5529 B4 4 H = 2 Eire Vol. 29 ,No. 4
2009 4£4 H ACTA ECOLOGICA SINICA Apr. ,2009

ERXEHEMFETXNLEREDEEZSHFENNE

FFFRERAT, T8, R 4, B

(1. W R B R R AR AT, IRV 41012552, rp B2 BeBT s A B, Jbat 100039 )

FEE BT T IERE Y8 % SRR PR R B RN 2275 B 2R AL T 28 AL B, 32 PR 7S M Ah B8 O 6 v Wk £ R ( DGGE ) A6 25 v X B DA
(T) JEM(S) IRAM(SF) FlREA MR (PF) BEVE 8= AR o T S A o8 PN L BV 3 (% SRR L 78 Mk, BEE Hh B A
R TIEAERE B A B ERE MR B, ARRERA B AR A MR R, MBMETN THEMEERERN
Shannon ZAFHEEA AR EE R BE R, FA 77 B ERHEBEMETZEMEM. EALEPHEMEER AR Shanmnon 21
HWE BENFETZML(p<0.01) ;FEATIEP(UHAHEFE S LR BEFZTHEM(p<0.05) ;A LIEHHEMEHFHES
HHERA BEMET R, PEARMNARSHFERA BEEMERRR, A DB IERER, DR YRESENE
Wi e s R E R B, 13 FE S F B WA Ve S HIR AR E

KR AW Z 1 ; PCR-DGGE ; Z35 754k s AN

X E4S:1000-0933(2009)04-1763-07 HHESYFEKS:Q143 CEAARIRAD:A

The responses of soil microbial taxonomic diversity on vegetation communities

and seasons in karst area

HE Xun-Yang>, WANG Ke-Lin"*, YU Yi-Zun"?, ZHANG Wei', CHEN Zhi-Hui'*
1 Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China

2 Graduate School of Chinese Academy of Sciences, Beijing 100039, China

Acta Ecologica Sinica 2009 ,29(4) :1763 ~ 1769.

Abstract: The hypotheses that soil microbial taxonomic diversity responds with different vegetations and seasons, four
successional communities; Tussock (T), shrub (S), secondary forest (SF) and primary forest ( PF), were tested in
Huanjiang county, southwest China. The total soil microbial DNA was extracted, following the amplification of bacterial 16S
and fungal 18S rDNA, and get fingerprinting by denaturing gradient gel electrophoresis (DGGE) in order to determine for
these communities. In reverse with the soil bacterial communities, the soil fungal ones presented obviously dominant
phylotypes but no continuity along successional ongoing. Significant effects of vegetation on soil microbial diversity measured
by Shannon index (p <0.05, p <0. 001, respectively), but no prominent trends along successional process, were
examined. Bacterial and fungal diversity also significantly affected by seasonal exchanges (p < 0. 001, p < 0. 001,
respectively) , further more, these shifts (p <0.01) of diversity in T soil other than in SF and PF soils were observed.
Meanwhile, there exist some interaction effects between the vegetation and the season. Significant seasonal shifts (p <
0.01) in microbial taxonomic diversity in T soil, but not SF and PF soils were detected. Significant positive correlations
were found between bacterial and fungal taxonomic diversities. Soil microbial taxonomic diversity gets steadier along
vegetation succession and, in early restoration stage of degradation ecosystem in karst area, large but unstable microbial

diversity exists in soils.
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Table 1 Site descriptions and dominant floral species in the experimental communities

PR WEER THRS B s %1 1) 3 Wi HEHBAR SR
Vegetation ~ Restoration  Disturbance Land use Altitude Slope Aspect Dominant
types Time(a) condition history (m) (°) P species
SR EIN) N
HAT 2-3 FHTE  EREERIER 378 <5 - WHGAT, A
AKHERE, o 2, Y
WM S 18 BAOTH L, TR 509 30 ~35 3 SEEEEH AR, B, Y
YCHEM SF 50 SFH GE I 421 40 ~45 ViR E g z;;)% LR,
. BRACTT , NIRI, TR, BN
JRAER PR >100 T PR X AR AR 527 35 ~40 PN B )

1) Imperata cylindrica, Selaginella delicatula, Ficus tikoua, etc; 2) Microstegium vegans, Erigeron acer, Neyraudia reynaudiana, etc; 3) Apluda
mutica, Lysimachia alfredii var. Erigeron acer, etc; 4) Bauhinia brachycarpa var. cavaleriee, Broussonetia papyrifera Pueraria lobata, Imperata cylindric,
etc; 5) Bauhinia brachvcarpa var. cavaleriei, Sterculia euosina. , Bauhinia championii var. championii, Nephrolepis auriculata. etc; 6) Platycarya

longipes, Boniodendron minius, Rapanea neriifolia, Ampelocalamus calcareous, Carex sp. , etc;

2 MRAZE
2.1 HIEREACRE R
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HIE S RIBRAREE 5 ~ 8 IR (RBRBRZHIMATEM) 190 ~ 15 em RE LR G M — M, TIRERE
T #E vk i [ S B S, e Al AR SRR AL ARG , 3 2 mm B TR-A 3950, A I ok 20 il 3
i, —ET -T0CH T LB AW AR — 0 B R T T L B B 2304, 2208 7 vk I 3
UL A BT 4CEM, HEMEATEERIR 2,
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Table 2 Mean values of soil parameters in the successional ecosystems *

AL R H BKE AU HETRGRE £ ) HihL AHE
Physiochemical (122 I; H,0) Water SOM CEC Total P Total N Clay Bulk density
properties o content (g°'kg™) (cmol-kg™!) (g-kg™) (g'kg™!) (<0.002 mm) (kg-dm™3)
BT 6.82b 26%c 22.73¢ 9.88b 0.63b 1.16¢ 28.35%Db 1.35a
WM S 7.72a 30% be 59.90b 28.05a 0.84a 3.53b 51.20%a 1.17b
WH:HK SF 7.24ab 36%b 97.48a 34.62a 0.86a 5.68a 47.88%a 0.88¢c
JRAM PR 7.99a 48% a 90.04a 32.56a 0.41c 4.82a 45.03%a 0.86¢

= RABEA 2006 4F 6 A 3 MEEAE K FIE, 51 hARFERREBEG B EM 2SR (p <0.05, Duncan #5482  * The data are

the means of three replicates sampled in June 2006 ; the values in a column with the same letter are not significantly different at p <0.05 (Duncan)

2.2 1% DNA #£8(5 PCR-DGGE

IR S T R VE TS S , A A 133 DNA PR $2 Bt % H 70 & (BIO101, Vista, CA) A 0.5 g #ifef 1
SR UK 3 5 DNA, SR J5 %™ ) F DNA 24150 & (BIO101) 4fifk , 28 1. 2% S R e v, Tk A6 I -
HZRRUK G /%45 F o PCR M FE PTC-100PCR X H 47

4 16S DNA PCR 334 3|4k F984GC (5'-AACGCGAAGAACCTTAC-3") " i1 R1378 (5'-CGGT-GTGTA-
CAAGGCCCGGGAACG-3") ") ; H 1 18SDNA PCR 5|4 GCfung (5’-GTAGTCATATGCTTGTC-TC-3") F1 NSI
(5-ATTCCCCGTTACCCGTTG-3") ") 7 F984GC F1 GCfung H 5’ % GC 32 J¥ %1 Jg 5'-CGCCCGGGGCGCGC-
CCCGGGCGGGGCGGGGGCACGGGGGG-3"" | HE (B E B ) PCR [ M ik R 19y S0pL, A B, 1. 5SmM
MgCl,,0.02% 4 IfiL 3,200 nmol -L " (& 400 nmol-L ") &5|47,200 wmol+L ™" dNTPs JE-& 4 (10 mmol - L")
(QIAGEN, Germany),1.5U #J33) DNA & (QIAGEN, Germany),1( 5 4) pl # B 10 £%)5 i) 3 54
DNA 4R (5 ~30 ngul ™), iIAZEK 2= B KRR 50ul, 4HHFET% PCR 3RS HURYE Gelsomino MR IERIVEE
O BKE I Bh iR AT [E B 95 C 15min (SR SERILHED) . ELE PCR B3 S 54N :95C 15 min;
95°C 1 min,57°C 1 min,72°C 2 min,35 ME¥H ;68°C IEMEF 10 min [FELHIFE 4°C ., PCR =4 T 1. 0% 38
Wi VKR 5 A F DGGE,

DGGE 7£ Bio-Rad i@ FIZ& 25Kl RGEH #4T . #F 20l 4078 ( E 3 ) PCR =Y INAE 6% (8% ) & 25 E#R BE
40% ~60% (15% ~35% ) {5 P M Bk e 5 e A5 RE AL (100% YA HEFIAE 24 F 7 mol - L' JRE FRFL 435 40%
KRS FHBRRIESY) . 7£1 xTAE #1,60°C [100 V B3k 7 h 5, B & EB Jefa 5 fESEAC 54 B 3 R
Z % 18 (SYNGENE Inc. , USA),

FIH Quantity one 4 (55 RAIA L 1% ) %t DGGE Bl #4743 , 2T 45 WA ToLASRAS & Uk B (FF
) FRAE (LR R AT R R R A SR 2447 (UPGMA) M), 33144 Shannon ZAEPEIESK H' = - Y pilnpi, pi
N SR A AR EE AR

DAEBE A ZE R B K 7, AL SPSS11. 5 B4 % iR ZAEPEFR AR 31T WL 3R J7 22 70 A F 2047 Ab 22 )
ZHE 5 Duncan 855,

3 &R
3.1 HEMERERYE DGGE $54C

A [ v B B SR A TR N L B Y% 1 DGGE #8480 1, FI A Quantity one R4 X} H 454 B 3hiR 71

ZA LT R P YIRS B 27341 (UPGMA ) J5 85 SR &l 2., ZEF NFIFE A 1 58 vy, 40 TR B 7% 4 LR
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L BRI A S AR5 42% ~66% ,42% ~86% , [RIis B i B @ (925 28 1k ; T 76 IR AR bk - 3 e
AV AL SR/, HAR I 59% ~76% , SHARZE A WREE B 0T o AT LURLIE BKE 1 3R A0
HE N4 AW E, B N, AR TR W ievE (B 1 £) . HIREREHEN
DGGE 1§50 B S54RI AR, Tig A B2 A4 245 B R A AR B R 28 0k, 3F B W B i s
(B 14) . UPGMA S55R3E W 4 Bl b B[R] i) BTN BRI 0T, IR AR LR L R v B A S R AL etk
(HARMESCA 12% ~50% ) , Taik FIHAR R ECRE R I B30T

Tlun TDoc  SJun SDoc SFJun SFDec PFJun PFDec TJun TDoc TJun SDoc SFJun SFDec PFJun PFDec
123123 3123123 2 31 231231 231 2

2 Bacteria 40%~60%
BB Fungi 15%~35%

BT YOG B AN (Z2) ME R (£) PCR-DGGE
Fig. 1 DGGE fingerprints of PCR-amplified 16S (left) and 18S (right) rDNA sequences from directly extracted soil microbial community DNA.

Capital letters denote vegetation successional stages (T: tussock, S: shrub, SF: secondary forest, PF: primary forest) and subscripts months of
sampling. Numbers stand for replicate soil samples. M refers to the 100bp DNA ladder for bacteria and a collection of previously detected

fungi, respectively

0.42 0.50 0.60 0.70 0.80 0.90 1.00 1.00 0.80 0.60 0.40 0.20 0.12
I T T T T T 1 I T T T T 1
— TJun2 PFDecl 5
Tlunl SFJun2 g
SJun3 TJunl =
4‘_:5]un2 PFJun3 "
. Siunl PFJun2 =
5 TJun3 PEJunl
51 TDec2 TDec3
& TDecl TJun2
"/ | TDec3 PFDec2
g SFJunl TDec2
SDec2 TJun3
SDec3 SDecl
] SDecl SDec3 }_'—
SFJun2 TDecl
SFJun3 SJun3
SFDec3 SJun2 di
SFDec2 SJunl
SFDecl PFDec3
PFDec3 SFJunl |
PFDec2 SFJun3
PFJunl SDec2
PFJun2 SFDec2
PFDecl SFDec3 '—
PFJun3 SFDecl

K2 RFREYEEE Y B A (Z2) FIEE () A
Fig. 2 Similarity from bacterial (left) and fungal (right) community fingerprints of soils from different vegetation successional stages and seasonal
sampling times

PCR-DGGE [E i Kk 4552 JLE 1 for abbreviations and PCR-DGGE profiles see Fig. 1
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3.2 WS FEVWX IR S E AR R

DARE BN ZE 1 S AL B R 5, X R AE 38 40 B8 A1 L B Shannon Z2REPEHEAT IR R 7 22 70 #r, 45 R 403k 3,
FEAPON 4 B A EL I Shannon ZAEMEA A [F AR B2 B 2& AR (435120 p <0.05 Fl p <0.001) ; Z=45 % 40 & F1
FL# Shannon ZAEMEA BEAEM (43512 p <0. 001 F1 p <0. 001 ) , [7] Hif 48 4 F12= 45 52 B AR % 248 B A L 7
Shannon ZAEMWAFIER ZEVER (p <0.05 f1p <0.01),

B E BRI AEA R RFEZT, L3R T E R I4 1) Shannon 254 15 %5 F A B A 18 8%
RALAFRREE3) . FEWZFE6 AH) W ZHEELEERE BEEER  BEESHFERIA LR
AR > FBEA > JR AR N, H B BEEZE R AR ZE (12 A1) , 4058 Shannon ZAEMEER D\ > AR >
FFAEAR, TR EZHEERA > B > JFUAEM, Rl —MHEERAET , BB A EEN T3, HE M EE
ZHEHEEREAR BEERZET R (p <0.01) s TN IRV ZAEHERIE BEF TR (p <0.05) 5 5 A4
ARFIR A AR 3 D, A I SRR BT

*3 EHEMFFILWARMEE Shannon MR IN
Table 3 Significant effects (P) and degree of freedom (df) for bacteria and fungi Shannon’s diversity due to Vegetation, season of sampling

and their interaction (two-way ANOVA management x season )

MY Main offect Y ZHEE H'bac. HWHZ A H'fungi
J F P d F P
FE B Vegetation 3 3.75 * 3 15.13 ® ok ok
Z=45 Season 1 29.0 % % % 1 19.5 * % %
AEH RN Vegetation x Season 3 4.92 * 3 8.57 * %
2% Redidual 16 16
JF0 Total 23 23
3.3 TEAERMHAEZSHERXR
R HT R, IR E A S HEE A B O 46/ Hibac Jun A2 bacDec
E/‘J/@%Aﬁ%% ( E] 4) , %E:‘ y = 0. 319x + 2. 837 (r2 — O EF6H Hfungi Jun W EE12H H'fungi Dec
. 37
0.305, p=0.005) ) &t EIH T (v, x 3 5IFRRN4HH
5 32
FIELH ) Shannon ZREVE) . 52
5 = 27
4 g E 2
o s 8 22
4.1 TIRMEMEERTE 2

TE 4 FAEGEEE T3, AR R 2R B AN [R] B AR
{oL - B AAHIHE A+ 398 P AR DA 38 , T 0 A R A FLBLR Vescation e
PRI . 7R A I OIS B 3 s b Ao ARG Shanon S FEPE L4
B EPRHERNERNEREFTEMLIEANFEESR  Fig3  Shannon diversity for the four soil microbial communities in a
BRtEA 56, B D 7EE 2 B GRBE A PR#E) 1AL Sy vegetation succession
ﬁfﬂ&( % 2) , ﬁ'ﬁﬁ' = E'(J % % /_K\igg j][l i% /J\ He j%: gﬁ fg , M Values represent the means of three replicates with associated standard
i :[%5' j]l] + % ﬁ Jﬁ‘ﬁ[m . ﬁ]ﬁ rj‘ , '—3 g&‘ ﬁ % E/‘J + %ﬂ; iﬁ *ﬁ iﬁ errors. ‘Diﬂ'erent lfetters indicate a significant dif:ference at p<0.05 as
]Ij , j:i%g i,ﬁ i % ’ﬂl ﬁ % *@ EE ) r-X?j‘ % EKJ i,ﬁ i % % comparing the variance among treatments according to the Duncan test.
B WA T M RS R T AR . SANEEA L, B
BRI SRR et (TCiR AL PR R B S A] ) FFAEAE A B P 3Fh (181 1,181 2) ,3X 5 Costa SFHIBFFTLER
MR o HL DR DR R L B R AN LA A OR R R VR A B T T B A S A L R L A B
FRIE A A BUEE 3 AR A 3R B HLAR (PP W BAR R ) ) & AR i, T S BUR B kv 5 3 AR OE R
HIFR I B BT

For vegetation type abbreviations see Fig. 1
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4.2 FHYS LA R IR 40
PR EAEG N TR AE YRR (AR ER) £ y=0319x+ 2387

PV BN (L R A LR 2 | |
WA R B RS R, L 8 e :
ORISR, ERL MR E R | e T
R, B, B AR W i 2 B R T BB AR g | °*
K BF5T R WAR Y b 2E R e BRE v 425 M RE A% A
0 b TR A W) AR B 38 AR W ) B VR G A N B A 20 22 24 26 28 30 a2
P2 5 (Rl 5 R R I R W M5 L Y S A FUR A M H'fungi

TS T RERT e LTSS HOU0R AR o 0 (R e b R S SR
PRI . KO RBEEFEITIE 5y s rtaionbip fnsl o bl divry (1)
PR R T B B V8 7% Wy R o i o fige s, BRI A
S Z A AFE BRI E AR Y R E AR SRS A IE SR BN o RIS RS R R B Be A A R A
(BB WD RETE N S R I B S A 0%, FFIA N B2 O T 0 M O B O B T B AT LA IR K A AT S 4
TIEAE Y — 5 T 32 b EAECE SR 29, B B S B A B — R 5 3 AL R CanpRBR L2
RETUARSE) (A SR RIS A W 1H) 56 R B R %5 B B AR
4.3 TEMEYRESZT LML

Z AN AN R N B AR IR B IAE I (p <0.001, 3R 3) , X — 5 R AT 2 LIE BT R 45
AR Schmidt ZEHF5T & BAZE PR BT LI £, B E B AR A THRRZEILA Z 6, $
BHE—EZ N DA YRR OB, IR U i B R E B I R R 2 IR A R A R R A T
PEEE R AYEBME(XF) EAR(ES) MUY (EZ) ™ Fn, B t& 384k 5840 5 A
HEREA BENZTEBENEL™ , APREEAR R B LR ZE T 25 5 0] B2 R 7EH
PRI I (FEAFFE) , DI BFE R E RIS T 5 HARE L) o-X SRFNEE , T 40 T R v AR
AWRBEERZFETRA IR E G (M) LB E R EFABRE RN/ T 5HAE R M k-XF 5K
BT kXS ABRE E A BR IR E M. SO, Bl AR B, R WA SRR B X R A AL
1, AT —A~ ) BE Ut B 1 39 40 B LG B TR0 T B B B gk, IRl o 3R Y, E A TR RAH B B i A
B — A PR BL
4.4 HEMEREZHMEXR

EL AN A 2 REE 0 B35 IEAH R, TP X R MY Z M B A BV R . TEEFRERNMHEEAE
Frp, HAR R S AR A E B W . Artursson ZUVSESE, 78 H P A AL BB Glomus
mosseae £33 | FE AN G VE B W 5B AR AL ; 76 43 3% T | B0 B 22 B M I Mt A B B A G AR BB Y
BAh, B DR R TR R R

B N TR B A s SRR B YRR AN B SRR E AR R
AFESE M B E T P, Wi & T IR e PR I s L3R4 TR A o AR MR R B B R IEAR R R, %
e ol D E O TR BB BOR AL , R B R Y SR IR VE A, AR S B IEM A )
RERERZE s [RIE , B\ 4338 rp SR 5 (U W8t 1% 22 PR R B 1302k ) T BB AR 52 B A 8 2R il
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