.01b  2.05b 0.80b  1929ad  71.22ad  9.49ad 7.23a 2.5

AF 7592 69.77ac  42.58a 3.51a 2040 177lac 69.26ed  13.03bd  7.08a 1.84a

20—40 HF 7.03b 30302 14.75a 1.45a 2.04a 26.82a  65.18b  8.00a 5.86a 0.74be

MF 6.28¢ 2443 13882 0.98b 124ab 19752 62.06ab  18.20b 5.31a 0.78be

PR 7.87a 53172 1733 LISab 1.14a 27.6la  55.90b  1649h  11.04a 1.65ac

SF 4904 46232 18324 0.92b 1.98a 27942 66.12ab  5.94a 11.21a 0.56b

FL 7.22b  40.57a 1383 1.46a 0.62b 24472 69.69 5.84 5.49a 2.34a

HF . k5 Pitaya field; MF; T K3l Maize field; PF; JK ARG H Paddy field; SF: HiEH Sugarcane field; FL: MM Forestland; AF; B Grassland ; KL CRiAE 0.
01—2 pm) BT CRiFE 2—20 wm) ,BPERCRIAE 20—2000um ) | [RIFVECTE G A /NG FHERoR 2 5 1.2 (P<0.05)

1.2.4  FEdh DNA SRR 34

TIEREAR DNA AUERIBCR ] CTAB ARHEYE , DNA $2 1058 U R B2 19% J N W B8 I 54T Fi DoAG: D) HC 4
BE RN e BEL ik B 91 W) ITS5- 1737F ( 5'-GGAAGTAAAAGTCGTAACAAGG- 3') F1 ITS2- 2043R ( 5'-
GCTGCGTTCTTCATCGATGC -3") X +- 3 BB ITS JE[A 1TS1 X #Ef7 PCR §74% . S [ | New England Biolabs
/AW Phusion®  High-Fidelity PCR IS 2E fR ELHE#EAT PCR 715, R4 AR FIMERPE . 153189 Y i
FH 2% 4 B2 W S B EE M EA T FRLDRASIN , %o H B 25705 1 1 Qiagen 23 R4 AR (4 2 (RIS R) & [BISO™ . MR A1 BT
P TTST X e A ,2&F Illumina HiSeq MFEa ,ﬁi‘}ﬂ TruSeq® DNA PCR-Free Sample Preparation Kit pEis
VBT G HEA T SCRR £ R A ) SCPE 45 Qubit Al Q-PCR 8 i, SCEEAHE 5 | 11 HiSeq2500 PE250 47 I
BLIN ( AR BR A DG B R A BRA R 5E ) .
1.2.5 HdEab P 5511506

TR ) B0t 22 A At BB A 3 R BRARZE T 81 (barcode ) (5147 31, 2k g AR T £ AR K BE 1R ) 5, 459
F 5 F i B9 Tags $0dE, 12 H Uparse B4 ( Uparse, Version 7.0.1001) X 5 HE47 2 BRIA LA 97 % 1) — F0 1
(Identity ) ¥ 751 225 1 OTUs ( Operational Taxonomic Units) , F Mothur 7772: 5 SILVA A9 SSUrRNA #4552 i#F
TR 25 26T 120K LBt SRR B EL R BE VS 4L, 8 Qiime %14 ( Quantitative Insights Into Microbial
Ecology, Version 1.9.1) 3144 ACE 3§ %X , Shannon $5 %4 , Weighted Unifrac 1%  #J% UPGMA ( Unweighted pair-
group method with arithmetic means ) FEAXEEZEM %5 ACE | Shannon $5 £046 A4 {8 Oringin ( Version 2017) #f4:
21, FiBE 28 ( Rarefaction Curve) | 4E B E] ( Venn plot) | £ K] ( Flower plot) | 3 A& #5 43 #1 ( Principal Co-
ordinates Analysis, PCoA) \HLH SEEE 43 HT ( CanoicalCorrelation Analysis, CCA) \UPGMA RZE/rHrifif R 34
(Version 2.15.3) 5¢ i, & T £ 4 F 5] 43 7 I #2 [ Linear discriminant analysis ( LDA) effect size pipeline,
LEfSe ], i J LEfSe % {53 H7, BRIN 52 & LDA Score [T M5y 3.5, 43 47 43 4 FF A i) A W 35 25 S 11
Biomarker, ELFHREIEDIREFMI{E B FUNGuild( Fungi+Functional +Guild ) T H iz k3T 2 A 3RS0k, POR=RE]
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AR STIREIEAT T VA28 A FunGuild 048 %8 . 1 S BRAL B0 A9 G i 20 A f B 38 P A 36 16 T SPSS 22.0
BAF,

2 HR55%H

2.1 MRS URE KA BE b

FLEA ITS FEIN P 25 3 R, 51 A 3R A L A
M 4369767 2574, 23 B i, S ALAH 3] 4216941
Zer BT T B (A AR O 9 BT 47866—97427
Z 18], FHIE =82685) o LA 97% A AHALLEEH4 T 51 2R
K OTUs, £38 11702 4~ OTU,, AR I FE A 1) £l s 2 S
5 B, DR i P BE AL A BB 0y £ 1 B, et B
TG FECE (B OTUs %CH ) , LAFHEAY I 7 5505
I X YRR A AR R A (1) R Rt R
WY, Wit 0 A 3 T, AR R D 2 i s T30 R AR
KB Z I P 2 2 A D RGBT OTU, 3% o 10000 20000 20000
AR YR (A0 5 o B 3 P S5 R & T K% Wl Sequence number
BB, B UM T WS IR R B 4 | R B
RS B RS  PTHTHTASRIFHERCX 3 g1 Dilution curve of soil fungi under different tillage modes
BFHETE 454 54 i s HF; KJER M Pitaya field; MF: E K3 Maize field; PF: /K7 HI
22 HHEEEE a-ZREMEHT Paddy field; SF. Hif# Sugarcane field; FL. #Mtb Forestland; AF;
221 HERUBRE I R R T Grasland

WA o-ZFEME T T REA NS T WU R T 2, A S5 A0 LI B 5 B 1) ACE
TRECF A B RE R ZAEPER) Shannon F8%, WI5EAERE], 25 TR A FAHER K 138 B - 5 R 2 HEAE T
BEZER(P>0.05),20—40 cm 12 A FHZ M (P<0.05) FRAb, LHEEE ACE #5485 Shannon #5%(7F
0—10 em 10—20 em +JZ P EHRE N —, BAKRIY HF PF MF FL ZE750 R i 9 B0 F 5 3
LR SFOAF 439 B 3 5 R SRR 7E 20—40 em )2, PF 3B F W AR, 1 FL 3B
ZREEFREURAR, BEE TR RN, &5 B E AL Ay + 3% P ACE 54105 Shannon $8 %034 2 T B3 (K
2),
222 HIERERES AT

WFFEIX I LT ITS &l i 5 e A 7 9 2 W i e Js 40 Js 18 17].63 49,163 H (370 #1860 J& 1049
P, FEIT 28K P b, A X 3= B2 HE £ 1 10 A9 Ascomycota ( F #& # []) | Basidiomycota ( 1 F & []) |
Mortierellomycota ( #% 5% ] ) . Rozellomycota ( % 2% 18 []) . Glomeromycota ( ER £ ] ) . Olpidiomycota ( JH 47 F&
I"]) \Mucoromycota( EEE[]) ,Chytridiomycota (45 [# [ ]) . Zoopagomycota ( #ii HL &£ []) . Blastocladiomycota ( 2 4% &
1), T 3 E RG] (XIS 1%) ,3 FAXT 2 SR 25.93%—83.78% ., SF ) Ascomycota HH
X FE (69.877%—74.242% ) B & T HABFER K (9.312%—60.194% ) , [A] I PF Y Ascomycota AHXJ 4= B
(9.3129%—20.598% ) F fik; FL 1Y) Basidiomycota AH X} 7= B ( 11.864%—12.550% ) bt H: At Hf 145 =X (2. 704—
10.212% ) ¥ , % 0—10 em +JZ ) HF (19.099% ) ;SF  AF f£] Mortierellomycota A%} =F & B} A% T HF \MF .PF F1
FL; Rozellomycota 7E MF B AH X} 3 B (0.646%—2.875% ) 1% 1 ; Glomeromycota 7F FL H- 745 f5 = 1Y AH XF =F &
(0.848%—2.486% ) ; PF 1) Olpidiomycota A% = (0.171%—1.804% ) Hiz i ; Mucoromycota 7£ HF ELA f = )
ARXT 2 BE (0.457%—1.379% ) ; HF  PF  MF ) Chytridiomycota 8 Xf & & & T SF ., FL. AF; Zoopagomycota ,
Blastocladiomycota 7E45 BRI - A X 3= B TC A b 25 57 . 25 BRVEASE =X 33 SU DA R % 28 b B AR AE AR G

1500

1000

500

OTU¥% & OTU Number
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B2 LHEEE ACE $5%, Shannon FE ¥ B E
Fig.2 Box plots of ACE index and Shannon index of the soil fungi
ARYNE TR R I 7 B2 (P<0.05)

F PR 10 RO PR TO R S L

Bl T JZ R RN, HE (SF /Y Ascomycota AR = BRI Ny Se e 5 8/ i & 45, MF  PF (FL U2 B 56
D RGN AR RICH RN E3 HE MF (FL AF Y Basidiomycota 3 i8I, M PF R MK 5
WD SN, SF R SE R IS e/ A A HE  PF SF AF ) Mortierellomycota A% 3= B Fifi 1 35878 1 84 i1 3128
W/ MF FL 2RI (K 3)
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Fig.3 Composition and relative abundance of the taxonomic classes of soil fungi
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