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FEE . HBE NG FRTE (PLFA) /3 A T 7R 85 11 5 i A AR ——1 i b R faf AR ARCAS 7] 22 (0 ~ 20 cm .20 ~40 cm,
40 ~60 cm)f¥ - EMIRETE S5 M . S5 R, WA N TAR BN G 105 12 6 & (PLFAs B &) 40 R 4 1E N 17 R (4
I PLFAs) . FC P FRE AR R (L T8 PLFAs), A 22 R B 1 8 22 PGB AR AE IR JD R 11 7% 1 4B 0 ~ 20 om
JE IR s W ACPRIY) PLEAs Gt = AT bR , S0P 2 S Bl - 3R e g i sl 5 R MLk . 2 & /2 A
X, 1EMF L2, 40 PLFAs &R 5385 T 2B PLFAs &8 TR, H3eE Y 2 rek e 4w
ZARTFN + 2 5 A 5200 55— PLFAs 71,i13:0.a13: 0.17: 0.cyl7: 0 FI 16: 0 ZE B MR % 45 — T o0 1Y 57
HRE K 5116: 0.cy19: 0.,18: 1w9¢il5: 0.,18: 2w6c il al7: 0 i 15 R X 45 — 3 3 sTmk 4 Ko

KRR AT BEIEIEIIR ; LIEAE 2 L2

FE %S :S154.36 XRRFRIEES : A X E S :1005-3395(2011)02-0097-08
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Analysis of Soil Microbial Diversity by Phospholipid Fatty Acid
Method in Coniferous Forest and Schima superba Plantation in
Heshan, Guangdong Province

) o R E
TIAN Qian ~, XIA Han-ping , ZHOU Li-xia
(1. Key Laboratory of Vegetation Restoration and Management of Degraded Ecosystems, South China Botanical Garden, Chinese
Academy of Sciences, Guangzhou 510160, China; 2. Graduate University of Chinese Acedemy of Sciences, Beijing 100049, China)

Abstract: The soil microbial community diversity at different soil depths (0-20 cm, 20-40 cm, 40-60 cm) was
analyzed by phospholipid fatty acid (PLFA) method in coniferous forest and Schima superba plantation in Heshan,
Guangdong Province. The results showed that the amounts of total PLFAs, bacterial PLFAs, fungal PLFAs, Gram-
positive bacterial PLFAs and Gram-negative bacterial PLFAs were the highest at 0—20 cm soil layer and decreased
with increasing soil depth; the total PLFAs in Schima superba plantation was higher than that in coniferous forest,
and was positively correlated with soil organic carbon and total nitrogen in the plantations. In the same soil layer,
the concentration of bacterial PLFAs was higher than fungal PLFAs. Principal component analysis (PCA) indicated
that the variation in soil microbial biomass and community structures were influenced by the differences of
plantations and soil depth, PC1 was mainly composed of fatty acids of i13:0.a13:0.17:0.cy17:0 and 16:0, and
PC2 mainly composed of i16:0.cy19: 0.18: 109c¢.i115:0.18: 2w6¢c and al7: 0.

Key words: Plantation; PLFAs; Soil microbial diversity; Soil depth
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TR YR TR S R G A BGRr
EZ5 TP RRER TSI E SRIES A P 5
W 5AESREWRE AR P AES REZ R
IR B UIA R, L3R Y X 55 20 F T4
SN AEURR , AR AT DA S e H - S Y
AR AR BE v FIAL 0 47 1) 3 v, LBl
VIR 2 A P o R L B s Sz, R
AW BB, R IT o LE AR XA, TR A
LRI LA BE T B, KL SR 2
FEPE D FE b S e 1AL T AR L, HET 1 Al A S AR
GEHIPRS SRR , ORI Z BIRL A KA

UTARSR , B A 8 Gl AR W0 % 5 3k 1) A Wi ek
2, TR AT B A SR R IR RGE  H R
Bk ILAF , R BRSO IR A FH AR BER T IR R Y
SR Y- B2 (BIOLOG) Al AN [F] ) DNA
BRIE Y B 16 7 Tl A W A v 2L 22 e 1) A P o6 2 O
JBE LUKk % (DGGE) , LA K AT PARE &4 3k 3R A= )
TEVE 4516 ¥ R 15 R HY 15 (FAME) 43+ BT A B A A 1Dy R
(PLEAY/M TS i i N JU AR 2 146 1A S 2 4
SEHA ) B AR, AN RS A AR T LA
AR LR A AR R B AN R ) B T R , HLJo] e i R
AR 2 0 B4 S T TG A, S R 558 R 3R A
S AT A R B S R, PRI e o A 2 ik
SERUE YRR RO A i AR SCH PLFA U7
WL T T ARES L X A R N AR ——F AR
AT ARMA ) 1 J2 1) AR W A Wy 1 5 A D A
WAL, DA T AN [R) N ARG - SR Ak W R s 45 1
BHA, it — R E W E B S A S R AR
PR SRR TR

1 AR ¥

1.1 RS
T 3 107 T F B B 8 L B 2 TR

I55(22°34' N, 112°50'E), IR T AR E
T, AR B H e, 1 B B mE 2%, S R
80 m, & m B 22 RUSUA , AR 38R 21.7°C, Bl
A 29.2°C , 558 A4 12.6°C . 4R34 H IRETEL
1798 h, 4F ¥ F& T & 1800 mm, SE R K kK B N
1638.8 mm, M7 43 AR 21 48, - 45 ot LAAY
B AN TR A ARG H 1984 AR ARG
SEFPAE T AR 28B4 N AR, I IR Ak Fr B S i A
PR LB 5 0 R R . ATEFE P FITE
TR RS 7 b X R R T AR ORI N T
PRt I AR AR, 4387 T A [RIAR ol (oA
-5 R R RO AN JZ R B0 ~20 cm,20 ~40 cm,
40 ~60 cm)Xf T IETA Y ZFEVE R

1.2 i RNE

2009 5 H , FEPAAREL R 5508 6 MREDLST
MMEE B A, R ERES IR 0 ~
20 cm, 20 ~40 cm £140 ~60 cm WRER H3E, 7
A SR RAE B S A b e A N T4, SREM L
FERR LA AR Bk A S5 4% 5, 3 2 mm i /5
17 LI AT, IR AT VA D0 38 1 %5 K
o WT WG B 38 A T 30 o ) g - 143
pHEH pHitHE , KL oA 1:2.5; LIELA S &
KA R TF IRE D & A Lk & &R A
K, Cr, O, S Ab-FM A5 I a2 o 4 498 1 Ak 1 J5 )
FEGRNE 1,

1.3 TIERAEY PLFAs 47

PLFA 434 2 2 I8 Bossio and Scow!™ [ J5
o MEBUHYS T 8 ¢ THAH & 1458, B TRI.08
HMA SR IR (S F R PR 5% IR AR R LG Sy
1:2:0.8))5 4% 2 h,SRJ57E 2000 x g B.L> 10 min,
¥ EEWRAELANA 12 mL &5 12 mL BEERZE ot
W s N EUIVE R 23 mL f2BURER

®1 il T EBELER
Table 1 The soil physical and chemical properties

b il +I& Soil Er K Water AL Organic 4~ Total .
Plantation depth (cm) content (%) carbon (g kg™) nitrogen (g kg™)
FF -k 0~20 20.59 +3.00a* 3.90 £0.05b 1430 £+0.83a 123 +0.19a 11.8+1.16a
Coniferous 20 ~40 2220 +4.76a 4.09 +0.06a 7.87 £0.60b 0.90 £0.12ab 923 +1.00ab
forest 40 ~60 18.23 +134a 4.12 £0.05a 525 +0.99¢ 0.72 £0.11b 797 £1.14b
fif AR 0~20 18.07 £0.95a 3.97 £0.04b 13.88 =1.04a 136£0.11a 10.44 £097a
Schima 20 ~40 1831 £0.57a 4.19 +0.05a 7.14 £0.87b 0.89 £0.08b 8.50 £1.47a
superba 40 ~60 2338 +4.18a 430 £0.05a 492 +0.83b 0.63 £0.10b 8.66 +1.48a

n =6; [RIFNE G AR Al R R 2 5 3 (P <0.05), Data follwed different letters within each column indicate significant difference at 0.05 level.
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PRI 1 K, PIRIIRBURIR G405 i E R, 56
2 Rl 2 RN EARE LT
30°C ~32C /K R 2l N, KT W40 1 16 i g
1 mL @55 5 W EIE MERERAE 1, 43 31
A7 IR BR3P R PSR, Wi
AR H PR ER IR, 75 32°CKIE R 2l N, IR T s 4K
T T mL HVEE: 2R (KRR LG 1. 1) 1RGN
1 mL 0.2 mol/L KOH H BV T , JE 4184, 78 37°C
KB HREFE 15 ming, ZJEHIA 0.3 mL 1 mol/L fi&
fig .2 mLIEC el 2 mL 47K, fiK#E R 10 min, 42
B R 20 B AW 2 mL IEC bR R R H 1
W, R RN LR WIR A, gl N, kT,
RE BRI BRI BRFE & o IR 5L 200 WL IEC
BV iR, Lh 19:0 HERVE A AR, 26 SM B 35X
(Hewlett-Packard 6890 series GC,FID) I+ >& F§ MIDI
Bk 245 (MIDI, Inc., Newark , DE)#E4T 2304, 1l 5
WEAR IR IR A AL 7 1) B & o

1.4 PLFA & & EN]

PLFA DABSR R T A 550 U 50RO B 2 43 1
KGN E KA 4 ,a (anteiso) Fl i (is0) 4 Fem
HE S S A, oy RN IR KL IR TR 5 ¢ Al t
FeRIECAN S 2 S A 4 5 10Me R s — A FEE )
HEEIR B 2y AR 10 MRIE T LB, br /R B 3t
THEM LB R A OH MM B 7 R R BRI K
{jﬁ[l}—ls]o

1.5 RAE T B|REMHIIE IR

M5 E A AYFRIE , PLFAs i14: 0, i15: 0, i16: 0,
al5:0. i17: 0. al7: 0 FAFFE 2 R HMHEFE"";15:0
30H, 16:1 20H, 16: lw7c. cyl7: 0., cyl9: 0 F4E
22 AR 015 04 a15: 0,15: 0, i16: 0,
16: 1w5¢.16: 1w9c,17: 0.i17: 0,al7: 0, cyl7: 0.
cyl9: 0F 1E 40 F"7; 18: 1w9. 18: 206 F 1L K

17-18,20
[ R

1.6 Git4rHh

BARGE T /0BT R FH SPSS16.0 X 4, 1l 7 45
PPN, BE KR P<0.05, KRR Tr
2O HIRIF 12 LA Y Z R AR k. BEAR
BN ER 7 & F Excel 2003 #AFER. T84
#ET% 4549 F SPSS16.0 11 3 B4 43 A1 ¥ (Principal
components analysis , PCA)#E 1743 AT FLVE &l . 4l &
ME W PLFAs &4 aMrargd 7F R
et

2 G5

2.1 AETERENTIERMEMETZEK

TEWFAR Y b, + 33 PLFAs it 405 FlEL S
PLFAs &34 0 ~20 cm >20 ~40 cm >40 ~
60 cm , {H 3k 2 S5 Bl 5 - 49 TR 3 118 18 Jon v £ 326 ik
Hk (B 1), 5 AH, 0 ~20 cm L3
PLFAs it 4l 18 Fll LB PLFAs & & #0 3 & T
20 ~40 cm A1 40 ~60 cm fJ(P <0.05), H 20 ~
40 cm5 40 ~60 cm [A] 2= R 035 FE AT AR, BR
0 ~20 cm HIZI A PLFAs & & 3% 5 T 40 ~60 cm
HIFMP <0.05), A [F] £ JZ [\ 1) 138 PLFAs it Al
F I PLFAs S RZRANBHE, St E£W, fi
KM PLFAs BEIFHMEN 590 ng ¢, BER T
EFIEARIYT 4.26 ng g (P=0.014); .40 PLFAs (1)
SEXH (1.08 pg g') 3 M T A AR
0.61 pg g’ (P=0.021); MM MK A9 EL 1 PLFAs (F
BIE A 0.12 pg g ) SGMARMEKI0.15 ng gHBH B
EX R (P=0.516),

WIARHY 1 B PLFAs: 405 PLFAs i + 3 inix
MR, (HARF )2 E 25 A B2 . AR R
PLFAs: 4l PLFAs ff°F-3{E>4 0.17, & T4t
AR 0.14,HZERA B (P=0317),

2% PO PP B A 22 R B 7 PLFAs & &7
BiAREL 5 0 ~20 cm >20 ~40 cm > 40 ~
60 cm (& 2), PIAREL 0 ~20 cm IR A& 22
[CPHIE RS PLFAs &85 40 ~60 cm W R B E
(P<0.05), EFHAK 0 ~20 cm (93 2% KB
PLFAs #2520 ~40 ¢cm .40 ~60 cm f B &% H
(P<0.05),1H 20 ~40 cm 140 ~60 cm [H] 2% 715
F T ARMEL 0 ~20 cm ¢ ,40 ~ 60 cm F Ak, {H
ZRAEE, HELZE, B 40 ~60 cm 4b, R
2% PR BHE TR R T 2% B P A 5 % K PH M v 1Y
PLFAs 7 5 76 B Ak B L A6 [, SF 25948 5 51 A
0.52 g g M 0.53 pg g5 1y A MR 22 FCBA M B
PLFAs & HF0 0.82 pg g, WL & T4 AR
042 ng g’

EFIAK 0 ~20 cm .20 ~40 cm .40 ~60 cm F{HE
22 QBP9 22 IR B v A - 3804 45 0 ok 1,52
1.35.0.75 , M AMRA 53500 1.47 .1.20.,0.53, AT I,
0~20 cm >20 ~40 cm >40 ~60 cm, FHHF 0 ~
20 cm.20 ~40 cm A LLfE 5 T 40 ~60 cm (1Y,
H 0~20 cm 520 ~40 cm [ B B2 R,
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8 00~20 cm
a FHi#k Coniferous forest §20~40 cm

8 W 40~60 cm
TCD
24
<
29
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0 P .

8

PLFA (pgg")

a faf ARHBK Schima superba plantation

.

B NR AR IR S ANTHPLFAs HLHPLFAs
Total PLFAs Bacterial PLFAs Fungal PLFAs

B ORI L2 BB IR I R A

L R i A R

Fig. 1 Total PLFAs, bacterial PLFAs and fungal PLFAs in different soil depths of two plantations
n=6. NA|FREFRERT BEP<0.05), Different letters indicate significant differences at 0.05 level.
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a
1.0 | i AR Schima superba plantation
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PLFA (pgg")

02 r

0

a a

2% [ PE TR

Gram™ bacterial PLFAs

22 [P TR
Gram- bacterial PLFAs

P12 PRORRIAN ] 22 048 22 [ BH M T R 22 [T
Fig. 2 Gram " and Gram’ bacterial PLFAs in different soil depths of two plantations
n=6. NAFREFRES BEP<0.05), Different letters indicate significant differences at 0.05 level.

2.2 TEMEMBEENERS T

X} +5E PLFAs /) 3 B3 53 AT (PCA) 25 SR 3R W
RIS E 53 (PCL PR T 1A W aE v 454
AR5 54.90% , Horf 8 — = B4 B ST ER(E R
38.37% o PAFPARALAYASTR] 2 #0 L3 5 M oy A
FE PC1 BRI 22 A vty o 565 — T2 040 o i 2

LGSR AS F A BTN 16.53% , 5T K40 ~60 cm
B A AE PC2 AARH A T 3t s EF AR T AR 20 ~
40 cm LA AE PC2 A bRl A i 5 10 A AS AR
0 ~20 cm ¥ AATE PC2 A ARAH Ay Lo, PCL S
HARTI(P = 0.432) 1 )2 (P = 0.225)% e L My ikt
&HZREER], T PC2 W B 2T + 2 (P = 0. 001)
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Ko - A A MR IR 2 W (8] 3). 7E B — PLFAs R, T i16: 0.¢cy19: 0.18: 109¢ ., i15: 0.18: 206¢ .
H,i13:0.a13:0.17: 0.cyl17:0.16: 0 X} PC1 HJ 5Tk al7: 0 Xf PC2 W TTHRE R (K 4)
[ ]
2.00 —
[ ] [ ]
@]
o o)
1.00 4 OO A
[m]
< 0.00 Ak P ~ “n
~ | |
A O
[ ] [ |
| |
-1.00 - A ]
Ny
[ ]
A
-2.00 — o
I I T
-1.00 0.00 1.00 2.00

PC2 (16.53%)

PC1 (38.37%)

K3 PRARELA R L2 BE R AR T ER 1) S W32 Bt

Fig. 3 Principal components analysis(PCA)of PLFAs in the different soil layers of two plantations
£FIEAR Coniferous forest: @ 0 ~20 cm; A 20 ~40 cm; M 40 ~60 cm;

faf AK#K Schima superba plantation: O 0 ~20 cm; A 20 ~40 cm; [] 40 ~60 cm.

- i16:0
Lb o _cyl9:0
i15:0 * 18:2006¢
0 |i8i109co o170
Of al5:0 17:1
il ~lo ) :108¢
i (50 18:0 al7:0 o 140 o 814:10090
. o) 016:120H .
15:0 0 © 0(13:0011310
0.0 o
15:108
% cyl7:0 o8e
205
_1.04
T T T T
-1.0 -0.5 0.0 0.5 1.0

PC1 (38.37%)

K4 H—R) PLFAs 4T
Fig. 4 Principal components analysis (PCA) of the individual PLFAs
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Table 2 Pearson correlations coefficients between microbial variables and soil physico-chemical characteristics

EERIIRq R
pH . . C:N
Organic carbon Total nitrogen
WEASAS TR i Total PLFAs 0.17 0.46" 0.34 027
414 PLFAs Bacterial PLFAs 039" 0.72™ 0.57" 0.34
FL#4 PLFAs Fungal PLFAs 0.29 0.66" 0.50 0.35
Hi 2% G AT PLFAs Gram* bacterial PLFAs 055" 0.76" 081" 021
2% R BAPE R PLFAs Gram™ bacterial PLFAs 0.34 048" 0.69™ -0.09

* & P<0.05; ** g P<001.

TSR AR T AR RO [F] 122 19 PLFAs HE
JF M, 16: 0,cy19: 0.,i15: 0,i17: 0.16: 1 20H
HAZYBER, HP 16: 0 i & B AAEWI R AR
B, H¥ /& 0~20 cm > 20 ~40 cm > 40 ~
60 cm,0 ~20 cm MY 7% & B & & T 20 ~40 cm Fl
40 ~60 cm( P <0.05);il5: 0 7 P AR w4 28 4k
HEFARE ;17 117: 0 Al cy19: 0 ZEBIAMAUA[R] + 2
[ 2ZRA B E

2.3 TIEMEY SHMES TIEEAEROEXE

HERFME G I 2R R B
(PLFAs & i AU M B PLFAs & & 2 KA
BRI 22 [GBH P T8 PLFAs 5 )5 3 A0 M o ik
TTHHSCOT , G5 R 3R, R E W bndl 5 1
AU 2R & 22 IEHE; Bk PLFAs B&Esdh, H
RETAEARE S5 pH 2 7 A O¢; # 22 KB E
PLFAs 5 C: N E2FAHRE, HABEHRY S C: N 2IE
HHFKEE 2)0

3 e

BRI 0 bR+ A R E 4
R EZRREA (DR, MY EMEY
EREBREZIRSN )5 (2) 1R, +HE B
45k AR & pH {H . L E IR U R M4 FHE
SN L IEGE Y AR 5 (3) LR B, WA
Yrke e B A2 A< 24 R A fok A A B AR FH
WS o AFTEE PR A IR 2 A TS L SE v
WL EWE BRI PR, AR TR A R A
PRI 5 R AR AR M i 9 S i A2 Al
M FEFER

TR A TR R BT S, H RTAR
TV ZREE A AR ) R BIAR P | R — )
A [7 e DR 2 ) A [ AR AR s o S 2 W e v

IR ST AT SR EA , B RR AR ) 40
T PLFAs ¥ T E 1 PLFAs, 1 B 41 5 783X I Ak
R 5 iR B, B T A JE R
Pty 2o KA, B TR R 1 Re i, 5 H B R
I TE A TR 2= B, s 1Y [R5 A
T 48 v A0 TR 0 A B A AR (R A 1Y
PLFAs B 405 PLFAs & 834 i &5 T4k,
P R R AR B T (1) - 38 e MLER AR 1 0 i 1ot
BB, R AR IR IS AT, 4
BRI 207 o DL AP A7 AR PR ) L A o B T
BRFEAR(H 22 5 A8 B 2, Ul B L TR 7E R AT AN [
AREL R 1 BEAR AR E R . AR bR 3R 2 £
(0 ~20 cm)Y E 1 PLFAs & & & JR B B &/ N T
9% , LR TR HIETEFH S &AL EAYER
60% ~70% *, X Bk T 540 M RE i AR B L R
RURIRIAH 2 Ah, AT BE 38 5 43 A7 W 2 07 s R R
KB AR BRI BR T, 16: 0.i15: 0.i17: 0.
cy19:0.16: 1 20H 7E AR AL Y & + )2 #R B A K
FFEEE,

TSN R AY R e I YRR 451
HA—EBREEC, LA R, 4 A
YIRETE S A . A WP R B, PLFAs B .
YFE PLFAs . ELB# PLFAs | 5 % [ BA PE 58 Al 22 1R
FHPER PLFAs & S7EMARAIF 5 0 ~20 cm >
20 ~40 cm > 40 ~ 60 cm, B fif + )2 0 1M 3236 U6
4% Pearson AR B HT, Bk 5 PMebr 5 1%
AP 2R & B2 IEAAR, RUUAR L2/ 115
MAEY) PLFAs & & 5% A Lk . 2R/ & E2 1k
FIFRZM Y, Sessitsch®™ X+ 3 AS [a] it AE 4% 144 F 9
AR A IR T SR AT A T, A R R W
TEF—RAE T, BALB & &8, A ) 2R

&, A YUR & RS B E I A
TSt AP SRR, RZ HIERNMAEY
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PLFAs & MHAEE 40 TR Z L8, B AR
(R & TH AR, B S HIEA LR 2R & &
BOEAHSE , ik B 3 M 2 et R e
5+ T B VAL 9 . Frostegard™” B i i
BRI 53 M B SRARZSFOES I A K I 1 AR AR 1 T 2R
Yiieva LA, 85 R R W pH WAL U IR E v A
S, 35 pH (B OK, 22 QB PR BRI i 2 22 [
PR BRI D , (B BRI AN K 5 Ak pH 3G R AH 75
16: lw5¢.il4:0.16: 1w9c . 16: 1w7c .cyl7: 0 7 51
Tt K 7Y 45 SR B, B bR A K AR 40 ~
60 cm 13K FE Y pH H i K, HA 2= [REATERE &
R T QPR , X 5 R AN AR SR 45 2R,
R pH 5 41 P8 2 f 2= AR, (Al FABE 4E
IR0 R i AR bR 3 AN - 3R BE 1Y pH B S AL /)
(3.9 ~4.4), itk pH X - HERAE W e A Fr T
5

Bt EPARREESEN AR T BT R AOR AR
10 0 R T 60 S O B e TR | R P DX A M) R ) S, R I
e
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