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Abstract: To understand the change and distinction of the top-soil microbial community structure and its diversity, three

natural secondary forests ( Davidii-Betula platyphylla-B. albosinensis broad-leaved forest, ABB; Beiula platyphylla-Acer
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davidii-Abies faxoniana mixed coniferous and broad-leaved forest, BAA; Abies faxoniana forest, AFF) were investigated
based on the background of similar microclimate and soil parent materials in Miyaluo forest area of western Sichuan, where
the forests formed by natural regeneration after logging in the 1960s.Chemical properties of soil and species diversity of plant
community were analyzed. We used high-throughput sequencing of top-soil DNA to analyze soil bacterial and fungal
community composition. The results implied that the forest types significantly changed the soil microbial community
composition. The Shannon index of soil fungi communities differed dramatically among the three natural secondary forests,
but had no significant differences in soil bacterial communities. Furthermore, Chaol and Shannon index of soil bacteria were
significantly higher than those of fungi. Proteobacteria, Acidobacteria, Verrucomicrobia, Bacteroidetes, Chloroflexi were
the dominant phyla among three secondary forests, accounting for more than 82%. Ascomycota and Basidiomycota of fungal
communityaccounted for over 85%. Redundancy analysis results showed that soil pH and Shannon index of tree layer were
the main factors governing soil bacterial and fungal community structure, while soil TN ( Total nitrogen) and TP ( Total
phosphorus) contents largely explained the shift in the fungal community structure. In general, our resulis provide insights
into the importance of species composition of tree layer, soil acidity, TN and TP content in affecting soil microbial
community composition and diversity, while providing reference for the mechanisms of carbon and nitrogen sequestration and

soil microbial diversity in natural secondary forest resource management and conservation.

Key Words: Sichuan subalpine; natural secondary forest; microbial community; relative abundance; diversity
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Table 1 Plant characteristics of three natural secondary forests

PRI Forest type AFF BAA ABB
JEEME Crown diameter (CD)/m 2.49+0.41a 1.88+0.79a 1.90+0.42a
Jf§4% the diameter at breast height( DBH)/cm/ 24.06+3.30a 13.49+3.34b 11.80+1.70b
T+ AJZ Shannon $5%( Shannon index (QH) 0.95+0.10b 1.82+0.95a 1.82+0.93a
TeARZ 5T BEHEEL Pielou index( QJ) 0.69+0.07b 0.94+0.03a 0.83+0.07ab
AR JZE Shannon F§%X Shannon index( CH) 2.10+0.20a 2.54+0.25a 2.32+0.19a
R Y5 EEHEEL Pielou index(CJ) 0.86+0.04a 0.92+0.00a 0.89+0.02a

TP FT ARG FhE R R R R AR AR 22 57 1 # (P<0.05) 5 AFF. URYTR A2 Abies faxoniana forest; BAA; HENR-SAZE IR Betula
platyphylla-Acer davidii-Abies faxoniana mixed coniferous and broad-leaved forest; ABB: Mi-#& [ifl - ¥k Davidii-Betula platyphylla-B. albosinensis broad-
leaved forest; CD; 5& 1 Crown diameter; DBH; Ji#% the diameter at breast height; QH: 77 A JZ Shannon $§%% Shannon index; QJ: FFARJE 5 BT84
Pielou index; CH: %4<)2 Shannon #§%{ Shannon index; CJ: BLA)Z2H45) BEE%L Pielou index
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ABB>BAA>AFF  7£ ABB il AFF [A] ()22 5% B3 (P<0.05) , Hod AP & 876 A e bR ] 22 53 1 3 (P<0.05) , 3%
A AFF 5 fICFT ABB fiemi, AFF T3 NHL-N St 5 T BAA, 5 ABB 2R A W2 B EIR AL
AR FRT NH;-N WSO 5555, e4h, SOC Fil TN 5 i 437l 76 ABB il BAA Wi, 5 7F AFF R fie
(R ENEIE ST o s IR TR i P =S
2.3 AFEIMRHET R TR 2 M A

Gt &, 3 FhbRTE - 1 200 TR RN L TR AR S PR 1 B 55 SR B KT 929% , 2 I3 40040 BB 5 4l e ke = A
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Table 2 Physical and chemical properties of soil under three natural secondary forests ( mean+SD)

PALAE R B Forest type

Soil physical and chemical indicator AFF BAA ABB

YU BEILBE(CP) /% 41.45+0.00¢ 62.47+1.82a 56.42+2.72b

Physical indicator EEESLBEE(NCP) /% 19.48+0.52ab 14.92+4.72b 23.26+1.20a
BFLBREE (TCP) /% 60.90+0.00b 77.49+5.81a 79.67+1.4a
pH 4.97+0.21c¢ 5.77+0.06b 6.09+0.12a

A2 ALK (SOC) / (g/kg) 75.04+13.17a 127.65£65.62a 131.55£89.32a

Chemical Indicator 2R (IN)/(g/kg) 6.80+1.13a 13.27+6.24a 10.93+7.27a
£ (TP)/(g/kg) 0.57£0.11b 0.79+0.11ab 0.85.+0.16a
AR (NO3-N) / (mg/kg) 0.06+0.53b 0.36+0.22b 2.03+0.48a
F SR (NHS-N) / (mg/kg) 5.50+2.08a 1.79+0.27b 4.34+0.69a
A5 (AP) / (mg/kg) 2.90+0.98c¢ 7.59+0.44h 13.071.74a

CP. BEFLBLRE Capillary porosity; NCP . JEEAFFLBREE Non capillary porosity; TCP: JLFLERE Total capillary porosity; SOC: 3 HL#K Organic
carbon; TN: 4% Total nitrogen; TP 41 Total phosphorus content; NO3-N: A A Nitrate nitrogen; NH}-N: S Ammonium nitrogen; AP . H
Rt Available phosphorus

Brntpk rntpk

BHRTRA K AR BRRE S (LRI

1 =EMRERZEAEBFHABRNER OTU MEE

Fig.1 Venn profile of OTU numbers of bacterial and fungal among three natural secondary forest sites
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FEE ) B 3 = T ELE (P<0.01)
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OYES T B R AR R B 3B . ANOSIM 23 Atk — 45 B, AS TR AR 1] - S 4 7 A ECHT B 2 4F
PEASE IR F) L35 (P<0.05) FIAR B354k (P<0.01) , HECH (P<0.01) XAk o mi 137 K T4 i

MITKEFE |3 FhRIRUA AR5 AR IR (37.03% ) FRAT 1] (22.40% ) JEME 11 (10.59% ) JUAT
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Fig.2 Diversity of soil microbial communities in three natural secondary forests
AFF, WRITIRAZAMK Abies faxoniana forest; BAA . HE-BR-1AZET FERSEHK Betula platyphylla-Acer davidii-Abies faxoniana mixed coniferous and broad-
leaved forest; ABB: H-HE[E MK Davidii-Betula platyphylla-B. albosinensis broad-leaved forest
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Fig.3 Non-metric multidimensional scaling ( NMDS) of bacteria and fungi OTUs based on Bray-Curtis distances among three natural

secondary forests
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PR S B AR AL o TR EA ] (59.47%) AT 1] (26.28% ) JHRFAIT, i it 85% , 5 AFF AL, F
FETHTE BAA FI ABB il iin 1 2.1 581 2.4 £, JEAKT L (K 4)  ANREREAZ5H97E ABB Fll BAA Hf 2R
— 28 PR LA B SR DL 3 B R e | S 200 R R T 45 4 2R B0 S AL R AR, FL b Candidatus Udaecobacter
B R HARXT FEEAE AFF WP 5, Candidatus Solibacter , Bradyrhizobium F1 RB41 f4)AH Xt =E B 7£ AN [F]
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Fig.4 Relative abundance of bacterial and fungal communities at the phylum and genus level from three natural secondary forests
Proteobacteria: A8 J% ¥F 1 1]; Acidobacteria: B2 #T B I'7; Verrucomicrobia: Y& B I'7; Bacteroidetes: 84T B [7; Chloroflexi: %25 B[ 7;
Planctomycetes ;: V225 ; Actinobacteria; JZE# [ ; Rokubacteria [ ]; Ascomycota; %20 7]; Basidiommycota: ¥ T ]; Mortierellomycota;
WAl 17 ; Rozellomycota: %2578 1]

2.4 AHARFIE R A0 TN AR MR 152 e

Pearson AHICHE AT (18] 5) R W, 4T Shannon 8% (H,,.....) 5 pH Al AP i 3& IEAHIE (P<0.05) ; FLIA
) Shannon $8%1 (H,,,;) 5 CP TCP ,pH CH CD ,CJ ,QH QD 1 QJ & 3 IEAHIE (P<0.05) , 5 NH;-N & i % it
FOE(P<0.01) , ELI 1Y Chaol #84U(S,,,;) 5 DBH 2 B2 M E KR (P<0.05) ; 4B AE 7% 1) Chaol 464K
(Spuers ) T HIFPLZRENE B A SEFRALIE R SE B2 B (P>0.05) .

itk —20 T RAR U AEAR SRR AV K~ A BIRRIE DI [R) 0T - S Gl 2k e 7 2 R 5 7 A riﬂ?ﬂn
FH Mantel 8550 (38 3) KL, FEI 1K b AR HEVR 4 32 %25% TCP ,pH (AP Fil QH 1Y 1 5210 ( P<0.05) ; FL A
REVSZH N = H 52 CP TCP .pH TP .DBH .QH F QJ (1) 35401 ( P<0.05) . BAS 2 Wy 22 R o) 41 1 A1 EL
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Fig.5 Pearson correlation coefficients between the soil microbial diversity, and vegetation properties and soil physicochemical properties
Hypoonia : T AT Shannon 5% Bacterial Shannon index; H IR Chaol $B4K Bacterial Chaol index; Hy,,, : HEFLTH Shannon $54%
Fungal Shannon index; Sy, : -EHEFLH Chaol F8%X Fungal Chaol index CD: & Crown diameter; DBH: M the diameter at breast height; CH:
B2 Shannon $5%X Shannon index; CJ: BLA )21 5) BEFE%L Pielou index QH; 7 AKJZ Shannon #84X Shannon index; QJ: FFAJZ Y5 BEHE %L
Pielou indexCP; B fLERE Capillary porosity; NCP; EBAEFLERE Non capillary porosity; TCP ; EFLBREE Total capillary porosity; SOC; A HL
1§ Organic carbon; TN: 42 Total nitrogen; TP 4T Total phosphorus content; NO3-N; fiiZ% % Nitrate nitrogen; NHJ-N; % Z5% Ammonium

SFungi

® ® e O

Ba(lena :

nitrogen; AP (% Available phosphorus

BEVR 20 R Fe A B 5 52 e (P>0.05)

®3 ITRELETEMEMBESELI T EEBL YRR Z R Mantel 836

Table 3 The Mantel test between the composition of soil microbial communities at phylum level and soil properties, plant species diversity

soh YIF ] Bacteria Phylum HE ] Fungi Phylum
Indicator R p PR P H . P % PAH
Adjusted P value Adjusted P value

cp 0.333 0.032 0.083 0.932 0.001 0.011
NCP 0.111 0.451 0.482 0.028 0.309 0.412
TCP 0.485 0.008 0.040 0.847 0.006 0.028
pH 0.728 0.001 0.021 0.900 0.001 0.014
SOC 0.233 0.191 0.345 -0.076 0.595 0.666
TN 0.117 0.325 0.432 -0.050 0.550 0.642
NO3-N 0.428 0.021 0.074 0.140 0.137 0.256
NH:-N -0.179 0.823 0.823 0.341 0.056 0.157
TP 0.530 0.013 0.056 0.412 0.009 0.042
AP 0.532 0.006 0.034 0.606 0.018 0.072
CD -0.2069 0.853 0.853 0.046 0.297 0.412
DBH 0.2122 0.141 0.326 0.716 0.008 0.032
QH 0.543 0.003 0.021 0.969 0.001 0.014
QJ 0.356 0.032 0.090 0.662 0.004 0.028
CH 0.057 0.354 0.432 0.138 0.203 0.334
cJ 0.042 0.370 0.432 0.384 0.039 0.137

T A R A Z AR ST Euclidean FH BT A I BETK G549 25 F Bray-curtis FH 214

RDA F3Hr&s 9 (1 6) iom , T1KF b, - B Ah e S5 R 40 A 0 31 6T %) 200 B0 7 % A0 R 5 110 o i R
ZiHi RN 67.18% 1 83.56% ,pH 1 QH( F+ A JZ Shannon ZEEEFEEL) X 40 Bt V& 4R I B 2, Hob pH
ST BT TR AT 10 2 1B OC , QH SH0UFF I 1] i 25 IE AR OC s LR RS W Fh it 322232 %) pH TN TP Al
QH 2 ZE M (& 6) ,RDA Al 2 Fli 5351 R Bk 99.04% 1 98.67% , Horh pH TN TP F1 QH 5 T2 5[]
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HEIEMIKR, SR AETT P 24H 1 TR Mortierellomycota 2 fAHIC KR
3 TR ER

3.1 EMZREPEXS BREL A e R

FRAR S RUE Y 2B A B 0 35 4 T RE B 2 ZRIR T A HLET , i AL v M DL 7 1 X 4 o
PR S MARR E RINAS 500 BT AL 45 4 2 A8 /K 43 RS 8 20 T 3 1 5 | A A A ) M g o A
M 7 RS S B A S A ) R 0 AR RS E DT RS P AFF )2 R HEANTA Chaol 8N
Shannon ZAFMEFEEUL LA Chaol FEEURAL, H S HEWAMAEZE R ARE, SEAFRAERMAE X 5K
[F] AR ZY ] L€ SOC TN & 25 5 A 35 (36 2) MW LA e RE T 4540 AR PR 77 A B 32 i A O, A T 9E IR
JESE IR, BAA BB 25 F 1Y Shannon ZREMEIEEUR R H 5 AFF 255 83, —J7 1, B Al
(] ) 20 125 S T RE S 52 W EL TR AE VR 0 2 REPE A D DR 22— 5 50— T, 100 WD 9 fim - 33 5 L B B T LA 9 -
SR Wi I, IR SR R A I B AR e R A (R 2 FIE 2)

1K, 3 0 R SR U AR bR - S 200 BT A v 45 40 v A DG 38 T R O IR TR T BRI T ] DE R 1) 4]
FRAETIMERS ], AW, AFF 3 28I R 1] (40.49% , P<0.05) FIFRAT 171 (24.31% ,P>0.05) #
it 2 B R, S T2OMR DX AR [ o B o A TR0 ) P 9 5 SR AR 7 SR R T S AR R A B TR e ] 1 22 5%
FEHIEA 1) ARTE BRI 1A [F] SR X 3B R0 DR Bt E Al a0 55 2) AR TR AT TR AR AT T ] 55
UFTERRYE IR Sa R 5 3) ARTEAT I 11 0 6 2 A R R ARE B R IR 1T 1] T R AR )
PRARLT YR | I 2 EUE AFF AR F R . ABETEIR R I, 3 bR BL AT o 1 VR a T ) 22 57 3, 3R
Bk AFF DU BRI AT 7 85 B 1A 3 0 (KT BAA R ABB, SIS b b + SR B8 A3 B ADUFT B8 97
B Y TR

Eﬂﬂzi,‘ﬁf%ﬁl%l‘] i Candidatus Udaeobacter E?%jﬁ’%%éﬁi%%ﬁ,ﬁ-ﬁi?*ﬁi%é@%ﬁgﬁ ,E:‘FT{
MRk (pH {H 4.7—5.2) HIEMET EoE A K REASAT AU 35 5 5P 25 R4 (N AR -, 808
15 3 Mok b iy G LS HR A 6, BLTE AFF HoAx B e . B IEATF BT 1Y Bradyrhizobium BAT [ A 2
e RIBHIRFNERAT T 14 Candidatus Solibacter HAT RASALAE ) Ur I HIH] AFF 9w L AE T, M 4 it
AFF w1 NOj 7] NH; 9564k, 30 ABB i1 + 3 TN FI NO &% 5 =511 NH-N & AR BAR, Mook BRAT ]
(9 RB41 FEA ] 398 5 ThD bE A 20 T A R3S sy, PR3 B IGURT &R Y 3% v RBA1 AT LI ] HC 0 55 43 1Y)
LU Rl A AP 2 2 T VS 8 o SO S € ) NG R S o 2 LK VA

3 PRI A H TR TR TR R ) 25 5 W HOAREVIT], O & BUAE AFF Hh LIH T 1108 F2100 ABB o
WA F8HE T TR E, B T2EF 18 Lachnum Monilinia . Neonectria Ulyonectria . Helicondendron , Symbiotaphrina
Geomyces 7£ ABB Fl BAA gAY 258 3 & T AFF, R T TR 8 E B R4 XM AEA R Z , miHH 7 1
1B WU AR 2 R A I LA S M LA ULBATE BAA I ABB 1 TN 148 AFF @i 5t R (%
2) , TR BEAEF R AR G 2 ARl X 5 B A W IR A R JE K L R T R A £ A
P AFF WA R, — 7 T T 2005 @ 7] S5 5 BRI s E AR , 8o i A ML s RE 1 5 — i+
HE AP 1 SOC X ZLa8 J8 HAT G I A5 F 00 R4 ) FHE 5 1 A L e VA TR
32 SEMRCEYIRER R EE N R

— RO AR Z R 2 S DR TR W) B A BT AL, BRI PR 5 i R R WK
PR AT 2 ) 2 0 - B ) B 5 4 R R AR ) TR K B B A% AN SEE i ( DBHL) AT AR Sy 9
TIAE Ay Hb b 504 i (Y T BEE AR R A e Bl R e R v R DG, DA 5 e A A R T A
B 53— T e R S A R K A3 O BRI EER DG, DI 5 W R AV 1 Ui 5 5 A R O A Bl
SEL I P 18 DK, A A0 ) 5 e 38 5 DRI R ICAE 9 22 RR R SR BN St (CD) S5 AH ) 2 A% M 48 B M G
(F6) . HLAh MW R R V875 Y0 T o] R S A i S B 2 K XA e 25 SRAHAR AL (181 3)
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Fig.6 Redundancy analysis (RDA) of soil microbial community and soil physicochemical parameters and plant species diversity among

three natural secondary forests, including bacterial and fungal phylum—level taxonomy

W5 R, T A2 Shannon ZRE P RO 500 41 1 0 EL TR REVE AR £ I OCHE I R (19 6) , 5 Pei 51 AN
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FR i A FIRR BT S S5 o P B B A 3 1 LT 4% L SR W e v A, i o 22 R iy 1
A R YRR PR 2R 2 P I AR 8] 42 L S A0 TR R L TR 7 45 A X SR S BIL ], 5 R — 2 0
HARPRAE Y v S LD RERE I AR

T pH A B A W) AR 2R R N AR T — T3, 3 pH (LR R B 1 HESR A R
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RFNEIE S IR L MR Y R F R M55 1 SR AR R RE . b TN TP 5 B R e B A TR
e FSLFR SRR LA (181 7)), — 7 1, TN 58 g ) S o £ 400 0 9 B vl il ol A W R s 2 fie | B SRR B9 Bl A=
PR, O B AR T TR IR AR T LRV AR XS B AR T, U R B AR R T B iR
BRI T — O BRI SR, B 4 W HLIRR KO R SR S LA R AR R
DA PR AR 2 TR A X 3R VAR I 1 TR B AR T T RS 3 AUt R IR B (R 1), 3R
U AFF - HEECR 32 S S GRE AR X B v T A PR AR Y, 25 1 bR ) - AR AR W B R I Al b e 2 R
AR E— D Z N KRS S SR TR T % L S A= Wit v 0o LML) , 5 27 AS [ e 28 ROBE
EERFTE M YRR S L AR A I R 2P R R L AR — IR AR — I E IR S AR

AHISERT, AN I R ZREVETE AFF b 2 B SR 3 LU YRR 250 21 et
3245 pH TN TP Rl QH AR50, A QH 5 H RETR SM h FL VS AR PR R 2 (BN e
RER oy i R F AR S B0 20 B 22 R T I bR T 6 i 37 0 3% £ T LAGR A ol 22 A P e R X
A ZAREPERIMHIE R o P, R IR SR U A PR A 5 PR 3 T LG 2o i v - SR 0 sl kAT ARy S5 Al B
7, LK EG R T R IR UCE MR i

22 3L Hf ( References)

[ 1] Paul E A. The nature and dynamics of soil organic matter: plant inputs, microbial transformations, and organic matter stabilization. Soil Biology and
Biochemistry, 2016, 98 109-126.

[ 2] Kuypers M M M, Marchant H K, Kartal B. The microbial nitrogen-cycling network. Nature Reviews Microbiology, 2018, 16(5) : 263-276.

[ 3] Lladé S, Lopez-Mondéjar R, Baldrian P. Forest soil bacteria: diversity, involvement in ecosystem processes, and response to global change.
Microbiology and Molecular Biology Reviews: MMBR, 2017, 81(2) : ¢00063-e00016.

[ 4] Glassman ST, Weihe C, Li J H, Albright M B N, Looby C I, Martiny A C, Treseder K K, Allison S D, Martiny J B H. Decomposition responses
to climate depend on microbial community composition. Proceedings of the National Academy of Sciences of the United States of America, 2018,
115(47) : 11994-11999.

[ 5] Blagko R, Holm Bach L, Yarwood S A, Trumbore S E, Hogberg P, Hogberg M N. Shifts in soil microbial community structure, nitrogen cycling
and the concomitant declining N availability in ageing primary boreal forest ecosystems. Soil Biology and Biochemistry, 2015, 91 200-211.

[6] WuJQ, Wei ZM, Zhu Z C, Zhao Y, Jia L M, Lv P. Humus formation driven by ammonia-oxidizing bacteria during mixed materials composting.
Bioresource Technology, 2020, 311 123500.

[7] XieB, Chen Y H, Cheng C G, Ma R P, Zhao D Y, Li Z, Li Y Q, An X H, Yang X Z. Long-term soil management practices influence the
rhizosphere microbial community structure and bacterial function of hilly apple orchard soil. Applied Soil Ecology, 2022, 180: 104627.

[ 8] Rieke E L, Cappellazzi S B, Cope M, Liptzin D, Mac Bean G, Greub K L. H, Norris C E, Tracy P W, Aberle E, Ashworth A, Bauelos Tavarez
O, Bary A I, Baumhardt R L, Borbon Gracia A, Brainard D C, Brennan J R, Briones Reyes D, Bruhjell D, Carlyle C N, Crawford J ] W, Creech
C F, Culman S W, Deen B, Dell C J, Derner J D, Ducey T F, Duiker S W, Dyck M F, Ellert B H, Espinosa Solorio A, Fonte S J, Fonteyne S,
Fortuna A-M, Foster J L, Fultz L M, Gamble A V, Geddes C M, Griffin-LaHue D, Grove J H, Hamilton S K, Hao X, Hayden Z D, Honsdorf N,
Howe J A, Ippolito J A, Johnson G A, Kautz M A, Kitchen N R, Kumar S, Kurtz K S M, Larney F J, Lewis K L., Liebman M, Lopez Ramirez A,
Machado S, Maharjan B, Martinez Gamio M A, May W E, McClaran M P, McDaniel M D, Millar N, Mitchell J P, Moore A D, Moore P A, Mora
Gutiérrez M, Nelson K A, Omondi E C, Osborne S L., Osorio Alcala L, Owens P, Pena-Yewtukhiw E M, Poffenbarger H J, Ponce Lira B, Reeve
J R, Reinbott T M, Reiter M' S, Ritchey E L, Roozeboom K L, Rui Y, Sadeghpour A, Sainju U M, Sanford G R, Schillinger W F', Schindelbeck
R R, Schipanski M E, Schlegel A J, Scow K M, Sherrod L. A, Shober A L, Sidhu S S, Solis Moya E, St Luce M, Strock J S, Suyker A E, Sykes
V R, Tao H, Trujillo Campos A, Van Eerd L L, Verhulst N, Vyn T J, Wang Y, Watts D B, William B B, Wright D L., Zhang T, Morgan C L S,
Honeycutt C W. Linking soil microbial community structure to potential carbon mineralization: A continental scale assessment of reduced tillage. Soil
Biology and Biochemistry, 2022, 168. 108618.

[ 9] van der Heijden M G, Bruin S D, Luckerhoff L, van Logtestijn R S, Schlaeppi K. A widespread plant-fungal-bacterial symbiosis promotes plant
biodiversity, plant nutrition and seedling recruitment. The ISME Journal, 2016, 10(2) : 389-399.

[10] Llads S, Lépez-Mondéjar R, Baldrian P. Drivers of microbial community structure in forest soils. Applied Microbiology and Biotechnology, 2018,
102(10) ; 4331-4338.

[11] Paredes S H, Lebeis S. Giving back to the community: microbial mechanisms of plant - soil interactions. Functional Ecology, 2016

[12] Santonja M, Foucault Q, Rancon A, Gauquelin T, Fernandez C, Baldy V, Mirleau P. Contrasting responses of bacterial and fungal communities to
plant litter diversity in a Mediterranean oak forest. Soil Biology and Biochemistry, 2018, 125. 27-36.

[13] Ma X C, Geng Q H, Zhang H G, Bian C Y, Chen H Y H, Jiang D L, Xu X. Global negative effects of nutrient enrichment on arbuscular

http ; //www.ecologica.cn



18 44 JERERG A PGS0 1L =R AR U AR L S A ) 2 R R 7433

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]

[39]

[40]

[41]

mycorrhizal fungi, plant diversity and ecosystem multifunctionality. The New Phytologist, 2021, 229(5) : 2957-2969.

Zhou X Q, Guo Z 'Y, Chen C R, Jia Z J. Soil microbial community structure and diversity are largely influenced by soil pH and nutrient quality in
78-year-old tree plantations. Biogeosciences, 2017, 14(8): 2101-2111.

Li H, Ye D D, Wang X G, Settles M L, Wang J, Hao Z Q, Zhou L S, Dong P, Jiang Y, Ma Z S. Soil bacterial communities of different natural
forest types in Northeast China.Plant and Soil, 2014, 383(1/2) . 203-216.

Mooshammer M, Wanek W, Zechmeister-Boltenstern S, Richter A. Stoichiometric imbalances between terrestrial decomposer communities and their
resources; mechanisms and implications of microbial adaptations to their resources. Frontiers in Microbiology, 2014, 5. 22.

XuM P, Wang J Y, Zhu Y F, Han X H, Ren C J, Yang G H. Plant biomass and soil nutrients mainly explain the variation of soil microbial
communities during secondary succession on the loess plateau. Microbial Ecology, 2022, 83(1) . 114-126.

Qiang W, He L L, Zhang Y, Liu B, Liu Y, Liu Q H, Pang X Y. Aboveground vegetation and soil physicochemical properties jointly drive the shift
of soil microbial community during subalpine secondary succession in southwest China. CATENA, 2021, 202, 105251.

Li Y B, Bezemer T M, YangJJ, Lii X, Li X Y, Liang W J, Han X G, Li Q. Changes in litter quality induced by N deposition alter soil microbial
communities. Soil Biology and Biochemistry, 2019, 130: 33-42.

TEIE, ABEEAE, XIWIA, BifesE, SESEUT, SROTEE I PG MR Ll DB K R 7R 2h e A H. Kk AR E R, 2022, 42(1): 303-

307, 316.
A2, B8, ks, SHEAR, SEDT, FR, Mo )V L AR HUZ B A RS R, S A M4, 2007, 13
(4): 492-496.

XS, BRENRS, XKUPS, R DIPGAE R g AR RS2 B B S S A AU AT . A AR 252441, 2006, 30(1) : 90-96.

JRIEAR, B, XIS J”EHL—JIJ.I}\TZ‘BM‘*[]HM‘W(E@H/‘?WE"JM@{@ﬂ()U&W H ARG IR 2, 2004, 19(6) « 761-768.

PRI B {fﬁﬂ(ﬂ PR VG 5 LRIV AZ A0 A AR R S B SR BE 1) 234k AR 2431, 2020, 31(9) : 2911-2922.

BEN, ek, FeWIEE, IRPREE, XIBR, THEZE. BEMR R C. N L1t %‘“?TXTJ'I@]Emm%’iﬂﬁi%%d}wﬁﬂfﬂﬁi%ﬁg ST
. AP ESFR, 2015, 39(5) : 466-476.

Bk, X, BAERS, kL, X0 TH, SRR, B, frakd. T I8 LD R R AR A2 N AR L SR A MR T A A S A
2017, 28(2) : 519-527.

Cao J X, Pan H, Chen Z, Shang H. Bacterial, fungal, and archaeal community assembly patterns and their determining factors across three
subalpine stands at different stages of natural restoration after clear-cutting.Journal of Soils and Sediments, 2020, 20(7) : 2794-2803.

WK, wEHE, Bk, VERE, SR, PG, BT, ORI T AR JE AR AR IR B R AR X SR R . R A A
i, 2020, 44(8) . 875-884.

Wiak, XIS, XK, BUIE, $IBL, AR, KRR, FUEke, RMEH. VT &L 3 FhRIRR AR LA HLER EH S RAE. Mol B
“#, 2020, 56(11): 1-11.

Mago¢ T, Salzberg S L. FLASH; fast length adjustment of short reads to improve genome assemblies. Bioinformatics: Oxford, England, 2011, 27
(21) : 2957-2963.

Anderson M J, Crist T O, Chase ] M, Vellend M, Inouye B D, Freestone A L, Sanders N J, Cornell H V, Comita L. S, Davies K F, Harrison S
P, Kraft N J B, Stegen J C, Swenson N G. Navigating the multiple meanings of 8 diversity; a roadmap for the practicing ecologist. Ecology Letters,
2011, 14(1). 19-28.

Edgar R C, Haas B J, Clemente J C, Quince C, Knight R. UCHIME improves sensitivity and speed of chimera detection. Bioinformatics, 2011, 27
(16) : 2194-2200.

Edgar R C. Search and clustering orders of magnitude faster than BLAST. Bioinformatics, 2010, 26(19) ; 2460-2461.

Michael E. Schomaker S J Z, William A. Bechtold, David J. Latelle, William G. Burkman, and Susan M. Cox. Crown-Condition Classification; A
Guide to Data Collection and Analysis. Gen. Tech. Rep. SRS-102. Asheville, NC; U.S. Department of Agriculture, Forest Service, Southern
Research Station, 2007 78P.

Ren C J, Wang T, Xu Y D, Deng J, Zhao F Z, Yang G H, Han X H, Feng Y Z, Ren G X. Differential soil microbial community responses to the
linkage of soil organic carbon fractions with respiration across land-use changes. Forest Ecology and Management, 2018, 409. 170-178.

Xia Q, Rufty T, Shi W. Soil microbial diversity and composition: links to soil texture and associated properties. Soil Biology and Biochemistry,
2020, 149. 107953.

Hle, GYERE, 2072, WL TRASH ARG 1A MR ORI B S RS AE SR, 2021, 27(6) ¢ 1725-1731.

Ding X X, Liu G L, Fu S L, Chen HY H. Tree species composition and nutrient availability affect soil microbial diversity and composition across
forest types in subtropical China. CATENA, 2021, 201 105224.

Lu J Z, Scheu S. Response of soil microbial communities to mixed beech-conifer forests varies with site conditions. Soil Biology and Biochemistry,
2021, 155 108155.

Zhang W W, Lu Z T, Yang K, Zhu J J. Impacts of conversion from secondary forests to larch plantations on the structure and function of microbial
communities. Applied Soil Ecology, 2017, 111 73-83.

Kadnikov V V, Mardanov A V, Beletsky A V, Grigoriev M A, Karnachuk O V, Ravin N V. Thermophilic chloroflexi dominate in the microbial

community associated with coal-fire gas vents in the Kuznetsk coal basin, Russia. Microorganisms, 2021, 9(5) . 9438.

http ; //www.ecologica.cn



7434 JAE = 43 4

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Willms I M, Rudolph A Y, Géschel I, Bolz S H, Schneider D, Penone C, Poehlein A, Schoning I, Nacke H. Globally abundant *Candidatus
udaeobacter” benefits from release of antibiotics in soil and potentially performs trace gas scavenging. mSphere, 2020, 5(4) : e00186-00120.
Gyaneshwar P, Hirsch A M, Moulin L, Chen W M, Elliott G N, Bontemps C, Estrada-de Los Santos P, Gross E, Dos Reis F B, Sprent J I,
Young J] P W, James E K. Legume-nodulating betaproteobacteria; diversity, host range, and future prospects. Molecular Plant-Microbe
Interactions; MPMI, 2011, 24(11) . 1276-1288.

Wu LS, Nie Y Y, Yang Z R, Zhang J. Responses of soil inhabiting nitrogen-cycling microbial communities to wetland degradation on the Zoige
Plateau, China.Journal of Mountain Science, 2016, 13(12) . 2192-2204.

Stone B W, Li J H, Koch B J, Blazewicz S J, Dijkstra P, Hayer M, Hofmockel K S, Liu X J A, Mau R L, Morrissey E M, Pett-Ridge J,
Schwartz E, Hungate B A. Nutrients cause consolidation of soil carbon flux to small proportion of bacterial community. Nature Communications,
2021, 12(1) . 3381.

Guerriero G, Hausman J F, Strauss J, Ertan H, Siddiqui K S. Destructuring plant biomass: focus on fungal and extremophilic cell wall hydrolases.
Plant Science: an International Journal of Experimental Plant Biology, 2015, 234. 180-193.

Cairney ] W G. Basidiomycete mycelia in forest soils: dimensions, dynamics and roles in nutrient distribution. Mycological Research, 2005, 109
(1): 7-20.

Zhang N L, Li Y N, Wubet T, Bruelheide H, Liang Y, Purahong W, Buscot F, Ma K P. Tree species richness and fungi in freshly fallen leaf
litter; unique patterns of fungal species composition and their implications for enzymatic decomposition. Soil Biology and Biochemistry, 2018, 127
120-126.

Shah F, Nicolas C, Bentzer J, Ellstrom M, Smits M, Rineau F, Canbidck B, Floudas D, Carleer R, Lackner G, Braesel J, Hoffmeister D,
Henrissat B, Ahrén D, Johansson T, Hibbett D S, Martin F, Persson P, Tunlid A. Ectomycorrhizal fungi decompose soil organic matter using
oxidative mechanisms adapted from saprotrophic ancestors. New Phytologist, 2016, 209(4) : 1705-1719.

B, WA R I AR SME BAR LRI A S IR B R A3k, 2021, 40(5) ¢ 1244-1252.

He F, Yang B'S, Wang H, Yan Q L, Cao Y N, He X H. Changes in composition and diversity of fungal communities along Quercus mongolica
forests developments in Northeast China. Applied Soil Ecology, 2016, 100; 162-171.

Beedy T L, Chanyenga T I, Akinnifesi F K, Sileshi G W, Nyoka B I, Gebrekirstos A. Allometric equations for estimating above-ground biomass
and carbon stock in Faidherbia albida under contrasting management in Malawi. Agroforestry Systems, 2016, 90(6) . 1061-1076.

XuMP, Lu X Q, XuY D, Zhong Z K, Zhang W, Ren C J, Han X H, Yang G H, Feng Y Z. Dynamics of bacterial community in litter and soil
along a chronosequence of Robinia pseudoacacia plantations. The Science of the Total Environment, 2020, 703; 135613.

Liu J L, Yang Z L, Dang P, Zhu H L, Gao Y, Ha V N, Zhao Z. Response of soil microbial community dynamics to Robinia pseudoacacia L.
afforestation in the loess plateau: a chronosequence approach.Plant and Soil, 2018, 423(1/2) . 327-338.

Uibopuu A, Moora M, Opik M, Zobel M. Temperate forest understorey species performance is altered by local arbuscular mycorrhizal fungal
communities from stands of different successional stages.Plant and Soil, 2012, 356(1/2) : 331-339.

Pei Z Q, Leppert K N, Eichenberg D, Bruelheide H, Niklaus P A, Buscot F, Gutknecht J L. M. Leaf litter diversity alters microbial activity,
microbial abundances, and nutrient cycling in a subtropical forest ecosystem.Biogeochemistry, 2017, 134(1/2) . 163-181.

Wen Z, Zheng H, Zhao H, Xie S L, Liu L, Ouyang Z Y. Land-use intensity indirectly affects soil multifunctionality via a cascade effect of plant
diversity on soil bacterial diversity. Global Ecology and Conservation, 2020, 23 e01061.

Li Y, Liu X J, Xu W B, Bongers F J, Bao W K, Chen B, Chen G K, Guo K, Lai J S, Lin D M, Mi X C, Tian X J, Wang X H, Yan J H, Yang
B, Zheng Y R, Ma K P. Effects of diversity, climate and litter on soil organic carbon storage in subtropical forests. Forest Ecology and
Management, 2020, 476. 118479.

Zhou G Y, Xu S, Ciais P, Manzoni S, FangJ Y, Yu G R, Tang X L, Zhou P, Wang W T, Yan J H, Wang G X, MaK P, Li S G, Du S, Han
SJ,MaY X, Zhang D Q, LiuJ X, Liu S Z, Chu G W, Zhang Q M, Li Y L, Huang W J, Ren H, Lu X K, Chen X Z. Climate and litter C/N
ratio constrain soil organic carbon accumulation. National Science Review, 2019, 6(4) . 746-757.

Thakur M P, Geisen S. Trophic regulations of the soil microbiome. Trends in Microbiology, 2019, 27(9) . 771-780.

Sui X, Zeng X N, Li M S, Weng X H, Frey B, Yang L. B, Li M H. Influence of different vegetation types on soil physicochemical parameters and
fungal communities. Microorganisms, 2022, 10(4) ; 829.

Stark S, Eskelinen A, Ménnisto6 M K. Regulation of microbial community composition and activity by soil nutrient availability, soil pH, and
herbivory in the tundra.Ecosystems, 2012, 15(1) . 18-33.

Tk, FHEYE, B, AN, 8FR, 2Pt XK. IVE TS AT AR T o A2 F0 42 T3 RR I 22 5 B HAL . B2 %44, 2018,
38(14) : 5017-5026.

Yang L B, Sui X, Wei D, Cui F X, Zhu D G, Ni H W. Fungal diversity in the brown coniferous forest soils of Daxing&apos;anling Mountains,
Northeast China. Ying Yong Sheng Tai Xue Bao=the Journal of Applied Ecology, 2019, 30(10) : 3411-3418.

Clausing S, Likulunga L E, Janz D, Feng H Y, Schneider D, Daniel R, Kriiger J, Lang I, Polle A. Impact of nitrogen and phosphorus addition
on resident soil and root mycobiomes in beech forests.Biology and Fertility of Soils, 2021, 57(8) : 1031-1052.

http ; //www.ecologica.cn



