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1 RO R R 2 RAEBE K7D 410004
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3 R WAL AR BUE A IR, 57 416000

FEE . PG A A b X 3R [ AR 2 R 4 55 T SRR ) X, IR TR AR A AL X MR B R A AT e iR e h A
FTAE . BECAT AL b DX T A AR ) ) 32 4R 25 ) 1 FEARGIMR S B MESIMR S 1 FE A -t B MR S MO AR S8 % 42, DAST i 2%
AR AR P 2R 3t AT T 2 P VR R 7 1 SRy X R LA A VB s DX AR ] s S T - 49 TR IR 40 g R 22 R 1) 5 i
HFZIKHMNE, KA Mumina HiSeq 5 A =@ M FEA 2047 T 3 FhARbk 30 S BEE AL S Z R . S5 R E W], AT
TR 8 LR A S BEAS TR, O B e | R AR - B ME TR S8 K LA B 1 155 Ak b 3 TR PR AT S T ]
(Ascomycota) , FLAEAT BALTHE B AR XS 32 B e K, o 64.0% 5 T BB AA I LL4H B4 1] ( Basidiomycota ) Sh R #BE AR X 3= 4
57.9% , TR HE BRI Rl S BORT Shannon $5 5 3 5 T Th B AA R R MEMK L S 1A 1 ECR VA Z2RE R SR BIN R s MRV e
Hu>TRAE RS Th R AARS G B HERR 55 oA PRUE R A L, o R A - B TR S ORI ' B M4 b B8 25 4 T T 3845 WLk ( SOC) A
A (TN) &4 . Mantel test KB 45 R R, L REE S5 520 (TP) ALK (SOC) EASA (NHS-N) MSA(NOS-N) 2H
(TN) .pH ME7KE (SWC) HA B A (P<0.05) , Horf 13 SOC TN . pH (X B REE 252 i K, TUAR T (RDA ) 45
KK M, F P& (Ascomycota) 5 pH, TP, SOC, TN, AP NO;-N & & 34 5 1E A 5¢; 1+ § [] ( Basidiomycota ) F % 78 % ']
( Mortierellomycota) T 5 NH-N BiF M, 5 pH. TP .SOC TN AP \NO;-N £ 4H, T 2 K% 1T ( Rozellomycota ) 5 SWC &2 1F4H
K (P<0.05), &5 b AHLGAE bk, A B fb Hh DX 4T R TR S MR AR @ A 38 i+ 3 SOC TN 17 b 35 48 w5 LR R 22 Ak, A i 3
HETPIRBLAIEET: . ARG 285 R AT DL SR A7 B XN AR K S A R 3T 0 45 R LA Al

SRR A AL X R[] i AR L AR R AL
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Abstract: Rocky desertification area in Western Hunan province is a fragile and sensitive area of ecosystem in China. Soil
microorganisms play an important role in maintaining the stability of forest ecosystem structure and function in rocky
desertification area. Thirty two year-old pure Pinus massoniana forest, pure Betula luminifera forest and mixed Pinus

massoniana and Betula luminifera forest in rocky desertification area with the same site conditions were selected as the
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research objects. The non-forested shrub grassland with the similar site conditions was taken as the control to compare and
analyze the influence of different afforestation modes on soil fungal community structure and diversity and their main driving
factors. The composition and diversity of soil fungal communities in three forests were analyzed by Illumina HiSeq second-
generation high-throughput sequencing technology. The results showed that the dominant groups of soil fungi were different
under different afforestation modes. The dominant phylum of soil fungi in Betula luminifera, mixed forest and non-forested
shrub grassland were Ascomycota, and the relative abundance was the largest in non-forested shrub grassland, which was
64.0%. Basidiomycota was the dominant group in Pinus massoniana, its relative abundance accounted for 57.9%. The total
number of soil fungal species and Shannon index of mixed forest were significantly higher than those of Pinus massoniana
and Betula luminifera forest. On the whole, the diversity of fungal community was as follows; non-forested shrub grassland>
mixed forest>Pinus massoniana forest>Betula luminifera forest. The contents of soil organic carbon (SOC) and total nitrogen
(TN) in the mixed forest and Betula luminifera pure forest were significantly higher than those in non-forested shrub
grassland. Mantel test showed that fungal community structure was significantly correlated with total phosphorus (TP ),
SOC, ammonium nitrogen (NH,-N) , nitrate nitrogen ( NO;-N), TN, pH and water content (SWC) (P<0.05). Soil
SOC, TN and pH had the greatest impact on fungal community structure. Redundancy analysis (RDA) showed Ascomycetes
were positively correlated with pH, TP, SOC, TN, AP and NO,-N content; Basidiomycetes and Mortierella were mainly
positively correlated with NH}-N, and negatively correlated with pH, TP, SOC, TN, AP and NO;-N. There was a positive
correlation between Rozellomycota and SWC. In conclusion, compared with pure coniferous forest, coniferous and broad-
leaved mixed forest in rocky desertification area can significantly improve the diversity of fungal community by increasing
soil SOC and TN, and promote the improvement of soil fertility. The results can provide basis for artificial vegetation

restoration and soil fertility management in rocky desertification area.

Key Words: rocky desertification area; different afforestation modes; soil fungi; diversity index
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J B o3 fife , SRR PERR AR 3, A S80aE IR M ZE A, 2 5 B SR s R AR YL IR R, R I d 2 20
TR BRGAAE P 254G 1 5 40 BEAH LU, 398 0 1 S B A ORI I U, ) 1 5 B8 T A S P e, F T
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1.1 W XA

T DX T g 4 P A N AR R AL ZS TS SE 8636 (109°10°E,27°44.5'N ) KRR Z KU IA ., 555N
AR K B 1300—1500 mm, 4RI 16.3 °C 4R TR 269—292 d, 4F H BTN 1340 h, MRS
AR BB A, HIR DR L IR 1989 AELL 2 mx3 m BRI TR E T B9 TR, Hd T R
( Pinus massoniana ) F156EZ#E ( Betula luminifera) R AEMRRAE 1:1 B9 L BIEATRR [BITRSC AR, M P (7] 25 55 5 1Y
JE U e SIS AR T B B, 2S5 A TN, T R MR %5 B2 192 1650 Ak/hm® . 2 FEHE 5 SAE AL
W1,

F 1 fEHERL
Table 1 Conditions of sampling plots
o P TR g *"‘ﬁi’i , it s itk
Stand type Mean DBH/cm height/rlnl o */h’m‘z) densityl;}; " Slope/(°) Altitude/m
PM 18.7 17.2 1100 0.80 21 625
BL 16.9 16.1 1120 0.73 18 620
MF 18.5 17.8 1200 0.81 20 630
CK — — 19 612

PM, S RAAEEMR Pinus massoniana; BL, 36 B MELEAK Betula luminifera; MF | B FEHA-6 B HETR 28 Mk Mixed Forest; CK, 2 & #k# 2 i Control
check ; DBH ; Diameter at Breast Height (forestry)

1.2 FEHbIR B SRR AR

T 2019 4F 7 A AEXT FRAEHL K2 3 Fhid Rab 4> IEE 3 4 20 mx20 m BUFRIEREDT , TFAERMRE T N R “S”
W 5 AR RS (BT 15 4y BORERT 25 Bk 3R IZ PRI, ZERE s A - 3830 1T, R 4E 0—20 em +
2 M B T S AR SUITR AR TR R G35 o 3 AT TR RS T O S T R
FEPAE I SEG % T I W 2 R B (R R AR S R AT KA 2 mL R TR T - 80
CHAE) . HATR 2t KNS T B e M T S 8 AR I E
1.3 Rk m

3 I0AE PO AR G ) 385 7K Z (SWC) (pH fH , REEAHLEK (SOC) 2 E (TN) (&8 (TP) & fabr,
o, SWC SR FHE T4 (105°C,8 h) s pH {E /KR4 A7k (FREETH FE20K, Mettler) I ; SOC R F H 4% TR 1 -4h
IR R B Ak (LY /T 1237—1999) BEATINAE ; +35 N P W05 5% 2 S B L G 8 &L (LY /T 1228—1999)
FAHSEPL LA (LY/T 1232—1999) #4705 2
1.4  +HL5 DNA $2HC PCR ¥4 K3
1.4.1 +3EE DNA 425 PCR §"1

5% 250—500 mg AHTEEAE S E] 2.0 mL #F HELOAE T ¥ NucleoSpin Bead Tube HASHIFEE BR 5] AKFE &
ML IA 700 L f4 SL2; F i 150 pl #9 Enhancer SX, 55 B 32048, I HEIR S, B R M A R H IR 2L, T
70 °C T LA 1000—1200 rpm #£¥% 10 min, 2458 BERIAE L, 2850 12000 rpm Z5.0 2 min, $5F5 K2 700 pL FiF
WEHTRY 2.0 mL #F 0 ZOE A 150 pl SL3, BifFIR )5 ,4 CHFE S min, 12000 rpm 5.0 2 min ;i 8 L BR
T, 24T DNA 854 50T BT ek EL BT K DNA SRS 5% 20809 1.5 mL #F A 08

PEHI K BE 29 250 bp A9 EL A OITS JE M A9 &5 BE AT AR Y ITS1 X O H bR B B, fii O ITSIF,
CTTGGTCATTTAGAGGAAGTAA F1 I1TS4 : TCCTCCGCTTATTGATATGC 18 FH 51 95 25 M 45 A H B A 255 IR 4
DNA Hiy #844 ITS rRNA JE[H . i KOD One PCR F1R-G%) (TOYOBO Life Science ) #E47 A1 25 4~ J& 1
) PCR 4" 14,
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1.4.2  FEpEENF L& OTU BRI 7

PCR 44y Wi s il 2 —Ak SO 8 | BN R ol i i) S 2 h i &% = B 58, b
AL % A Mlumina HiSeq MFFEE, I XA 350 7 ( Paired-End ) B8 5 1, Fa /N B SCPEEA TN P, 38
X IS AR S HEAT R XU D, 1 B AL P 51 (Tags ) , #U0 AL 91 04T 826, il 43 OTU, I MR 4 OTU
7 B 20 A B H A 4328 R 97% 1 7 9 BEAT RS, 56 T 0 SR BT kA7 W M e e B 0 A8 5 1 91
LA FEAEAR T A REACI 7 SR 0.001% 1) OTU E£BR K EBR THA OTU 1Y FBEFERE T IR ZEm) R 57347
1.5 FEE{EIRIE

Yyl LR R A Y 2R I AR TR AR T .

HEAE (%0 )= (FHXTEERE +ARR DL HBE AR X ) /3% 100% (1)
FHXT BB (% ) = (AR 0 A AREL 4B AE 0 1 A1) X 100% (2)
AR IAE (%)= (BT H iz AR B i AL/ R D v 438 R S AR ) X 100% (3)
AEXTHIBE (% ) = (FEPPHE A FRAE T3 v 001 BE/ AT P B2 22 ) X 100% (4)

1.6 TIERUE Y wiE e E M R s

X TR ECAY - 3 REAS | 5] A4S 1 ( Specific measurement , SPM ) Y S A Y R AR
WIS EBE (A5 1E (SPM {H) , RSB (DPM) WM U s ke v, i B s .

B AL BV B ) B O XA T B X

X: (X]’XZo“"Xi’“"Xn—l’Xn) (5)

Xi: (07 05.“’Xi9“'70’ O) (6)
X, xX

SPML =COS¢=W (7)

A, n ACRBAE YRR, X AR MR R, i X AR B | DREARR R ¢
SRR T R I R R
W B0 AR = B (X)) 4 R X 1R 1Y SPM AL (X gpy )
Xy = (SPM, ,SPM,,---,SPM,,---SPM__,,SPM, ) (8)

> " (SPM, - SPM)?
DPM = | x n (9)

R, n FRFAEASE, SPMAC R BULE Y FIEE SPMs BOF-XI(E, DPM BIEEEITE 0—1, 24 DPM<0.4 [, & LK
FaEHRE; 24 DPM>0.4, 5 XCONTRERERE, 24 SPM>0.9 I, ATA N Z M E YA R TR SR e HoE A
FEA R el PR R 4R
1.7 BB 5y B

XHES o Z 8P (Alpha diversity ) 75 209 73 1 Rk H Mothur #1443 17, 115 ACE | Chaol | Shannon I
Simpson SF AP ZHENEFEEL, R SPSS 25.0 XA AT + HERAb R Bt S LR R TR 2 25 R AT R
2 225007, LU RIS MBS 1 22 55 o MR R FH 2 5005 22 43T (PERMANOVA ) i Mantel £
B FITARBESHT (RDA) 704 T H A 5 RGN F R, A S Al 27 R 3.5.1 H1H “ vegan” 1
HATHY,

2 HREHM

2.1 AFEEMBE T ISRl S B
B R E SR LR AR F A — D ER B PRI AR, REA RUR WA R AE B B & AR ) 7
FETE P T REHAL B A3 A A% SR 2 AR i AR U R Z A 2 R A L3R 2, 3 2 WoR . B L

http ; //www.ecologica.cn



4154 A E = 2%

( Rhamnus globosa ) TE It K MESTMRANRAS MR S BLH I K, 4391k 6.56 .7.58 , FE%% ( Rubus buergeri) FllJK 1 E%F
( Rubus tephrodes)ﬁ%u%gﬁﬁﬁzﬁj‘fli*n*i%%?%ﬁﬂﬂ B H R RFEARF, FARZ S, 522 (Kalimeris
indica)) TE6 BAEAUM A FINR SR A EE BHE Y e R, 50900 0 16.12.17.78, 1M #E AR SR H & B ik ( Cyclosorus
interruptus ) B9 B BAH I R, o0 15,12, T 3 5§ 5 ( Lysimachia christiniae ) 15 A 15 ARIE 50 0 T BB fe K, (H oA
17.75, ARIEMRHEF I TBCA R RIEAR DCITE R RSS2 T AT,

K2 TREMEXTEEZENHEHRRERE

Table 2 The main plant composition and important values of different afforestation patterns

THEZ IR MorZEAL FEY R HE B
Vegetation level Stand type Main species and their important values/%
iy = BL 5] i B 2% ( Rhamnus globosa ) (6.56) +/n %%(Rosa cymosa) (5.69) +PTIFERL(3.91)
Shrub layer PM FERE (Rubus buergeri) (7.60) + $ 3L ( Smilax china) (4.82) + & W ( Hedera nepalensis) (4.21)
MF B 5L 2= ( Rhamnus globosa ) (7.58) + [ & ( Eleutherococcus trifoliatus ) (4. 15) + 7 46 )
( Zanthoxylum armatum) (2.89)
CK KA TS (6.45) + INEAEM( Zanthoxylum micranthum) (4.37) + 1538 ( Rubus lambertianus) (3.98)
HAR)Z BI Ty 2% ( Kalimeris indica) (16.12) +§8 JL /¥ ( Cryptotaenia japonica) (7.45) + 75 ¥ ( Cyperus votundus )
Herbaceous layer ’ (4.61)
PM FEWK ( Cyclosorus interruptus) (15.12) + I ( Cyperus rotundus) (6.12) +RUBFK ( Preris cretica) (3.89)
MF I, 2% (Kalimeris indica) (17.78) +78 % ( Cyclosorus interruptus ) ( 8.64) + il 3 & ( Agrimonia pilosa)
(5.48)
CK i ¥ (Lysimachia christiniae) (17.75) + &3 ( Erigeron acer) (8.35) +1124 ( Dioscorea polystachya)
(7.05)

2.2 AFIEARET Y A
I B4 R0, +4% SOC TP, TN . SWC &l pH B4 7EA R ARk 43 6] 22 57 . 2 (P<0.05)
(%3), Hrh BT SOC TP &34 3 5 TH T AN TARHL, 3 TN & 7500 MERTR SE Mk 2 ] 22
SARE AR ESTSEMAK, LHE SWC &S MERTR SIS &, 76 5 B hRAR, 1 ph
(Y 8 NHG-N F i 35 T A AR, HLLIOG B MERRER 5 5 110 NOS =N 75 St DU T oA 38 A 0 | JHC YR A2 bR
+ 3 NO;-N &8k,
#3 TESHER T HRB RO P RED) (020 om)

Table 3 Soil physical and chemical properties under different afforestation patterns ( means+SE) (0—20 cm)

iV e soc/ TP/ TN/ NH}-N/ NO3-N/ AP/ i

Stand type (¢/ke) (/ke) (/ke) (mgke)  (mghe) (k) il e
PM 23.57+0.69b  0.22+0.00c 1.26£0.06b  34.98+3.21a  10.0820.58b  0.6420.14c 5.48+0.04c 0.2120.01b
BL 42.83+1.73a  0.3120.02b 2.05£0.09a  44.98+1.67a  13.41:0.9%a 1.1420.10a 5.65+0.06b 0.25:0.01a
MF 43.61£1.64a  0.35:0.01a 2.25:0.13a  41.51x0.95a 9.59+1.33b  0.82+0.07h 5.72+0.06a 0.24+0.01a
CK 20.40+0.42c 0.27+0.01b 1.130.02¢ 27.15+3.51h  12.93x0.52a  0.88+0.02h 5.78+0.06a 0.2320.02b

[Al—FIAR/NG F4: R R AE 0.05 K 124 5% 1.3 ; SOC . A MLk Soil Organic Carbon ;TP 4% Total Phosphorus ; TN: 4% Total Nitrogen; NH;-N: £ % %
ammonium ; NO3-N JHAA nitrate nitrogen;AP;/ﬁ%{@i Available Phosphorus ;SWC;j‘;%ﬁﬂ(% Soil Water Content

2.3 A[REAMRR T d 3R 2H A

AR E AR R AN L s S RS ARHD - SRR S TGO B TR B E ) LR 2R
HF B 1] ( Basidiomycota ) AAEFEHE, HARXT F R 57.93% , R #5755 1] ( Mortierellomycota ) #H X} = £
9.96% . FHEW ] ( Ascomycota ) FXF =N 9.50% , % 241811 (Rozellomycota) AHXT R 1.38%, Bz HEbf i
IR ORI A B LR AR RO, SRR U T #E TR 1] ( Ascomycota ) AHXT 8k 35.0% , #1111
(Basidiomycota ) FHX} £ HE 4 1.68% , # 1% ] ( Mortierellomycota ) A% 42 B8 0.87% , 1R ASHR L SFRE M P, R
A 1 DR S R AR = B2 i o LUKl 30.98% , - BE TR 1] ( Ascomycota ) AR, AHXT 4222 2 28.00%,
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HR FHH T 1 ( Basidiomycota ) AH X 32 BE Sy 27.94%
B AEE ] ( Mortierellomycota ) HIX} 3k 6.49% , 1A
AL v A 3ERE S FRERE 1] (Ascomycota ) AT 3
B 64. 00% A fL B, R T E T
( Basidiomycota ) #H X F B & 8.64% . # 1 % I']
( Mortierellomycota ) AHXT =84 2.48% , A M i I HL R 2
REAH XS 32 2o 23.98% ., &l 2 AT 1, 2& T binary _
jaccard BB 25 0T T HEEL A HETR beta ZHEVE, 20 HIAF7E
255 AHAT I I A5 BN & (P>0.05) o

FIF DPM 3K A1 AL XA 5] 3 A o R -3 L
BATIFEEA AR (R 4) G5 R R B A F R T 1%
MR T, T3 F ] ( Ascomycota ) Al F 5 ']
( Basidiomycota ) F=FEAZ L {E DPM>0.4, K LI TN A
AR XA [ i MR 5 8 v 7 9 T DR T 1 B
R R TR
24 HHEEEZFEET

Alpha ZHEE BT KR, 3 FAS A AR 0T
M HIEE W 2R B AE W 22 5 (P<0.05) (£
5). 3 PNl TR AR 4 B Y R B =
FH A AR TR AR £ B TR Shannon $8 4434 =
T L R AA G B MEARHE | i 25 R A RO B M4l bR 2 h] 22
FOREE R AR 2RI IR M ST
FEAARS I B MEAR A7 A X 4 88 P A7 e R R Y
TR TR R, 5 R PR R M A L S 4 LT A
SO A, AN R ) E IR A R S T
A X AT b

H BRI R 30858 R 2 - A 2 W B v 45 4 A
FRR 3R EH A7, T A HE I T (0 AR 5 IR W e v 45 44
FYIADE" A A AR IE R B AL X A T
WG CERUE RIS A s kAR B E A, BRI
it —25 LB 9 OTUs 04 5 + 58 BT 4T Mantel
test ST, ff i 1 EL TR BE IS 254 5 B M 2 R 1 O
R(FK6) , WL, AEABALR R 25 + 1)
8 >+ (SOC TN TP \NH-N \NO;-N AP .pH {# .
SWC) 25 5%k H = £ 2wl Hor SOC TN TP | NH;-N |
NO;-N .pH {H . SWC ¥ - 38 FL IRV 2546 A 1 1 35 1E
FHOG, AP X+ HE TR E VR 2540 2 90 0 3 I E ARG ), H
SOC I TN X EL IR V& 25 A6 52 R e K
2.5 AR ARBET 3 TR A5 R RN R Ak M Y

RDA 73 #r

100 - B Unclassified
B Others
30 B Kickxellomycota
@ Olpidiomycota
g
S - B Zoopagomycota
m g B
E g W Chytridiomycota
K=}
<
g E B Glomeromycota
2 40 |
& B Rozellomycota
m GSO1
20 + B Mortierellomycota
| Basidiomycota
0 B Ascomycota

PM BL MF CK

1 AEENER T BEEEHEENFE
Fig.1 The relative abundance of soil fungal communities in
different afforestation modes
PM, 5 J& ¥ 4 AR Pinus massoniana; BL, )G JZ He 4 K Betula
luminifera ; MF , B FEFA -6 F2 MR TR 38 Ak Mixed Forest; CK, % 1 R
Hh Control check, Ascomycota: F %5 | ; Basidiomycota; 1 F B
[7; Mortierellomycota ; B fRE [ ; GSO1 : ZEFEAFT B ] ; Rozellomycota ;
B E ] ; Glomeromycota ; BRI ; Chytridiomycota ; AT 5
Zoopagomycota: il W H []; WoAr o
Kickxellomycota;: RE£[ ] ;others ; HiAth ; Unclassified : & 432

Olpidiomycota

0.4 R*=0.393

P=0.064

o
w
T

F:F-binary jaccardff B
Binary_jaccard distance
f=1
[ ]

T
o
o

f=}
T

i I | ¢ i

i ZER  CK PM BL MF
All between group

& 2 E-TF binary_jaccard IE = T IEEE A beta ZHMEN
Fig.2 The beta diversity analysis of soil fungal community based
on binary_jaccard distance

REFTRIN [ S-S A R B3 2 07 22 S B 7 22 1L
(B, RP R FR A A0 22 5 W A e Bl o, F27m 4 dlL 22 ok, P
{E/NT 0.05 I 3L HITAG 40 (9 7T 15 8 55

X PRI A TR B B P S5 A AT T IR 0T (RDA) | 1B 1R S B 1 3 AR 5C A SC B 3t
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AR (81 3) o RDA 434S S 0956 — il ml fife B i A 5 i) -+ 38 FLPRT AV TR 1109 32.27% , 5% bl e e T A
S LR REVE I T 1 21.229% , Bl BT AR B R ik 53.49% , EAh, 4% pH {H  NO;-N NH;-N AP TP,
SWC J& R0 2% I ECRR VR 250 EZE AR K . 218 ( Ascomycota) 5 pH TP ,SOC TN (AP \NO;-N , & &
IR IEAA G ; $HF 1 1] ( Basidiomycota ) A1 4% /1 %% ] ( Mortierellomycota ) F % 5 NH;-N s 1EAH G, 5 pH TP,
SOC TN AP \NO;-N 2 fAHX, KA T( Rozellomycota) 5 SWC 2 IEAHX,

x4 FEEHEITFEN DPM E
Table 4 The DPM values of different fungal phyla

17K Phylum level PM BL MF CK DPM
FHER ] Ascomycota 0.100 0.38 0.284 0.64 0.520
HHF 1] Basidiomycota 0.535 0.015 0.351 0.086 0.505
Wi fEE ] Mortierellomycota 0.083 0.009 0.067 0.025 0.074
AR GSo1 0 0.013 0.047 0.003 0.044
B35 1% 1] Rozellomycota 0.013 0.001 0.003 0.001 0.035
Bk Glomeromycota 0 0 0.002 0 0.014
FEH 1] Chytridiomycota 0.002 0 0.001 0.004 0.005

DPM ;. 240437 Parameter dispersion method

®5 FREMEXTLEEEFESFEST

Table 5 Diversity analysis of soil fungal communities in different afforestation patterns

T Hb 2% R OTU ACE Chaol D H
Plot name ACE $8%L Chao 15 %% Simpson $8%¢ Shannon-Wiener 5%k
PM 447.75+16.56ab 617.73+21.41b 595.07+3.98a 0.15+0.02a 2.81x0.21c
BL 435.50+19.71b 570.44+14.36¢ 564.01x19.85a 0.18+0.05a 2.78+0.33¢
MF 486.25+13.77a 571.24%14.05¢ 565.25+14.68a 0.09+0.03ab 3.51£0.30b
CK 399.67£6.12¢ 694.92+£40.04a 560.10£24.21a 0.01+0.01ab 3.78+0.08a

OTU . #AE4 2 B8 (51 Operational Taxonomic Units; ACE; FEAS Hh g Fh 40 5 Y *ﬁﬁ{*ﬂi@/ﬂﬁ{, Chaol : 3R FE S T AF & OTU %% H 1938 %% ;D

Simpson FE%L . Simpson index ; H; Shannon-Wiener $8%0. Shannon-Wiener index

F6 ET Mantel test YTEEFESLEZHNXER

Table 6 The correlation analysis between fungal communities and soil properties using Mantel test analysis

b R . » T . »
Soil properties Soil properties

TP 0.26703 0.003 TN 0.42543 0.001
SOC 0.44008 0.001 AP 0.12442 0.027
NH;-N 0.22249 0.004 SWC 0.28665 0.001
NO3-N 0.19498 0.005 pH 0.36837 0.001

3 e

3.1 AFEEMECT LR R 25

AFEIZER N TAHARTE 0—20 em + )2+ SOC TN TP AP & HAE , Hrh o BAAR H 3 p 35 0 &
A, T REAR: P R E AR B b i v i DR K BB 0 3055, ELE I Jo i i B 2018, DTN 3 30 I IBIR FE
R, R, AL REUEFE — & R Lol I 4, e i A DL R 4 8 3 i e 4 v S Y B A BE RN R K
REST. HEAE T R A o B T 2 b S A | T WA A R8BS TR X B AR g A g R I, N
[ ABACER LI S EERBE N P K & 5200 A B X P Fh 20 Bl 3 22 X5, o0 A R vl LA 43
fift T LA R A A3 A AN S S
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RDA1 (32.27 %)

B3 AREENEXT T EEFRERE-IRE RDA HEF
Fig.3 The soil fungi community RDA sort of sample area and environment in different afforestation patterns
RDA: JUA%MHTF Redundancy analysis; SOC; 4 L% Soil Organic Carbon ;TP 4 Total Phosphorus ; TN: 4% Total Nitrogen; NHJ-N; £ & &
Ammonium; NO3™ =N filf &5 % Nitrate Nitrogen; AP ;44 %% Available Phosphorus ;SWC ; 1355 7K R Soil Water Content;pH: pH {8 ; 4[] [& £ 4%
REIFER

A AL DA AR S AT B SR AR I 25 57 AT P o R IR )2 250 T, BT Rl S bk
A LT AR K ) 3 Tl R R WA T N e Y AT A R AL,
TRASAR AR SOC TP TN 5 22 FT2lbk | i BB PO TR ACM p SR W) b B B 2, LR AR R AT 1Y
PSR SR T A DL A SRS R RLR O S R A B L 7 1 LA SR 2R
B LRV, TS 0 AL BT LA+ pH (AN T A MR AR K e 2
S F R RAE TA LTS 225 ARSI IR A ARy SWC AR Talbk, il B2 Ak T 26 R A IR
SEMRIE T PRI S O T TR IS AR T U IR S A TR A LR R 5 00 A 18 S B0 DL 1Y
I ARAH T 5K R R A S E WS S8 SR A A A0 B 4 i) (GX 51 SCHREL R Shannon ZAEIERL
FAER—E) o P, HEDE SRR T W0 AT LIS o0 S RO T PR AR, a2 1 5 B0E e HLUR R, +
HEEOKRE B
3.2 A[EEEMBLECT J e R R 2 B 2 A1

BRI S | 13 A i s 25 22 b DR 3R 34 25 i) L U W PR S A LA A ST b 2 (AR 1
TEOLT , LS YR v LU 1 7 A 2 S 1 e T S DR R AR R AN TR 0 AR v TR SSM I L BT Y
e F R EROR, HO SR AR AR DE R aipR, H BUX MBS T REJE th T 5 AN & T4 A A, 08 7 My o
fift , e LB S AR T B AR bR T B A A R . EAN RIS R GE AR AR R v X R AR 2
AR AR R 2 57 ARSI REREAAR L AR e PR T VR B T EAS R AR ASE T 10 38 A
A X PR BT I ZE S B AR T I S B (37.99% ) 1R T 15 B AAAK (9.97% ) , FT RE A2 P T4 1 J2 02
B AT, DB HE VR T A WA 22 Bl e, LAAA S T3 2 ik e v A LS R AR AR TR I — S AR TEPLER
FTRT R AL, A A SR R, 2 SR MR PR A v (9 T 2 ECRRT, I A A1 A L X AR ARG B AR
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JE b At S — 3

HERFA R B R E N R AR b B AR OL R METR S AR Shannon 545 T 5 R
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TN, ATRESE A 13 C B ZRIRTAH HUTTO LA 35 1 o3 Ak , 130 N AR IR 2R RVE M 40 | BT
BRI RAT T AT LY O, T A TR AR ) B Y 32 o0 LA BE ORI, SRR Wy e R b A
{147 18] G AT AR AT A AR AR AL b AR R SO T R AL SR AR AR I S B0 3R LR B
KA TR R [ A BT R APAE 22 50 . AR WS T A AL b X 38 5 K BHRAIR, SWC X EL PR
FETR LSRN 353X S A B ST 4 AR L A B9 SR 1 AR 0T - b TR 2 R R 2K 5 )
FEO R AR TS R AR R A AT 1 4 R R P AR A IR 2R 43 0 T S R AR PR A P R VR 11
PrFhRe e EAREE R T R M T B AR SR 5 2R R R 22— FE T A AL XA
ToRZE FERZAEY Z RS B 2 R R AT 235 A SRR 7 ZEARR A0 — 2B

4 ZEig

VYA BAIR BRI A, 5 RS AP R A LE , 3 Al MR Uk 3 1 48 SOC TP Al TN 54, Th R FA-OL
BHEIR SEIRRIDE B AR 1 SR 7 5 5 T SRR AR AR, E AR - B MR SR T il R B S A 1 A
o T4 SOC TN Je W B+ EEL R ARV 45 44 Hh U 22 S i e 2 ZE OB IR I 1, O B iz X R e i, S A
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