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Characteristics of soil microbial community structure in two young plantations of

Castanopsis hystrix and Erythrophleum fordii in subtropical China
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Abstract: The effects of two plantation stands of non-N-fixing Castanopsis hystrix and N-fixing Erythrophleum fordit on soil
microbial biomass and microbial community structure in south subtropical China were studied by fumigation-extraction and
phospholipid fatty acid (PLFA) analyses. The results showed that soil pH, soil N status (total N, NH;-N and NO,-N),
soil microbial total PLFAs, bacterial PLFAs, actinomycetes PLFAs and arbuscular mycorrhizal fungi PFLAs were
significantly influenced by plantation type and season, while only season significantly influenced soil microbial biomass
carbon and fungal PLFAs, but soil microbial biomass nitrogen( MBN) was not significantly affected by plantation type and
season. The content of soil NH;-N and NO;-N in C. hystrix plantation were significantly higher than those in E. fordii
plantation during both the dry and rainy seasons. In addition, the amounts of soil microbial total PLFAs and bacterial ,
actinomycete, and arbuscular mycorrhizal fungi PFLAs in C. hystrix plantation were significantly higher than those in E.
fordii plantation during both the seasons as well. Furthermore, the richness and Shannon diversity index of soil microbial

PLFAs were significantly altered by plantations type, Shannon diversity index of soil microbial PLFAs in C. hystrix
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plantation was significantly higher than that in E. fordii plantation during both the seasons. Principal component analysis
indicated that variations in the soil microbial community structure were affected by both the plantation types and seasons.
Redundancy analysis of soil microbial community structure and environmental factors showed that NO; , soil water content,
soil pH, and microbial biomass nitrogen had significant correlations with PLFA signatures. Thus, our study results showed
significantly different effects of non-N-fixing C. hystrix and N-fixing E. fordii plantation stands on the soil microbial biomass
and community structure. Overall, soil pH and N status may be the main factors that could regulate soil microbial biomass

and community structure in the studied plantations.

Key Words: Subtropical China; N-fixing tree species; non-N-fixing tree species; soil microbial community
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HH R VR b BTG sy, RIS IR R - e IR B R AR AR A T
AR ST TR R e 1) AR A P8R . IR YR Vs B K A EL 2 RAE T AR R R RV 4 1
FRE N EE S —  E AR P 00 4 377 43 S A58 ot i i A2 Ak, DA S e A 0 ) i s AR 4
PRz —100 TR e A W AR e R A W B AR BB AR BT AR A S R ST RE A A
fife e . VPN T A B S IR M REVR S5 A R SO T B e XS O LS AR S R G
REME Faue M IR AW B EET

H T, E 2N 5 E & FF (N-fixing tree species ) 5 JE [ Z(#4 Ft ( non-N-fixing tree species ) X} + 314 Wi
VBRI IS AR D (RS T — 2ol R R e S5 AR R FSE I A B T AR AR
6] SRR ol Xt it - R B 2 R 7 A S TR R B R i 0 A, Boyle 451 FE L 38 PE L AR MO B 5T
I BRAE [E EA AP AETERS ( Pseud—otsuga menziesii ) FRAE EA FRELLAEA (Alnus rubra ) R 3254 Y1 RE 7% 4 Rk
T FEER 5220, Bini £ 05T & B E AR DD 5 A B (Acacia mangium ) G AR5 AE B Z T AR
( Eucalyptus grandis) 4J % Ak v 1 S 3o A6 ) A W 6 Bk R0 & o G W 3 25 S, (B D o R SR 40 b 0 I S
( Dehydrogenase enzyme ) P4 3. 25 155 T 404 bR, 3 2 B [ 2200 F 15 I 1 200 AW 38R e i s 454
FHE W6 PR A7 AE 22 5% . Hoogmoed 2518 #F 5% & B, )45 [ B Fh (BR8], Acacia dealbata ; JK K HIE. | Acacia
implexa ) 53 [F ZM F ( 354, Eucalyptus camaldulensis ; 22 468% , Eucalyptus polyanthemos ) SR 138434 4= W) #f 7%
GERTC I 2 25 5 AHAE AN KT b [ R R RIS e W A 2 5 A [ U R RN AR A A S
F2SIF HARSIM R W0 8 PLRAs Sfic i, LA LFST 20 1 00 ol 15 I 11 R0 b X = S 2B e v
B SEMA AT ARG BRI AN S M | TR, A 00 BETT R AR DG A5 LA i — 20 BT A [ 800 o 5 =l o] R0 A xoh - 1k
YIRS

EFR W A0 b X, N T RAR | PR L A AR AR B R B B =X BRI, B R 52
— N L& AR AN S AN ( Pinus massoniana) FIFZA ( Cunninghamia lanceolata) %5 , SFEH ( Eucalyptus ) 55 4N
Tl RV I Tl FHMA PRI & 8 1 T it an A ) 2R ke 2 HERAE A S R G R E MEREARSE R
HENTARZ HFRZE S N TARR AR S DI RERZ BT, V52 £ 13 53 i B R (4 465 [T 5800 il ) 328
FHT W N TARGE B LR 7 S erh o AR A AN AR 3 0 1 SRR A 0 A4 W i VRV 245 A0 1) 52 Wil 5 T 1)
TS N AN E AR SR eF [ SRR o5 A T AR e T A A 0 - A A 2 i 7 4 R o
= . AEFE B FPLME ( Castanopsis hystrix) F1E Z A FA% K ( Erythrophloeum fordii ) &3y U FRH7 H X8 L)
Bt S W AR AR S TR A b F S A, 7R TR AT b X O TR AR, A ik, AR S D) FR ] g I A4
W E A AR 2258 T S 5 7 b S5 A B 20 AHE RS AR N T4 08 MR i 986 42, SR F W A g 195 2 7 ( Phospholipids
fatty acid, PLFA) BF5¢ A Rl E AR N AR - 338 3 A 0 A W it R i 2 RV 4 M 1) 2= 1 22 4k, DA S -
SR 5 IREE T AR DC R I IR AA TR 2 X Rl RFPN TAR ) A= S D g, 2 B A
A ST RE SR AR
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1 HREEBEAE

1.1 AR5 HESL

PRI T PR B A DR 5% N MR BE R Bl 5256 o S 5256 4 ( N22°373.87, E106°
54'17.5") , B IX @ TR I F UM, B B R i S, TR R BEPDOGIRTERE  BK FE AR
SRR 1400 mm, FER A4 HE9 A, 28K E 1261—1388 mm , MXHEEE 80%—84% . 4FF-1S,
I 20.5—21.7 °C "3 H BRI 12.1 °C P H EIREE 26.3 °C ;=10 CIE 3R 6000—7600 °C ,4E¥ H
FEATAL 1419 h, FEHSISRI LRI Fe b A 3, sor vk - AL 3 0 3 | 328 ph 6 1 e VIR T i

PERRIZ X3, 2010 478 HE R ZTHE A8 AR N TG a0 M I 55 % 52, 3 ARH R A2 AR N T AR AR L, 57 1l
HAFHEEAR—, FER B M 6 ANSEE /N, AN AR 1 ha, R BEHLIX H T, B4 XA 3 A4
52,00 R AR R LI HERNAE AR 2>/ X8 2R P (] — % B2 3 bR, ARATEE 34 0 2 mx 2.5 m, 3 AR A 34 7 45
Ly it AR S48 B G , BE AR EAT 2 IRBR A, SRR 2R B TS (Miscanthus Sfloridulus ) . 5% HO R A AR
LI 1,

x1 HRMHKSERFR
Table 1 Characters of experimental plantation stands

o e B i w1 s 4
Plantation type Age/a Height/m DBH/cm Density/ ( trees/hm?) Slope grade/(°) Altitude/m
ZIME C. hystrix 4 2.43+0.27 3.95+0.19 2000 35 268
WA E. fordii 4 1.65£0.22 2.81£0.15 2000 31 260

1.2 Bt SRR

T 2012 4E 4 H o iIHELIHE A8 AR GBS/ N AR RIS BEALEE . 11> 20 mx20 m B9FEJy AR 2 b
SRR T 2013 4E 1 (FA2R) M8 H (TR R4 T LIRS RRE . TR AE 7 BEDLIEIL 8 > 5, JHAES
B (AR 8 em) REE 0—10 em RJZ I IRIGIRG N — DAL I PAT M 92005, S50 28 9 Sl 5 ik 1
FERL Y I T K SRJE 2 mm R REAE S 2 2 6y b — 3 BN =20 CUKAE T IRAE, 1 A o8 R R RUE
YIRETE LI AE |, 55—y AR T 5 2 0.25 mm i , LLRT T EBRAL I 5T 7047
1.3 5rbrorik
1.3.1 3 Y B 0 % J7 %

A3 W) A W) 18 B ( microbial biomass carbon, MBC) Flf# A #) /1= #) & % ( microbial biomass nitrogen,
MBN) RIS 07 B2 R AR E ) Jr 2R A0 25 °C BLZS &P R 1535 48 b, R 0.5 mol/L K, S0, 1841
WHEH, R LI A 3123 B (TOC-VCPH, H AR & ) W7 $il £ 9 b 69 A BILGs Fl 42 205 Bt MBC Al
MBN (mg kg™") BiHE ik w7,

MBC = 2.22 EC (1)
MBN = 2.22 EN (2)
U EC (extractable organic carbon) \EN( extractable nitrogen ) 43l A B2 & FlI & BE 2% + FEIZ R T A HILER 4
RN 21 ;2.22 MIRIE R B,
1.3.2  RAEWIEvE 4 I e

AR BN E 7S L R AR A2 A W k) UYL A R e R M T A
R FHBERR AR W HR TS (PLFA) HEATIN " o 205 IR LABRAL C19:0 AR, FIHEME 6890 SAH (354X ( Hewlett-
Packard 6890, 3¢ [ 2548 HEATIN E . B ARIT R FR2E AT nmol/g T 37, B IR J R 1) ¥4 52 kT Blk P
19:0 B BERITAL, B4 PLEA 89X 42 BEHTEE 2K 1 230 LE (mol %) 7R, ARWF5E Y, PLFAs i14:0.i15:0,
i16:0.i17:0.a15:0.a17 .0 HRIE/REE 2 [RHPE R ; PLFAs 16:107¢ .18 1w7¢ . cyl7:0.15:0 30H #1161 20H
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SRS /R 22 [ BAE B 2R i PLFAs 10Me 16:0, 10Me 17:0 F1 10Me 180 4575 ; PLFAs 16 1w5c W
KR ML ; PLFAs 18:2w6,9¢ Fl 18: lw9c KRG /R E R > E A0 A8 %8 (PLFAs
18:2w6,9¢ .18:109¢ / PLFAs i14.0, i15:0, i16:0, i17:0, al5:0, al7:0, 16:1w7c, 18:1w7c, cyl7:0, 150
30H.16:1 20H) > 21 |
1.3.3 3 PLFA ZFMEIREL

PLFA “E& B R) A R S LA AR TR AR PLFA Z2 M BN Shannon Z2HEMESS
BCH) KRR HA TRk v

H= 2 pilnpi (3)
T, pi R RTTR A AR XS 28, R DAk Hh A g TR AP 2, PLFA 2 2] BEEHOCR ) Shannon's 457 BE 45 %5
(B HA ik m
_H
" In(R)

(4)

L4 Hdaotr S kB

iz 1 SPSS 19.0 X el A ) [ 3RBE A8 1 22 57 EA T LN 3207 2270 HT (one—way ANOVAs) (P<0.05) . FIH]
XU ZRTT 225317 (two—way ANOV As) KBk sy 8 2= J H A2 BAE FHO AR 0728 B 52l AN [R) bRy il 2
BN IERE YRR A Y 25 5 | IERUE MR R A n AR A 5 TR B ME BT O R 1B CANOCO 4.5 B
( Microcomputer Power, Inc., Ithaca, NY) 43 5lliE47 3 W43 70 #T ( principal component analysis, PCA) 5904345
M7 (redundancy analysis, RDA) , 2 &K H Origin Pro 9.0 %4,

2 HREHS

21 LIPS
2 PR TR 15 0 H PR WA 2 ARAT AT 14 50 B B T 30 pHL AR B U A SR o, (1
RS BU A B A AR R B3 132 2 TTRAFRHE, 2 FbR A -5 pH 7E 5L T8 8 % 0 52, (ELAE
TR AL A 8 pH K TLOHES AR (P<0.035) , 8IF1Z8-15 £ HE Qi b |- 398 e 25 SR 5 8 7 ik 19
S TAS ARG (P<0.05) o 2 Fibksr R A0+ pH AR S A RS A & B K FME(P<0.05),
R2 TRZF 2 Wbk LR

Table 2 Comparisons of soil chemical properties in two plantations in different seasons (mean+SE, n=3)

XN #7220 K

52 Dry season FZ Rainy season
. ) Two-way anova

AR Variables - -

ZIMEMR HE AR AR L ZN T g PTXS

C. hystrix E. fordii C. hystrix E. fordii -
pH 4.51+0.03a 4.45+0.03a 4.34+0.01a 4.28+0.01b * ERE ns
A NH -N/(mg/kg) 21.78+0.66a 7.95+0.43b 17.77+2.14a 13.10+0.78b e e ns
AR NO3-N/(mg/kg) 12.24£2.47a 2.69+0.53b 2.30+0.20a 1.37+0.03b wow * w ns
4% Total N/ (g/kg) 1.06+0.05a 1.03+0.06a 0.95+0.01a 0.86+0.01b ® * e ns
FHEE P Organic C/ (g/kg) 17.80+1.01a 17.10+0.38a 17.67+0.38a 16.73+0.32a ns ns ns
AL C/N 16.78+0.32a 17.14£0.26a 18.67+0.58a 19.46+0.37a ns ns ns

PT:#k43 Plantation type;S:ZEYT Season; NRI/ING FRER IR0 22 TR B B E KT (P<0.05) , F); +, o %, o = = RfGR B E
JKF- P<0.05,P<0.01 FIl P<0.001
22 LIEMAEYAY R

2 FibRsyr HIERUE Y AE Wi ik (MBC) & 215 A2 bRk, T2 ok m TR ZE (K 1A) s B IERUEY)

AP R (MBN) &8 5 A Y A P ik & LI R 2 By T M HAZ BRI (R 3) . LiRTE
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AR ZE 2 Fibksr 14 MBC fil MBN St ¥ i EF 25 (&1, £3),

®3I WS FEVREXEERNTEMENENENZN

Table 3 Effects of plantation type, season and their interactions on soil microbial biomass

M4T Plantation type Z=5 Season ZEHAEH Interactions
A5 i Variables

F P F P F P
. PLFAs Total PLFAs 19.105 0.002 121.700 P<0.001 1.198 0.306
M4 PLFAs Bacterial PLFAs 22.714 0.001 93.628 P<0.001 0.570 0.472
BB PLFAs Fungal PLFAs 0.656 0.441 79.957 P<0.001 0.291 0.604
4 PLFAs Actinomycetes PLFAs 22.450 0.001 105.408 P<0.001 1.216 0.302
MR ELH PLFAs AMF PLFAs 44.470 P<0.001 29.042 0.001 3.611 0.094
B L F. B ratio 1.521 0.252 0.856 0.382 0.001 0.978
A= ¥ ik MBC 2.633 0.143 9.457 P<0.05 0.095 0.766
T i MBN 0.077 0.788 3.651 0.092 0.090 0.772
Tl BB H MBC/MBN 2.371 0.162 0.135 0.722 0.346 0.573

PLFAs: BBEAGWIR Phospholipids fatty acids; AMF : A B H2 EUBT Arbuscular mycorrhizal fungi; F:B: EE 4N L Ratio of fungal to bacterial
PLFAs. MBC: #4449 ik Microbial biomass carbon; MBN . 734z ¥ 4= ¥ it &0 Microbial biomass nitrogen; MBC/MBN; fit4: ¥4 ¥ e Bk % L

Ratio of microbial biomass carbon to nitrogen
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Fig.1 Comparisons of soil MBC and MBN contents in two plantations in different seasons

AR INE R e R R 18] 1) 28 S 38 B 8 3 K F ( P<0.05) |, Significant differences ( P<0.05) among plantations are indicated by different letters

SVASIE AR5 2 T X A W) B PLFAs 4T PLFAs 2 R PLFAs f8 M MR S EL T
PLFAs T2 T B B30 | 251500 3B PLFAs SR E % (K 3) . FER MR, L HELIE AR
T ) 4 PLFAs B ZHTE PLFAs B iRZE H PLFAs i MMM B PLFAs 5019 0 35 5 TA8 R4 Ak,
1M+ E TR PLFAs f7E 2 Fipksrrh o 225 5 (& 20) .

2.3 HIERUEIRER S5

T 225y Wr e R0 | 130 W LB AN A LR 22 BIAR Sy  Z1 OHAC AR B (£ 3) . fER 2R,
K& ARG AR L IR ) TR A B L 2 e T AL MEZ I AR (P <0.05) , 7TE RN 2= TG I 35 25 5% (P>0.05) (A
2F) , MGG AT L [P PR AN R PLFAs RN % (GBI PEAN TR PLFAs (AR = BE 38 7= A 7 W &5 M, SR ik
AR EL PLFAs FIMEE PR FL TR PLFAs BUARXS FE 887728 T REm 38 (R 4) . £ 25, ZMEL I AR - 0
2 [RPAPEAE TR PLFAs SRR 32 B 38 8 TS ARG AR (P<0.05) , 75 9 2= AR 2 Rk v )T i 3% 22 5% (P>
0.05) , JCiETZEIR T2 ZTAMELN IR AR 38§ 22 [C PP AN B PLEAs RIS FRAR BEC B PLEAs (AR XS =F 81
TSR, T EL ) PLFAs AHXF 32 B3 B BT s AR LB (& 3) .

XSRS FZE Y b BRI 27 P e e D7 R HEA T AT 400, 25 R W56 1.2 i wt H 3
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Fig.2 Comparisons of soil microbial PLFAs content in two plantations in different seasons
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Lt Ratio of fungal to bacterial PLFAs
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Fig.3 Relative abundances of the microbial community PLFAs (mol %) in two plantations in different seasons

G+ B 22 [CRH M40 5 Gram-positive bacteria; G— 2 BB SR R Gram- -negative bacteria; AMF . IR EL# Arbuscular mycorrhizal fungi
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T TRV 50 22 S R TTRAE 20 T R 68.4% (17.4% (18] 4) ., LT HESIE AR5 4% A LI bRVF 56 — 32 1 2l T 9
BT A 2 R (8 T IR Y R ST AR B 2R S 2 BRI E T I I A RV S M T AR
— R RITRT B XA, BERA 2 Rl 4 L R E A A A R R AR (18] 4A)

2 1
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Fig.4 Principal component analysis of soil microbial community structure (A) and eigenvector of phospholipid fatty acids contributing to

soil microbial communities ordination pattern (B)

CH: ZIHEZNIAHK C. hystrix plantation; EF; ¥ ALK E. fordii plantation;D: 5:Z% Dry season; R: FiZ% Rainy season
PLFA ¥4k #far B+ F U3 A 45 R SR W, s — Wi e B IR v, %o 5 — 32 il o 32 /R HT Y /& FL PFLA
AIFRIE(18:206,9¢ Al 18:1w9¢) , # % (G PN PLFA A IARIC (1160 Al i17.0) K% B TEAN bR ic
P 16:120H, TMiH = [RHIHEANE PFLA 4729 (16: 107c, 18:1w7c, cyl7:0) MRZHE PLFA A= #)FRic (10Me
16:0,10Me 17:0,10Me 18:0) XF 5 — 2 sl oMl 14 STk AL K (B 4B) .
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Table 4 Effects of plantation type, season and their interactions on soil microbial community structure

#h43 Plantation type Z15 Season ZHAEH Interactions
AR 1 Variables
F P F P b P
B 22 [ PH M A A A G 3
.1 11 .92 .01 .071 .
The proportion of gram-positive bacterial PLFAs 3100 0-116 8.927 0-017 0.07 0.796
24 [C VRN B AR XS 4 B
9.376 0.016 15.472 0.004 3.016 0.121
The proportion of gram-negative bacterial PLFAs
LB AT EEF The proportion of fungal PLFAs 78.709 P<0.001 5.092 0.054 0.597 0.462
Tl 2% AR 2 EE The proportion of actinomycetes PLFAs 2.911 0.126 3.009 0.121 0.001 0.978
PR B R LT AR X = R
AR R AT+ 46.179 P<0.001 0.225 0.648 0.840 0.386

The proportion of arbuscular mycorrhizal fungi PLFAs

2.4 TIEFUEYIRETE PLFA 2460

T2 AE W] AR IH 3R 2 R T PLFA £ B (F=8.067, P=0.022) 5 PLFA Z#M:(F=
28.483, P=0.001) , Midksy 297 ROHACHAR XS L1 PLFA S5 BEA AR - A 50, 52 ) 2T MEL I AR 1
HE PLFA £ 5 BE S TAEARYBAR(E SA) , BN, BRI LML IR LI PLFA 2RSSR TR AR
YIEAR(E5B) o

50 5r

A B
T
40 | gg 4
gi a a a %E
g b 2 =z
®E 30 . & SE3T a b a b
bl - el
& =
<< 20 f *@2 2+
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Table 5 Pearson’s correlation between soil microbial total PLFAs and microbial community structure and soil properties
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Fig.6 Redundancy analysis on the individual PLFAs and soil properties
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