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Abstract: To analyse variations in soil bacterial communities in Chinese fir plantations that have undergone continuous
cultivation, terminal restriction fragment length polymorphism ( T-RFLP) technique was used to assess the soil microbial
community structure, diversity, and function in Youxi National Forest Farm. The results showed that continuous cultivation
resulted in an imbalance in the soil microbial communities in the Chinese fir plantations. The pathogenic bacteria increased ,
whereas the carbon-cycling and nitrogen-cycling bacteria gradually decreased to a significant extent. The number of terminal
restriction fragments ( T-RFs) was significantly different among three rotations of continuous cultivation in the Chinese fir
plantations. The T-RFs were the highest in first Chinese fir rotation plantation (FCP ), followed by second Chinese fir
rotation plantation (SCP) and third Chinese fir rotation plantation (TCP). The soil chemical properties were significantly
and positively correlated with bacterial community diversity, except C/N and pH. A total of 12 bacterial families were
identified, and Firmicutes, Cyanophyta, Actinomyces, and Proteobacteria were the four main types of bacteria in all the
samples. The proportion of Proteobacteria increased with the increase in cultivation rotations, whereas the proportion of
Firmicutes decreased with the increase in cultivation rotations. The soil bacterial community diversity indexes showed a trend
of FCP > SCP > TCP, which was consistent with the number of T-RFs and indicated that the long-term pure plantation
pattern exacerbated the microecological imbalance in the rhizospheric soils of the Chinese fir and markedly decreased the
soil microbial community diversity. On the basis of function, we classified the bacteria into five categories: carbon-cycling
bacterium, sulphur-cycling bacterium, nitrogen-cycling bacterium, fibrinolytic bacterium, and pathogenic bacterium.
Overall, the relative numbers of carbon-cycling and nitrogen-cycling bacteria gradually decreased in the Chinese fir
plantations. Conversely, the relative numbers of sulphur-cycling, fibrinolytic, and pathogenic bacteria increased in the

Chinese fir plantations.
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T, SR R TR R R RN, AR P b LR AR W) AR i R R T R LT (Fusarium
spp.) “FECHE ELI T & LB B E B 2 A BT LR A 38 ] Biolog fCT- ML A gl 1 I AR X b
KA (Pinus ellionii) 7 o 1 e E W REVE T ST 5T, 2 B3 Ml P TS I 1 MR 200 T Sl 25 0l />, 500 1 A 5 04
T, DT IR S AR A A Y Bt FRA T I AZ A R T R T AR B 1M B P, S B R R 2
FEPERENS, BON BRI, V228 T TAEYER B 5T, (5 3 AT 35 288 i e 3R 2 Fi i A
B2 A ER AR YRS AE TR . A0S ] T-RFLP FOARIRRERAZ AR L
AR S, B U A A B R R AL AR P S A S A AR , 15K P DT ) 90 A 4 R A2
AR FERFHLIE AL AN ARG B B AR AR

1 HEST®

1.1 SR IX [ SRR DL AR AL AR A, T4 A 0 IR B A MY 2ok i b TR 21.5 K b A v W 40 <
51X (25°48'N—26°24'N,117°48'E—118°36'E) , IR IR EAZ KRB 77 X, % HL X ZAF R BRI | A< 25
R MTAERK G, 428 FRMARFE a4, AR 3R 18.9 °C (B 7.8 °C , M i 40.3 °C) ,4F
ARV Ry 83.0% , -4 [ K BEIE 1599.6 mm,, TIEFTHONER T RIE 1 + 2R TE 100 em LU L, %KY
HAA 3 DAFEEI A AR N T gibk, g 55— A2 AR MK (First Chinese fir rotation plantation, FCP) 3% A8 T
1988 47 7E 22 R K& AT, 2R H JCBe i Ll e 32 AR A2 R B 1 AR, 3] 2 B AR 29a; 25 — 4042 KK ( Second
Chinese fir rotation plantation, SCP) #Z4H T 1989 4 7 —fRAZ AM (32a A=) Rkl h b H AR AR 1E AR, I
RIS 28a ;55 —ARAZ AR (Third Chinese fir rotation plantation, TCP ) #8648 T 1992 4F | 7£ —AXAZ AWK (30a =)
KA E S A A2 AR AR, A A AR 254,
1.2 TR R A S A

2017 4F 8 A, 43 IHE—IRIZ AR (FCP) . AR ARM(SCP) F1 AR AM(TCP ) W7 3 ANEK S B
] ARI3 25 BEARIT Y 20 mx20 m SCHAEM 44K 3 AR B A — LI O MRy SRR AL LR 1, AR
B 398 — AR 28—l A= WV P e B S %) X3k, 964736 106 BR 14 0 I e A A It 38 LA S 8 0 2 B, LB 25 A )
AR R FRSCR T A 25 A E R Y A0S 5 B, AR5 S BRSPS O ik SR B BURE
BT RENFERBAZ AR 58, ey 205m 2, 01225 D2E 4 3 T 4R, BRelsh, & Ty
PATR IR ARARR 4 s ARG AEAR Lo AR B+ FH BRI IS 26 A A 348, RA“ S TR B, B4 FE 7 B 20
PRS- 34 W A2 R S A2 AR AR PR -, RS20 & 0 | Oy H3RE gL 9 AR 3L3R1S 9 MR & e 19 L ke
o TAEIEGT 2 mm F RS, —FR R R T80 CUKAE ; — &R TE 4 CUKFEIRAF , T IR Y Z AN E ;
Ty — B W FH T R R

®1 ZHEMER

Table 1 Characteristics of experimental plots

BRIk HFoMREA HEREA

HHE Characteristics First Chinese fir rotation  Second Chinese fir rotation Third Chinese fir rotation

plantation ( FCP) plantation ( SCP) plantation ( TCP)
4K Altitude/m 228—234 274—276 237—241
Wi Slope 29°—30° 30°—31° 25°—28°
W1 Slope aspect ES38°—ES42° ES33°—ES37° ES38°—ES42°
T M1E Average diameter at breast height/cm 17.39 13.27 11.94
2RI Average height/m 13.61 10.52 9.03
MPEEFE Stand density / (stem/ha) 930 945 945

13 IR N E
FHE AL I 5 ik S IR A ik P AR 3 pHOK : £ 2.5:1) . HIEAE(TN)
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1 K, Cr,0,-H,S0, AN E , 485 (TP ) R H H,S0,—KCIO, 7422350 % , s34 i (AP) SR H NdHc03{7§{ I &
HAH (AK) R CH,COONH,— K JACEETHEI A , 28 (TK) 2R H NaOH J# fil— JCUE G BE T |, AR
(AN) SR FB Y % |, A HLBR (TOC) R A TOC-SSM-5000A A5 HLAR [ 1A 4 #7322 .
1.4 +HERUAEY T-RFLP U

T-RFLP SC56 2008 2 UL AR S 267 MR A5 R SDS — i 0 28 il s YA Jil1 488 75 4 B = 39 A= )
DNA, F UNIQ- 10 A5 DNA Ji& I s s 2k e , At 2 6hn i 38 FH 5 14 8-27F F1 926-907R #E47H
TSP IXH B R By 38, PCR P2 W4T 19 B DR A B i v ARSI P P e et 39 & i Ak T i H o) 467, PRIRL
i) LA SR BRAE A58 R 4 FRBIR 1 P9 VI ( Mspl, Haelll Alul F1 Afal) , Xt 46405 ) PCR F=4 1 7T 1)
HAk . BEVI= YIRS 5 RS s AR UE Maker YR, 76 ABL A T A AT B4 H vk . RIAE
ST ARG 7 AR WA R BRI A B (T-RFs) $i K 2 AWF 9 A BETE 0—600 pb, 2058 B2 5 T 50 1Y
BTG L T 4 R PR AR A T-RFs SRR 76 A 2 RE TR BT, S — R B A4 T-RFs
B 20 Al T BEUIVE R0t 4 . KGR GeneMakerV 1.2 #RAEHEA T /04T, 3T 55080 P LU, 2 78 R i PR
¥ R B (T-RFs ) %R G AE M 260
1.5 Hdskba

K Excel 2003 FE47 50w kb FEANH1 1, % DPS7. 05 5 SSPS13 Ge it b7 7 22 504 . i

OyRT B REERR BT S . b, ) Duncan IR SEATARAS [H] 22 5 0 M 0 b, ZRRERR BOTH AKX W .
Simpson 8%(:D=1- 2 (P,)*;Shannon 4. H = -2 (P,)log,P,;Evenness 16%0:E=H /H__,H _ _Log,(S),

max %" max =

P 2 AT W T AR RIS e T AR ot e TR RR B9 U AEL 5 S o 2 BEAR &, BV T-RFs AON4,
2 HREHS

2.1 ARREDERAE AL AR + R AL 7 2 5

AP O R A R UL 2, BRECA HLER (TOC) (i (AP) BI 8RN, TR 2 A (TN) (3R
(AN) 2@ (TP) &8 (TK) G (AK) ¥R FCP > SCP > TCP A%, RIEAR 58+ 557 0 FAe
BAEREL, 2% (TN) N FCP 1 1.23 ¢/kg FFEE] TCP 19 0.96 g/kg, FEMEIA 21.95% ; A A (AN) TRET
27.15% , &M (TP) FRET 26.67% , 28 (TK) TFET 14.96% , 30 T T 12.35% , BVAZ AR A= K i 75 R s 4
BERITRYE T EBEE HPETR TRICHRIZ, M3 A L (C/N) KA, TCP T4k = FCP + 3 fx
ik, 2R 2B FCP < SCP < TCP #4a#,

*x2 TEFTEEHER

Table 2 The soil physical and chemical properties of different rotation Chinese fir plantations

BEAL T Physical and chemical properties H—RAEA FCP F_HRAEA scp H=RAEZA TCP
T IERRTAEE Soil pH 5.83+0.26a 5.64+0.33a 5.28+0.21a
S MUK Total organic carbon (TOC, g/kg) 23.54+0.30a 20.09+0.46¢ 21.37+0.15b
24 Total nitrogen (TN, g/kg) 1.23+0.01a 0.98+0.01b 0.96+0.01b
AL Available nitrogen (AN, mg/kg) 35.84+0.88a 30.42+0.97b 26.11%1.28¢
4T Total phosphorus (TP, g/kg) 0.45+0.01a 0.40+0.01a 0.33+0.01b
AL Available phosphorus (AP, mg/kg) 3.28+0.11ab 3.56+0.14a 2.97+0.15b
440 Total potassium (TK, g/kg) 18.51£0.45a 17.38+0.29a 15.74£0.38b
AN Available potassium (AK, mg/kg) 140.66+2.65a 125.17£3.17b 123.29+1.97b
A C/N 19.13¢ 20.50b 22.26a

Rl —FA R i) /NE PR 3R 22 513K 0.05 35 KK

2.2 AFEFRAACERE ARARPR TG0 T-RFs 747
SR Haell Msp T Afa T A Alu T BRIV P9 IS, X555 5 19 16S vRNA P=¥) 317 EEUIE 1L, 7F FCP
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FES PR BNE R T-RF A BN Hae 1249 4~ Msp 1187 4> Afa 1 158 4~ Alu 1 288 /4~ £ SCP #f 5 Fh 48 5 A %%
T-RF FBEH Haelll 179 4> Msp 1 143 4> Afa 1 113 4> Alu 1 229 4> 78 TCP #4504 E 4 %% T-RF FBEN Hae
Il 180 4~ Msp 1123 4~ Afa 1103 4~ Alu 1204 4~ VKT F, AR BR & R BeEL (T-RFs) ZEAS RCEORZ AR £
FErp I FCP >SCP >TCP #3y, #HX} FCP +IE M &, TCP 3 i) Hae W B Fr B FEAR T 27.71% ,Msp |
iU i BOAAIR T 34.22% ;Afa 1 BY)F BEBCREAR T 34.81% s Alu 1 TV R BEEFEAR T 29.17% .,
2.3 ARREHRAREZ AR H AN RS 222 57

G T-RFs i35 2 TR 40 i B 2 REE (3£ 3) . AR ZREMEFR BRI A2 AR PR 4 39 40 5 7
7K LRI BE AR AT A B K b, S 30 FCP >SCP >TCP # %y, 5 T-RFs F B U 28 1k #4 A — 3,
Shannon-Weiner %0 78 FCP 5 5 (5.79+0.02) ,J& TCP (5.47+0.03) £ 105.85%1% , %W FCP + 40 £k
PR ; Simpson 88078 FCP #¢/5 (0.96+0.02) , & TCP(0.83+0.01) 1Y 115.66%1% ; ¥ 5] FEF& BB 7% FCP %
15 (0.78+0.01) , & TCP (0.70+0.01) ) 114.43%fi%5, FI UL, A0 R FFAR T2 AMPR T 540 E B K 2R

F3 FEZFFRBAZARER 5P AE B SRR

Table 3 The diversity index of soil bacteria community in different rotation Chinese fir plantations

Sample Shannon-Weiner Index (H) Simpson index (D) Evenness index (E)
FCP 5.79+0.02a 0.96+0.02a 0.78+0.01a
SCP 5.58+0.03b 0.91+0.01b 0.72+0.01b
TCP 5.47+0.03c 0.83+0.01c 0.70+0.01b

[l —FA ) i) /NG PR 3R 22 53K 0.05 B F KK

2.4 ARPRAEACEZ ARMRPR T 40 R V% 40 1 5 4540

FIF GeneMarkerV1.2 145G W 804 2 ( http : //wdem. nig. ac. jp/RDP/ trflp/#program ) 43 M1 15 2 7 A2 A
RRBR - S0 TR FE 7% 25 0 (BT 1) o A ) R AR AR ARAR B 3 28 AN B 12 1136, 0 02 BB 1A T
( Proteobacteria) . W 2% ¥ ) ( Actinobacteria ) | 1% B W |1 ( Planctomycetes ) . J& BE % ) ( Firmicutes ) | ¥ % ]
( Cyanophyta) M2 €4 '] ( Spirochaete ) . AT & '] ( Bacteroidetes ) . ¥4 1 I ['] ( Thermomicrobia ) . Z& F5 1 ']
( Tenericutes) JRFTH ] ( Fusobacteria) JRE [ 1( Clostridium) £F4ER ] ( Fiber) . HAh (others) . H.A FCP + 1%
Hh HeBIlRR AT 10% AT 112590 5] J2& Firmicutes (34.97%) | Cyanophyta ( 24.04% ) | Actinobacteria ( 12.57% )
Proteobacteria(10.93%) ; SCP +- 3 | LBl 1t 10% (A AH B 11285091 J2 Cyanophyta (31.51%) | Firmicutes ( 28.
77%) Proteobacteria( 14.16% ) F Actinobacteria ( 10.96% ) ; TCP + 3 v | b 1] i# i 10% 04 41 56 171 25 49 5l 2
Cyanophyta(30.56% ) . Firmicutes (20.47% ) . Proteobacteria(20.18% ) #1 Actinobacteria(17.51%) ,

AN S B 1E TCP +HE L Bl e ik 20.18% , £ FCP F1 SCP +HEH 435114 10.93% il 14.61% , 5 BH i
AR AR Jon i 36 1 e 45 JELBE R 1 #E FCP (SCP A1 TCP 52 H 31153 31 34.97% 28.77% F1 20.47% , 5 BB
AL A g 126 R 38 s TR B 11 7E TCP L3 HL i fRi3K 17.51% , TTAE FCP Al SCP -3 b L B HlE
539 12.57%F1 10.96%
2.5 AR RBAZ AR TS REA R 22 1

OB AL AR T-RFs Fr BeRUbR HEECHE 22 LU K G e 210 1) 4 TRT F 1 73 B, JF 4% BT gt 0 ok 5
BTG BROC RGN L AERE i 5 R 2R 1A BT R A PRI SO Y I 4, R 4 WA R
T ZR G P T A0 45 BT R AN P B TR 5 B G R A B A A5 A T TR TS T 4 e e A0 B T A0 975 — ST kg
ET YR P2 R AN 2T AE T EOTR AP LA 25 AT T e 2 2 AT T s B b = v IR R B0 I 6
PRAT B MR B o S RRAE R A SC A HEAR BT B8 ( Flavobacterium columnare ) #% &5 1 N — 40N =400 51
0.28% .0.16%H1 0, 5 F M $h; B L2511 B ( Methylophilus LW3) AHX & IR T S 1] WSS S5
T ERRAE I R A A D . S EUTERA KA RE A XS & i RS AR R R IR R R, 7E FCP
SCP . TCP 3 | ZEFEAT B @ 19 B EQ ZE AT 38 ( Bacillus pasteurii ) FHXF 5 543514 0.83% .0 Fl 03 28 ZEHIFT 4
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FCP soil SCP soil
10.93% 14.16%
24.04%
12.57%

10.96%

0.55%

0.55%
0,
1.64% 0.55%
1.09% 0.46%
0.55%

28.77%

TCP soil

O Proteobacteria O Thermomicrobia
W Actinobacteria B Tenericutes

O Planctomycetes B Fusobacteria

O Firmicutes O Clostridium
B Cyanophyta O Fiber

O Spirochaete [l Others

B Bacteroidetes

20.47%

Bl1 EREARRLERAERIELLE
Fig.1 The proportion of rhizospheric soils bacteria phyla in different rotation Chinese fir plantations
AT Proteobacteria ; TR ] Actinobacteria ; TR R 1] Planctomycetes ; JEBET ] Firmicutes ; ¥ #: 1] Cyanophyta ; BRBER] Spirochaete ; TUFT
W] Bacteroidetes ; #A01# 1] Thermomicrobia ; ZENE T 1] Tenericutes ;s BRFT 1R ] Fusobacteria ; BEW ] Clostridium ; ZF4ET ] Fiber ; Hoflh others

J& ) 55 [ LS ZE AT 18 ( Paenibacillus macquariensis ) FXF 2585354 0.25% .0.14% F1 0.06% ; 35 % 5 FC & 1Y
55 2= 58 [CTR ( Frankiaceae ) X5 1243 310 0.45% ,0.30% 1 0.16%

5Hi 6 2 A O 1) A AL B AL AT TR ( Sulfobacillus  thermosulfidooxidans ) 148 b — % 1k ¥ i 1k #T &
(Sulfobacillus disulfidooxdans) FHXT & it S 8L FH S Rl th 348 AF — @ B L 530S 5 oc R 06 2010 41 &
BRI, AR IR R B 3, 5 AR YRR AT OG0 AL Bk VB £F 4E T & ( Capnocytophaga)
FELF AL T/ )& ( Cytophaga ) AT F5 5 KA T HGH AR BEAN K, AT U 2 SR Xk A2 AR B - 538 21 4 [ ik TR 5% 1) A Y]
b, R IR EAT TR | VAR TS 2 Bl TR R R LI Y 2 S, FE FCP SCP \TCP +1E
b EE TR i B 2 B R FT R ( Corynebacterium genitalium ) FXT 3550530 5.13% 5.57% 1 7.46% ; 12 18
J& 1) P SRR R ( Clostridium perfringens ) AHXT & 153 528 0.13% ,0.33% F1 0.54% ; T HLR I ( Clostridium
histolyticum ) AHXF & 1735124 3.63% 4.33%F1 5.01%
2.6 IEPRAE S TR MR ER 2 RE AR e S T

HERRAZA A S PRA: BANGAE Y) ZAEPEAOCHE AT SR 5. fRER 5 RTL BR pH b, HoA BT B AR5 5k
P55 PE B R AROCOC R . B HLIR(TOC) (HALA (AN) 5 T IEGUE YR 2R R B A G, A
JLRE L (C/N) 5 8 A Wy e V% 2 A A I 3 A ¢, Ak, 2 (TN) 55 Simpson 4§ %, Shannon-
Weiner $5 5% 5] FEFR B Z AR, 0% (TP) 55 Shannon-Weiner $8 40 2 5) BEFE 500 5 A0 G, AU (AP) 5
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19 1] RN A HET T-RFLP 7575 B9 AR A bR L S A0 eV A2 AL 5E 7
Simpson $85H0H 2 FEAH5E ; 24 (TK) 5 Simpson $8 50 35 HH1 5 5 A0 (AK) 5 r A fa B AR B3
R4 FRBECHEARELIEDEEANSESHT
Table 4 Changes in the relative content of functional bacteria in different rotation Chinese fir plantations
- - HI A It
A% w4 &% IR Relative comtont/ %
Functions Species Genus i BUEL T-RFs
Fcp SCp TCP
IR HOR AT BT IR
Carbon cycling Flavobacterium columnare Flavobacterium " 0-28a 0-16b Oc
P T Wik HH L TR
14 1.3 1.1 74,
Methylophilus LW3 Methylophilus 3 3a b 0.74¢
FRICEL PARALTRACITF TR T8
E{MJEI 2 . i.}ﬂk@m%ﬁlﬂ ' ﬁfhﬁl?@ 229 0.67c 0.78h 1354
Sulfur cycling Sulfobacillus thermosulfidooxidans Sulfobacillus
=AY — % i
ﬂfh;ﬁfﬁ%@ﬂhﬁﬁ Eﬁﬂc)ﬂ:@)ﬁ 232 1.91c 2.15a 2.09b
Sulfobacillus disulfidooxdans Sulfobacillus
21 Y [ A A WEET 4 TR - I 21 4k B
f Al o At ' /:T‘EJ AR LT 4 T S Tk T T 41 T 200 030 0.4 0.584
Cellulose degradation  Capnocytophaga ochracea J& Capnocytophaga
e %
Clostridium polysaccharolyticum Clostridium 160 0-64a 0-28b 0-32b
TR LT LT T AT
,ﬂﬂlﬂm féﬂm}% 7 ob 0.12a 0.13a
Sporocytophaga Cytophaga
AHETR AT AT
RO Pl ST 248 083  Ob ob
Nitrogen cycling Bacillus pasteurii Bacillus
5 NN N S - e
SERIRITE KA I 76 0.25a  0.14b 0.06¢
Paenibacillus macquariensis Paenibacillus
oI SR 118 045a  03b 0.16¢
Frankiaceae Frankia
DR %%@%H.ﬁg*ﬂﬁ. . IR . 237 5.13¢ 5.57b 7.46a
Pathogens Corynebacterium genitalium Corynebacterium
PR )
Clostridium perfringens Clostridium 67 0-13¢ 0-33b 0-54a
HHARA R
3.63¢ . HUF:
Clostridium histolyticum Clostridium 239 63c 4.33b 5-0la

) —BA Rl ) /NG TR0 22 535 0.05 27K

®5 TEBAERSHEMEHESHMEEIIN (n=9)

Table 5 Correlation analysis of microbial community diversity and soil physical and chemical properties
IR A B F 2R v A4 Eal)es
Soil physical and chemical properties Simpson index(D) Shannon-Weiner Index( H) Evenness index (E)
pH -0.395 -0.347 -0.384
SA MR TOC/ (g/ke) 0.948 ** 0.977 ** 0.965 **
25 TN/ (g/kg) 0.859 " 0.8062 * 0.725
HAUA AN(mg/kg) 0.953** 0.937** 0.918**
2T TP/ (g/kg) 0.734 0.887" 0.891°
W AP/ (mg/kg) 0.911** 0.766 0.721
24 TK/ (mg/kg) 0.862* 0.810 0.715
A AK/ (mg/kg) 0.537 0.682 0.705
BRALL C/N -0.934"" -0.927"" -0.919**

3

# . P<0.05, BEMI; =+ . P<0.01,H B EHHC

Zit5itit

31 ERXTAZARMER LAY 2R R R
B pH Sh, 1 HETR S AR R SRUE YRR ZHEEAE, H TOC AN 5 T SRRUE YV Z Rk 15
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B AR G, eI - B ML B R R IR R IR VE 2R ORI b SORE AR B M A R —
#H, T3 TN 5 Simpson 8% .Shannon-Weiner $§ %%  Y45) BEFE 0T A1 ; TP 5 Shannon 850 351 EEFE 5
FHE;TK 5 Simpson B ZEAHIC, 7T UL - 5857 70 R A S B E W RS Z2RE = AR A A8, C/N F850/E R 1
e SRR S A ) B AR IR M P AR R B SRR MR TR Z2 RN S C/N B UM
X, 5 Toumi 2550 BFST 45 AR —%L, SCP A TCP +3 C/N & H T FCP 48 5 ABR A L AT S 2040 3 1 C i A
5, AT ) 20 B 0 e, SO TR RV 2 R PR AT

3.2 FEARRRTAZ AR R A I A R RV 45 A 1) 5 )

ARBFFER A T-RELP BRI S ARG 1126 12 28 Horh (S HR AR 3800 = KRN 1 128 A 1A 1] iR i
IRIERETE ], TN BB RS Z RN — B =R I T a3, 55502 2 BT 45 A, Ak
] I ST AR W T AL B R AR N TR AR 00 2 B | 3 A% 3 W BB 2B — AR 2) 23.4% , Hob 40 ik
LR I 24.7% F1 34.0% , B ENHEN 10.4% , 28 GE 45 08 5% FH 20 i+ SRR AL W P A T 50 o 1 T 4 T
FRMA ARSI A 38 R AZ AR PR BT T 4307, 25 5 2R I AR A2 AR - 48 v 44 T e 2 71 45 i S B
W AH R SEEG R AL G B LA W0 - R, EIRBE A 99% M AE Wy 0 2 AN vl sl B Mk AR 32 09, DR
RS A YRS SRR AEAE R EE . T-RFLP J7 vk HA7 il i | o] 50 Pk A PR A 8, AR % 4%
ABEFH R TR AT RIS 45ie S TSR . SR, T-RFLP £ AR J& T2 m ot , X VR F
TE AT AT — PR B 22 RS PR 22 . TEJe SemFod b, RO 23 A Rl & )7 | SERT E & PCR 2K, iF
— RN R IEARAZ AR R - 385 W& AR RS
3.3 RN AR - ) B8 2 PR 14 52 )

PP BRI By 255 , AR 58 & BUIRIE A DI RE T A AIE A DI R TR & I AE A2 AR LI I BRI F 8
e o FOR BT R A IR e Al DGR H 5 FH RS i TR e R SR I B SRR Y 2 G T
B, AT R P A s s L A AR 27 S M VR R 5 2 AT TR 7 25 240, DA T3 o7 8% 45 B i R 35, 2 18 fl =
SRR BT, AT R JCHL R R A K B i /R, e e o fL Ve R 22 AT R e 2B
A=A, 5 MR DB 17 40 R RE AN AN A R A 45 4, TP B A, DA IS BRI B A MR B L SO
JRAE R —FRRR IR B, AT AR P A A AR S 2R B A ed LA [ BE L BE A R A AR K Y R
R S AT B AR R, 32 A TR 3 R RRS L RE A TR e E TR, Bl A R
KYIE A IRA A IR MBS i B/ R, WX IR A K & T KA 75 B R TR 45 0 1 R 152
M) 42 TR A R Bt R AR A Iz i £ | X AR B G N BE S AR R A2 KA R IR A O, B
JE TR AR PR E WA I A KR T, HE B A H R M RETR 450 0 BB B AR g R B, fR )
2, 4= RUT REIR AR R W B R 2 R AE ( Humudus Tupulus ) FRBR 435 40 5 AN HL B, v R 438 P U E W08
WD, ZREERAR 2B 345 6 X Th 48 B ( Solanum tuberosum ) Y5 % A6 B i BB SE S B0, T 4% 254 AR
A 2 Al Dt TR S B0 T A, S S Bk ) e L T R A i T R

T BEIAE Y T AR AR R R G R B PR R R I Bl 2 OC HL AN W) A B K s U I RUE )
HEIE g AT Re, N a2 mia g A1 . FRATHEMAZ AR B — Ak ZACE RS Y - LA R R G A5 fi
b ARIRE ) T RE, AWFRUES T TR Z SR, 0L S BURPRUE RIS 450 & B T B 2421k,
SR, JZEAR BEAT T R PR 2 2 2% 1, S B 8 A 1 DR 3R 2 A T DG B SR B2 i 1), AR ) — -1 R 5
N Z R e NP2 G ERIEE R . Beoh M IR A A K S rh SRR = k=W i, 2N Sy 5
eI 0 28 e R 2 U o) 0 B B AR AR o, U2 A A P AN TR AR BRI SRR AE 0 SC B N R, R A W - e
VI HAE RN WY IERE ORI 2 (1) T &I, A I X AR Pl A W e V% S A A e B Y AR L AN T
HEI VR BOAR PRI PR S A0 ELAT et S AR5 s R ad ke, AR PR s A W e v &5 # A8 A o il 0 Ak )
JEREIL B RGN RE R ) 5 B AL AT B, JE R R e K R DY R AR KB, A2
ARG AE A Z B 2 A R ARBR + A A2 B TP I W R AL B I 1 R R A E AR B
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19 1] FNKE S5 T T-RFLP J595 A BAZ AR P - e 4R s e v A8 AR5 9

IR R R R AR T A g A A DR PR T O B A BB, T A A R SR A B
Mo Behh, B — AR 2R BRIE T A2 AR B - AL R TR AN ] A 5 - SRR My 45 0 e A AR A
WA Al Sy i = T 1 P LA O B A e S A 0 A e A i e e AR P A A e R p i 2 (0, 5
B A RN AL A7 — T R IRABTIE

22 3R ( References)

] A, REE, RE, EREW, #OCH, BHGY. AN TMALBE RIS SNE. PRIl RHE R 2], 2013, 33(1) : 31-34, 89-89.
[2] AUHiZ. ARANTMHIIRIEIROI TR, A Beadl, 1992, 12(3) : 264-276.
1 BEHEIE, JERE. ASARN T A P I B HLRI AT, dJent. BheA it 2005; 115-120.
] Chen L C, Wang S L, Wang P, Kong C H. Autoinhibition and soil allelochemical ( cyclic dipeptide ) levels in replanted Chinese fir
( Cunninghamia lanceolata) plantations. Plant and Soil, 2014, 374(1/2) : 793-801.
1 SRR AN TMGERAE ™ I TR SR, R Akr B4, 2001, 21(4) : 380-384.
[6] xR, MW, Powk, W, %, SASERG L. THS5REE, 2001, 10(1) : 33-38.
1 MR, AEE, HOLER. TR RTEMOL R I SEIE R RN RS AR E B4R, 2002, 22(2) : 184-188.
] THE, BT, SRR, BT, s, SR/ ZAGEREARIR T B BAZ AR T 52 . MOl BRARFSY, 2003, 16(5)
560-567.
[ 9] HRAE, told, ESCHE, BCk, Jrmt, B/NR. RS ARMAT L F BB gAY . Mol B, 2011, 47(5) : 145-149.
[10] Asadu C L A, Dixon A G O. Soil nutrient and cassava yield variations under continuous cultivation of three crop mixtures in south-eastern Nigeria.
Tropical Agriculture, 2005, 82(1/2) . 1-7.
[11] Vikane J] H, Vandvik V, Vetaas O R. Invasion of Calluna heath by native and non-native conifers; the role of succession, disturbance and
allelopathy. Plant Ecology, 2013, 214(7): 975-985.
[12] Weston L A, Alsaadawi I S, Baerson S R. Sorghum allelopathy—from ecosystem to molecule. Journal of Chemical Ecology, 2013, 39(2):
142-153.
[13] Jie W G, Liu X R, Cai B Y. Diversity of rhizosphere soil arbuscular mycorrhizal Fungi in various soybean cultivars under different continuous
cropping regimes. PLoS One, 2013, 8(8) : €72898.
[14] Zhang W, Long X Q, Huo X D, Chen Y F, Lou K. 16S rRNA-based PCR-DGGE analysis of actinomycete communities in fields with continuous
cotton cropping in Xinjiang, China. Microbial Ecology, 2013, 66(2) : 385-393.
[15]  ERLHE. EARNTHUMNCHmAEILD]. fAM . fdApkA:, 2008.
[16] RIBC. P RO IR ARTCNE F 15 N PR RE A BALHIDIFEL D], AR . FEAPR R, 2009.
[17]  SFEIR, XIEE, W ARNTAAHFEIIIGE. fapl K240 AARHERT, 2000, 24(1) ; 2-16.
(18] Bidedt, TERIE. EARRDS W EAE DI, 220, 2003, 23(2) : 393-398.
[19]  ARSCHE, BRie, FAWIEL. Al A= 327 prgles. b B A2l a4z, 2012, 20(3) : 253-264.
[20] WuZY, LiJJ, Zheng J, Liu J F, Liu SY, Lin W X, Wu C Z. Soil microbial community structure and catabolic activity are significantly
degenerated in successive rotations of Chinese fir plantations. Scientific Reports, 2017, 7(1) ; 6691.
[21] WuZY, Haack SE, Lin WX, Li B L, Wu LK, Fang C X, Zhang Z X. Soil microbial community structure and metabolic activity of Pinus elliottii
plantations across different stand ages in a subtropical area. PLoS One, 2015, 10(8) : €0135354.
[22] ZRkaL, RRE, FI58 EVEX TR PR LA 2 i SR m . R38R, 2010, 41(1) : 47-52.
(23] WA, skWIA, PR, skel, HIBRE, 0. b X ARIb F J e S S A A BRI o B 5 MR P 25 R S . AR 2SR 3R, 2017,
37(11) : 3636-3646.
[24] A7, RHARE. AKHPRPRAN R S Z R T, WS aR, 2015, 42(11) : 2115-2125.
[25]  SksPAH:, BEsR, TR, S0, SRAHRPR L ERAE S HTEORBISE. S, 2015, 47(6) : 25-27.
[26] FROAX. L EScHts T, dbat: s EML TR, 2004; 188-192.
[27] 30U, sk, IhEE, B, TRERAE, R, WISE, S48, WA R AR B AT N A AT A S IR R e BB 2 AR AT, B
%, 2012, 52(3) . 381-388.
(28] MRHBR, ACHERS. Ao FREIME F B 22 PEBOR I M i AL AR A T A= W) AR TR, AR TR, 2010, 26(4) ; 483-488.
[29] 22, RuPRUIPERGY) B B 2 B DT BoR BRI . RO R 254 . HARBIERR, 2006, 29(6) : 582-585.
[30] Edel-Hermann V, Dreumont C, Pérez-Piqueres A, Steinberg C. Terminal restriction fragment length polymorphism analysis of ribosomal RNA genes

to assess changes in fungal community structure in soils. FEMS Microbiology Ecology, 2004, 47(3) : 397-404.

http ; //www.ecologica.cn



10 £ OB ¥ I 39 &

[31] Bastias B A, Anderson I C, Xu Z, Cairney J W G. RNA- and DNA-based profiling of soil fungal communities in a native Australian eucalypt forest
and adjacent Pinus elliotti plantation. Soil Biology and Biochemistry, 2007, 39(12) ; 3108-3114.

[32] g%, BAR, &2, 8530 DRI RUEYR RN 5 F B F . Rl IRABHTE, 2014, 35(5) : 588-594.

[33] BEIE, skmitf. TR FE MY A Yy B L. A= )545@ 4, 2013, 40(1) : 98-108.

[34] Berendsen R L, Pieterse C M J, Bakker P A H M. The rhizosphere microbiome and plant health. Trends in Plant Science, 2012, 17(8) : 478-486.

[35] bSO, ZEAHEE. L HUE HRIE M BT R 3R LR W) 2 R B ST RS AR AR 2004, 12(4) ¢ 456-465.

[36] Izumi H, Caimey ] W G, Killham K, Moore E, Alexander I J, Anderson I C. Bacteria associated with ectomycorrhizas of slash pine ( Pinus
elliottii) in south-eastern Queensland, Australia. FEMS Microbiology Letters, 2008, 282(2) ; 196-204.

[37] FLES, PERG, BRAEAE, M, BESR, XIFRIT. AR )RR AT ST, Mol TR, 2001, 15(4): 11-13.

[38] ZRIES%, BIVLER, ki, TEREIE, EPE. SARER TIEHEY SRR LRI, NHAESSM, 2005, 16(7) : 1275-1278.

[39] ZEHEK, WAEF. HEIEX D SRR H TR M. S FHEWE R, 2014, 12(5) : 914-928.

[40] BLr2¥, Jk. FEEEAT AR YR E R IR FAEEIA B b 09 i IT il e . 2ROl RHE , 2008, 36(30) @ 13244-13247.

[41] sk, sKAPF, *5.:{151%, EREEE. JURAE 22 58 ICTE I B A0S M. Wb R 224 . FARBIA, 2006, 26(1) : 21-24.

[42] FHE, EWIH, KBR, AT, SEN YD, oKL, R, S, FA, 5FE. TimER IS O S IBHEE (Arobacter sp. ) Fl
#Wﬂé(aosmdmm sp.) BYAM AR R WEVE ST, 2016, 47(4) ; 864-867.

[43] West P W. Growing Plantation Forests. Berlin: Springer-Verlag, 2006 82-90.

[44] Wang Q K, Wang S L, Zhang J] W. Assessing the effects of vegetation types on carbon storage fifteen years after reforestation on a Chinese fir site.
Forest Ecology and Management, 2009, 258(7) . 1437-1441.

[45] HEaEM, fLaEdE, £, Bleit, R, AN LM YRR S RRAE. REATAE 8254, 2012, 23(8) : 2135-2140.

[46] KB, FEE, SKREAL 2, 4-ORCT R M X W0 26 AR Br 1 38 GCAE W B ) A BOORE B 5. b [ A S Aol 2 4, 2008, 16 (6) -
1606- 1608.

(471 ZEH6%E, XA, EER, KO, SRaELL, £, sKERE, IR, EED A EMRER TR O H R 5O6 & & PCR P & AE AR bR
FIBHAS AR L. RO 24 42, 2013, 22(6) ; 239-248.

[48] Paterson E, Gebbing T, Abel C, Sim A, Telfer G. Rhizodeposition shapes rhizosphere microbial community structure in organic soil. New
Phytologist, 2007, 173(3) : 600-610.

[49] WuF Z, Wang X Z, Xue C Y. Effect of cinnamic acid on soil microbial characteristics in the cucumber rhizosphere. European Journal of Soil
Biology, 2009, 45(4) : 356-362.

[50] Eisenhauer N, Scheu S, Jousset A. Bacterial diversity stabilizes community productivity. PLoS One, 2012, 7(3) ; €34517.

http ; //www.ecologica.cn



