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Abstract: In order to reveal the effects of different vegetation restoration modes on soil microbial communities in karst
areas, this study took pure Dalbergia odorifera plantation (PDOP) , pure Acrocarpus fraxinifolius plantation (PAFP)
and their mixed plantation (MADP) as research subjects. The soil microbial biomass and microbial community structure
of different plantations were analyzed by chloroform fumigation extraction method and phospholipid fatty acid (PLFA)
method. The results were as follows; (1) The soil microbial biomass carbon (MBC) and microbial biomass nitrogen
(MBN) contents of PDOP were significantly higher than those of PAFP and MADP, and that of PAFP was significantly
higher than that of the MADP. (2) The contents of soil fungi, arbuscular mycorrhizal fungi (AMF) and total PLFA were
not significantly different among the three plantations, but the contents of soil bacteria, actinomycetes, AMF and total
PLFA in PDOP were higher than those in PAFP and MADP, and those in the PAFP were higher than those in
MADP. The PLFA contents of bacteria, gram-positive bacteria, gram-negative bacteria and actinomycetes in PDOP were
significantly higher than those in MADP. The ratio of fungi to bacteria in MADP was significantly higher than that in
PDOP, but there were no significant differences between MADP and PAFP. (3) Redundancy analysis showed that soil
cation exchange capacity, pH, and C : N were the most important factors affecting the functional group composition of
soil microbial community. From the perspective of soil microbial biomass and microbial community structure of the three
plantations, MADP in karst area don’t show the advantage of mixed forest in acid soil region to improve soil microbial
community structure. However, the ratio of fungi to bacteria in the mixed plantation is the highest, which is more
conducive to improving the stability of soil ecosystem.

Key words: karst, vegetation restoration, nitrogen-fixing tree species, soil microbial biomass, soil microbial community
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AR AL, R TR TR AU AE S R R
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A AL A S R B KR R OR
(Guan & Fan, 2020), 20 42 90 4K LI, 3
FE Lt T 2 WA S E TR, W R b X R 4
JrEIBM AR TASBEE (Li et al., 2018),
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FZEH) (Pereira et al., 2019) , B4 o8 1 15 332 43 #46 4k
TSR 1 HE U5 PE (Fan et al., 2019; Yao et al.,
2019) , M $& w5 K 43 1 T 1 AL 25 ( You et al.,
2018) . fHXJ s By e DA 3 b N T 4 bR RITIR A2 Ak
TR 1B 52 %08 - AR AR W) A 7 1) 532 W) O 5 AH X it
Z o AT UL =R N TAE AR 52 2T . I 7 v
4li Bk ( pure Dalbergia odorifera plantation, PDOP) |
TR AR AMK (pure Acrocarpus fraxinifolius plantation ,
PAFP) I T SR A x [ 7 8 A R 28 A ( mixed
Acrocarpus  fraxinifolius
plantation, MADP) g ifF 58 %F 4, R I & 17 22 78 42
Y A AR A 7 R 12 AIF S8 AN ) N A A 4 2 A
Xof S A W A R R I Y R S TR
T TR I 30y A4 e DA Sl N T 2 0K AR VR 5 b 3 7
AW A 25 D REAE B A0 B Ak B SRR O O e
S0 DA DT b N TR A 52 v 8 A o AR bR S 2 28
PR R AR

1 AR5 77 %

1.1 R X TS HER

WFFE AL F 7 PEH % AR X S B B v
Wrke SR & B, W e A A 5 B ALY
68.89% , H A WAk T AL M S T R Y
15.08% , Horh & B A A AR 5 82.02% , &) 78
A AL A X 2 — (S —#E,2015) , thJE[E
FABALE G IR BN H (IRIZ 65 ,2015) . %
Hb DX T BT 2 XU X G RE TR A2 T A A
i AR R K BN 1 667.1 mm, B4 i E 4—9
A AEZE R 1400 ~1 800 mm , AH XS IR 76%
AN 21.3 °C L e T E 38.9 C L IR
JE-0.7 °C, =10 CHEsh RN 7 126 °C P34
TR 343 d, ZWX L FEEHKREARE
AL A K+, 2% A BB E R, Sl

and  Dalbergia odorifera

S e b DX D A AR B R T R I B kv
IR A MR, 52 N 2806 sh g ), K 2 JF S Fok &
Ko 2000 45, i BRI 5B SR St R B i AR (I
45 ,2013)
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T2 66 hm? R FBEHLIX 41305 303, & 5 X
A, B XU REALIE B 3 Bk ), R A o 1 4l Ak
(PDOP) TR LMK ( PAFP) | T0 S A x [ Fr 2 48
TR AW (MADP) |, 5 A~ X 41 4 Fl bk 43 10 A 3 ~ 4
hm®, 2011 4F5 2, SR N T428 708 i Jr =008 B
MR AR B T, AE 25 DXCZH A5 AR a0 i AR 3R 1 B
PEYERE 3k 1) AH [ B AR T %) LAY X8, 0 152 1
A~20 m x 20 m 9 [ ERE ML, SRS 3R AT £
AL BT A R IR A ASHIF5E AT [ FE b 15
AL B3 FhobRAY BRI AR 5 AN EE L FEUEAT 1
FRARAE T %) A IS 0 A s, 150 7 B AR b B AL ok
E 3 AKAEL, R 100 cm® B JTHL 0~ 10 em 12
B R, T S E v R A e, SRIE SR
25 em (A JFRRICE B BEMLER L 9 A~ RAES 0~ 10
em TR A KEREWIR R XA 0k, H 9 4 RAE
SRR RA N 1 AMRE R, T 2 mm fLER
i B RE SR 2 A, — oy KT T e Ak
PESR, — I RAE T 4 CUKFI T RS A NS
RGN E 2R [ #3872 Ak
JE e 1, BRI M T 0 7 22 e W ok B A5 MK
g3 R IEPRAL M AR IR Y JE B 35 25 57 (P>0.05)
1.2 #AES HIEFRRE

2019 4F 4 H | 0F bR S0 [ 5 A 3l b i) AROK i
TR AT A I W 72 AR v VAR PA) B2 4% ARy I
KBRS WL 2 VR AR E ILIE 1, 2R H]
5 HEAC IS JH A A R Y VA AT AR R AR
FH 100 emFRITEL 0~ 10 em + 2B H 4 FAHE
HBEHLIC 3 A~ a5, FH T A R B A & 5 R
WA 5 em B JEURE 4 5 BE AL 9 > RAE K 0~
10 em H20 8, KRR R KA 8k, 5% 9 4
RFES AR R A 1 ANRA £FE, 1 2 mm
FLARTG AR 3 0, — 0 AT 0 e 4 3
FRACVERT , — Iy ¥ VR T F T 20 i L3 A=)
FEV% W5 IR BB 7 T2 ( phospholipid fatty acid, PLFA) ,
T3 R T 4 CUKFE R T HIERA A=Y
R AN A ARG R,
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Table 1

Background values of soil physicochemical

properties in different plantations

=3

S D P D D D
Variable PAFE MADF PDOF
SWC (%) 39.14+ 37.78+ 35.92+
5.70a 6.53a 8.03a

SBD (g - cm™) 1.21+ 1.16+ 1.15+
0.16a 0.16a 0.13a

pH 7.43+ 7.07+ 7.33+

0.46a 0.49a 0.49a

SOC (g - kg') 25.65+ 25.17+ 26.47+
3.45a 4.03a 4.76a

TN (g - kg") 2.05+ 2.08+ 1.95+
0.39a 0.65a 0.65a

TP (g - kg') 1.09+ 1.00+ 0.98+
0.28a 0.37a 0.36a

TK (g - kg") 9.98+ 9.97+ 9.05+
3.91a 3.47a 2.80a

NO, -N (mg - kg™) 4.46+ 4.35+ 4.28+
0.85a 0.51a 0.75a

NH,*-N (mg - kg) 24.25+ 23.57+ 23.41+
2.83a 2.42a 3.61a

AP (mg - kg) 10.45+ 10.64+ 10.08+
3.29a 3.58a 4.03

AK (mg « kg") 60.98+ 61.97+ 60.52+

17.91a 13.47a 13.80a

CEC (cmol - kg™) 21.46+ 21.90+ 21.10+
2.21a 3.29a 1.51a

ECa (cmol - kg") 20.51+ 19.24+ 19.09+
3.99a 4.0la 491a

EMg (cmol - kg™) 5.45+ 5.38+ 5.85+
1.68a 0.86a 1.06a

fE: SWC. hJEskit; SBD. LR, pH. L IR,
SOC. +EHA HLIK; TN. &% ; TP. £#; TK. &4; NO, -
N. i & Z; NH,"-N. % & &; AP. #0ik; AK. #Z0H;
CEC. PH B 7 5c bk ECa. 5C i £ 45, EMg. 22 4 1 85,
PAFP. [ 5t K 46 bk; MADP. T A x [ B 80 AR 52 Ak
PDOP. A BEAiMk, AR /NG 53R A [ bk o3 (8] 22 53 18
#(P<0.05) . I,

Note; SWC. Soil water content; SBD. Soil bulk density;
pH. Soil pH; SOC. Soil organic carbon; TN. Total nitrogen;
TP. Total phosphorus; TK. Total potassium; NO, -N. Nitrate
NH,"*-N. Available
phosphorus; AK. Available potassium; CEC. Cation exchange

nitrogen ; Ammonium  nitrogen;  AP.
capacity; ECa. Exchangeable calcium; EMg. Exchangeable
magnesium; PAFP. Pure Acrocarpus fraxinifolius plantation;
MADP. Mixed Acrocarpus fraxinifolius and Dalbergia odorifera
plantation; PDOP. Pure Dalbergia odorifera plantation. Different
lowercase letters indicate significant differences among different

plantations ( P<0.05). The same below.

1.3 TEBAERONE
Z: BB 3R AT ) ) v g 4 3 PR AL
PR (81 H.,2000) , K] E A E

(soil bulk density, SBD) ;2% i & & & + 3 &
7K & ( soil water content, SWC) ;R K+ (2.5 :
1) 3 0 4 pH {H 5 >R ] B2 5% R 4 45 1 1 -
AR L I 4 8 A ALK (soil organic carbon,
SOC) 5 2k JHHIL G & A 2 5 + 3% 2 A (total
nitrogen, TN) ; >R F G0 R IR 42 14 D A LA
[ #75 %, ( ammonium nitrogen, NH,"-N) Fl1fifi &% &
('nitrate nitrogen, NO, -N) ] s R BRI - SHERPLLL
0,0 5 133 4B (total phosphorus, TP) 3 5% F XL
1% (HCI-H, S0, ) ¥ $& — 51 86 Pt Lb 10 15 U 2 3 200
(available phosphorus, AP) ;% FH KU G B 20 2
+ 24 (total potassium, TK) ;2R H £ R ¥ 1= #1
I 5 1 33 AU ((available potassium, AK) ;2% FH
TR i ST 48 = D~ WAL 3 D16 016 B 2 U g + 4 52 4
P #5 ( exchangeable calcium, ECa) . 3¢ #t P4 B¢
(exchangeable magnesium, EMg) ; & H Z R 41 — k.
G FE VR DN S 1 398 FH 5 A2 46 i ( cation exchange
capacity, CEC) ,
1.4 TIEMAEYEERR, AHNE

KA B ZE SR UL I E IR AE Y A W) &=
% ( microbial biomass carbon, MBC) . T34 Y 4=
)18 & ( microbial biomass nitrogen, MBN) ( Brookes
et al., 1982; Vance et al., 1987), R$#£00 -3
T8 W 1 B AT HLEK (total organic carbon, TOC) 43
A A 5E A W A i B V. MBC AT MBN (93
BT

MBC=E_./0.38; MBN=E,/0.45,

Kb E M E 0 R8BSR Bk Lo
T 5E 2208 ,0.38 1 0.45 TR REL
1.5 TEREYREZRHRRNE

SR P M P T 2 1ok D00 . - S8 A A W R 7 1) 2
%, ( Frostegard et al., 1991) . & F MIDI( Microbial
Identification System) & 48 X} + e i A= Wy e i 47
BRI E . H nmol - ' T A1E R A PLFA &
AT E A, AR R A 43 H (mol %) A~ HA>
PLFA AH X = B 09 31 & 30, A #F 58 18 i
percent> 1% [ FE AE T8 A= W 47 53 Fr . LA 1140,
al5:0.i15:0,i16:0,a17:0,i17 .0 &7 2% [CBH M
& ( gram-positive bacteria, GP) , Ll 16:1w7c¢ . cyl7:
0.18:1w5¢ . 18: lw7c cyl9:0 $8 7~ # 22 [C M
( gram-negative bacteria, GN ), LI 10Mel6: O,
10Mel8:0 48 7= it £ I ( actinomycetes, ACT), Lk
18:1m9¢ 18 :2w6c FH/~ E 1 (fungi, F),LL 16:1w5c
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Table 2 Characteristics of tree layers in different plantations

P R a5 Mtz N Y v T T R
oy (kL Densit C DBH Heigh Basal are:
Stand Tree species enst y,z overage eight ‘;bd area

(tree » hm ~) (em) (m) (m* « hm %)
PAFP TSR AR 1 360+483.35a 55.42+4.52a 7.90+0.57a 9.36+2.05a 6.85+1.74a
Acrocarpus fraxinifolius
PDOP Wik A 1 510+166.40a 61.58+6.35a 7.66+0.43a 7.74=1.87b 7.63+0.58a
Dalbergia odorifera
MADP TURACH e 7 2 4 1710£171.94a 60.12+5.35a 7.60+0.80a 9.12+1.00a 8.18+1.90a
Acrocarpus fraxinifolius &
Dalbergia odorifera
TR A 1 100+251.87 7.50+1.90 9.81+1.83 5.15+0.94
Acrocarpus fraxinifolius
Wik A 610£255.32 7.75+1.99 8.41x1.56 3.03x1.34
Dalbergia odorifera
T —FRo IR S BB i) 2 5 B R St
Note: — indicates the coverage of individual tree species in mixed plantations is not measured.

B AR MR BT (AME) L L 16:0,18:0,i17
l1w9c  10Me 17 1w7c 8 7~ H Al & B (other) ( Yan
et al., 2020;Bai et al., 2020) ,

1.6 BIEGITH2HF

I FH SPSS 19.0 # i #E4T Bdla e it o0 #r . R
FHEA R 2 2501 (one-way ANOV As) £ 56 AN [6] A
3 S8 AR TR 0 A S A W A R Y 22 R
PE, R LSD i fr 2 H I, W KT B R
P<0.05, £ R 3.5.1 1) vegan B 4u | LI + 52 3
TR A A W e o i R i SR T TUAR 4 B

(redundancy analysis, RDA) K& 7 22 4> f& 53 #r
( variance partitioning analysis ) ifi &€ 5 Wi 1 38 73 4=
Py 728 S 1) B 1 SO R

2 SR E

2.1 AEAITHA TSR

WS A& B, BLAR = B N AR X £ 38 5 K &
(SWC) .+ HEZ5 5 (SBD) . A MLk (SOC) ., 4= &
(TN) &8 (TP) &80 (TK) B R A (AN) L
WE(AP) AR (AK) & & Mk Lb (C = P) (A
BEEL(N = P) (s A o 35 25 5 (H L 88 pH |
AL (C: N) PHE F38 it (CEC) 2 e M 45
(ECa) sCH#PEEE (EMg) AHAS A (NO, -N) Al
A(NH, -N) W& Efr7E 3% 22 5% (K 3) . MADP
()1 % pH 4. & (X T PAFP 1 PDOP ( P<0.05),

PAFP 5 PDOP 273 A B3 (P>0.05), MADP f#)
1 3 NH,"-N W % % & T PAFP 1 PDOP ( P<
0.05) ,PAFP 5 PDOP 253 A3 (P>0.05) ; -
% NO, -N ¥}y PDOP>PAFP>MADP , = k43
i) 2% 5 i % ( P<0.05) , PDOP /¥y +48 C : N 3%
T PAFP(P<0.05), 5 MADP %% R # (P>
0.05), PDOP () +3% CEC Fl ECa i F /X T PAFP
A1 MADP ( P<0.05) ,PAFP 5 MADP 2% A g &
(P>0.05) ; PAFP () + 3 EMg % % T MADP Hil
PDOP,PDOP I & = T MADP (P<0.05) (% 3),
WA, S A BZE N TP, R FE T AR A7
54k, PDOP ()14 SBD . TK AN (AP AK & &
C: P i T PAFP A1 MADP,PAFP 1Y 13 SWC .
TN.TP A1 N : P /& T MADP A1 PDOP, ifii MADP
1) 1R R 2 A TR (R 3) .
22 AEANIHTEMEMENE

TR Y Ay e R, AN TR
SEf AR W) R W) R (MBC) & B A T 368.46 ~
719.61 mg - kg Z 8], G 4B ) A W i & ( MBN) &
AT 43.68~106.39 mg - kg Z 0], (A= W1 A= Wy
HAR AL (MBC : MBN) 4 T 6.80~8.71 Z[f] ( &l
2), PDOP #J + 4 MBC Al MBN & & & % & T
PAFP Il MADP,PAFP I 3 & T MADP ( P<0.05)
HHIZ ,PAFP fil MADP {1 4% MBC : MBN [L{H &
2T PDOP( P<0.05) ,PAFP fl MADP 2 [i] 2% &
ABE(P>0.05) (K 2),
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A P B ML Sl bk

Pure Dalbergia odorifera plantation

B TR A 4 bk
Pure Acrocarpus fraxinifolius plantation
v ‘ g o Il | K =

C TSR ACX P 7 35 L ¥ 22 AR

Mixed Acrocarpus fraxinifolius and Dalbergia odorifera
plantation

K1 AN R B S Al Y S SRR
Fig. 1 Photographs of different vegetation

restoration experiment plots

23 AEAAIMRTERMEYEERIEREIRSE
WEAG G Wi B2 ( PLFA) & & 43 A 45 R R 0l (&
3), =AM N TTARK) H B (F) PLFA KB AR KB
(AMF) PLFA F1 S5 A5 5 05 2 («PLFA) & & G i
F25(P>0.05) MHAF AN THAHE(B) =2
[CPHPE B (GP) &5 2% IR P B (GN) L i 4R 1A
(ACT) HHEMEL(F: BN RAELEDELER
(K 3), T3 B, ACT, AMF FI (PLFA & & 751k

®3 FEAMSHLEMER

Table 3 Soil properties of different plantations

At

Variable PAFP MADP PDOP
SWC (%) 36.32+ 3591+ 35.15+
2.12a 3.70a 3.29a

SBD (g - cm™) 1.25+ 1.28+ 1.28+
0.03a 0.09a 0.06a

pH 7.42+ 6.53+ 7.28+

0.12a 0.31b 0.36a

SOC(g - kg") 29.32+ 28.77+ 25.36+
2.12a 4.6la 3.88a

TN (g - kg') 2.95+ 2.76+ 2.69+
0.25a 0.33a 0.37a

TP (g - kg) 1.17+ 0.98+ 1.00+
0.23a 0.50a 0.35a

TK (g - kg') 10.45+ 10.35+ 10.55+
2.78a 1.46a 1.51a

AN(mg + kg™) 30.03+ 32.36+ 39.35+
6.75a 10.91a 6.53a

AP (mg - kg) 14.16+ 13.50+ 15.78+
3.94a 3.42a 4.21a

AK (mg - kg) 68.14+ 77.69+ 83.50+
13.85a 13.30a 13.64a

C:N 9.16+ 9.95+ 10.67+
0.52b 0.37ab 0.30a

C:P 30.22+ 25.96+ 32.10+
11.88a 6.62a 12.25a

N:P 3.33+ 2.62+ 2.99+

1.35a 0.72a 1.10a

NO, -N (mg - kg") 4.87+ 2.53+ 13.42+
1.01b 0.90c 3.84a

NH,"-N (mg - kg) 25.16+ 29.83+ 25.93+
5.83b 10.46a 4.09b

CEC (cmol - kg") 23.40+ 26.34+ 20.01+
2.45a 2.20a 3.44b

ECa (cmol « kg') 23.50+ 26.46+ 19.94+
2.91a 5.31a 2.41b

EMg ( cmol - kg™) 10.14+ 1.99+ 5.94+
0.81a 0.44c¢ 3.60b

. AN A €N R LR G 2 AT RZ I C -
P DHEAHUB S AR RZ L, N: P e R 5 a i
Z I,

Note: AN. Available nitrogen; C : N. Ratio of soil organic
carbon to total nitrogen; C : P. Ratio of soil organic carbon to total

phosphorus; N ¢ P. Ratio of soil total nitrogen to total phosphorus.

Hia—3, #F I K PDOP &5 T PAFP #l MADP,
PAFP /= F MADP, PDOP 13 B GP . GN ACT /)
PLFA & 75T MADP(P<0.05) ,1fi F : B HAH
B FMLT PAFP F1 MADP , AR S AR E (K 3),
2.4 AE AT IEMEMBEEEN

PLFA FIXTE A HTZE LR (K 4), =R A
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200 4 25 +H 2.5
&
0 - 0 4 0.0 -
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ARG FAREFIR A ARG 7] 22 57 .38 (P<0.05) ., R,
Different lowercase letters indicate significant differences among different plantations (P<0.05). The same below.
B2 ANFIAR I3 8 3 Bl A A o i 2R

Fig. 2 Soil microbial biomass carbon and nitrogen of different plantations
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GP. Gram-positive bacteria; GN. Gram-negative bacteria; AMF. Arbuscular mycorrhizal fungi; F. Fungi; B. Bacteria. The same below.
3 ARG LR PLRA S
Fig. 3 Soil microbial PLFA contents of different plantations
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TARE3E R B LIAE (GP GN) & F S fr, Hik
J& ACT I HE RIS, AMF BEVE M/, AR T K
TR VIRV B AE 2 R . PDOP HHE4H
(RN 2 B 3 5 T PAFP Fil MADP , GP i 3 &
T PAFP(P<0.05),5 MADP 2 % A i 3 , PAFP
5 MADP 2 %W AR E (P>0.05) ; PDOP 1) GN
T PAFP fil MADP,H2: R R & 3 (P>0.05),
MADP + 3 ACT Ay AH X} 3= B 12 2 Ik T PAFP Al
PDOP(P<0.05) , 5 Mi# 25 A& (P>0.05)
PDOP + 3 H & i A 4T 3 2 B 2 I T PAFP I
MADP ( P<0.05) ,PAFP 5 MADP 273 A 3 (P>
0.05) . AMF HIZEM 5 MADP &% T PAFP( P<
0.05),1fi5 PDOP Z 5 AR E (P>0.05) (Kl 4) .,
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ACT. Actinomycetes. The same below.

Bl 4 ANFEIMRG SRR S RERE Y PLEA KX 212
Fig. 4 Relative abundance of soil microbial functional

groups PLFA in different plantations

25 AAAIM T EBUEREREDEEEN
MR R B, LI AR P, BLF,
ACT ,AMF .GP Hl GN {PLFA &5 + 3 pH(F [
H8Y TN (ACT B 4M) \MBC #1 MBN (F [&4h) & &
ERERWEEEMKE, 5 CEC(F R 2%
B B A & (P<0.05 8% P<0.01) (£ 4), H
Ah,F 5 SWC,SOC & i 2% s il i 3 IE A 26 (P<
0.05 5% P<0.01) , ACT ,AMF ) PLFA % & 5 EMg
SRE D EFEME(P<0.05),F: B5C: N
CEC .ECa 1 MBC : MBN £ ' 2 sl i & 2 1IE A ¢,
15 MBC Al MBN by i 3 sk il 2 2 £ AH ¢ (P<
0.05 5 P<0.01), GP : GNEM NS5 +HEC: P
EREIEME(P<0.05)(£4), Hadn 548

) AH A i 2 (P>0.05) .

A A= S 6 A 0 T R L A A e R A R, -
K1 M i B A B b 4T RDA 40 #r, &5 R0 26—
R A ﬁ’i%%iﬁ%%%%%i%éﬂﬁvﬂ
B 56.83% 13.79% (K 5:A) ., &4 RIEK L,
pH. TN .C: N.C : P CEC.SWC MBC : MBN 7 4
$2 M) A 3 A W B R AR DR T B A e AR A
Al pH CEC ,C @ N J& 5% M 1 358 {0 A= ) B I 20 7
BEEEWHET(F£5), pH BFEF ACT AMF
GP,CEC 5 C : N W R FE5m F & (PLFA, J57 257
file BT 2R W, SR W R T A R S 1 Y
W PRI 2Rk B 38 Ak 25 1 o A ik 7 25007 (A R R R
40%) e Ak 25 M R A W R R B B AR
(FRRERA 25% ) 5 - 354 B J5T A9 0 57 %007\ LA
fiff BF L ST A W B 7 2 AR 9 149% , 1 LR
P JORT - SR W e B % A [R] A R R RE
YIREIE A 511 2% (K 5:B)

3 W5 &k

3.1 EHEEMMMLR HIEMEME D ER
REEWFM
ARY Tl 2L SRR 3 288 AR 1Y) el A8 ]
SR LY ) i A RN S e, SE T 5 “mj:i;féwlld:
Y= W) (Santos et al., 2018) , KEMBIZRFEHN,
e i Rl X AR 5N T AR08 B % I A W Ak
YriE i 52 i oE 245 SRR — B (X E AR, 2011
M2 525, 2015) , FERE PG b W 30 e g DA 3, X
BN FEAMR AR R R AR AR 1Y) AR & Y 50 B
T2 W] | 3 MBC FIl MBN 23¢9 9 A bR > 5 A=
MSUR AR > BN (22 52 55, 2015) |, 1 7E 4R 3 1Y
TP S =2 1 i R b X 0 3R B A D A RS T R AR
A MR > BN (X R AR S, 2011) AR B 4E
(2013 ) FEFE VG Ib W& 1747 e DA 1l J5 2B bR R AE b
NI RAEX B BE 5K B, 121 MBC #1 MBN [
KNP H 35 3 R Sk B A R > Uk A b N T bR R A
X, PSR4 (2015) BB FE 45 15 2 L, MR
MRS TR A MRS AT AR>S SRR A N T RSB, X 3%
IR A ARE St B b, O T IR A MOk
AR I IR R T R, 4 IR A
PEOET T R U PRI AR S B R R W T
PE(XIEARSE,2011) ;1 A TH B S/, A
TR b 4 A R B — R B R AN A

F R+
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Table 4  Correlation analysis of soil microbial PLFA contents with microbial biomass and environmental factors
B
Variable tPLFA B F ACT AMF GN GP F:B GP : GN
SWC 0.394 0.381 0.545° 0.321 0.417 0.379 0.378 0.139 0.061
SBD -0.319 -0.305 -0.389 -0.309 -0.302 -0.274 -0.331 -0.068 -0.267
pH 0.650 " 0.625" 0.457 0.739 ™ 0.690 0.602" 0.638" -0.229 0.088
SOC 0.3281 0.2844 0.705 ™ 0.173 0.332 0.273 0.292 0.348 0.048
TN 0.568" 0.542° 0.664 ™ 0.473 0.574" 0.534" 0.542" -0.004 -0.031
TP 0.159 0.144 0.053 0.137 0.291 0.206 0.080 -0.147 -0.486
C:N -0.256 -0.297 0.284 -0.393 -0.249 -0.305 -0.285 0.647" 0.138
0.055 0.060 0.219 0.038 -0.109 -0.017 0.134 0.190 0.559"
N:P 0.099 0.115 0.113 0.121 -0.065 0.043 0.184 0.012 0.497
AN 0.363 0.388 0.094 0.461 0.265 0.343 0.426 -0.242 0.408
AP 0.216 0.225 -0.019 0.281 0.285 0.243 0.204 -0.186 0.002
CEC -0.552" -0.574" 0.024 -0.652"" -0.541" -0.587" -0.552" 0.709 0.259
ECa -0.318 -0.353 0.240 -0.417 -0.322 -0.391 -0.310 0.703 ™ 0.464
EMg 0.483 0.450 0.362 0.563" 0.599" 0.465 0.428 -0.143 -0.194
MBC 0.546" 0.574" 0.086 0.645™ 0.531" 0.566" 0.573" -0.576" -0.031
MBN 0.523" 0.567" -0.008 0.622" 0.473 0.563" 0.563" -0.667"" -0.087
MBC : MBN -0.322 -0.371 0.134 -0.390 -0.264 -0.390 -0.348 0.590" 0.291

. GP. HE LR IHMER; GN. B2 [RIAPEE ; AMF. A TRMR P ; F. B ; B. 415 ; ACT. M, " #m B EHE(P<0.05) 5

" FIRM B FEM R (P<0.01) , T,

Note: GP. Gram-positive bacteria; GN. Gram-negative bacteria; AMF. Arbuscular mycorrhizal fungi; F. Fungi; B. Bacteria; ACT.

Actinomycetes. * indicates significant correlation ( P<0.05) ;

x5 MoTERFSHIFHEXE
Table 5 Correlation of soil variables and ordinate

axes in different plantations

R S T FRRHC it
RDA1 RDA2

pH 0.490 0.872 0.835 0.001

TN 0.372 0.928 0.124 0.430
C:N -0.983 -0.184 0.447 0.028
C:P -0.592 0.806 0.088 0.563
CEC -0.977 -0.212 0.593 0.010
SWC -0.014 1.000 0.106 0.519
MBC : MBN -0.991 0.136 0.348 0.074

JE A ARRIR A A it I B0 B 55 N Ry T P Al X - 38
PR 5 R ) a0 1A 5 ) - R A A T (O
SR AF,2015) , FEABESEH, PDOP /Y £4 MBC F1
MBN 3 & F PAFP, X —25 5150 B, AN [a] A% A Xt
W SR b X - AR W A i s R R TR Y, S

" indicates extremely significant correlation (P<0.01). The same below.

TR AAH L, B B A T4 B3R E Y Y
i, AL R I, MADP -+ 333004 A4 iy e W 3
fiXT PAFP F1 PDOP , iX 5t + b X 5 R AN <214
TRASH L HE MBC 1 MBN #5235 1 2 50 T S R fa i
MRRD 21 4 2 bR B AF 5% 45 SRR — B0 (Wu et al.,
2019) . FEILE TR OK 5 R AR 2, & 4R
J& T G RHE i E A R R 0 ELAME 55, TR
PR, TR 58 AT BE 52 M D) Re 1 2E 0 1) 2 AR, A
{68 9 52 %) T 30507 X AAAS B, DAL YR 38 K £ 4% MBC
A MBN &5 5 AN QN2 ; 75 R AA ST AR o 55 21 4 ]
AR AC, 08 T4 90 0 AR 5 A Rk s R Y5
AR5 RN T o, DRI T R 1 8 e VR SE Pk 1 MBC Al
MBN 5 (Wu et al., 2019) , A7 45 6]
A= WA=y R A kg i B A 0 A T b B Ak A B 1
A2 AR AR AR S 7 B e PR RS T ELS A |
32 EHEEEMMMAUN T EREDEHEDN
A

TIEBUEYI I VE EE M ANE (E R



6 TR BEIIEAT ¢ 0 IRl DX = A N AR e S G T A 7 5 A R 947
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* FIR P<0.05; 7 FIR P<0.01; " IR P<0.001; SP. 3 IRPEfR; SC. 3 b A e, SM. T3 Wbk,

“ indicates P<0.05; ™

microbial properties.

indicates P<0.01; ™

indicates P<0.001; SP. Soil physical properties; SC. Soil chemistry properties; SM. Soil

K5 HIERUE YRR S A TR TUAY M B 7 22 03k o b

Fig. 5 Redundancy analysis and variance partitioning analysis of soil microbial community and soil physicochemical factors

FORAYER) E W (AR AR ER) |
RS, HIEMAEYRE RS S S LA
BUBT i B Ak 25 2o A 5 ) 1= 38 3% 40106 28 L 9079 A
¥/~ 13 )8 (Huang et al., 2014; Santos et al.,
2018) , AE B B S AR Tl AN S 70 2 5 ) - S A W
EIEZN R, B4 (2019) WF9E KRBT, ILPE 35
SRR ANIMAS N T AR 40 B R B | 2 G Pk
B ONE AR LA PLFA & 8 8 T i
HWFE 0] EWS T AR IX I, 5 F oK - R SRR
AR L, SR AR N AR FEHC 1 S8 8RB AT
ERVEER 1 524250 5 o = Rl gk &2 5 X R
P 2 IR BH M B 2 ER B TR R B EA
A AR ECR SR PLFA (1955 8 (Li et al., 2018)
TEAMEGE H , PDOP - 3840 B | 4k A AR TR AR L
WX A PLFA & & 28 F PAFP fil MADP, ifif H.
PDOP 79 18 20 7 A1 48 1 3 35 755 T MADP , iX 56
A =R MO 3R IR (A s e A — 3, 31X
5 =M AL RV B R BT AN LA G
T3 F - B HAEE W IRV LA YR
PR E SR AE Y A e R RSN
Fa € 1 ( Boyle-Yarwood et al., 2008), 3 F : B
FEAE 3BT, A W A C 0 N ECRR AN TR 9 C

N Z350 2k 10 F1 4) i 45 BB & B W3 o )
TP RUR YK BAR, B RN, WA B
KW F = B EGAE 45 20 0 A= ) ok D R TR I 22 14
W% | 5 AR o i B ol i AR K, R SRS
JCE TR /D, R AR S R S Ok R e
(de Vries et al., 2006; Bardgett et al., 1999;
Bardgett & McAlister, 1999) , % k% (2014) 7£ iR
6 n b N S AN TS ALY, ¥ 1 N B A 7 NS /N
R LI F - B HER K IR E A FF
Pem TIEARRENRENE, TEADSE T, MADP
+HEF B HAE R E ST PDOP, 15 PAFP JC i
FES W E AR - b X R A2 AR RO S
T T T w: A Pl 2 T N i B T e R B N e
AR A K TR | I R RN BT O R A
K (FBEHRAE 2015 BEHE 4% ,2021) . MACHFSE
SRRON TR S A W A W e R A W R 2
My F | E W34 b X MADP 3K 7R R v +
i X TR A MR R M A e R
AR SR P (IR AC ARG F 2 B H A i
L AR TR S AR R R,
33 TERMAYEENEEY WA T

HEABIF G & B, AN (R4 28 AL A (] o ol J
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20 P HE GT 5 0T A £ o R T A | AR PR Ak 2 FH: At
VR B R A AS ] B9 52 ) ( Russell et al., 2007 ;
Frouz et al., 2013) , T i75 5 AN [R] 19 1 385 A= W
7% ( Prescott & Grayston, 2013) . AW A ICA 5
Bra&W], pH (CEC \C : N J252 M L e A M e v 4l
B B T, 3 pH (HE R R AR A K
FE MR — AN EZE R R % L ERE Y R Y R
TRV RE T 45 K AT 1 35 52 W (Hackl et al., 2004;
Clark et al., 2009; 5K M55 ,2012) , ARBFFEH, 1E
W AR 0 PN b 85 BT b DX A TR SR T L R
PLFA X516 1 3¢ pH (B3 fin mi 5 i, X 5 Cao 45
(2009) 7E R W R A N AR () BF 55 45 SR A0 —
B, M5 B EAF (2014) TERRME L X XF B B AR (A
ARAAR S RS ARAY T FEA — B, X 368 - R
YRtvE S pH Z AN AYAHOCOC 2 al RE IR 4828 10 Ak
SR RBIRANF A B 22 5 . HIEBUEMRETS S+
BT R S A OG0 T - 9 U 5 e T A
WK R F MR R (RFTSE,2012) . AHF
FEH, PDOP W& H ) pH, 85 B9 AN AP AK & &
ERE TR AW A Wi BR T B PLFA & i
Ab, CEC 5 H At - B8 G 2 W) 45 44 4H 73 5 19 2 5k
WE A SEC R, PDOP B LAY CEC & i Ay A
TR A Y Y, AR IE B, AR
N TR E R T 1 AP &5, i 38 AP 5+
HER I PLFA 1 0 28 A ICOC R, 2 R HERUE Y
EHM ZE S EZWS N 1, 78 s I
Hh B X Wl Y SR Z BRI DT TE £ S BB A BR
(Hinsinger, 2001) , PA G @ () A 250HE 2 52 ) 4 0 K
S EZ R R 2 Z — (Zhang et al., 2015) , ¥
TRHEY) 51 AW R A A R G, BB Il i AR W) [
RAE B & AR A R, A [ A B AR U
HZEH (Tian et al., 2020) , [& %0 ZBHE 8 FHE
TR 2 T BB 1, OF AR FR B O 7 5 | A AR
br 2 1L, 39 0 B 5 ¥ 1 % % ( Tang, 1998;
Hinsinger, 2001 ), #2& /& £5 i 1 4 8% 09 A 24 vk
(Aguilar & van Diest, 1981; Richardson et al.,
2009) , AT i - SEAR AR 4 9 3R AL - 3 g K
2 (Wang et al., 2019) ,
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