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sequencing F1 AT M1 (PCA) 55 518 00T - HEGICE WU RE T 25 M A8 A0 B L 5 H P AR AL 2 ) (06 R o S5 SRR i IX A2
RN TR A AP EE A - B- . y-proteobacteria 1 Cytophaga-Flexibacter-Bacterioides ( CFB) 258 ; 1L {1 SR T2 1

( Ascomycetes ) FlI4H T ( Basidiomycetes ) eI THIFNE . A2 AN THEAR (SRS, 1L T8 240 PE 48 B FFR AR, ELREZE R AL
BN AR LA 3 AR N T AR L3805 Pedobacter cryoconitis 5% 5 2 B V1 40 B FPREIS 2%, (B YS Xanthomonas sp. Fl
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Effect of different Cunninghamia lanceolata plantation soil qualities on soil

microbial community structure
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Abstract; Polymerase Chain Reaction- Denaturing Gradient Gel Electrophoresis ( PCR-DGGE ), DNA-sequencing, and
Principal Component Analysis (PCA) technologies were adopted to assess the soil microbial community structure changes
during the evolution of Cunninghamia lanceolata plantation soil quality. The relationship between soil microbial community
structure and soil quality changes was analyzed from C. Lanceolata plantations with different soil qualities at the Huitong
Experimental Station of Forest Ecology, CAS. The dominant species of soil bacteria in the C. Lanceolata plantations in this

region are o, 3, y-proteobacteria, and Cytophaga Flexibacter Bacterioides (CFB). The dominant species of fungi are the
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Ascomycetes and Basidiomycetes subphylum species. The Shannon index showed that bacterial diversity associated with
monospecific C. lanceolata plantations was lower than that of the natural forest or mixed C. lanceolata plantations. With
continuous planting of artificial fir, the index continues to decrease. The replacement of natural forest with artificial fir also
affects microbial species composition. For example, bacteria species with a close phylogenetic relationship to Pedobacter
cryoconitis disappear from the artificial fir plantation soil. However, bacteria species with a close phylogenetic relationship
to Xanthomonas sp. and Rhodanobacter sp. begin to appear in the soil of the continuously planted artificial fir forest. The
pattern of change in the fungi community structure is opposite to that in the bacteria community. When the artificial fir
forest replaces the natural forest, artificial fir is continuously planted, and the soil fungi diversification index continues to
increase. The fungi community structure varies significantly between the third generation of artificial fir forest and the
natural forest. Some fungi became dominant in the third generation of artificial fir forest, including Sclerotinia sclerotiorum ,
Mycosphaerella cannabis and Marasmius graminum. Other research has shown that S. sclerotiorum and M. cannabis can
cause a variety of plant diseases, and M. graminum is a litter decomposition bacterium. The dominant fungi species
originally existing in the natural forest soil disappear from the third generation artificial fir forest soil. The soil bacteria and
fungi community structures of the mixed C. lanceolata-Michelia macclurei and C. lanceolata-Alnus cremastogyne plantations
are similar to the dominant edaphon species in the natural forest. This study evaluated the relationship between soil quality
evolution and changes in microbial communities and functional groups by correlation analysis. The soil bacteria
diversification index has a positive correlation with the total organic carbon (TOC) , total nitrogen (TN) , extracted Carbon
(C,.,), ammoniacal nitrogen ( NH;-N), available potassium, available phosphorus and pH of the soil. The fungi
diversification index change is positively correlated with the C :N ratio in the soil but negatively correlated with the pH.
These findings suggest that different silvicultural practices have significant impacts on the soil microbial community through
influences on soil chemical properties. There were significant correlations between soil quality evolution and changes in
dominant soil microorganism species and soil quality change is related to the dominant species changes in soil bacteria and
fungi. For example, Burkholderia sp. and Pedobacter sp. can dissolve phosphorus and potassium and the pathogenic
bacteria Xanthomonas sp. , and pathogenic fungi S. sclerotiorum and M. cannabis can cause plant diseases. The dominance

of these species changes with soil quality evolution from natural forest to artificial fir plantations.

Key Words; Cunninghamia lanceolata plantation ;microbial communities ; DGGE ; PCA ;soil quality
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DI B IR YR AEARPE RIS T O AR R RN TARZ B A GEAR AR 32 ) B MAZ AN T
AR e AR A XS S ) (AR AN LT ) BRI A5 R A AR P A TE AR S 7 A IR SC B R R AR AR
b WAEYITEIE 450, 2R EROCHERN A2 A SAZ AR N TAR HHER AL/ S Z [ A (BRI JCFR 7 BT Rx 2k )
B AEGE WY Ok TR I AN AR . BRI, 22103 T KPR Rk SR U AR ST H Y, [ 5
TER 7R N TARZEE T BT e o 8 A8 A A W 701 AR S LB
1 #R5FEZ®
1.1 ARSI S A O

BF AL T I 22 7] L R B 2 A 455200 (109°367E,, 26°517N) 54k 200—500 m,
L Fe B AR Ja R IR g, AR 2R 16. 5 °C AR IR REZY 1200 mm , 4F BRI BE 80% , LI M 21 2
5 mBRUE LB, 12 EEEZ 50 em, MU A B S MY 4 I RS R PR, 2RO o 22 LAFS g
( Castanopsis spp. ) FIA¥E( Lithocarpus spp. ) N+, 185, T ARG S0 | JE A iy 4 2% bAoA 95 B 3K ™
8, MRZ A K (C. lanceolata) i F (A N T AN Ey BB AN ( Pinus massoniana ) i 3 19 8% LA 55 B #5 F1 H AR
( Quercus fabri) MAFF ( Liquedabar formosana) 55 A “F WAL W LR R IR ISR

WSS A P2, — 20 A2 AR GE RIS L, 53 S —ZH A2 ARTR ARG L, R —2H 0 b R 3 3%
() FITEAR S ST M 2 — B, 25 1 AL A - 3 2R B AR (NF, native forest) | “FEIBKIE y 41a, B 2007 4F 4
HMIEEFN 10 hm® s AR — 10K ( FCF , first-generation C. lanceolata plantation) ,1983 4EFFEHB4 NF B 4K s
B 2K AR (SCF, second-generation C. lanceolata plantation) ,1983 S-FAE 21 4FA A2 AR — 0K B AR b
B 2K = AR (TCF , third-generation C. lanceolata plantation) ,1983 4FFHFE 21 A2 K AU E AR |
B, 3 P2 ARAMBIEEE 2000 BR/hm® ARG RIBUIAE] 3 hm?, 25 2 450 HE & T 1990 4F,1989 4F
AR —CMER G B IE AR AU (CF, C. lanceolata plantation ) SR K SIFIRAEM(CFM, C. lanceolata
-Michelia macclurei mixed plantation) FZANEARIRAHK(CFA, C. lanceolata -Alnus cremastogyne mixed plantation )
FIRZARRMIE MR (CFK, C. lanceolata -kalopanax septemlobus mixed plantation ) , & AR () 1 ARk 5 3 hm?, 3
TR AR K2 AR5 R A8 1) 51y 822, A2 A I A 285 2408 1296 k/hm | fid] RS 74 b A %% B2y 324
B/hm® . CF RSN 1620 #k/hm’
1.2 FRahcRE S

2007 4F 4 HAE bk 8 DAY rpig IR th 72 =40 70 Bl B0 E 3 DT (10 mx10 m) | FEREMETT N
4 AR BRERIZIEY G REE 0—10 em I JRA , KW ERAAA T, 0 2 mm TG 4575000 3
By, — & T 4 CURFAR I, 7 — 10 'E T =20 COKFER 7R, Bt A=Y DGGE 73 M s ;55 3 (r B = N AR
W g G 100 HFLAE R H T AR B oA
1.3 WETTi%
1.3.1 LSl a e E

F-3%8 pH M B KA AR K R 122 BIR G, #E 30 min, ARG THIREETHIE . T B AL
BRI E B TR T 100 B 30 MERIFREL 1.0000 ¢ 4, 3 BA MLER FI & R HIT K 2
X vario EL III( Elementar, Germany) EAZEE iﬁ%ﬂ/ﬁﬁﬁﬂﬁﬁ{ﬂﬂfﬁ%}ﬁiﬁk['” 7 I g , kit £ 5
BRI LG , ISR, I A A A A SR Al s B 1 T s 2 RSk
1.3.2  HHERUEYE DNA $2IS 4iie

AN B DNA SRS B SCHRT L RO B DNA RIS BE SO, KL DNA SRJH DNA Jeatif i )
& Kit Ver.2.0(TaKaRa) #1744k, 4lifb )y 2 BEAE U IHIE T,
1.3.3 PCR-DGGE

AR [v) -3 RE 5 (4 5 DNA AR, +3E4NTH 16S tDNA 55 F B AN 8 F 514 GC+341£-907:' HEAT
PCR ¥1, +HEFE 28S rDNA F¢ 57 v BOR @IS 14 GC+UL-U2! #4794, PCR Il DGGE A+ 1FR 1
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SCHR
1.3.4 FFIEFATINF ARG L E T

DGGE $#1F 545 76 K HEEEAE T I AR, A EP &, A 30 pL TE (10 mmol/L Tris-HCl;
1 mmol/LEDTA ,pH {H 8.0) ,4 CiI® AR, R DNA &5, B3 wL A AR, B AT PCR 748, J
FH DGGE B Y 45 R S UIRER A B RS —3 ., Bk —8U5, A GC 5| ¥ iiiT PCR 71, PCR
PR & sl BIC AR TAEY TR ARB R A FIT, #7515 5 GenBank,, W FH GenBank
PEAEAY Blast HEAT [RWEME LLAS , HKE S5 038 97 SR AE S FASTA 4%, R Clustal #X04:3E47 275 Hoxd -4
% ALN #8230, R MEGA4. 0 AR H Y Seqboot BRAFHEAT 34T, R FHABHEIE M R 48 e B 0, 1 22 T
R RN GRS ol = B LA VAS
1.4 IFEMGI Ik

iz FH 32 1553431 ( Principal Component Analysis, PCA) ZE SN A [RFZA N TR 25 2 48 H 30 ) i 30
AR B AR RIRZAN TAR 498 5 5 0 AR fb ka3, 32 U 43 A1 44 Quantity One (4. 6. 2) 4341 DGGE Elii,
FIF DGGE Ei& K 7 Ab 25 R i+ 8 1 A S U Y75 1) Shannon-Wiener 38 50( H') (& B (S) F3y 2 B
(Ey) , VNSRRI S0 A W BV 4540 Z R vE AR Ak . B8 19 7 25 43 T b o 15 22 0 AH 56 1 43 A 2 2R
SPSS 13. 0 #fF#1T , /EEIRH ORIGIN 6.0 347,
2 ZEREHH
2.1 RN AR o A

1 P RRARRIAN TR IEIRSY pH EA C/N AL, ST — I3 M4 AN H8 b LA B 4542 A
N TR i 728 Ak, ISR T PCA J7 i 2 o i 28 Ak a3

F1 AEZANIHRLEERETL
Table 1 Soil properties of the different plantations

W ol BB 22X %7‘55\ ﬁﬁ%}fn Mz%ﬁp Mz@zﬁ o~
Plantations (H,0) TOC TN NH}-N NO;-N Available K Available P C/N e
/(g/kg) /(g/kg) /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg)
FEFHRHL Successive plantations
NF 4.66+0. 1ab 48.7+5.6a 3.61+0.3a 11.7+1. 1a 16.1+0.9a 177.8+5.5a 2.56+0.3a 13.5a
FCF 4.43+0.1b 32.1+1.3b 2.05+0.2b 8.33+0.9b 15.4+0.6a 148. 2+0.5b 2.26+0. lab 15.6a
SCF 4.73+0. la 29.4+4. 1be 1.86+0.6¢ 10.6+0.9a 14.7+0. 8a 153.1+0.8b 2.17+0.2b 15.8b
TCF 4.10+0. 1¢c 21.9+0. 8¢ 1.38+0.5¢ 7.06+0.7b 11.2+1.3b 84.2+0. 8¢ 1.72+0.2¢ 15.8b
TR M Mixed plantations
CF 4.78%0. 1a 19.2+1.1a 1.81+0.4a 7.12+0.9a 6.97+0. 8a 105.0+0. 8a 2.22+0.2a 10. 6a
CFM 4.96+0. 1b 22.5+3.1b 1.91+0.6b 10.7+0.4b 8.98+0.4b 171.8+1.3b 2.24+0.3a 11.6b
CFA 4.91+0.1¢ 15.5+2.4¢ 1.43+0.5¢ 5.79+0.6¢ 11.5+0.7¢ 146.7+0.5¢ 2.21+0.2a 10.9a
CFK 4.87+0.1c¢ 11.1+2.3d 1.17+0. 1d 5.61x0.7¢ 5.51+0.6d 112.4+0.5d 1.76+0. 1b 9.53¢

IR R BB 2 (A7 AR B P22 5 P<0. 05 ;NF . 3 S H-HK Native forest; FCF: AZK—1R A THK First-generation C. lanceolata plantation;
SCF: A2 AR AN Tk Second-generation C. lanceolata plantation; TCF : £2A =X A\ T4k Third-generation C. lanceolata plantation; CF: fFZAK N T4k C.
lanceolata plantation ; CFM : #2K K JIRGIRZE MK €. lanceolata -M. macclurei mixed plantation; CFA : 2 KK ARIEAZHK C. lanceolata -A. cremastogyne
mixed plantation ; CFK : &Z AFNFIRIZH C. lanceolata -K. septemlobus mixed plantation

15 1 PCA JFkLra At L3R 0 Ak, AAS 2T AL SRR A IR 330 4% bl - S i £ 45 &2
WOME (3 2) o EROMEEBEZ AR MEIL S T B 45 R, IR SR R LR S0, R R/, R
LG EREE RS AR N TR A SRR T B0 8 B i ] 0 AR, 1 L A 1) 3 Rt =X B L g o
iR, SRR AN A IRMS IR AU 2 AR A A =AU, AT LA ] 31— P AEAZ AN T
2GR IR (R 2,18 1) o ARKIIHIR AR TR 255 T ME 3 T AL AR SlbR S A P
FZRRSSHR, BERIAZ AR S K AR A5 A e i B 00 s 2 R SRR IR AL 5 R 3E 2R & £ [ AR AT B
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S ARSERIA R AR SRR AL G RS FIROMEAEBAT SN, 0 R R, T WAZAR SRR S
RESTFARIBFIBEAZ AN TR IR A F Y (R 2,8 1),
£2 FRABANTHLRREEASHE

Table 2 The values of the principal components associated with PCA of soil fertility in different plantations

PC1 pc2 PC PCl1 pC2 pC
NF 4.27(0.08)a 0.39(0.56)a 3.11(0.13)a CF -1.52(0.47)a 0.81(0.16)a -0.83(0.38)a
FCF 1.30(0.51)b  -1.09(0.29)b 0.58(0.44)b CFM 0.56(0.31)b 1.49(1)a 0.84(0.5)b
SCF 1.11(0.4)b -1.07(1)b 0.46(0.05)b CFA -0.85(0.19)¢ 1.15(0.31)a -0.25(0.22)a
TCF -1.91(0.46)¢ -2.59(0.41)c¢ -2.11(0.34)c¢ CFK =-2.96(0.12)d 0.92(0.09)a -1.80(0.11)¢

FHBE S PC1 PC2 Hl PC, 7R PCA 43 Y 32 4 i Ak S

L F BT YR A R oA e R AR AN AR e AT e b, BIAE — E AL (PCL) AIER — FE 5
(PC2) ,Hrf PC1 BTHRHILE] 54.49% ,PC2 TTRkFiA % 23.22% , — & BT oriikRik 8] 77. 71% , P ILiX P4
TR RE M iR B R A AR B 3R 3 TRAI I LA T PCL AT PC2 B S, Horb 398 pH (B FNAR & L AE
9 RS EABGES R, U PC2 FER IR PR AR S A E R HE WG RS — R E AR
fen B eg , DRI 28— B o R T BR 3% pH BB Z L LIS 3R PE R AR B . RS PC1 A PC2 MARIELEL
EAEE(E 1), AT RAZRA B AT AN [RAZ AR N TR 38 AR Ak i 3, k0 1 R FH SRl o9 B it — L 1 s Ak
P BT oA 7 T A ARV 8 I A R A ) B

x3 EHHSHEFHRETERE
Table 3 Component matrix of PCA

1443 Component 43 Component
PCl PC2 PCl PC2
pH (H,0) 0.005 0.897 A PRk TOC 0.884 -0.283
2% TN 0.844 0.183 TR L C/N ratio 0.431 0.790
A Extractable C 0.814 0.207 A NH-N 0.831 -0.033
HAZ NO5-N 0.798 -0.426 BN Available K 0.813 0.396
HUHE Available P 0.759 0.406

H &l 1 W1, NF \FCF \SCF \TCF 7€ PC1 Hl PC2 Li&¥isr &5, I3F HAE PC1 LMo Bk, Ua B BE % 7% 4R A%
B IAZ AN AR e 5 [ SR Ak 22 18] A 22 5B K FCF  SCF 72 P AR 43 85 A2 AR — | AR pk 135
AL TCF 5 FCF TCF BH 43 B, il WL AR AZ AR N TARLE AR R i 15 00 T 498 B U R, X 5 45
B MBS HT ) 438 T i AR e R A A — 3,

CFM .CFA .CF Fll CFK 7£ PC1 L& #i43 85, 78 PC2 B/, Ui X JLAN 138 pH (B AR A L 28 kg
AN T E SR AR RIZ  CF 55 CFA 76 PC1 _EAr B AR/, i 5 e AR A M B 4 i, i 5 3% 2
T ZEA ERME ST HT A — 3, BEBIRZ ARFEARIR S G I A AN B, AT DL 7R R R TR A Uk A 7 Mk i £
etk i R AR 5 K I REIR AE Re g A ol TR
2.2 TIEEREVE DGGE 43t

o FHASIEBG R 5 DNA 4R BOF 2, A5 8 (6 E AN B L DNA | BE24 20 kb, 2046 I8 B 5 8O BN, R
PN 514 GC+341F-907R" X 16S rRNA LK) V3—V8 X417 PCR ¥4, #35 566 bp H Bt ILALK

A& PCR F=¥7E DGGE $5 4 EliE I F&7 5 H FE R BB S, 16S vDNA 7511 PCR ¥714 5 DGGE 1945
Hriz FHREE N DNA JKF- X BN RIS s a5 Fa 2 [l ) 22 5. AL 2 vhml DL Y, B8 557 AN R AZ RN
TAREIEITREA s Bl AZ AR N TAREUR F SRR AT 7 28, BS 4541 % 1T 2%, B6 \B7 & i 3L 1fif B6 \B7 %%
WHE A2 AR 5 RE R A SGE WSS | T IR 2 i BS S Bk 52, FEBE B1 B3 45 0B Wi i 4 | X it
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S5 AR N bR A 38 5 3 A ok

WG 12 AR S RGEMSAL , TS AN BRI VE 250 2H
FEA T AR RS . I DGGE RS M B A 45 i 53
SRR LA A BEVA 1Y Shannon-Wiener 18480 (H) \F & &
(S)FILIRE(E) AR WE 3, AN TAHAREBURC B A
MOT  BEE AR CER I N, S AN 22 FE M AN T
AWIFEAR(P<0.05) o F2AR 5 K Il FEARIRAS )5 203
ZAEVER A 5 EBAZ AR LMK 235 52 5 (P<0. 05) | T #2
AR HARIR 52 W 3 B e — 2P PR AR (P <0. 05 ), BE R 4 4
2 TR Vi 2 1 2 Bt TS S ) B AR AR A ] T i A 22 A

i PCA X5 241 DGGE 3 5t A7 fi bt , 7]
LI M 7 0 AN R A2 AORR - SR it 20 T 9 2 B 1Y 25
St B4 R T AL F O, 23 B FRs AN [ AR Tt
TR Y A2 AN bR 338 v (A= W T 8 728 A 3
DGGE 35 577 73X M4 32 143 B S AR, 25— 32
JRr PCL EEFOR T A B KT 150 B4 (5 &,
BRIV 2 v B S T T ) 2R 5 58— R R AR R
JEAE 100—150 Z [ A9 2547 (R 8, BPIEL 2 g il 0L, (5
e e PR I 2R

Kl 4b IR A2 AR LIRS AR AR T S AN AV 1
Ak, CF 73515 CFM (CFA 7E55— Ry PCI( STHRR
1 48.52% ) A PC2( TTEREEN 33.70% ) Ay
2,15 CFK 7E PC1 Hl PC2 b3 B BERRAR /N, 2 T [F)
— R IR, AL AR GEARIAZ AR S Pk 53 4 B A
VLI 22 SN | 5 HA P FMR AS R 22 SR

ANHT TR, 0T DGGE 3% 4% HEAT 32 1o 43t
PCl FEFRRFARE KT 150 B4 (5 B, ¥ DGCGE
P I 26 2 BRI 25 P 7 25D R (BI—B7) , £
SRS U, 4 A4 5 91 %5 5% GenBank , 3R 1545 5 50
GQ423440—GQA23446 , B RGK T 4T, 45 R B W)
T 23 A DXAZ AN bR 38 b 0 T A DL SR RN -
proteobacteria , B-proteobacteria , y-proteobacteria 1 CFB
KHE(E ).

MAFAZARN TR LA DGGE BI3E I & | 24
FEARNTARBUR B AP, T 240 T 75 45 40 32 3 52
M. 35 2% K R 5 Sphingobacterium sp. . Pedobacter sp. .
Burkholderia sp. FIl Lueifibra arvensicola % ) 1) 2 b8 Fh FE
WD SRS KR Pedobacter cryoconitis % Y1 04 20 pE P

AR b A R IR S R AL 4697
m NF & SCF ©o CF @ CFA
o FCF v TCF = CFM * CFK
3
o
g 2r
a * | .
S LE co®e L
~ o * -
I
£ 0 = .
@ o
ﬁ _l | AD
i )
-2k
EF:E v v “
-3 L o

-3 2 -l 0 1 2 3 4
SF— A PCL (54.49%)

B1 AREEARAINRTEREIRSSHTRE

Fig.1 Principal component ( PC1 x PC2) plots generated from
covariance matrix of soil physicochemical characteristics of the
different plantations

NF ; 5 £ & K Native forest; FCF ; 424K —{8 A T #k First-generation
C. lanceolata plantation; SCF : F2A —fX A\ T4k Second-generation C.
lanceolata plantation; TCF: %% A = 4% A\ T. M Third-generation C.
lanceolata plantation ; CF: A2 K N T C. lanceolata plantation; CFM
AR K IR I €. lanceolata -M. macclurei mixed plantation ;
CFA:AZ KRS KR 22 A C.
plantation; CFK: A2 K H # i 3 #k C. lanceolata-K. septemlobus

lanceolata-A.  cremastogyne mixed

mixed plantation

NF FCF SCF TCF CF CFM CFA CFK

B1

B1
B2
B3 B2
B4 B4
B5 BS
B6 B6
B7 B7

B2 THEHE 16S rDNA 4557 B PCR-DGGE R4 Ei%
Fig.2 DGGE community fingerprints of 16S rDNA fragment
from soil bacteria DNA extracted from soil samples under

different plantations

SZARSNER AN TR IR TR — M =R L rp B B T3R5 R S Rhodanobacter sp.

U0 A TR R ; TEEARRAZ AR = AUMK LS b A RV 2

BEK, B EAEZAR— AR R Ah i 13T 2%
2 X2 5 Xanthomonas sp. V)N GEFPHE (K] 2a, K1 5)

FEARE MRS, LR BV A5 A R AR U - S A AR Al L AR ARV AR L A2 AR K R S bk
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Fig.3 Genetic diversity indices of microbial communities in different plantations
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Fig.4 Principal component ( PC1xXPC2) plots generated from covariance matrix of B—DGGE bands obtained from soil samples under

different plantations

FIRZ AR FE AR 28 bR+ S 41 1 BE V% 2 REVE M 3 B A Fr 32 5, 5 Buwrkholderia sp. . Luteifibra arvensicola |
Sphingobacterium sp. F Pedobacter cryoconitis 7% 5 2 % YT A B A RE RN s A2 K SHIBKIR SE I , T 3E 4 TR A
TEZREMERN B 23, 5 Sphingobacterium sp.  Pedobacter sp.  Burkholderia sp. 1 Luteifibra arvensicola
PRG R ATV E AR H R (F 2b, [ 5)
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100 —— Luteifibra arvensicola (AM237312)
L B4(GQ423444)
60 96 - Pedobacter sp. (EU024300)

B2 (GQ423440)
e e 3; Pedobacter cryoconitis EU169155
B5 (GQ423446)
92 |, Sphingobacterium sp. (AB020206)
92 'B1 (GQ423441)
100, B3 (GQ423442)
Burkholderia sp. (AB449068)

99 B6 (GQ423443)

100 Rhodanobacter sp. (AY267517)
55 [ B7 (GQ423445)
99 Xanthomonas sp. (EU723092)

Belliella pelovolcani (EU685336)
a7 Armatimonas rosea (AB529679)
100 Chthonomonas calidirosea (AM749780)
uuuuuu -158 Methylobacterium sp. F73 (D32237)
79 Gamma proteobacterium A40-1 (AY049941)

21 Actinomyces bovis (NR 044862)
0.05 11 Caldisericum exile AZM16¢01 (NR 041680)
— 34 Acetomicrobium faecale (FR749982)

60 Acetomicrobium furcosa (HM038002)

E5 tIEZE DGGE 54 AL 16S rDNA RELFH
Fig.5 Phylogenetic tree of all sequences of 16S rDNA from B-DGGE bands

2.3 HHEEERE DGGE 4

K EHE B8 GC+UL-U2'7 X} 28S rRNA JE [HF#4 - BEEAT PCR §74% , 1531 260 bp H- B, BHARKE
B

K 6 R A AR TR 3 B R 5P PCR-DGGE 3%, B35 A2 AR A TAREUL A SR IE A 4%, +

NF FCF SCF TCF CF CFM CFA CFK

R BRSSO AR A B I g, U HR NF 5 TCF 3
HH DGGE FIEFHE AW A AR S MM RIR SR
TR S R 2R RS R CFM B T Bl T

F3
# FI 76 CFA (CFK [l 30 T 408 F7 4B pA

S TP 2R 0 P KT T 2 S MR B e F3
TR B R . "
87 45 R A TARHUR [ SRS 1 y
LRV E & A TS, (H FCF \SCF 5 NF 2 ] 44
PR SRV ROS (2 SR AT R B B (P > 0.05),
HA TCF 5 NF Z[RiA%) B2 5 (P<0.05) , Wiz
TE ARSI 125 4 498 2015 2 e 0 2 T S AR 5 1 7
B BA MG A — SRARZ LSRR E(P >
0.05) A —RMEEA MMz LR BE (P
0.05) , 56 B 2 12 A R T 110 72 6 - M0 20 B B V6 2 R ,
I JE R 26 O IR R R, A5 3 e oA IR
B0 HEEL I SRR P B R R LA B E R P "
F10

(P<0.05) 1 3 MRSk Z (] -3 B i ZREPE R JE Flo
BAARTK(P >0.05), FTUL, WIme 2w XAZ A bR -5
HRZFEIERF R A2 (B3 5 LA E 2 A me  +mmmm28s rDNA $52H B PCR-DGGE R4l Eil
IEJEI/‘J ° Fig. 6 DGGE community fingerprints of 28S rDNA fragment

Kl 8a Ei—{ﬁﬁ*ﬁ 7'( AI;M( i%ﬁ%ﬁi%%*@ H@/E from soil fungi DNA extracted from soil samples under different
fh#s %, NF 55 FCF, SCF T 3 7E PC2 ( 5 ik ¢ g Plnaton
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Fig.7 Genetic diversity indices of microbial communities in different plantations
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Fig.8 Principal component (PCl1 x PC2) plots generated from covariance matrix of F-DGGE bands obtained from soil samples under
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Kl 8b SR AZ AR GEMFIAZ AR TR SR I L RV 19284k, CF 435115 CFM CFA 2K CFK EZ4E PCL (5T
HkE A 58.16% ) 14388, ULBAAZ AR LIRS 3 Fp A2 TR 58 bk - 18 B0 FF V5 25 A AL A 25 7R K33 FPAZ TR 28
FEAE PC2(FIHAR A 22. 63% ) L8, 78 PCL LB AR IS, 3 W 3 FlRZ ol TR A2 bR 1 498 240 11 T % 445 ) 4L ol
FHAL,

¥ 3B DGGE Bl b EEHFIE AR T 1) 10 500 T (F1—F10) , 575 B 35K F 100, 28507,
V4TS T 5% 5% GenBank , #4535 55 J GQ423447—GQ423456 , 4R 5 R B AT, 45 5 7 191 e 23 7] 1 1X.
FEARN TR - 48 v B B 0 P B8 B 2 7 B T AN P 1R T TR R (1 9)

37 F2 (GQ423448)
83 {:—— Pseudomassaria carolinensis (DQ810233)
F3 (GQ423449)
60 'ﬁl: Creosphaeria sassafras (DQ849956)
71 [ F9 (GQ423455)
100 - Pyricularia longispora (EU107300)
| F10 (GQ423456)

100" Cladosporium cf. subtilissimum (EF679390)
20 100 F6 (GQ423452)

41 I Mycosphaerella cannabis (AY 152609)
100, F1 (GQ423447)
Sclerotinia sclerotiorum (AY789347)
98 94 60 Tubeufia paludosa (AY 849966)

F4 (GQ423450)
100[ F5 (GQ423451)
Serendipita vermifera (DQ520096)
100, F7 (GQ423453)
100 Sphaerobolus iowensis (AY439010)
71 F8 (GQ423454)

100 - Marasmium graminum (AF291345)
Trichoglossum durandii (HQ222875)

— Desmozoon lepeophtherii (HM800847)
Blastocladia pringsheimii (HQ888696)
0.05 100 00 Archaeospora schenckii (FR773150)
—— 48| j Blyttiomyces helicus (DQ536491)
871 Anaeromyces mucronatus (JQ014030)

9 +IEEE DGGE {54 EE 28S rDNA RELBER
Fig.9 Phylogenetic tree of all sequences of 28S rDNA from F-DGGE bands

MAFARZARNTARL A E DGGE EIE AT LI Y, A2 AR AU H ARG, LI BRI 451 %
FIFLM : FCF  SCF 5 NF 2 [i] + 88 FLTE RE v 25 M B AL A R, — S R REA D R a4 Ik kR S
Creosphaeria sassafras , Tubeufia paludosa ,Serendipita vermifera Y] 1) ELIRFIHE , — 3 /0 FIAFEAT $4 0 0 #a 35, 1 2%
2 K25 Pyricularia longispora F1 Cladosporium cf. subtilissimum % Y)W GRUE Y FRE  (H A —LeFhEE 2%, an
SRR FE Pseudomassaria carolinesis Fll Sphaerobolus iowensis % VI YR ; T IR E A 45 H7E TCF 5
NF Z [ K, 322 R Y5 Pseudomassaria carolinesis . Creosphaeria sassafras .Sphaerobolus iowensis . Pyricularia
longispora F Cladosporium cf. subtilissimum % V)0 E A FRRETE IS, M B2 K R 5 Sclerotinia sp. . Mycosphaerella
sp. T Marasmius graminum 247 E@Eﬁ%‘étﬂfﬂ( &) 6a, Kl9) , A LS B — PR AZ AR N TR i 3 B
REFR R ZNRAZ

RS RE AR S 5, - 3 TR TR 7% S Al e AR s R BN BB R BRI I, W15 Creosphaeria
sassafras Fl Sphaerobolus iowensis 552 5 F % V) 1) H & R F IR B, 55 Mycosphaerella sp. F1 Marasmius graminum
RGO FE VI ELE R 2% 5 RAR A7 2 S BEHEIE T F SRAR KT, D0 L TR RV 4 4 2H UTEAZ I TR 52
AR HEP A BT A AMRA S 6b, 1K 9) .

2.4 EARANTAR:ERUEY RS ST ZLS TR AR R

R4 GRR, LA 2R EUR A SR A A P R ARG o A ATVA TR B A
AR R S B 2E TEARSE (P<0.01) , 5 3% pH {EALEAT HLAR 2 B35 IEAIOC (P<0.05) , 5 3 pTR FR
IHEN R EIEAIE(P<0.01) o HIEANE Mo 704 PC1 5 H 3Bt AR 7y LA 27 M o 1 3 IR ARG
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R4 EARAIRTRARERREENTLS DREFERMBEXSES T

Table 4 Pearson’s correlation analyses between the bacterial community and soil properties from all sites

Hy Sy B-PC1 B-PC2 Hy Sy B-PC1 B-PC2
pH (H,0) 0.502*  0.417"  0.426" 0.076  FHZAZA NO3-N 0.310 0.328 0.367 0.312
BA LR TOC 0.417*  0.428*  0.431" 0.271  HELE Available K 0.767** 0.800**  0.677*" 0.469 "
27 TN 0.659** 0.661** 0.548"*  0.420° #HALHE Available P 0.797** 0.858** 0.879*" 0.304
A C/N ratio -0.15 -0.14 0.078 -0.17 Soil-PC1 0.683** 0.718** 0.717**  0.353
Al SRR Extractable C - 0.680*  0.742**  0.660**  0.371 Soil-PC2 0.569** 0.548** 0.421° 0.219
B A NH;-N 0.549**  0.573**  0.697**  0.066  Soil-PC 0.811** 0.839"" 0.803"" 0.398

Hy A REIE ZREE Sy AN BEIE - E B, B-PCI . 08 DGGE K3 PCA 311955 — M AME , B-PC2 ;. 41 DGGE &3 PCA AT iyEs — &
JAHE, Soil-PCI ; L3 Fid PCA S04 B5E — T AME, Soil-PC2 ; 3 fFi it PCA 43 M 8958 — 32 i/, Soil-PC ; 3 i it PCA o & &
SHE

5 SRR, R HE R 2RI UL 5 Gy A A M R B A OCE (P > 0.05) UL +
R A LR B EAE, 513 pH B B E A (P<0.05) , X — s SR 4E R BAE . Eon H RS
FEVRACHRIY DGGE FFAF 255 LA K LR+ 38 rp 3G 207 19 PCL 5 RF0 43 380 5 G 35 AH M (P>0.05)
SR, R AZ AR =AY DGGE FHIESRT I PC2 5 280 4 ek it ik 2 1A A5G (P<0. 05) , S df S Pk & A
BUA AT PRk B AS A AR LA S 1388 B 32 )0/ (BL (PCL A PC) |, AT DL PC2 37 1Y 4% i 4 3 110 L 7 il
T AT B T 3 A e T i AR b ) BRI

£S5 EAAIRIEEEREENTLE DREFERMBESES T

Table 5 Pearson’s correlation analyses between the fungal community and soil properties from all sites

Hy Sy F-PC1 F-PC2 Hy S F-PC1 F-PC2
pH (H,0) -0.505* -0.669** -0.401*  0.071 fii &% NO3-N 0.209 0.214 0.266 -0.387
BA YLK TOC 0.121 0.205 0.011 -0.639 ** A Available K -0.199  -0.276  -0.412* -0. 195
S LA TON -0.021  -0.043 -0.216  -0.576** W Available P -0.422*  -0.540** -0.199 -0.541**
BRA L C/N ratio 0.537** 0.550** 0.347  -0.322  Soil-PCl -0.030  -0.054  -0.108 -0.657**
A YEPERR Extractable G -0.262  -0.278 -0.155 -0.591 **  Soil -PC2 -0.627 ** -0.755** -0.509 0.081
BEAA NHS-N 0.090 0.071 -0.142  -0.790 ** Soil -PC -0.197  -0.255  -0.241 -0.611**

Hy : HRE 2R, S, . HERE £ 5 B, F-PC1 . 514 DGGE &3 PCA 4311958 — EMiSME, F-PC2 . BT DGGE I3 PCA 4 Hr s — &
HAHE
3 itie
3.1 EARNTAR LTS A B b A0 R v S ARk

BT AT 16S rDNA LR5FHRF A, DGGE 58U B F T T 2832 189 1177 W 0 240 77 A6 R F 20 A 4l T R
ARG ARG A PCA 28T, KA FAZ A - 40 RS S5 A A8 4k IR 2 FE 8 80 (H L, S M E,)
PP AN TR] S R 22 R | i 1 2 R BOBUE R A 2 I B T AR AR SRR iR
ARNTAR AR RV 2R A 8 8 25T F ARMRAIAZ [ TR S Pk (BRAZ AR BRI S kA1 ) | I HLIBE A 1
FREAIGINAKIREAR . X 5 LARTR FHFAR 53 B T HEOR 0 43 T4 Fml — 2, sk HOK SEGE , -2 AR — bk - 584
PRAICHEE B A% = AbR 1i ELAS 2 PR A B A S Bt A2 A R AR B S iy 2 A B AR A0 AR A AR AR
T ARG A A B KR S A2 A K FIRGIR SR 60% 247, IR e i A= B0 5 43w 9 AR L f31)
HEIEHED

T I W R S AN Z R S Z Z R R (520, — Lo SRR AR e 2 AL A 2 A | RS AR N
KGN, T Hh—Le NI, T2 5 TSR W A K DA O Y 3B DL BT 4 R 3 R 004 ARAR LI
AP F LR E TR VA N YR AR R 3 WA RN S A W BRAR AR Y O3 A 5 SR . b AR T O =X
IS PR i R A8 5 0 - 3EA BILBT A AR i R BT & B2 AR IR R AR R [ ks, B AR S R g b i
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VE YRR RS A S A LB Y ] D S R AR SCRF TR A R RS
AAK A LB AR T F RIS R SR, i AR S o A A B, RS DL A2 A 5 TP A i
TV S S SR HA B IEAOG 3K — 2R W] AR L S WL o ) SR 52 ) 2B 25 R G o0 i 1Y)
A RARHE, 1 IR 0 3 R A B A4 U3 FLR 23 S e

ABIRFE KB, - HEA B 22 R AR RO S b S ML SRR R U 1 0 3 TR OG X T e S R IR 2 5 R
R IR G R PR R SRR A AE R RGIN 7 R 2 A5 R W], b R R S e
2 A Y A Y TR PR R AR AR AL Singh HRIE R HERUE M B LA R ke &
S P S AN BRI (A0 T 14 50 iet J HCUT E FR A AL PR A S 59 e 5 R PE R R S A TR
TEAR SCHERN b3 7 2% 3 v 2 5 R IR S8 A W) DD RERE AT 0T 50, ¥R 9L 5 1 355 00 A A 2 1] 9 A1 B
TEH.

AN RIS AU A R L R A ) AR KB 3R AR WSS R R | Burkholderia sp.
Sphingobacterium sp. Xanthomonas sp. Fl Pedobacter sp. 34 ZR % VI E AP HEEAFAZ AR N TAR L3 A
W2 A 1A e R IR FE TR ( Burkholderia sp. ) RHELERIBRBERS ™ A= BT B 99 5, FH T B 36 22 o I L T
SR B ARAERI L B AR A ORI 2508 () A0 SO S5 T8 250 A, A8 3l 22 AT e B R 18 TR R 1
BLLCTR R LA A BEAE T, AT e A o i AT TR (Pedobacter sp. ) WL T RRBEAS ™ A A TR
Mty , °T o3 AR T A AR B , BT LB AN JEALRE , i L b A R T AWK, DGGE F AL
SR HT PCL 5 34 R0 5 35 TEAH DG, AT REJE FH T PCL AR Y L AT TR a8 RO o 78 7 8 1 T 55 98 4 1
K M2 A R 5 | RS - SR R A A, 1 IR i L o i S A W) (A2 5 09 0 00 il R R 30 1 6k
A RS AR o 53— 5 T, 76 7 77 TR R 2139 b X+ 49 4 i 35k LU, X B e — s R BRI T 4 458
SRR A T 1 A I, B A R R I, B SRR (WS 5 IS Y i VR G R R YD) Fidd )
AR Z BRG], B H AR (Xanthomonas sp. ) JE—SAEYIEOR B, REWS 5 LAY T A2, L B2 R Sk
R BUIAERRIE T JUHAET AL AR ARSI IR a5 SRR I, 78 FURMR B AR — | ZARbk 30 h 5 3%
PR TR 2 2 O ZR B I 25ty B AR AP IS H0 B, TEAZ [ TR S K 38 vhiZ A i A0 A o A e 34 st s, T
TEAZAR AR BAZ A Glbk - 3 v B 00 B8 B D4R 2 — |, W) Pl 2 [l 3t DX T 37 B 10 Ak, T 2
R IRFPRFER Y A 26 AF REA T B BP0 1 14 A I R | DRI A2 AR N AR BB R S 28 A I
G AN 1N T RELS 1S PRI B DU A 5%, X TR AR R T SRS AR L e B R
o K B i A it — AP
3.2 KEARNTAR e A i e v - M ECRR R v 22 AR

ARSCHRYE FLIH 28S DNA H 97 BERY DGGE 15 8UEITE iz H PCA ST A FIRZ A MK + SRR 4544 122
b, BRI AR S AR, RS BTSSR L L AR P 4R B T A2 R TR, 2R3
555 R FH AT 85 35 B AR R AT AZ ACPRIGE 6 326 B A 450 v 1 o~ 49 40 P K it T g T - R M S S e 4R
IR X — R TR ASCH AN E D A B, 135 pH (E 70 55 LA RV 45 i e 2
FEPERERBUR AL S B 28 IO M ARG . 8 pH {H— BN RS0 S E MR S5 A E 2 R, 0
24 R R L TR 359 i OB A i R 33 ey 5 R R 398 pH (B BB o 5 L ERL R AL AL
BRI P80 A7 S Gl A= WU i L ORI AR TR 2 B T4, AR SCHTSE 7, B SRMRFIAZ R R S bk £ 8 pH
(B T AR ARN T AWTE SR AR 2tk S BCEIEIR A . SRR L, B8 R Vs Y0 E S 2
W R R IR I3 3R S ik PR A A S5, B — B IR o g i AR R T e 1 GRS R AL, B
TEF B 7 AT . AR R R RS I ARZ AR N TARFP A A B p T A2 G m) e A, AT DL s phAs
P R A6 0 S R Vi 0 (4 2E B 5 S 98 pH AR Ak, o T2 A W R I S A 2

TR A LR LI MR TR A AR X — BN, AP A R R SRR A5 e 2
FEPERERCEAL S 13 /N B RFIER K, RAMFE M TTIE, Yao SET5T R W] 1 S FU ZAEVERE R L5 C/N
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s AR, AR C/N B 3R AT RE R S R R R R 2 WY, X L) R A 15 S S B AR R
BEAh, R PFLA J53%, Hackl SE9FAN 12 FhZRAK 138 b FU0R 2 AEME A2 028 1k, 25 2R e BB Iy o 2R Ak L
BT RA R AR AU LE , R B B O 5 A EL TR A, A1 00 5 2 oy 2R3 17 T I R b R Y
5 C/N, il H i 2256 AL 2 A LR

AT R IR — | A AR IEIT R R A5 4 AN R (EJRAZ AR = AUbK 38 B T R s 25
AR A, B T — SRR AR G, e R R AL A TR R TR AN B A T 8 A X S T S 9 1 AT RE %
MRy B AR PR )RR 5%, BT ( Sclerotinia sclerotiorum) J2&=—FhAE W) 9 IR v, 1 51 2 A9 TE A% K 2
TEFME AT E SR E . A M 20 22 70 4E4X, EAMIOIT IR IR IE 1 %08 & o2 AL EFA ( Douglas fir) W@ AZFIERAZ
(Abies amabilis) 52 MR EBEHUR E Y . BRFEHE (Mycosphaerella sp. ) WAL T 2 16 % ™ E ALY
96 JELRRT, TN SE I AR BT L1 BESR B ( Mycosphaerella pini) BERETIHLET MG E ) Mycosphaerella aleuritidis 23 [
7 T VAR SR B I BOR A Y L PEHRE /N S T B ( Marasmius sp. ) EEARKIEE LA AAE T I E—2500
VR ETR R NG 2 R TR NI LAA RS TE P o T 22— AR ST R B, /N B2 < T i 2
FEAR =AM LSRR A D ESRI R, 3 AT RS A2 AR SUMK A 7 AR ME I3 it | 75— S8R R B AR AT O (H 3K
—HEMIE T i — DA TEUESE . B GETH AT, A SUR BRSO R 5 X BE T R AH G I 45 E L DGGE £
3034 PC2 AT, PC2 5 L ot W 28 S7ORH G, HEIAZ AR N AR L 0 23R, 2B 7 ) T BT RE S5 4
WU LR A A

THEECE DGGE T2 PC1 AU A SRMRFIAZ TR Sk 2 2R REGS B, ORI RO ML iU E A2 RN
TARIBR F AR AR LA B AZ A ] B TR S X B2 36 M i b 24 & 2B T 0%, Sphaerobolus sp. S5 3 BT
B34 520 | Creosphaeria sp. FESS R RRRENS P2 AL LW R | iAG LLFP & Tubeufia sp. M Serendipita sp. ¥
A BB DREMRIE . BT AR S A SRR B 2801355 50 AT ELHEAR G (H X U AL 3
HOASE B SR IR I 0 T AR - e U VS AR BT H A0 B S AR AR L v ik 67 R LT 32 24 5l
JRIZL — SR O BT AR A P SO AT o A L3 b, - 498 AT TR R VA 5 4 T A 2R [ - 4
TRAE T S A IR | ™ R W) L e o ) e IR R 6, 36 4 "R LI DGGE i A PC2 5 3R AT HL
B TR R B S ORI RO e A0 3 RO OGRS T _BaRigiA

BT, % T BRI AR AEAZ AN AR A3 b i 2R DR TE A Sl i A T35 3R 00 0 A W F ok
R ST e 2 )t DA AR N AR - S 20 B R L T DB RE , I H 2 5 R R R AR o 35 A7 G B E
YIFpE & A ARk FE PR T T AN B R RS S A2 R R 5 SRR X E A 3
AW DREREVE— ARV, IS 5 AR AU DI RERF AL S S DI R R S Z A R 2 5 TR Y
3BTRS RE AR AL IS0 A8 A S S LB H A 22 [R] 1 56 & 5 TP BCE B M Y D ReE 1042 1k &
HE LA Z A M SCRAFE L2, Xhik SERLa7 (]l 1 fif 24 RE A it — D i B2 R N TR B S
SR AR U E M ALER, I Ay i) 2 G B MRS PR SR A I R
Brigt: B ERR B R AR MRAE S SRR G R A AR IS BRI U B IS AL R SR ARSI R A
HATTTSERE L BRI B AT
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