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Effects of exotic species slash pine ( Pinus elliottii) litter on the structure

and function of the soil microbial community
CHEN Falin', ZHENG Hua" ", YANG Bosu®, OUYANG Zhiyun', ZHANG Kai', TU Naimei’

1 State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085, China
2 Hunan First Normal University, Changsha 410205, China

3 Hunan Agricultural University, Changsha 410128, China

Abstract ; Litters are the important component of forest ecosystem and play a key role in plant growth and ecosystem nutrient
cycle. Soil microbial communities, as one of the driving factors of forest litter decomposition, can significantly influenced by
forest litter composition. Understanding the responses of soil microbial communities to litters is of great significance to
evaluate the influence of exotic species. We designed a simulation experiment with flowerpots to determine the impacts of
exotic slash pine ( Pinus elliottii) litter on the structure and function of soil microbial communities in comparison with the
native masson pine ( Pinus massoniana) litter at the Ecological Benefit Monitoring Station of the Yangtze River Protection
Forest, which is located in Hengyang County of southern Hunan Province. The structure and function of soil microbial
communities were determined by PLFA ( phospholipid fatty acids) and BIOLOG (single carbon metabolism) methods,
respectively at two stages ( decomposition for 5 months and 18 months). The results showed that; (1) the initial carbon-
nitrogen ratio of slash pine litters was significantly higher than that of native species masson pine. (2) Phospholipid fatty
acids concentrations of soil bacteria and actinomyces under the slash pine litter treatment was significantly lower than those
under masson pine litter treatment at the two stages. And at the latter stage ( decomposition for 18 months ), the

phospholipid fatty acids concentration of fungi and the fungi-bacteria ratio of soil microbial community under slash pine litter
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treatment were significantly higher in comparison with masson pine litter treatment. (3) Microbial function diversity under
the slash pine litter treatment was significantly lower than that of masson pine litter treatment; the carbon metabolic
intensity, richness and diversity of soil microbial communities under the slash pine litter treatment were significantly lower
than those under masson pine litter treatment at the early stages, and the carbon metabolic intensity and richness of soil
microbial communities under the slash pine litter treatment also were significantly lower than those under masson pine litter
treatment at the latter stages. (4) The structure of soil microbial community significantly affected its activity and functional
diversity: The intensity and diversity of microbial carbon metabolism showed significantly positive correlations with bacterial
phospholipid fatty acids. Characteristic phospholipid fatty acids concentrations of bacteria, 14:0, 15:0, al5:0, il16:0,
16 :1w7c, al7:0 and cyl19:0 significantly correlated with the intensity and diversity of microbial carbon metabolism. Our
results suggested that slash pine litter significantly changed the structure and decreased the function of soil microbial

communities in comparison with masson pine litter.

Key Words: Pinus elliottii; forest litter; soil microbial community; exotic species
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5t AR

ARWFFELISNARFMR A Sy xb G, T8 H A 7E T 0 R v 1 2 5 S B0 S U E Wy e 7% 4540 A T RE ) 28
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1 #REFAZE
1.1 X S

A FE AT 5 37 i S TE I Pl 2158 P g IXC ] G A V7 4P AR A 25 A0y A D sl 45790 v 4 8 B LA & A o
RN, o4k 27°05 "N, 112°18"E, J A4 2 KRR PR %, #3340 86—147m g it Y ) 2T ST i 3, B2
B, RIE LT pH (H 4—5, 1% X U Bl IS Y T 0 HRT Gk ) i MORD B AR H R 2 D R
( Pinus massoniana) TN ( Pinus elliottii) 55 N T K I B B AN FI5E 3Bl ( Fagaceae ) & M #4 Fh IR 32 1) K 9K IR
A
1.2 XSt

ARWFFER NG+ P WA 7 v o RPNV 35320 1 10 m x 10 m R/NAS MDA A 21
S R, KT8 85 9% FHE B o024 5 , M PN 8 A% 30 em (TRBE 20 em WDRL/INGECE T, /N T+
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25 /NG N A 3 P AR — 3, B R AN 3R 1 (SRS R |

AR FT BT e I8 95 ) SRy 24 b ML AR B AR AR M A (51 ERD , Pinus elliotti, Slash pine , SP) F1 55 B A ( A HuFh
Pinus massoniana ,Masson pine , MP) -8 754 , A 2006 4F JFCUCEE B9 # T 875 0, JH75 W48 ik Je e 48k
/W25 emx30 em, LA 1 mm® o FRECGS IRV 20 g () 2051 A AE , Rifl 45 4%, 3590 4%, B A1 7%
YA R BEHUICE T4/ NN LR, Sy R A BN TE Y1/ N 45 2 9% IR (CK)

R1 B R P EARER n=T)

Table 1 Properties of experimental soils ( means+SD. n=7)

TIEABLRR S Total N S psg:l A HA A PR R E

Soil organic C lm; (&/kg) Total P Total K Available N Available P Available K pH
/(&/ke) o /(mg/kg) /(&/ke) /(mgkg)  (mgkg)  /(mg/kg) (H0)
8.9x1.1 0.6+0.1 73.2x11.6 16.1+0.9 28.7+6.5 0.4+0.1 21.7+4.3 4.3+0.1

PP AT 2007 4F 4 F s AHRCEIRE LR ITIA ﬁ%ﬂ?ﬂ%%ﬁkﬁ 5 /\H 118 A H JEHU ik 4%
THERARCIFEABST T 4C KM T s Mm%, MV Y4 3 42, [R] i UM % P4 ?ﬁi%):'i
5, 55103 ﬁfﬁﬂnﬂ%%ﬁ%ﬂ/ﬁ%ﬁiaag U AR M A B8 '13? 4CHKM T i bl E
1.3 JEEYPIL C

YIRS C N E’J 15 FHAEE Elementar 23 74 ;=9 Vario I3 #1 4300 &

1.4 GUEYAYEC

e AR C R IET - K, SO, RAR- (AR Hrak b A sz ) e A #8  #5 E Elementar 23 @ 4=
77 Liqui TOC 1 43Hr . SEEAEMURESS 24h Wi,

1.5 BIOLOG foFHRd% 37

B RIS DhBE R T BIOLOG B A sh it R et 475" . BIOLOG SC IR 7EHURE J5 48h P AT,
RS T 10 g TEAYEE T HMI 90 mL JCH Y 0. 85% NaCl( FiH: b ) IEITERE PR L3R5 30min, SR8 5 B - S5 RE i
ke 107, TR A R 125 WL B IR 3R 2 42 88 ( BIOLOG-ECO PLATE) i 5 —A~fLH K 42 iy
FIARICE T 25°C fEIREEFE 10 d, 5 12 h TN 595nm 40 BIOLOG {3 F i3 1 IREKL,

FLIF- 225 (5,78 Ak, % ( Average well colour development, AWCD) 18778 0T .

AWCD = Y, (C = R)/n (1)

X, C OB A BSREEALAD R B, R X IRSL (A1) BOLH BE(E, n ARG FRIEBRIEFNZE , Eco H n {H
H9 31,

R ey R R A R e AW Gl

AT S=2 [ (v, +v,)/2x (1, +1,,)] (2)

A0, R i BEZIE AWCD 18,

ABEE B 7% 120h J5 B8 K RAE BIOLOG A 9 32 ) AR T 8 22 HE PEARFAE - A0 45 ) A U 19 = 5
B AR ZFEPEFE S (Shannon index , H' ) .

TR ZFPERR BT A AR

- Y P.lnP, (3)

L, P =n/N,n 250 1 PERFRFECE BE(E , NV SR Sl v B A 15 27 0 28 B8 (8 0% R s R R e U 0 £
FELL C-R > 0.25 [R5 M,

FHEA R 07 2253 BT (ANOV A ) fff 7 AN [ b 3 ] -+ 3R AE I BE R AR AR IE R G B 225 . St srbrid
i SPSS 16.0 Geit# 58,
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1.6 PLFA &4

AR B J7 VAT Frostegad ') )7 - ABCHE . PLEA B9 46 R LRI
DLRABBR : U ORI RS B B 43T F LA S 37 8 44 , ¢ 87 M2k (A 95 00 S0 S 7 R 0 ) v 37 i 2k (
PN SRR S ) o (PP A PR AR U oS 3 (SRR 1 ) A0 i (PP R PP R i 25 2 i I L) 2001 e S e
14 S SR RN 544, 10Me R —A~ F L AR BE 43 F B 6058 10 IBRIE T b SR LERR R ey &R .

BT RS TET AL AR (19:0) 12k, PLEA 55k mmol/g 4675 E MU E WM 0 s
PAF PLFA (4 8l 5. 4178 (14:0.15:0,a15:0.,i16:0 16 1 1w7c al7:0,17:0 18 : 107t ,i18 :0 ,cy19:0
i19 :0) "' 18:2w6,9 5 18:1w9¢ AYFRAG A B A AW "7 ; F 10Mel8:0 15 10Mel9:0 Ay FIRAL L
LR B R

FHEA TR 707 22531 ( ANOVA ) B 2 N [] 4 3 6] + 3 S/ E D REVE 45 M 2 B A 5 22 5. Geit o il it
SPSS 16.0 Zeit#R {45530,

2 g#R
2.1 JFAEYVIRIKA L

HPRFPIR A PR P54, HL & R i AR BT 3R % 1 W35 = T AS D S5 R AL Y v 4 & A U B IR T

JEH s IR PR TE I C/N FUAR R ZE /N B35 T SR M, /351 R 1K 109 F195(%2),

F2 HHXAEWERCPEREZE n=3)

Table 2 Properties of experimental litters ( means+SD,n=3)

JH#Y) Litter C/% N/% ARJFE Lignin/% C/N A ZE /A Lignin/N
LR (MP) 52.84+0.09 0.67+0.01 " 40.36+0.44 78.64+0.80 60.06+0. 66
FEHIAL (SP) 53.78+0.13 " 0.490.02 46.92+0.31* 109.07+3.15* 95.16+2.68 "

* P<0.05

2.2 WEARPRINITRZH WL

MY 3, FRIE Y i 5 A A I, SRR 75 A L A8 5 B8 Fi AN b U8 95 40 1) 1 S W
TEWENRIE TR BRI (P< 0.05) , HOWE 358 31.9% M1 11. 5% , 340 G 5 IR & e R F /MK R A 5
FAS> MR HAA> CL(P< 0.05) , 5 FEANFINE HRA 73 550 £ 4 TR A 7 8 1% 1 14 010 54. 6% F1126. 8% , WP A & 4k
T 98 R IR B WA I 0 R S A SRRV LR/ A T O 25 SR R, BV L R L T AN T L
AT B O T D 2 i T R (P< 0..05)

£3 TRLETERE EH IREHERENRSERSE CHYEAREE n=3)

Table 3 Bacteria, fungi.actinomycetes and Total PLFAs in control and amended soils( means+SD. n=3)

s 344 ALBE/ (nmol/g) M4/ (nmol/g) M/ (nmol/g) FLR/ (nmol/g)  JHZKIE/ (nmol/g) B/
Phase Treatment Total Bacteria Fungi Actinomycetes fungi/bacteria
54 H CK 19.65+3.60 b 12.24+1.97 ¢ 3.6920.74 a 3.7120.90 b 0.30+0.02 a
5 months LA (MP) 26.91+1.22 a 18.91+0.91 a 2.66+0.12 b 5.33+0.19 a 0.14+0.001 b
AR (SP) 23.21+2.33 ab 15.52+1.51 b 2.52+0.28 b 5.170.59 a 0.16%0.01 b

18 ™~ H CK 29.42+0.73 a 14.45+0.15 b 11.1720.75 a 3.8020.13 ab 0.77+0.06 a
18 months LN (MP) 25.21+0.75 b 15.05+0.33 a 6.02+0.32 b 4.14 +0.23 a 0.40+0.01 b
T (SP) 30.29+0.19 a 14.5120.19 b 12.06 £0.13 a 3.7120.13 b 0.83+0.002 a

[FIFUANTR] NG S 3 A B ] 22 57 .3 (P<0. 05)

P75 e 18 A I S I b R U8 7% 4 1) L SRS B ( CK) T3 E WU TR B AR AR D R 5 i Wl 35
TUIN S AR AR P L8, 7 AR SRR B4 S DN 2 R B A 9 M 0 i R, b SRR R R K
SRR R L AR E ) T RS 3 T RUR Y i 18 S H I R A AR BRI Y - 5 E R W R i
U 5 e R Ve LT/ 2 T LU 28 v T S R AN AL B B ORARENS T 5 A T I, R A Ak T 4 9 40 TR i £ T

D To
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(IR TR P B ATy SR I 2 o TV b XS L (L2 0 AU A R0 R ) - B0 W 8 LB 1 R AR AR TR 5 &=
A ANEINT 3,79 A5 F1 2. 03 4% it SRR AR HEIN T 1. 26 £% ; SE b AA AL R IR ) - SR A MRS L 5 4N
B EL 53 3] B T2 T 0,83 A1 0. 77, 1 S R A AL B A SR Wy BETEATD AR LAAR TR o 4 X 3, H BB S A
B LA HA 0. 44,
2.3 mfRiEhhe

FH BIOLOG TP 35 550 LA R AR BT + S8 B eI i AR AR v LUK IR (3R 4) | TVE W 531
5 A AR RIESR 1200 J5 , SUEE D REE A RIR 0 355 B A 2 RE T 5, i 2 3 A B SR Y S E
TEXT 31 Fc I B (AR (R AR i B, 77 A (] Ak B () 2 30+ AR TR] () BUAE , DA BRI Oy - T B A > TR Hu A > CL
(P<0.05) .

®4 TEGENHRRRNEE  SHEMRFEEECEFEREE, n=3)

Table 4 Carbon metabolic intensity . diversity and richness of soil microbial communities for different litters( means+SD. n=3)

113 Phase AL P Treatment AR5 Metabolic intensity FEHEE Richness Shannon ZFEPEFEEL Shannon index
514 CK 154.93+9.38 ¢ 20.33+1.15 b 2.95+0.06 b
5 months H S (MP) 237.76+7.78 a 27.00£1.73 a 3.20+0.03 a
HEHIARA (SP) 196.34+4.27 b 21.67+1.15 b 2.99+0.04 b
18 ™~ H CK 84.32+4.26 b 8.67+0.58 b 2.64+0.04 ab
18 months LR (MP) 131.69+22.91 a 16.67+1.53 a 2.86+0.15 a
MR HbAR (SP) 111.19+6.44 ab 10.00+5.29 b 2.51+0.24 b

[ FUAN ] /NG S s A B ] 22 57 3% (P<0.05)

G2 18 AN H I N A JR 75 ) A0 BRI S MRV 1 T B R 2 PR B AR AR W R T D R A
PR A PR - 338 | B AC I B W AIG T 5 R P AL B IR A U % 4 Ah B A A B AR B B AR A QAR R
MR ] b (AR R 325 B ) SA I W I R 2 R A
2.4 TIEGCEYI AR S5 SR G DI RE YOG R

FERRIFAR R B | 22 REE S =5 5 e P A ARV 235 10 2 BSUABORFL DG o A A B - BRI B 2
P R ~F RS A AR AR 7 R 7 i A 3 TE A OC (P< 0.01) s 7R ¥ o3 5 > F I, 40 1 5 A0 i i i A R
14 :0.15:0,a15:0.i16:0 . 16:107c ,al7:0 Fl cy19:0 Y7 & i 552 M = 0l A W By ik U5 R FH i B =F ' 88
DA K ZAE0E 5 40 18 A A s s ) I W RV e J5UR FH A 8 BE L 3 B DA e Z ARV B BE AR D R 2
15:0.i16:0,a17:0 Fl cy19:0 (% 5),

®5 ITEREVHEBRARTEE . SHEENFEESAEHELEMSHNXER
Table 5  Correlation between carbon metabolic intensity, diversity and richness of soil microbial community and different bacterial

structural parameters

T AR BE ZHEE FREE
SIS Carbon metabolic intensity Diversity Richness
Structural parameters 54 H 18 A 54 A 18 4~/ 54 18 4~/
5 months 18 months 5 months 18 months 5 months 18 months
14:0 0.856 " 0.733 " 0.863 "
15:0 0.975** 0.672°* 0.888 ** 0.788 " 0.950 **
al5:0 0.990 ** 0.874 " 0.917**
i16:0 0.836 " 0.795" 0.960 ** 0.687 "
16 :1w7c 0.947 ** 0.853 " 0.901 **
al7:0 0.926 " 0.902 ** 0.846 " 0.906 ** 0.991 **
cyl9:0 0.921** 0.838 " 0.693" 0.987 **
B PLFA 0.928 ** 0.870"" 0.845 " 0.879 ** 0.951 " 0.824""

FAE BB AR RS + P<0.05; % % P<0.01
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3 #git5itie
3.1 JAiEWamA L

VERBRMRAZS R G5 IR R B B ERNT, JR T5 ) o ik o 25 5 ) - 33655 20 0 A ALPE | s Ak MR A DL
FRIRE B LA B R AR A 25 R GE A 7 07, DR T W 97 43 4 AR 25 S350 R 0 5 0 00 A i R T AR 9 & B AR A1
SR H b FIAS D T B AN RS AL E (B2 B AN iR B AR R R B &S T REM,; S A&
T KT S R AN B A /N FIR R /N WS T REM (K 2) . FEY C/N FIKRE/N EF
WLAGIR 5 R bR | B e S LR P58 0 i R Gl R C/N FIAR T 28/ N IR A TR 9% 0 o0 fi e e 202 B
FE W AR b - HE TR A A B R R T S RARAR D, L 45 3R mT DA D4R (I — 0 A
3.2 TMAYRHIESS A EE

A MR R TS W B TR RS U W R I 2 A R ) RE A Ak AR B R e A
LMt B IR R VR R VR W oy sk R R 0 VO3 Ao R 2 S e - SR R R TR R A
W

EEAEYI R C:N 2920 101, SRUEED o A WL, JA 29 40% &AL A YA s, 60%
BB 3 P IR AE FH LA CO, BT R [ B KA R ) 78 40% A KRR DL R, MUY 75 20N 9208 2511
H Pl LA T AR ERIR AN VR M B C N 0 HI 8 109 (6 2) o S2br b ek W Ak Kod e
WL CoN 2 ECRASB I AHEE C:N 2900 5—10, Ly 8—152 X W E X T HE , @S5 A & 14
BT R T LT 22 A ROKE T A A g R AR [ B R ), LR AR L AN BB BE 2 R e BT RAAR
WFFE o AT H AR 8 74 ) A 3 - 820 1) 8 I T S RS . ARG iR AR PRI I PR R 1 & 1
ER T HREMMIRTEY , WEE R 5 R HERE 75 W0 53 22 18 A B, 2 1 ml ) R e 5 %) 0 R o o
HBF R, B —EEE RS, BERE RSk AL A RN 8 1 X RE 1 BR 5 o3 0 AL 5 1t RE 43
G- 2 R R R XM B 2L A4 IR A TR 5 b B 3 B B S R R S T
AR TS YAC B | EESRARXS T3l 5 A 7 B W 5 0 Ak 3R %) T SR ARAE i L TR A i s i 17 1 5 et 5
T ERE N A A B ) R MR E R S AN A L BRI T 0. 83, 1 B AN AL H - I A T AT
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