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K (DGGE) FEI& /KA BRAFAE ( CLPP ) 43 755 5 R R I8 RAR U AE MRl A X 49834 W A W i B i v B 2 KR 1
IR AR, DFICAE R R | RIR U A AR S S s Ml 7 T 8 5 Tl R R A 48 20 TR A A R R AR 1 438 1
3EM 2%, EF AL E (AWCD) LA K 1 PLFA \DGGE F1 CLPP 4347 3545 1 + 330 A My BE 78 22 A6 fNTh BE 2 RE e WoR
B RARU A MR TR A Y -3 RIRR AR A58 50 A 3 UAE D RE IR S5 AFTE I R o0 = 38, RERI A
MR8 pH A ALK SR S SRR S s T AR R R 38, 3B 20 N AT s 3 pH (B A HLAR R AL
o e AR R A RS SRR DI RE SRR R, ISR R R, KR ARG R A,
TR B — R el A PR T ] BB A A ALTURI SR A i PR, BT ERR AL, X - SRR M A A TR
SRR TR MO AR s AR Y s R R

Agricultural Use of Natural Secondary Forests Affects Soil Microorganisms in

Hainan Province, China

ZHANG Yifei"?, LIU Juanjuan', MENG Lei’, DENG Huan', JIANG Yunbin', ZHANG Jinbo', ZHONG Wenhui " *

1 Jiangsu Key Laboratory of Environmental Change & Ecological Construction, School of Geography Science, Nanjing Normal University, Nanjing
210046, China

2 Nanjing College of Chemical Technology, Nanjing 210048, China

3 Collage of Agriculture, Hainan University, Haikou 570228, China

Abstract ; Natural forests tend to be converted into agricultural lands in developing countries for economic development. In
the subtropical regions of China, natural secondary forests are generally converted to banana, rubber, and eucalyptus
plantations. Unlike natural forests, agricultural lands are mainly characterized by mono-plantations, tillage, fertilization,
and litter removal. These practices may have unfavorable consequences on the soil ecosystem. Moreover, the soil in the
subtropical regions of China is classified as Ultisol, which is vulnerable to erosion and degradation under improper soil
management. Yet, knowledge about the effects of the conversion of natural forests to agricultural lands on soil quality in
these regions remains scarce. Soil microorganisms are critical for organic matter conversion and nutrient cycling, in addition
to being sensitive to environmental changes. Thus, soil microbial parameters such as microbial biomass, activity,

biodiversity, and composition are considered as reliable indicators of soil quality. To understand the effect of forest
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conversion to agricultural lands on soil microbial parameters, as well as soil chemical properties, we collected soil samples
from a well-conserved natural secondary forest, in addition to transformed banana, eucalyptus, and rubber forests.
Phospholipid fatty acid ( PLFA ) analysis, denaturing gradient gel electrophoresis ( DGGE ), and community-level
physiological profiles ( CLPP) were used to investigate various microbial parameters, including microbial biomass, activity,
community diversity, and functional diversity. Microbial diversity was expressed as Shannon diversity ( H'). Principal
component analysis ( PCA) was performed to analyze the soil microbial structure based on PLFA, CLPP, and DGGE data.
In addition, soil chemical properties were determined, including pH, organic carbon, available nitrogen, total phosphorus,
available phosphorus, and available potassium. Stepwise multiple regression analysis was used to determine the main soil
properties that influenced soil microbial parameters. The results showed that the natural secondary forest had the highest
total PLFA , which was 3 and 2 times higher than that recorded for the banana and rubber forests, respectively. The average
color development (AWCD) , community diversity, and functional diversity determined from the PLFA, DGGE, and CLPP
profiles were also highest in the natural secondary forest. Soil microbial community structure differed between the natural
secondary forest and agricultural lands, as well as between the vegetation types. In addition, soil pH, organic carbon, total
nitrogen , total phosphorus, available nitrogen, and available potassium were higher in the natural secondary forest compared
to the agricultural lands. The stepwise analysis showed that soil pH and available phosphorus affected H' and CLPP values,
while organic carbon affected AWCD, H 'of fungal DGGE, and fungal biomass values. Total nitrogen and available nitrogen
generally affected microbial biomass (total, bacterial, and fungal PLFAs) and community diversity ( H' of DGGE and
PLFA data). Our results indicate that the conversion of natural secondary forests to agricultural lands leads to soil
acidification and a significant decrease in soil organic carbon and nutrient content. Furthermore, conversion decreases
microbial biomass, activity, diversity, and functional diversity, causing shifts in soil microbial community structure. The
adverse effects of this conversion on soil chemical and microbial properties may be due to the agricultural management

practices being followed at local sites.
Key Words: Banana; Eucalyptus; Rubber; Soil microorganisms; Soil nutrient
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e g e R AL X RIR YA AR A R I HEAT A A R PR AR TE O B, MR R 4G
Hy DHBEAENE SR A i LR PR SRR 5 M T 5 2078 B0 A A, ik e s S e ) £ 8 %o
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I DG T8 B B X R 3 DX AR -39 A P S I R e 2210 RAR UK A PR Ay B — ARl o o 48
FEEAR FIASUEE , LB i BEARR T4 T 8 | S AR AT S A Wit v RIS REZ RN (ol W A i R s Moy ™
AT AREIR 7 HRTE T 07 T BT il Hease b

FEVE 7KV AR BRRAE ( CLPP) 4307 WERRRE DT R ( PLEA ) 43 B RS M4 B IS LUK ( DGGE ) 2 1A + 3 3UE
W2 R DT . CLPP JH T RAEBUEY IIREL AL, T PLFA FI DGGE J T RALME S 2Rk, HIRBUE
Py AR TT LA I CLPP JE TR A 1 P @ % (AWCD) 7R PLFA S0 R 2R 6
PRI — R L PLFA SR AR X ML BE U 53 341K s DGGE 25450 157 7 12 T LA 2 S A= R 6 (L
22[H PCR(Polymerase Chain Reaction) £ A BRI M A= i 22 . DRI, o = 5 1 45 45 B R ml 50 4 1 M
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A8 A 1 DX A8 R AR U A R H R SR R A R 48 T R 1) A 4 RS FIAS e bk 3% | il ik CLPP, PLFA 11 DGGE
TR IR E VIR IR 2R DIREZRENE e W A DU TS T, DAV SRR YR A ka1 4 728 o)
TIERAE YRR

1 HRMXEHARTE

L1 RAEH s filad A - HEHURE

SRAT L7 T8 R A A M T A v R ROL LA BE SE B A, AR A bR AR ARTE 20 HH42 60 AEAUHEIR
JRRBMA, EARI 2 50 48, 2t X & TP e = KU 139K 260—455 m, 452U 23.2 °C L 4EF%
JKEL 1815 mm AFF 28 % B 1628 mm, RSN AR5 & T ORI L0, 20 b4l 80 AFAUH N — 28
i DX R AR UK A MRS SR A FH FH T AR IR 520 tH42 90 AR AR 53— SEH X 1% KSR U A= PRI A8 S A BE AR
FEEbR, RIRAEAR S RO A I XAHIEZ) 3 km , T AR MR ARFIAG B ARAHEE 1—2 km, KA AARAG I
R EREMNSZTM (Radermachera frondosa Chun et How) Y ( Macarangadenticulata) FVAS ( Canarium
album) o FERAR RIRUAEMRFN TAR AR T B FEAR FEAAE Y 208 ML (Arthraxon lanceolatus) |7 %
% ( Eupatorium odoratum ) J& B ( Neolepisorusovatus) 3545 (Alpinia oxyphylla Miq) FUJLTTA ( Psychotria rubra)
S5, RIRUAEMHRRER MR AL AR 75 8 E 2 LA IE 3 AR i AL 34 90 kg N hm 2,30 kg P,
O, hm *,40 kg K,0 hm *FHFAEFNEEH 528 kg N hm *, 190 kg P,O, hm *,1300 kg K,0 hm *,

AT E IR RIR U A RN K b H A AR T Ok ) 7 AR AR ARFTIAR AR T S EA TS . Bt il R B
2010 473 H o R HIERESLAT, 2E B AR 7 =X b SR E 3 AR/ A/ N2 100 m® (10
m X 10 m) . 7ERA/NXFEI S JERAE 10 MR BHIFR AR /DMK, BRI 0.25 m*(0.5 m x
0.5 m) , FIBRIIRCRZ L3 (0—20 em) , HIRERH 2 mm GRS, T PLEA A1 CLPP 5 ) £ HERE & 4
CARAE, — A NIAE ;70 CORAEH T DNA $50; H AR TG T3R50 TA22 50 M.

1.2 Iy

F AT R R A R 4 pH ER A pH BB AN E , HK L 1:2.5 (w/v) o HHERHLER
SR FH HE A TR PR AR A I | S R L PR RO I | R A0 R WU 7 IR 0 7, Sl R P W08 6 0 1 0 v, 3k
RHER ] HCL-NH, F A ORI 3 66 B0 | SR SR I TR e $ BEU P FH DB M OO 3 20
1.3 WEARARIIIR (PLFA) 20 #ir

K Bligh Dyer J7 ik A TG AR BURBE BRI i W B2 A1), 1 8£ 1 15 mL Bligh Dyer #2HU& (0.1 mol/L
PR e A7 I = 0.8:1:2) I, S IO Ak BB R AR B B2 4% (SPE-ST) JZ 4, 2331 FH 5 015 . A B A1
JooK HV BRI B2 Wi A i Ve B BT AR PR F s K e g A (T Ak 45 20 B IR IR 1D e HY Ak
fig (fatty acid methyl esters, FAME) , F| Sherlock #4915 & 245 (MIDI, Newark ,DE) fifix€ PLFA FhZSA& | H
H PLFA Z R ] 19:0FAM AR o HRAESEH AN ), A ] B REAE i 5 1 X AN ) B TR 2 0, SR T L TR, 200
T RT3 g i 22 PO PR I | o 22 FRBAME T i Ekal . AFFE R 2 B 345 HY PLFA W3 1,

F 1 LTIEFEY PLFA £94824

Table 1 Phospholipid fatty acids( PLFA) signatures of soil micro-organisms [16:17)
WAIZEH Microbes type AEWITR Fatty acid

11:0is0,12:0 is0,12:0.11:0 iso30H . 12:0 anteiso.13:0 anteiso.14:0 iso.14:0 anteiso.14:1 w5c.
AT (R ) 14.0.15:1 iso G . 15:0 is0.15:0 anteiso 161 iso H 16:0 N alcohol ,16:0 iso 160 anteiso . 16:0,17:0
Bacteria (actinobacter excluded) is0,17:0 anteiso 17:0 cyclo 17:0,16:1 20H ,16:0 20H ,18:0 is0,18:0,18:1 w7¢ 11-methyl [17:0
iso 30H,19:0 is0,19:0 cyclo w8¢,19:0,20:4 w6,9,12,15¢,20:0

TRZ T Actinobacter 10Mel7.0.10Mel8:0
HEF Fungi 16:1w5¢.18:3 ©w6,9,12¢.18:1w9%¢
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1.4 FEEKFABARIE (CLPP) 2™

P10 g B R INA R 100 mL JCEBEIRERZE M (0.05 mol/L,pH A 7.0) , #£ K% 30 min, B 1
mL FIEEIFI T 9 mL TCEBERRERZE M (0.05 mol/L, pH {8 7.0) ,IR4T, #1715 107+ EF ., W 150 pL
% 107 EHERIFWALEFN T BIOLOG Eco i F-AfLH (Biolog, Hayward, CA) B 25 °C 537, ] A s Pk 2%
FEFRG (Biolog, Hayward ,CA) A& 12 h WI%E 590 nm AR AMHWOEIE, RTREFF 96 h Bl /1 A A FLF- 1
ik # (AWCD) Shannon 848 (H') \F M4 (PCA) 7#T.

1.5 DNA #2H(H1 PCR ¥4

325 DNA 2B 4K HE 358 DNA P2l & (Bio 101) Hilid& it ad il 1, DNA ¥R BER i 5%
ANMTIEIEEETT ND-1000 ( NanoDrop Technologies Inc., Wilmington , DE) % , #2HUA9 DNA ‘H-70 °C 174

AN 16S rRNA FEH P BR H 5[4 338F-GC (5'-ACT CCT ACG GGA GGC AGC AG CGC CCG CCG CGC
GCG GCG GGC GGG GCG GGG G-3") F518R (5'-ATT ACC GCG GCT GCT G-3")'" 50 wL AR &A .
1.25 U B4 1 (TaKaRa Bio Inc., Shiga, Japan) , B:F51 41 25 pmol , A ER M 10 nmol ,5 wL10xZE i
AN 0.1 wmol MgCl,,1 wL $#2HUF DNA Ak, PCR KW FE iCycler thermocycler ( Bio-Rad Laboratories Inc. ,
CA) L7, RIVFRT N AR M 94 CC4 min,35 NMEFLEE 94 CAEPE 30 5,55 CiB K 305,72 CHEfH 90 s,
)5 72 CHEMH 5 min,

FLTE 18S rRNA LY 1R 54 NS26 (5'-CTG CCC TAT CAA CTT TCG A-3") F1518R-GC (5'-CGC
CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG GGG GAT TAC CGC GGC TGC TGG-3') | 50 ulL
VAR Z A :1.25 U B4 ( TaKaRa Bio Inc., Shiga, Japan) , 55414 25 pmol , R Z L K 10 nmol
5 pL10XZZ i A1 0.1 pwmol MgCl,, 1 wL $#2HU[ DNA AEiHr, PCR i 7E iCycler thermocycler ( Bio-Rad
Laboratories Inc., CA) F#f47, KW ERF M. WA 94 °C4 min, 30 NMERELHE 95 C A1 30 5,55 CiE Kk
30 5,72 CHEMH 90 s, )7 72 °CHEfH 5 min,

1.6 DGGE

A5 K Deode ( BIO RAD Laboratories, Hercules, CA) R4 M4 16S rRNA (ELFH 18S rRNA He[Al
A9 DGGE ( deneaturant gradient gel electrophoresis) 43> FF8 20 E1% . 4 M E 1 PCR F=WI7E 8 % N1 ki bt
e LK, AR A VST 35 %—T70 % (FLr 100 % AR MRS A 7 M OPRE 40 % I BERE ) | HLIKSE i R0.5
XTAE , VKR 60 °C . HLIKZE W KB E T SYBR Green I 4% (1:10000,v/v, Invitrogen Probe =) Hi3e
4, 30 min, 43T 1% 4% FX (Bio-Rad Laboratories Inc. Hercules, CA) 4. DGGE K% Quantity One {4
AT 3T
1.7 BdEmwr

ANT) = ] 2R 2 (] ) 3 35 22 S R PR IR T 22404 ((Analysis of Variance, ANOVA) SKHfixE , 2 &1
KN P < 0.05, % PLFA CLPP Fil DGGE K314 Shannon ZAEVEIE R (H') FF3EAT EWA 04T (PCA)
KM 2708 A3 B s 13 pH A HLBK L KR035 i rh s L3R W A Wi TR A Y RE IS 26
PR D RE 2 FE 1) B AR i BT AT B GE o3 B R SPSS 16 #£47

2 HREHM

2.1 3 pH HAFE &

TR AR LI pH (E ALK R BB R E e R S m TR (£2), FE
MR FRaBE It £ | 3 s & e . ARBAR D pH (SR | HUSORE A EUSUE fI
2.2 DGGE EliE4r

Y0 16S rRNA K FIE T 18S rRNA LK AY DGGE &3 FH 3 43 B A ) - i 1) FH 28 38 ) 4 B BE 7% (
la) FECEEREEAEM (B 1b) . RIRKAMR A ARG AR A0 TR 16S tRNA FE[H Y DGGE ~F-¥4%

I

t
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K2 ATWHARIHFIARELTE pHEMFESSE

Table 2 Soil pH and nutrient content under the four land use types

‘ Lk g e AR A o
- Hb A 2 A . . . Available Available Available
pH Soil organic Total Nitrogen phosphorus . .
Land use type bon /(&/ke) /(&/ke) (/ke) Nitrogen phosphorus potassium
carbon
¢ ¢ ’ /(mg/kg)  /(mgky) /(mg/kg)
SRR
RN 5.51a 63.39a 3.73a 0.91a 197.32a 17.69b 260.99a
Natural secondary forest
F# Banana 5.49a 15.52b 0.79¢ 0.76b 57.03b 89.83a 93.01b
M Eucalyptus 5.12ab 14.58b 0.79¢ 0.23¢ 68.10b 13.98¢ 50.13¢
i Rubber 4.47b 18.41b 0.94b 0.20c 62.32b 3.86d 40.65d

I : SR SN PR ZE R AR (P > 0.05)

wHH ) IR RERHK I Hew TR PRV
H1O#2 43 H1 H2 43 H1 #2243 #1 #H2 43 # o4 # #1#2 #1 #2 #3

n

B 1(a)(b) MFHFIAIEE L1 16S rRNA E[E DGGE Eif ; U F) F 22 + 1 18S rRNA E[E DGGE Eig
Fig. 1(a) (b) The DGGE pattern of 16S rRNA gene fragment from soils under the four land use types; The DGGE pattern of 18S
rRNA gene fragment from soils under the four land use types

#1 42 #3 B PUFNF ISR = A/ X LR

1 1R R
‘f

,:‘ j ! '1r1‘
=3 ..""'"! t‘.‘

"

R

HRY A 78 70,76 72 45 (A SEIE R T BT e kI8 401 A2 | %47 1T) s BT 18S rRNA JE[R Y
DGGE ¥4 505310 39.30 .26 34 45, KIRKA AR LI 16S rRNA JEFMY H fe s, B AE A A%
(E12), 18S rRNA L1 H' 80 H AR IAR . SRR UK A MRS AR AR > T 4 > R R AR ,\EP FRARUK MR
ER TR AE R (P<0.05) , PCA 28T (I 3) s RARWK AR, AR AR B B AOREA PR 7E PCT AT PC2
J7 1] - AEAE B 5 435, B - MR R R 5 1 20 P RN L TR VR S5 A I E B R
2.3 WEIRHIEWIPR ZHEIE S b

M 4 FlAS )R] FH 2 76 A rp A 58 PSR DR , e B KT 1 %A 38 B, PRI 1, L HURIFHZE
I E R A ) PLFA (36 3) , RARWKAM b B A5 N 105 198 LA S 4N T 4 % FQ PR 7R >4 ER R
BRI S TR RN L TR ) i R B T TR de v, A AR R R ARR AR A D
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4 Fp 1R 5 F PLFA ERE40 0T 36 0, 5 25 K
H' BT HA 3 Fh M A HZEH (] 2) (P<0.05)
ot PO - P PLEA SMH745 B HE1T PCA 407 §§4*
BoR,H PC1 YT 22 TTHRE N 63 %, PC2 WY )7 2 Tk R %“
F13 % (FE3), PUFP MR HEHAE PC2 J5 n) L 1% g; 3 H
W58 AAE BT R B AE N 1Y 26 RRERARIR TR YT 2 2
HIPCL (K 3) A E T ZTTHCE (> 0.60) 11 Fhi

BRI PC2 45 KERS Iy 2 TR (> 0.60) (P 4) . i DGGE Ui DGGE  cLRP rLEA
Bacterial DGGE Fungal DGGE

2.4 CLPP ZFEEST

IR 75 2 X - AR M T T B £ R B2 4% RRETENREYRE ST SR IEEE ()

. e -~ e Fig. 2 The Shannon diversity ( H’ ) of soil microbial diversity
‘l’iﬁjﬂ?ﬁ%‘ﬁ'} "ﬁ °© %?‘}E{A/‘ZE?H‘j:Lﬁ ¥y AWCD BEET and functional diversity from the four land use types. Means with
ZQFH %IJFH iig s ﬁﬁ@ ﬂj‘ 7M( N *%ﬂﬁfﬂi il ﬂl:? % i%z I‘ETJ {&ﬁ the same letter are not significantly different
R (F3), SHPURR R 2R CLPP & 3 BAMEFHEIRERARE (P> 0.05 A5 WE,n = 3) &
- . U R AIbREDR 2

HETT PCA AP BT G B3 (J1 3), KAV BRI e
T B 48 500 5 b 5 AR AR ) 0 52 (L8 15
BRIEMAFAEN] 535+, BIOLOG Eco BCFARAIRRIZ AT 222 6 2, th T RSB IR S W nIskIRE H > 2508 2
Fib B0 0 S RIERIE R AW IR 4 K PN REY Bk L&Y SRR 28R, ikl 80, ik
ik 40 , o-FHPRE FURE S5 4 FER G PCL AT PC2 BB 7 22 5THREE (> 0.60, 181 5) |7 Bk A9 PCL
FIPC2 BATJ7 2250 (> 0.60) ,4 Fhitle/ BHEME |2 FOERIIT PC1 A PC2 BAT RS B 7 22 50k (> 0.60)

20 r 1.5 ¢

< |s| #HDGGE = (% DGGE |
IR RN s S 1ot
- L0t IL%C p okl T
£ [ l < ost
SEOL e
3 i S ol WA
£ 00+ . o
Lost g % S o5t Heht "
= 10 + H 10t 3
H ] M
-1.5 ¢ L L L L L J -1.5 L L L L L L )
-0 -05 0 05 10 15 20 20 -15 -0 05 0 05 10 15
EHSH PC (345 %) B 4+ PCL (23.1 %)
L5 ¢ 10
CLPP ) R PLFA :
SIRER WM ] S 0 1 T
2 0st + o 00 T
it g 05t B WM
o 00 F =
& W Heht g ot
05t
& s -15 f
£ ol w1 =
: M o20 ¢
# 1
15 . . . . . ) 25 . . . . . . ,
20 -15 -10 05 0 05 10 =20 -15 -1.0 05 0 05 10 LS5
S 471 PCL (25.8 %) SR 41 PCI (63.4 %)

B3 MFhF AER L ERARAER DGGE Bl BiE K FABFHEE (CLPP) BiSAERAEREIL (PLFA) MIERMBHHE (n=3)
Fig. 3 PCA (n=3) of bacterial and fungal DGGE patterns, and CLPP and PLFA profiles of soils under four land use types
TFRAR IR EDR

2.5 ZA WA

B AR, R Ye e AR AR Z £ pH (BRI S B m e E (£4), &
A E S AN DGGE Fl PLFA (%) H'$8%1, 5 PLFA  4HTR LA M PLFA, CLPP B H' 48458 5 2wk A+
% pH WEHMIE, AWCD  H# DGGE EIEF LA PLFA (%) H'$8%505 A DGR o EAHC
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F3 4T FARBTHBAEKEHER (PLFA) 22 A8 EZKEEE . FZRPLEE. BB MEZENBEEEREEE (nmol g' DW)
MEflFHEeaEHE (AWCD)
Table 3 The amounts of total PLFAs, bacterial, Gram-positive bacterial, Gram-negative bacterial, fungal and actinobacterial PLFAs ( nmol

¢”' DW) and the average color development( AWCD) under four land use types

4 o A TLand use type RIRUKLEAK Natural secondary forest F#E Banana ¥eh Eucalyptus 18 Rubber
RABENRIRIR Total PLFA 48.90a 15.92¢ 40.33b 24.54bc
MR BEAR NG AR Bacterial PLFA 41.14a 13.19b 36.20a 19.60b
22 [CBH M P/ 2 RPN G+/ G- 2.11b 3.15a 1.50¢ 3.02a
BRGNS Fungal PLFA 7.76a 2.73¢ 4.13b 4.94b
TR BENE NS ER Actinobacterial PLFA 2.33a 1.09¢ 1.17¢ 1.74b
B AR E AWCD 1.02a 0.69b 0.75b 0.88ab

I R —AT N SONS FRAARIFRR 2R A BF (P > 0.05)

L0 - cyl9:0w 8¢
% al4:0
19:0, a12:0%,18:030H
0.8 ¥ 14:0 20H, i16:1G, 18:0 20H, 20:0
al3:0
18:0 30H
|
0.6 — .
u 120 m 14.'0
cyl7:0 i17:0 30Hug 16:0
04 i15:0
» 10Me 17:0 m 16:0 20H & 18:0
i20:0, 20:4 © 6,9,12,15¢ " ®il6:0,i17:0
S 02| 17:10 8¢ _qa15:0
A~ . n 14
i15:1 O =il40
% " 17'0.18:lw5c
b 1IMe 18:1w 7c o ™ 16:0 N alcohol
H 0r . Cm 1610 9cmm 183w 6.9,12¢
10Me 180 % 130 16:1 Hy
ar 16:1 ® 5¢
-0.2
L} [ ]
. . al6:0  16:1 20H
i11:0 30H, i12:0, 14:1® 5¢ =
-04 |- = .
i19:0  i18:0
18:1® 9¢
-0.6 | | | | | | | [ | |
-1.0 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1.0

FEf31 PC 1

4 TiEh R MBEREAERIA RIS 1 0 2 B fA T
Fig. 4 Loadings of the individual PLFAs from the PCA of the PLFAs data along principal components 1 and 2

3 e

AT 1256 R ] PLFA ,DGGE #1 CLPP Jp A58 5 BN A AT 1 RAR AR i RIR IR AR
I T A () 75 . MR FIAR AR + SRR E R Vs Z e TIRe 2 HEtE TR AR 22 R, 45 5R
WY, 5 KRR AE AR L L, Ol R Z 5 R AE W 6 P (AWCD) (A 94 it (PLFA) Rl fig 2 FE 0
(CLPP) i EREAR, AL DTS 2 FE A RRAIG , H SRR A bk 38 5 40l R 38 2 8] AN [R) ol A FH - 48 2
[ A IR VE 25008 W5 255

ARV LM AR X e A= W e 0 %) T T 2 M AR KRR B I DR 48 B it 5 B AR R A AR
Pt sl FIAE 4 28 KT R Rt 1 e AR Wy P A S i R > el R A AR R AR AR R 7 B £
MR, BV E RS 75 0 & S 3 oM IR 43 /0 2 pH (EXT T i Z e TR A: 9
A E BN PR S P AR A A W B R A A, ARSI ST B AR PR N A A AR 9 B KB
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WA MR35 pH A, W] BE A i T U0 S A 5 A LA
S ECEERRIL ; 540, R L3 A 2R, 08 3%
IR 2223 1A LR B A 1) 22 53 s i S5 A HILBK 1)
B J R 22 5 JF T S EUR R 38 pH, PR Bt it A
A AT RE A 5T b 2L A FH AR X pH 2
FALT KRR AW FEFHHA , X 5 Deekor 25 A A
FEEERAM T

PAAE R IIFIE e, R UK AR - 4 R i A
Jei B A R0 I 5 3 A BRI | AR R
TR I8 5 9 o A I3 28 5 R0 Bl Bl v, DRI 8 9 0 1
AR 2200 R AR 5T = Rl 2 Ak AT Y
A HLER U T BE S B TR A D
B ML A A O AR A g shAR L T R AP, R
AV A B A LR 5 i 00 8T Ak
Wyt TR LA SRS R T RE R AR AR
A BEVE Z AR D) R Z e IR SR A
e RIR AR L B — B R AG TE N 2R A A, X
SAEAFUR AL AR A R I 2R A B T4 e 1 4
A G Z B I BE Z REME . CLPP &1 R
M DR 5 TEAS R R O X R 22 5 AR
FIRE T AN FIRLBE T i AR AR, T80T 50
AR FBRIR 225, A0, 3% mUE ST R, 40
ZAE RIS 2% PO PR PR TR |~ B T ik TR 7
WIZHEE PLEA & i fEAR KRR FE b 32 U e i | i L
R 2R A ) i 32 A2 B LR 52 ), LAAE RIS
SRR R Y R KA TR, EE LY R
(R38N 22 AR A BILRR Y R AN AR iR P ¢/
N L2 3—o6, i L AWk i) C/N L&yl 5—
157 AR5 Y45 R AE 5 O A TF T 458 A B EDIE

ARMIFFE ik R 2 A A I - 1 v TR ORI 2R
PLFA SRR T RAR K AEM, DI 5E B w4l
TSN UHHE | 38 S0 S WK T2 TR PR 22 1k LA % T
2ALNNTITRS &2 G st 7/ BN AN -85 NN i1 €5
Xof - A AR A o fRR 2% IR PR M A 5 B I v
FEAIAS FE T L e+ S8 13 A 0 A 7 T A2 3 i a7
AWIFGE A AR AGBOMR A 498 v 2 PR B S B R 1
EL A A 8 v TR AR AR 3 S R P TR A L,
FC R A R A AT AE B AN R E 2 LI IT B B R,
AL B RAR VA AR 30 N P K &

o, R

it 35 %
10 - mOREY * BOKEHY
- ® R v HEKER
0.8
- *
0.6 vV xy
[ ]
o 04 . o v °
& 02 L *
v * *
S oop v «d
o2 | v . e -
-0.4 *
-0.6 - ° *
-0.2 0 0.2 0.4 0.6 0.8 1.0
FEH4r1 PC 1

5 CLPPEMFEHH 31 MBUREF ARIGEMS 1702 fafr
Fig. 5 Loadings of the 31 carbon sources from the PCA of the

CLPP along principal components 1 and 2
BATMF T EEFRZRARE (P> 0.05 ML, = 3) 4

BRI BRHE R 2E

R4 HAMAMBEBLERMEMERREBAXTERINENZ

BT

Table 4 The microbial indicators or indices and their correlated

variables obtained by stepwise regression analysis in the soils under

four land use types

Rl FHOCAR R?
Dependents Correlated Variables R?
AT %{'1 AR ,t: 3
AJFWES B AP 0.854 "
0 DGGE iR H 354K N

o o
H' of bacterial DGGE HAA 0.605
FIH DGGE B H) H 54K .
H’ of fungal DGGE ALk 051
BEASHE R0 H” $5%L X

A
B of PLFA HLA 0.685
CLPP EI3H) H” 45% R ,
"o ?LLSI?/J L W, pH  0.894™ | 0.995
MU NG N T R N .
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N ARG NI e
Bacterial PLFA HAA 0.941
L B NG NG DT o
Actinobacterial PLFA B 0.785
B IR IR IR

Fungal PLFA

BCA L, AP 0.917 7, 0.915

P <01

P <001, ™ P <0.00l,ns:P > 0.1. AWCD: Average color

development; DGGE: denaturing gradient gel electrophoresis; CLPP:

Community-level physiological profiles; PLFA :Phospholipid fatty acid.
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