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APIEFE. ARG R A £ B E ORI v £ RS [ (PR) | B2 HL(UC) BOK R 58/E (PR) X 3 FlUAR R Fag 75 iy 1 1%
2R TR o BR il 4 il D) 7 B 3 22 8P 4307 ( T-RFLP) FOR FISE T 98 5 2 2 (RT-PCR) £ AR T T HHEA T 16S rRNA JE
R Z2 R T B I AR 7 =3B 0 - S U i | v 4k SO 2 bk, 25 3R, 3 AhRid 77 =Xy % 4
T 16S tRNA FEREE (LI T 131) B 2.5%10° ~ 1.5 x 10" 0l -~ | 5 PR AH L, UP F1 UC AbFH 16S rRNA FE[H 3= FF I 2 T [
(P<0.05). [FIEF,3 B =0T B 3EA0 B 1 RSB ASIE B (76 . 90 #1327 bp; MXTFERE 47% ~53% ) FILRE B (65 bp;
FHXTFHE 10% ~12% ). TR ATRIIFME 7 U808 T S AL o7, S 350 S0 40 TR TR 9% 405 4 R AT 1Y) o 25 A8 4k T - B384k
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Effects of Different Plantation Type on the Abundance and Diversity of Soil

Microbes in Subtropical Red Soils

SHEN Bing-jie'>, ZHU Zhen-ke’, YUAN Hong-zhao’, GE Ti-da’, WANG Jiu-rong’, CHEN Ming-li'*, WU
Xiao-fu', WU Jin-shui®

(1. College of Environmental Science and Engineering, Central South University of Forestry and Technology, Changsha 410004,
China; 2. Key Laboratory of Agro-ecological Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese Academy of
Sciences, Changsha 410125, China)

Abstract: Soil microbe plays an important role in carbon cycling, however, the effect of land use on soil microbe remain unclear. In
present study, soil samples were collected from a long-term field experiment ( Pantang Agroecosystem ) in subtropical China
(established in 1989) , including paddy-rice (PR) , upland-crop (UC), and paddy rice-upland crop rotation (PU) on soil bacterial
(bacteria and Archaea) community structures. The effects of long-term different land uses were determined using terminal restriction
fragment length polymorphism( T-RFLP) and quantitative PCR(RT-PCR) of the 16S rRNA gene. The abundance of soil microbial 16S
rRNA genes ranged from 2. 5 x 10°-1. 5 x 10" copies-g ™" dry soil. Compared with the PR, UP and UC led to a significant reduction in
16S rRNA genes abundance (P <0.05). The soil microbial communities were dominated by bacteria such as Proteobacteria (76 and
90 and 327 bp; relative abundance of 47% -53% ) and Chloroflexi (65 bp; relative abundance of 10%-12% ). RDA statistical
analyses demonstrated that there were significant differences in the microbial community composition in PR, UC, and PU treated soils.
Soil organic carbon and total nitrogen content were the most highly statistically significant factors which positively influenced the soil
microbial population. Taken together, our findings prove the long-term different land uses significantly influence the microbial diversity
and community structure. The rice planting is an effective way of sustainable utilization of subtropical red soil, and it is more
advantageous to the accumulation of soil organic matter, soil fertility and microbial diversity.

Key words : soil microbes; plantation type; 16S rRNA gene; community structure; diversity; T-RFLP
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Oy, LIRSS R AERE RS AR A S Y
P RIS EEAE . RN, A Y B
TS5 2 Z RN Z g m, ok sy . HHEF L A
BERAD | it A R R AN AR B i TR
7 S  VE YRR RAR R 43 . 7K A8 B4
AN, S EC A W R 25 A R T e & A U i
XA A 5 - e 7R (A e | w4k ) =
AR

TR RS R E K, R R 2 s
O3 B HE SR I T X A sz e - ST AR R TR B S
ZREE R HAE FMLA T . 20 142 90 AR5, Bifi
% PCR., DNA Wl | T-RFLP #1520 2¢ 6 5€ B PCR
(Real Time PCR) &7 TEWH ARG A LB HUEY
W, WA R M WEGE | BEESS W AL Z
FEVERIFETERE T — A28 I 58 T B, 1 R
Z TR X T AR 7 A SR E s 2
FEME B AR A AR BESE R H T-RFLP 5 Real-
time PCR AR AH 45 & 19 7 L 53 0 444 21 38 Fr B2
DXAG FH | K SR AS VR L S0 W e 254 S
AR 38 AT PR R i 7 20T 3 A R
B | BEVE LA B AR M AR Ak B H: 32 B R i [
F, ARz b X 3 ey R AR Oy & BRI A
5P ARG A = 7 R 2 A 4.

1 #REFEE

1.1 35 R

0 b AR =X A W DA A5 T 180 R 44 Ak
VR B S YA (111°28" ~ 111°35'E,29°10" ~29°38’
N),J& F b #1020 88 e B X, AR 3R
16. 8°C ,AEH LRI 1 400 mm , i+ REF AR U 2041
o A A R O 2XOE A IR 4R T 1989
A FRUAET Y F LRy O A B (RS BEE TS
$>100 a). ARAFFTF 2010 43 H , REKEN
R REHE (PR) . K24 1E(PU) fIREHL(UC)
X 3 AR [RIFPAE 7 = R . RS K A 43
B 3 A/INKCRAEE /NX AR R 33.3 m? SR S L
FEEIGRIZ O ~ 15 em HHEIFIRS). —3 4 ek
i (29200 g) AR VR IG - 80°C AR AE, oy + 4=
Ve ge, o — o TR LA R AT, SRR
AL AR I FR 1.
1.2 TIERUEY S DNA RYHEHK

Z W8 Porteous %" 1Y J7 3, K H SDS-GITC-
PEG %, HAEE B0k, XA Ab B 3 N E R i
FEM M BIPEST DNA S, 3 9 /4> HHEFE & DNA B

i T4 B 1 S DNA A B2 A4 B F 2240 0ot
FEEETHM € ( Nanodrop, PeqLab, Germany).
1.3 T-RFLP 4347

MRAEA [ AE 7 2N 403 T-RFLP B35 19 22 57
5T FiAE 7 2%t 4 S A YRR VA 24 s
W 40 7 16S fRNA KA b i 799 £, 50
AACMGGATTAGATACCCKG- 3', F i 5l 4
1492r'°", 5'-GYTACCTTGTTACGACTT- 3’ ( |- i ¥
BAEYIBORA BRA R G0, FeA e w519 57 3
6-FRIE . LRI E (FAM) bR, 4 B s i Belk
J£4 700 bp ZiA7. 50 pL Y PCR JSCRIA R K44 2%
PEULSCHR (15 ], 9784 (% PCR 7= 9 H] PCR 21k i 7
&R, ) alifl, Jr s vl ke T, aifbfsny ™
YWH Hha 1 (TaKaRa) {H4k, VAR R 50 wL, BRI
WYIHE 20 U, 10 x buffer 5 pL, DNA 300 ng, ddH,0
#hKZE 50 wL. 37°C FEEYIR N 2 h,65°C T Fg/K it
10 min Z1RRFVI L. BEVIYIA 2 RIGRIEAEY
BARA R w47 A 30 W F 73 B (Model 373A,
Applied Biosystems, Weiterstadt, Germany ).

T-RFLP [ g — A~ BRI 4 - BE (T-RF) £E 4
—A~ OTU (operational taxonomic unit) ,T-RFs Btk
/I £ 1 bp sZ&[Fl—4> OTU, H 3= BE 4% B Lukow 1975 ¥
TR AXHR 22 R 25 10% . T-RFLP 3% R
i B (T-RF) JEITE 50 ~ 550 bp , 76 (H 1 {H#
i 100 RFU, 7E-F-A7 156 1) 181 33 v 2 42 1 30 1) g 4
AGEH o B, i B R 2 Bl B T-RFs 5 B 1Y
10% 5& SCHZAE SR A M A SR ie. AR 113
OTU HY%C F A SR Wy b e 2 A AT 0 b, £
FEAACTE XL ( Shannon diversity, H') Fl 2] B $8%
(evenness index, E'). FRIEEITE AN,

H' =~ > (P) (InP)
[, POy [a]—Fh OTU Ry v B 45 ot 6 v B 2 L
Bl AT ARIGECA T 45 3 O LAl 3950 B 48 B
YNWOR

E' =H/H,,

A H,, =S, 20, S AT OTU (AP
RSk M uh http://trflp. limnology. wisc. edu/index.
jsp XF T-RFs #1778 PE4-HT.
1.4 Real-Time PCR

FHAEEF 96 78 it PCR XA [ o 77 5K 4 388 7
HEPI(16S rRNA L) (9 FFEHF T30 Sk
ZARRE 1.3 9. C AR I BOR. DNA 28 5241
WSCRE BV (Do ) K IHR BE 5, 45 HLEAT 10 A5 R
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PRV A o AN ) A 7 Ok S Al £ L3 B ) 22 REE R 52 ) 3841

Rkt B 10° ~ 10888 D1 - wL ™' VR bR AERE S, 37
1 2 AR 2R KRR % (TaKaRa ) 328551 &5 547 Ui B 5
HEAT WP SYBR [ 96 E & PCR 714, 40k
) DNA FES TR 20 £5 (29 5 ng- ™) JEA/E M
M, BEAT E AT, IR IR 28 AR &R ] L
JI A AR I3 IRE . P B 30H PCR 41
M : ABI 7900 ( Foster City, CA, USA).
1.5 St 57ER

JRA 5 25 S 1 o 3 R AW OF- B (E, A ]
Pk 7 5T 9 - 3 38 A T AN B AR AL (T-
RFs) | ZFEPEREE, A Wi S5 50 A B 52
T+ B B /F B 2R ] Microsoft Excel 2003 Fl1 SPSS
13.0. Ab¥HE] 2% 5 W2 M H One-way ANOVA (H
2 7 225081 K56, 2 3 LR H Duncan 5. )

A Canoca for windows 4.5 % {4 70 & 4+ ¥r
( Redundancy Analysis, RDA) Fif =k 28~ 11
AL RO 4l T BE VA (T-REs) 19 52 R, JF H
Canodraw #X{FEK.

2 HRE5H

2.1 HHEFRALPERR

KPR R R 20 R e B A v o & A TR
5 (R D) PR (SOC) | A (TN) KflE
Y (MBC) R B A% H +3 (PR) 50, 41
SR (UC) 1Y 2.5, 2.2 F14.9 5. i DOC
FHNE UC H3E s, 2 3l K 5 4E (PU) Al
PR THEM) 2.0 A1 4.1 4% K FEAE T3 pH B35 5
FHABPIFP R 0 (F D).

£1 RHAZFERSHEERTUME

Table 1  Basic situation of the sampling and the physiochemical properties of the soils

bR ey =2 Ffae il g pH SOC/g-kg ™! TN/g-kg ™! DOC/mg-kg™!  MBC/mg-kg™!
PR G| Te-A 5.1£0.1b 156+0.1a  1.6420.0la  20.6x1.2c 878.9+13.1a
PU K EHAE AKFF-ISE 5.6+0.1a 8.2+0.1b  1.02+0.13b  42.5+0.8b 182.1+13.1b
uc St FARNAE 5.2+0.1b 6.2+0.1¢c  0.76+0.08 ¢  84.7=1.8a 178.1 £6.2b
1) PHE < b2 (n =3) , RR/NEFEFRAIR 2 F B2 (P <0.05); PR: #H; PU. K25AE; UC. Rith; TF
2.2 NIRRT 260 R S O S o
3 FhOR[A] AR 5 X 14 16S rRNA LK 2 01 %% .
HUTEI) N2.5x10° ~1.5 x10° N - g7 so L —T
(1), Joib PRALSEI EBUE R PU !
ACFRAY TR T UC &b B - 3 0% il A M 8K A Fooop
B ALK PR ALFERY 1/6. SPSS Ge 4R /3 M s S i ;‘; 2
7 165 rRNA ZEPNHCRE 5 LA LM 2 A S A ®osor
BERTEARFEZR (R >0.969,P <0.05,n=9) 3L r——l
HEALBI S R E T (R >0.992, P <0.01, 0 - - 0
n=9). 3 MMAE T 0T R IR A L B L
e, PR A B e 22 E1 FEHEHR B 165 rRNA £ELE
2.3 [R5 X A R K A Fig. 1 16S rDNA gene abundance quantified from

BT 3 FAS[E ApE 7 20 R A0 R 16S rRNA
FEHRY I E I H W R Bt it Hha 1 BEYI G, 400
FIAXTERE > 1% 1 T-RF F B 12 4 (F 2). AF
Ffki 77 =X S A AE 4 AR T-RE R BRI T-
RFs 65 bp (#HX} £ 10% ~12% ) . 76 bp (FIXfF
JE10% ~12% ) . 90 bp (FHXFF B 20% ~36% ) Fl
327 bp T-RF (#HX} £ 12% ~28% ). H.i T-RF
65bp F176 bp FEA [FIFPAE 5 =X 1 b 35545 5341 HAH
XEREZER AL E (P <0.05) 1 90 bp T-RF 7£5
Hi 3 b B AE X 3 8 B, T 327 bp T-RF 78 8 H
g A R e (1), 3X 4 BRI B

the different plantation type soils

FARR A AN T 2 REAE 3 FhAS ) b J7 =X P i
PR T 50% . B 28 TE L I 55 (hup://
trflp. limnology. wisc. edu/index. jsp) 2rif) 15 %1, T-
RFs 65 bp 55 Uncultured Chloroflexi bacterium ( 225
B ). T-RFs 76 bp F1 90 bp 435l 5 Thiorhodospira
sp. (y-ZZ J£ B ) Ml Uncultured Methylococcales
bacterium ( y-“2IE# ) K i Bt—2, T-RF 327 bp 5
Uncultured Burkholderiales bacterium ( 8-Z5 1 5 ) A Vit
A B3 AR, R R B0 R T-RF R Bt
SERRE DT R e B, Herp 74 bp AUFE T b A K
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B MEANF A B, T 190, 390, 590 bp 43 A4S T-
RFs Ji Beref M 3 rp i 2 B2 , o T-RFs 74
bp 5 Bradyrhizobium sp. (BT B ) HA Y 5 %
IO AR B4R AN T 15 37 B DI REAR R B ol R

100

T-RFs/bp
8590
8390
o327
0236
2218
o190
o116
2103
890

e a76

80

60

HEAT = %

40 f

20 ¢ borsssse,
brrrsss,
R = T 074

o6s

PR PU uc
o )

2 AE#MEFTXT LEMEY 16S rRNA EEEYIE
(Hha 1) &REIMEF REEX EE
Fig. 2 Average relative abundances of microbial 16S rDNA T-RFs

with endonuclease Hha I from three plantation type soils

FIJH Canoco 31 RDA 43 #1 - 58 B Ak MR %
TRV R SSRER (& 3) AT RLE 3
P A [l AR 7 2 S AR e 7 R AR T A R B9 IX
S, ELREAL MW, DU ) L st i D7 X
Xt LSRG E YIRS Ak A T R R . R
PR f e A 2 5 ) 0 T v 4 A B 2
oA BB A4 0 B X b SR W A T R
M 5z R 3. 3% (P = 0. 002 by Monte Carlo permutation
test; ¥ 3).

Axis2 (40.6%)

Axisl (59.1%)
B3 RDA i LB L 1%
Y B SR RN
Fig. 3 RDA analyses of the T-RFLP profiles of microbial

composition from the different plantation type soils

2.4 AS[EIFE DT SONRAE WU 28 AR T 5 IR

R8s A i B o 1 DRI ) 0 D R A o 0 v 1
SRBITERT 3 RS IR Rl Dy =X 39840 B A A 48 4L
MBS R, HhFRIEHAN T2.60 ~3.29 Z
], Y5 BEHEE 5 0. 79 ~0.90. 7E 3 FiAR [ F
FE 704 PR A3 - 0 S A W 2o R4S HORD
Ky e Bt 1 UC AbHRAY ZREMETE By &)
JEFRBOHAT(E 4) . TiRE HAUK R54E - 50
SRR 2R HEY B ERT R+ 5 (P

<0.05).
4.00
O Frafe R
£ B 5 e
- b
3.00 T .
:
.
F
= 200 |
1.00 a a b
0
PR PU uc
4
B4 T-RFLP EiE5#7 ARG T 5
EMERIEHMNY S B

Fig. 4 Shannon index and evenness index

based on T-RFLP profiles
3 g

A K it AT S E LA K A A
BARGOH R E YRR | 15 SRR A B R
M. B AR Dy SRR TR, 4 SR R
FiEEZE AL Ty JL 2 RE R SR S 17 7E B R B A 22
ST AHFSE R ] T-RFLP $5 A | #1381 51 4
799f-1492r Z3 AT T - AN TR Vs 45 A8 S AN [R]
MR A . BFT4E R R B - A A A 2
FENARIE A, KON SIS B, B AT 3 FOR R R s 7
24 2 5 A7 A, HLW AR iR 60% LA
E. SRR 4SR5 A Jangid 2570 4y
B T 7[RI 2B 250 A B A S8 40 i b RRE 5 4 At AT ] % B0
Y 40 T SRR 7, LT S L Bl 30.6% ~
43.2%. T Ge %5 HFFE T it AL 1) 4 Bk 1= 39 4
2R AT Z BEEE a- | 8-, y-ZE TR (5 20
BRRTERY 30. 5% , HIRRABEE. WAL, 45
FEA H A3 b7 5 e X 3 s Se st 245 R
T ATRE - SR B 45 11 28 43 A5 18 50 AR AT
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THA R AR X - S A A T 5
ZREEFE W A R R oA IE A y-
ARTE B AR O R B 1A 4 B-A2 TR A
HUBETE AR X £ B4 . RDA Seit o b s, ik
YIHEVE S5 22 5 AN IR AR P 2 P R 3
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