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kF, HuFEAR RN T-30°44'47" N ~30°45'4" N
120°51'44" E ~120°52'10" B[], #bAbbi 5 i51°F
JE, SR T WAL ERIX, 8 T b b B Z R
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3.0~35m' %,
1.2 TEHARE

K R e R B A R R AR T20124E10
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Table 1 General information of the soil samples

FEfh & R ey R AR R FIHIr =X liEkiid
Samples No. Soil type Orchard age (a) Land use Vegetation
S1. S2. S3. S4 Ji 0T 2R IR T 0 N i
S5 SO I i B 7 2R R P 4 E R AR

S6 Bl R B T 0 75 5 908 1 6 S R

S7 Dk T A 0 T 42 08 1 7 e @ R

S8 Bl S D A S 0 75 4 98 T 12 e HEB

9. S10. S11 Bl R B i 0 75 5 98 T 13 b HEB
S12. S13. Sl4. S15. S16 PSR A 7 2R U T 15 Y L
517 SR A I 7 SR U 19 LGN R

S18 PSR A 7 2R T 25 L pg B

(DBlue clayey paddy soil with a peaty interlayer; @Blue clayey paddy soil with a peaty interlayer before being changed into

orchard; @Paddy; @Orchard; GSingle-cropping rice; ©®Grape vine
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Table 2 Fertilization rates in the paddy field and orchard

FIH 7 =0 Jiik 1 UR CS pPC CF CM cC QL

Land use Vegetation (kg hm™)
K m® HERFY 180~ 300 350 ~ 530 150 ~ 230 150 ~ 300 — — —
SepE HWHKY  530~680 1000~1200 450~680 1000~1300 30000~45000 6000~10000 450~600
. UR: JRE; CS: dBiMS; PC. A b#; CF: AN, CM: 383%; CC: BEMYE; QL: AAK; “—" FI/RI Notes:

UR: Urea; CS: Calcium superphosphate; PC: Potassium chloride; CF : Compound fertilizer; CM: Chicken manure; CC: Castor

cake; QL: Quick lime; (MPaddy; @Orchard; ®Single-cropping rice; @Grape vine;

SE RS0 (Version 4.5, MIDI Sherlock, FEH ) , Xt
e E YRR IR W2 ( Phospholipid fatty acid,
PLFA ) & U RE TR #EAT %0 , A WL NG g 1D 12
P
1.4 HELE

% HMicrosoft Excel 20035k {4 4b B %4,
Origin 8.0Hl[&l . IHISPSS 17.0 # bt fr25 5 Btk
T, RAE/NEE 25 (Least significant deviation,
LSD ) ;5 AHCHES TR KR %% (Pearson ) ¥,
FHEFER-EIP (Shannon—Wiener, SW ) ZFEH:4E
BOERIEA [A] - et A= i 2R v e 8, A
.

SW=-23 PilnPi

A, PO EEREIE PSR W Rl SRR
Al

2 AR5

2.1 KHEMRELIERBUER

A 5T oK el R T &R A B2 O B+
(PR R 525 ), #FZE B h R R & i
F£299 ~ 325 g kg ' =2 1], WAL 4 1 5 b AR AR
ol HEKEP AR S KE . pH. >0.25 mmKE:
PERRE ., AL, 28, BFRSEEER LT
Hbd RHE, M. ARWE. M. B R
R EARTF R 3 (£3) o X H5KESRREE A
KK AR S . EHEE A . ORI
JoT R AR IR L SR AR R T R A A5 R M A A it
PRGNSR R A,
22 KEHURERTEREVENMEHRIIME

MERIT L

K H#BEZE TR AE Y A Y ik (Microbial
biomass carbon, MBC) F3J{ & #815.2 mg kg™,

“—" for N/A

BRI+ EMBC- 3 55 1 IR 5455.3 mg kg ',
FEmR ik 44.1%, HIH S 5 5 5 b 4 % 2 3% 7
MG CE 1) o KHEBHZEEMAED Y " A
( Microbial biomass nitrogen, MBN ) ¥ &H K
35.65 mg kg, iSRRG R HEMBN- & 5 B R E
14.30 mg kg™, WEEI£59.9%, H H A& 15 55 45
KRR AR (K1) o AR Y WK
KRS S - EMBC . MBN FRE40%L) I, X 574
PR B ZEIE AR, . A RFSE 2 W3R BE W X /K 1
MBC . MBNH & = F 7l 5 Hh 55 52 b 4 458

MM £, #H2HEMBCS +4ipH, A
REKBEREEE (p<0.05) Btk EE (p<0.01)
IEAK (F4) , HELEAEIFE . &R %R %
PRIBE EEKFE (p>0.05) (F4) , X505
DX 7K HH R Bl i, it A K B RR D S5 AL R i 4
MESh AR Er AR A OG, Xt 3R B A LA
i 2 A A e I, Bk £ EMBN S 4 1
pH., AL, AR, ARG KEMEA T &2
BFE (p<0.05) B E#E (p<0.01) IEMRK (F
4) . B2 HHEMBCHMBNS + 348 A &0 .
SR B RN B EAMHC (p<0.01) (£
4) o BTFRSRMERN, BRI - ek
ZMEE SRR, MMBCHMBNAKR T, 1t
Ak, oK H R G IEMAE Y YR TR A DT
JEA . —J5 i, A RO AR T A X T
M BB TE . AR FIOK 5355 2 FRY T, (15
M A W e S, Il A W A AR st
By —Jr I, K EECREE S SRR, T
A TG, R B b A ) 2 B AT
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e, A MHER A A ik 5 S A L
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Table 3 Physiochemical properties of the soils in the cultivated layers of the paddy fields and orchards
K MO  >0.25 mm BS OM TN AN TP AP TK AK
Samples No. (%) AG (%) (%) (gkg') (gkg') (mgkg') (gkg') (mgke') (gkg') (mgke")
S1 51.51 90.79 6.60 54.63 47.96 2.55 201.4 0.68 16.41 15.10 265.9
S2 40.66 87.45 6.57 53.72 39.37 2.20 172.4 0.67 14.56 15.12 155.0
S3 33.55 87.87 6.62 55.63 35.38 2.55 173.0 0.80 13.11 16.70 200.1
S4 37.03 79.52 6.36  53.56 43.02 1.90 171.2 0.74 18.43 16.37 177.7
S5 29.20 74.58 5.74  43.39 29.13 1.82 144.7 1.17 62.34 16.64 342.0
S6 31.19 72.07 6.22 46.36 31.49 1.91 157.0 1.52 145.2 17.65 374.2
S7 40.42 64.40 5.62 43.21 34.98 1.94 167.7 2.02 141.9 16.89 341.4
S8 24.09 70.19 6.11  49.65 33.02 1.90 163.4 1.71 179.6 16.38 346.3
S9 26.27 57.52 5.43 48.62 30.54 1.97 139.9 1.82 172.8 17.46 427.8
S10 28.64 69.34 6.75 59.24 21.32 1.61 109.5 1.55 189.5 16.38 520.9
S11 24.63 57.83 6.85 58.72 21.08 1.69 100.4 1.75 206.6 16.65 606.5
S12 26.88 71.65 4.45 46.75 35.74 1.81 160.8 3.05 231.7 16.48 696.0
S13 23.54 58.89 6.12  52.73 33.19 1.80 163.0 3.26 262.7 17.55 711.4
S14 30.13 53.67 5.60 52.69 36.36 2.25 167.1 3.10 230.8 18.81 996.3
S156 30.92 75.52 5.00 47.20 36.58 1.81 165.2 3.27 234.0 18.61 701.4
S16 33.28 65.37 5.50  50.29 33.39 1.77 162.1 3.19 231.1 17.38 941.3
S17 29.60 65.01 6.16  49.25 34.04 2.06 165.8 3.30 221.9 16.81 779.1
S18 28.16 60.96 5.67 44.84 34.92 2.01 168.5 3.29 278.1 18.40 803.5
{E: MO: HIEF/KE; >0.25 mm AG: >0.25/KEEMEAIRE; BS: ShBEMWME; OM: AP TN: 4%; AN: SR

TP. %@Q, AP ﬁ%{@e, TK: %%Eﬁ’ AK: E’;&ﬁ], TlﬁlNote: MO: Moisture;

>0.25 mm AG:

> (.25 mm water-stable aggregates;

BS: Base saturation; OM: Organic matter; TN: Total nitrogen; AN: Alkali-hydrolysable nitrogen; TP: Total phosphorus; AP:

Available phosphorus; TK: Total potassium; AK: Available potassium. The same below

Fig. 1
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Table 4 Correlation coefficient of soil microbial biomass with soil physicochemical properties ( n=18 )
f845 Index MO >0.25 mm AG pH BS oM TN AN TP AP TK AK

MBC 0.70% 0.47 0.48%  0.14 043 0.39 0.35  —0.77%% —0.89%% —0.63%* —0.74%*
MBN 0.72% 0.41 0.51* 038  0.58%
{E: MBC: LHERCEYEY R MBN: HIEBUEMAEY R R * RN EME (p < 0.05) 5 **FIRPBEMK (p

<0.01) ., FId Note: MBC: Microbial biomass carbon; MBN: Microbial biomass nitrogen; * means significant difference at 0.05

0.63%*%  0.47*%  -0.74%*% -0.82%*% —0.60%* —0.63%%*

level; ** means significant difference at 0.01 level. The same below

A bl , Microbial biomass carbon/ total organic
carbon, MBC/TOC ) MK, 7K H#FZ M E Y
Bt e R e A FR A A T R R, O 5 e R el A R 2
W ERAL (p < 0.01) (KE2) , KWK
oK el R e 5 - A B Al A R A A [A]
R, ST R RS R R, [FIETULET, K TR
B VIR EE, WA AT A AR
P, X Sk Y e —E

y==0.000 9x+0.036 6

0.02 F R=0.464% .
 ZEN
0.01
0.00 1 1 1 1 ]
0 5 10 15 20 25

[ GRIERYESC) IR w: ISESLiR
Microbial biomass carbon/total organic carbon

HLIE4EH Age of orchard (a)
2 LR R 5 2R Bl A 2 ) A G

Fig. 2 Correlation coefficient of ratios of microbial biomass

carbon to total organic carbon with age of orchard
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S R[] A 257, 4kts 28 TR AR XoF 2 8 3 1] - 33 4
PRI AP S FIAR G FE R, 45K IE 25 55 R AR 45 O 4 1A
ZREME 22 R Z R E R R, WMESHIR, 18
FOK HREAR B TKIE (ST ~S4) &R T 5 b +
HERYUKIE (S5 ~S18) E4t, HAFMWHRE, XKW
KH R AE RTINS, AT ERH; X
5K M AR S A B KAy . A HLURR TR RN R R 4
BARY T H A IR A A 06, B3, AR

TR H E AR UKIE (S1 ~S4) H&H ELE A
o, WA R UKE (S5 ~S18) H &AL
FHARL, ZR B — b A O =X U g S R 2
PEARRLRE 55 55

XHFE B AN E DGGEFR & |3 ([&3) AT
RAGHT, RN, BHZE RSP R,
—RE TR A, 5 — o R g e+
SECAT LA WA, 3 i) A e ) AR el SR R
bl 38 (E4) o KHESCRE S, 7K B AR E 45
Z R4 TE B B ZRE AR R 25 S, K RN AR [l
SRR A 0.46 , T i 300 R e A 300 SR el 1 3
w4 TR R s 22 TRl AR SR 0.56 ([El4) o LA
ESRERY, IS H SR R AT B B
Ak, K R Bl 22 A 0 25 S, R S 2R el
IS KR E I E RS (F4) , 1
FIR 5 2RAE A (K B AR e ) 22 K ) FH A BR Xt
TR B 2R, X 5 XueE Y X T
I 7 2SRRI FH A RO B R 45 4 2 i) 1) 4450
—3.

X B 3HEAT ZRE AT, R AN TR R A
TR BN Z VB — B 25 e 1k, iRk
A, K8 (S1~S4) PR FR-EIBL
FEMEFE B TR 4 (S5~S18) (£5) . £
HUK HSCRE S, BT Rk . AVLRAMA RS
BRYBED, AR R ETRE, B
b Y AR
24 KEYURERTIEREDMHEEMS HMEH

Tk

WEASIE MR ( PLFA ) 17106 T T A 1% 1R 40 o
W, W R RIS B R e LT
AT, B K H R FE AR R K, B2 £
B EY FEEFRYB (K BEMAIE)
TR, fEOKHE R EY S PLEAS T & it
$1145.0 nmol, 7EAFE + 5 P& R
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7K H Paddy fields H.E Orchards

S14 S15 S16 S17

.

S1 S2 S3 S4 S5 S6 S7 S8

[E13 7K HH TSR el 4 498 5 200 1A A P s 3 58 e el Uk i 8 IR i
Fig. 3 Denaturing gradient gel electrophoresis ( DGGE ) banding patterns of 16S rDNA gene fragments of soil bacteria in the paddy and

orchard soils
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FALE Similarity
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87 JsEUE S|
S5 | Short history orchards

L] S13 i
— e
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P4 I TR SR el 8 o 40 B A 1 A B2 R I Pl K i S 1T 335 1) SR e

Fig. 4 Cluster analysis of the figureprints in the DGGE profiles of the soil bacteria in the paddy and orchard soils

5 KEAMREHETESAENER-BBS TR
Table 5 Shannon-Wiener indexes of soil total bacteria in the cultivated soil layer of the paddy fields and orchards
R

Samples No.

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 SI11 S12 S13 S14  S15 S16 S17  S18

$§%ndex 3.36 3.34 3.33 3.32 3.02 3.03 3.02 3.02 3.02 297 296 2.87 2.93 2.87 288 2.87 2.87 2.86
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60.79 nmol, FEIEIA58.1%; + 344 BPLFAs
it 5 R A Y A S IR AR DG, A OC R AL
r=0.74" (n =18) o FEKH 2 HerE 5 bk m
FISARPLEAs, M - EAE & v 4 4 D 21 465
PLFAs, 7K H el R 5 4 504 YPLF AsFp 2%
W AKHBORRE G, 52 4 AR R SR &R
SN, B2 A A rh T R R A R RUE b
i G 0, AR AN R AR S WA SRR W

70 ¢
* 60 |
50 |
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20 |

TN M R 5 40
Phospholipid fatty acid (PLEA, %)

10

B AR A (K 5) o BURRE, 2 K]
P20 R 22 FOBHPE AR B ( Gram negative bacteria/
Gram positive bacteria, Gm/Gm*) i 3EFEA% (
6a) ;5 W T RGEA M BREFERRE W, B
Z LR A AN R AN E (Aerobic bacteria/
Anaerobic bacteria, Aerobic/Anaerobic ) AN
(I 6b) , Jf5 e AP 40 PR 5 i 2 IE A OG, AHC
FHr=053" (n=18) .

= 7K H Paddy fields
o 45 5 E Short history orchards
o KR Long history orchards

4l Bacteria

H# Fungi 4 # Actinomycetes Ji 4554 Protazoa

19 2 Species of microbes

W W — AR R R R 22 3 2 (p < 0.05) Note: Different letters in the same group of microbes mean significant
difference at 0.05 level
5 7K RIS ] A 33 v o AR W S X

Fig. 5 Relative abundance of microbial specific groups in paddy and orchard soils

A5 RM, HRXPIEWR (Iso fatty acids,
Iso) Sk%Z#ENER ( Anteiso fatty acids,
Anteiso ) HHCAE AT LARAEFE 20030 L ABFSE &
WY, KHEBCRRE S, B2 RT3 a1 Tso /
Anteiso i EIG M (E6c) , I 5o FE 4R BR 2%
BEEASE, MXREr=0.63" (n=18) . 7ENL
WET, 2 RV E SR R G PLEA S AL
FAN NG TR, BRI, PSSR D R AT AR
M FE{E (cyclo fatty acids/ precurso fatty acids, Cy/
Pre ) AT FISHH 7% S0 9 BT Ak 19 T ks 92
MORPE fE, RAESR S A A Cyc/Pre i 3 o (&
6d) , JSUCRREAERZ2MEEIEHE, HXRE
r=0.61" (n=18) . DL E&5REW, KHNRE
5, B2 DI a g g, 5E
AR, X EESUCRE S B R EOKE KLk
RITR G A . B, WEEFRITRNAY
LEEP

WET7ETR, BT R YR I S50 i 22

S, IKHFEAR K HEGE PR3 5 P TE o (BASY
X ) FHADKIE N, i 40 5 el - S AR B L f 35 ) ol
SPAEETRE B (BIREIX ) BRI, KHIHERE+
AR R &R S e i AE v (FISEIX) MIC
DB o WA IR ATE TUAR o0 BT HE 7 181 SR AR 1Y
S5 SRR AP 398 53 Sy AR e 4 (S5~ ST,
<13a) KRR 5 (S12~S18, > 13a) W
N B, S R S DGGEHE 8L B 240t
g5 (E4) o K7PR, > 0.25 mmKEPE A
RARFNIK 53 1 P AP R85 DR -1 7K AR AS R4 Ty
) CalXdk ) B e, S ENTS5K D
BEVE O R ), BIVPE A X3 B0 1) 39400 A g ok
IR MR B o A BB RN 280 3R SE A 7 1] 5 T e il
yIX I 1], 6 B AR C X a3 13 2F 0 % A HILJR
REMMER R, X 5KHAPHPR AR & EK
i M R B - i ] KA R — R R
p HFH £k L 16 R0 B2 7E IR bl - 58 ( BIX I ) Jy ] 4
i, 10 BH K R b A 85 PR o e 3 R Il - S
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G p—— 0.9 40.0 10.0
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on [ —a— Aerobic/Anaerobic 8.0
= = 30.0f 70 2
g g 2
N s 250t [
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= = 200t 50 §
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= £ 50
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= c s A = d ez Cy A
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— [ = 24
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~ % | R
%5: 10 = = 0.6 R
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gﬁ 10.5 % ..... L 102
JKH KR K H YU p I | KR
Paddy fields  Short history ~ Long history Paddy fields  Short history  Long history
orchards orchards orchards orchards
SHuF )7 2 Land use A Hu ) ] )7 2, Land use

TE: Gm: HZRPEANE: Gm'

HECPHEAN R ; Aerobic: % 4IE; Anaerobic: JREANH ; Iso: FRJEWIFR; Anteiso: X5

SCHERRWIR s Cy: RNEERRNIR; Pre: MRNEEARMTRRTIAY) o [F—dE bR AR SECTFRRR 2R IERE (p < 0.01) o FIA Note:

Gm™: Gram negative bacteria; Gm":

Gram positive bacteria; Aerobic: Aerobic bacteria; Anaerobic: Anaerobic bacteria; Iso: Iso

fatty acids; Anteiso: Anteiso fatty acids; Cy: Cyclo fatty acids; Pre: Precurso fatty acids. Different letters affixed to the same index

mean for significant difference at 0.01 level. The same below
516 7K FH RS ] - 8 PR [ S A8 s A ) B I s 4 Xof 5 £ RN FLAH X L 451

Fig. 6 Absolute abundance and ratio of microbial fatty acid in paddy and orchard soils relative to type of the acid
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Fig. 7 Sequencing graph of soil microorganism phospholipid fatty acids in the plow layer soils in redundancy analysis

AR AESRG, 2K AL AR Ah, KRR AT RE 25 DR LR 0 R 45— &
A RO L A W R VE A R B RSB I F R PR, R g R e DR T ARK T SR

=

(p<0.01) o LHAHTTAEAXT LERAY b, FFRDT S 9 28 be S A7 4 VR S Aot U5 xC L4

RS2 IR ZER T AHAEBR A2 R . WEFESRET, AKIJE S ThRE, feik R nT Rk e
ﬂﬁf;ki,u%/ﬂﬂﬁﬁﬂﬁﬁﬁ‘{li, HUEY 2R

> )y
KRR Rl (R T R O

)‘iﬁ_to 7J<EEIEJU{75'EIEIT7FU?j:§%_H% %'JFH _[J:[j [ 1] Torsvik V, @vreds L. Microbial diversity and function

http: //pedologica. issas. ac. cn



14

MR K TR P e SR M~ Rk 191

[2]

[4]

[6]

[7]

[9]

[11]

in soil: From genes to ecosystems. Current Opinion in
Microbiology, 2002, 5 (3) : 240—245

Schimel D S. Terrestrial ecosystems and the carbon
cycle. Global Change Biology, 1995, 1 (1) : 77—91
EAL, R4, FRALTE. KM M IXRE A R AR A kR
7 el X A A R RS . R3S, 2016, 53
(1) : 166—176

Wang J, Zhang J B, Cai Z C. Effects of conversion of
paddy field into vineyard on soil nitrogen transformation
in the Taihu Lake region of China ( In Chinese ) . Acta
Pedologica Sinica, 2016, 53 (1) : 166—176

Neill C, Piccolo M C, Cerri C C, et al. Net
nitrogen mineralization and net nitrification rates in
soils following deforestation for pasture across the
southwestern Brazilian Amazon Basin landscape.
Oecologia, 1997, 110 (2) : 243—252

Geissen V, Pefia-Pena K, Huerta E. Effects of different
land use on soil chemical properties, decomposition
rate and earthworm communities in tropical Mexico.
Pedobiologia, 2009, 53 (1) : 75—86

PR, ZEEF, SRS, & WS EEX L
PR YRR 5. 13, 2016, 48 (4)
698—704

Yang X B, Li T X, Zhang X Z, et al. Effects of
tobacco garlic crop rotation and tobacco garlic crop
intercropping on soil microbial groups in tobacco fields
(In Chinese ) . Soils, 2016, 48 (4) : 698—704
Celik I. Land-use effects on organic matter and physical
properties of soil in a southern Mediterranean highland
of Turkey. Soil and Tillage Research, 2005, 83 (2) :
270—277

LiX G, LiFM, Zed R, etal. Soil physical properties
and their relations to organic carbon pools as affected by
land use in an alpine pastureland. Geoderma, 2007,
139 (1/2) : 98—105

Jangid K, Williams M A, Franzluebbers A J, et al.
Land-use history has a stronger impact on soil microbial
community composition than aboveground vegetation and
soil properties. Soil Biology and Biochemistry, 2011,
43 (10) : 2184—2193

Zhang Q, Sun J, Liu S, et al. Manure refinement
affects apple rhizosphere bacterial community
structure: A study in sandy soil. PLoS One, 2013, 8
(10) : 1—8

TR, SR Wt S A SR M6 R R PR T T 3
PR S 4, 1997, 29 (2) @ 61—69

He 7 L. The significance of soil microorganisms and
their nutrient cycling in environmental quality evaluation

(In Chinese ) . Soils, 1997, 29 (2) : 61—69

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Lauber C L, Strickland M S, Bradford M A, et al. The
influence of soil properties on the structure of bacterial
and fungal communities across land-use types. Soil Biology
and Biochemistry, 2008, 40 (9) : 2407—2415
Wakelin S A, Macdonald L M, Rogers S L, et al.
Habitat selective factors influencing the structural
composition and functional capacity of microbial
communities in agricultural soils. Soil Biology and
Biochemistry, 2008, 40 (3) : 803—813

JABE, REE, KEE, 5 REDEHE B L
SR IR I 1 25 B 0 A AR AR X HSE R R 3R R
2015, 47 (2) : 369—377

Zhou S, Liang Y T, Zhang H X, et al. Characteristics
of spatial pattern and influence factors for soil microbial
community structure in moso bamboo forests in middle
subtropical China ( In Chinese ) . Soils, 2015, 47
(2) : 369—377

wiE, R, XA, S AR R Y R
XF LA RV A RS . ISR, 2016, 53
(3) : 790—799

Lei HD, Yin Y F, Liu Y, et al. Effects of fir
( Cunninghamia lanceolata ) litter and its biochar on
soil microbial community structuren ( In Chinese ) .
Acta Pedologica Sinica, 2016, 53 (3) : 790—799
Balota E L, Yada I F, Amaral H, et al. Long—
term land use influences soil microbial biomass p and
s, phosphatase and arylsulfatase activities, and s
mineralization in a brazilian oxiso. Land Degradation
and Development, 2014, 25 (4) : 397—406

Yao H, He Z, Wilson M J, et al. Microbial biomass
and community structure in a sequence of soils with
increasing fertility and changing land use. Microbial
Ecology, 2000, 40 (3) : 223—237

Bossio D A, Girvan M S, Verchot L, et al. Soil
microbial community response to land use change in
an agricultural landscape of western Kenya. Microbial
Ecology, 2005, 49 (1) : 50—62

Xue D, Yao HY, Ge DY, et al. Soil microbial
community structure in diverse land use systems: A
comparative study using Biolog, DGGE, and PLFA
analyses. Pedosphere, 2008, 18 (5) : 653—663
Lauber C L, Hamady M, Knight R, et al.
Pyrosequencing-based assessment of soil pH as a
predictor of soil bacterial community structure at
the continental scale. Applied and Environmental
Microbiology, 2009, 75 (15) : 5111—5120
Rajaniemi T K, Allison V J. Abiotic conditions and
plant cover differentially affect microbial biomass and

community composition on dune gradients. Soil Biology

http: //pedologica. issas. ac. cn



192 + E E iR 55 &
and Biochemistry, 2009, 41 (1) : 102—109 biomass C, N, P of farmland soils in different land
[22] Wang B Z, Zhang C X, LiuJ L, et al. Microbial uses and cropping systems in Dongting Lake region ( In
community changes along a land—use gradient of desert Chinese ) . Acta Ecologica Sinica, 2006, 26 (7) :
soil origin. Pedosphere, 2012, 22 (5) : 593—603 2261—2267
(23] a4 LIEG i ZE Dl oy, 3 2% L Bl WirAb [29] Sparling G P. Ratio of microbial biomass carbon to soil
FAR B A, 1991. 218—223 organic carbon as a sensitive indicator of changes in soil
Jiaxing Soil Log Editorial Committee. Jiaxing soil organic matter. Australia Journal of Soil Research,
(In Chinese ) . Hangzhou: Zhejiang Science and 1992, 30 (2) : 195—207
Technology Press, 1991: 218—223 [30 ] ykokiti, SLoikl, 4w, 2. AREFR T 06 E
[24] G LIEANALEG . dLat: PELLRA WAL UE M 2 AR RS . BREE R, 2015, 36
HoAR A, 2000 (10) : 3839—3844
Lu R K. Analytical methods for soil and agro-chemistry Shen B J, Zhu Z K, Yuan H Z, et al. Effects of
(In Chinese ) . Beijing: China Agricultural Science different plantation type on the abundance and diversity
and Technology Press, 2000 of soil microbes in subtropical red soils ( In Chinese ) .
[25] kM, #FF. LA RESIE e 7 Environmental Science, 2015, 36 (10) : 3839—3844
FihEE, 2012 1—243 [31] White D C, Davis W M, Nickels J S, et al.
Zhang G L, Gong Z T. Analytical methods of soil survey Determination of the sedimentary microbial biomass
laboratory (In Chinese ) . Beijing: Science Press, by extractible lipid phosphate. Oecologia, 1979, 40
2012: 1—243 (1) : 51—62
[26] WuY P, Ding N, Wang G, et al. Effects of different [32] hsog, #EALNR. 3Ry 2RI k. WA
soil weights, storage times and extraction methods A, 2004, 15 (5) @ 899—904
on soil phospholipid fatty acid analyses. Geoderma, Zhong W H, Cai Z C. Methods for studying soil
2009, 150 (1) : 171—178 microbial diversity ( In Chinese ) . Chinese Journal of
[27] ZBM, RBER, BRE S ARMHTT T LA Applied Ecology, 2004, 15 (5) : 899—904
B e A R R T D RE 2 AR AL P R AOE R [33]  BR¥RA, T8, EWIDY, 5. wRIRIRII R BT 7 B AE i
2%, 2007, 40 (8) : 1712—1721 YRR . A, 2005, 24 (7) -
LiZP, WuXC, Chen BY. Changes in transformation 828—832
of soil organic carbon and functional diversity of soil Chen Z X, Yu X, Xia M F, et al. Application of
microbial community under different land use patterns phospholipid fatty acid ( PLFA ) analysis in microbial
(In Chinese ) . Scientia Agricultura Sinica, 2007, 40 ecology (In Chinese ) . Chinese Journal of Ecology,
(8) : 1712—1721 2005, 24 (7) : 828—832
(28] @ik, 540K, Wik, . RS XOR R R 7 [34] McKinley V L, Peacockb A D, White D C. Microbial

X & A Y i AR . AR
2006, 26 (7) : 2261—2267
Peng P Q, WulJ S, Huang D Y, et al. Microbial

community PLFA and PHB responses to ecosystem
restoration in tallgrass prairie soils. Soil Biology and
Biochemistry, 2005, 37 (10) : 1946—1958

Evolution of Soil in Microbiology after Reclamation of Paddy into Orchard
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[ Objective] Change in land-use is a crucial aspect of anthropogenic disturbance of

terrestrial ecosystems. To assess its impacts on the ecosystems is of vital significance to maintenance of

ecosystem functions and promotion of soil sustainability. Soil microbial properties, deemed as important bio—
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indicators of soil health and quality, can be influenced by changes in land-use. Reclamation of paddy into
orchard was very common in South China during the last two decades. [Method) In order to further the
knowledge about the effects on soil microbial properties, a total of soil samples were collected from surface
soil layers of paddy fields and orchards along a chronosequence of cultivation in Shaoxing City, Zhejiang
Province, for analysis of soil physicochemical and microbial properties, using the denaturing gradient gel
electrophoresis ( DGGE ) method, the phospholipid fatty acid ( PLFA ) method analyses and some others.
The DGGE gel was scanned, for analysis of fingerprints of soil microbes with the aid of the software of
QUANTITY ONE 4.6.2, and relationships of soil microbial community with soil physicochemical properties
were analyzed using the redundancy analysis ( RDA ) method. [Result] Results show that the soils under
the two types of land use differed significantly in soil physicochemical and microbial properties. The orchard
soils were significantly higher in total phosphorus ( TP ) , available phosphorus ( AP ) , total potassium
(TK ) and available potassium ( AK ) , but relatively lower in water-stable aggregate ( >0.25 mm ) ,
organic matter (OM ) , total nitrogen ( TN ) and alkali-hydrolysable nitrogen ( AN ) . Besides, the orchards
soils were 44.1%, 59.9% and 34.0% lower, respectively, in soil microbial biomass carbon ( MBC ) ,
microbial biomass nitrogen ( MBN ) and microbial biomass carbon ( MBC ) /total organic carbon ( TOC) ,
showing a significant and negative relationship with age of the orchards ( p <0.01 ) . Moreover, the orchards
soils were 58.1% lower in soil total microbial phospholipid fatty acids, and significantly ( p <0.01) lower
in ratio of Gram negative bacteria ( Gm™ ) to Gram positive bacteria ( Gm*) , and in contrast, much higher
in ratio of aerobic bacteria to anaerobic bacteria ( p<0.01 ) , and in ratio of Iso/Anteiso and ratio of Cy/Pre
fatty acids (p<0.01 ) , which indicate that nutrient stress in the orchards aggravates with the cultivation
going on after the reclamation ( p <0.01 ) . Cluster analysis of the DGGE banding patterns of the eighteen
soil samples showed a clear separation between paddy and orchard soil samples, and a noticeable separation
between orchard soils under short and long orchard cultivation, which indicated that both the change in land-
use and cultivation history have important effects on soil microbial community. Moreover, Shannon-Wiener
indexes of soil total bacteria declined in the orchard soils. Redundancy analysis of PLFA in the soils and
environmental factors demonstrates that soil moisture, organic matter, total nitrogen, alkali-hydrolysable
nitrogen and available phosphorus are the most important environmental factors affecting soil microbial
community compositions in the paddy and orchard ecosystems ( p<0.01 ) . In general, soil aeration and
staple nutrients are the most important factors affecting soil bacterial diversity. DGGE and PLFA analyses
both demonstrate that change in land—use has a greater impact on soil microbial diversity than the history of
cultivation does. [Conclusion) This study concludes that both change in land use and history of cultivation
have some important effects on soil physicochemical properties, while soil microbial community diversity can
also affect soil physicochemical properties and vise versa. Being a vital carbon sink in the earth ecosystem,
paddy is rich in soil microbial community diversity and hence a land use pattern, capable of promoting
sustainable development of the soil resources. Furthermore, long-term cultivation of orchards is apt to cause
a series of problems, such as imbalance of soil nutrients and micro-flora, which eventually negatively affects
soil sustainability.

Key words Paddy; Orchard; Land use; Soil microbial genetic diversity; Microbial community structure
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