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FEucalyptus is one of the main introduced tree species in China. Understanding the impacts of afforestation with Eucalyptus on
the structure and function of soil microbial communities plays a key role elucidating the impacts of a single species on
ecosystem services and implementing the scientific management in Eucalyptus plantations. Paired comparison (i.e. natural
secondary forests and Eucalyptus plantations) test was used to evaluate how the soil microbial structure and function respond
to land use change from natural secondary forests to exotic Fucalyptus plantations in Baisha County, Hainan Province,
southern China. The soil microbial communities were evaluated by comparing the biomass, phospholipid fatty acid (PLFA)
composition, and carbon metabolic function ( BIOLOG profiles). Compared with those in natural secondary forests, the size
of soil microbial communities in Eucalyptus plantations significantly decreased. The mean value of soil microbial biomass
carbon in Eucalyptus plantations was 376.65 mg/kg, but it was 631.86 mg/kg in natural secondary forests. The mean values
of soil microbial biomass nitrogen in Eucalyptus plantations and natural secondary forests were 61.91 mg/kg and 94.72 mg/
kg, respectively. The soil microbial biomass in Eucalyptus plantations was significantly lower than that in natural secondary
forests. Additionally, Eucalyptus plantations had significantly lower abundances of gram-positive bacterial, gram-negative
bacterial, arbuscular mycorrhizal fungal, fungal, actinomycetic, and total phospholipid fatty acids than the natural
secondary forests. Forest conversion from natural secondary forests to Eucalyptus plantations resulted in an increase in soil
microbial physiological stress, and a decrease in soil microbial function. The indicators denoting stress related to soil
nutrient levels, the ratios of monounsaturated to saturated fatty acids, gram-positive to gram-negative bacteria, iso- to
anteiso-branched PLFA, and c¢yl9:0 to 18:1w7c in FEucalyptus plantations significantly increased after the forest
conversion. However, the soil microbial carbon metabolic activity, richness, and diversity significantly decreased. The
significant changes in soil microbial community structure and function after the forest conversion from natural secondary
forests to Eucalyptus plantations were mainly due to the decreases of plant species richness and coverage, and soil carbon,
nitrogen and water resource availability. Canonical correspondence analysis (CCA) indicated that the significant differences
in the PLFA composition and carbon utilization profiles of soil microbial communities were mainly due to the species
richness and coverage of the tree layer, species richness of the shrub layer, soil water content, soil organic carbon, soil
pH, and soil alkaline hydrolyzable-nitrogen. In conclusion, forest conversion from natural secondary forests to exotic
Eucalyptus plantations resulted in the deterioration of soil microbial communities. Improved management practices, such as
reducing soil or understory disturbance during logging, and the subsequent establishment of the next rotation plantation,
should be considered to help improve the structure and function of soil microbial communities and increase soil resource

availability during plantation management.

Key Words: Eucalyptus plantation; natural secondary forest; soil microbial community; PLFA; BIOLOG
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1.1 A S

R T A TR AR A AR X SR MRV (S R AR IE O BE PRI R A YD B4R £ e A /NI SR F
5o ARG R PR B IR AUHE M, B lG AR AR B, ALYk 2118 km? 55PN 41.9% K 1, (VD
J T 7 KPR S AR R R R B 24 1725 mm, I H 70%—80% Wy K&K S 7E 5—10 H . 4P
21.9—23.4°C , fx =i 35—37°C , AR 5—6°C , H3EERLE TAE A KAk, 1R Rk 214 Hhaly
PEDRMAETE R PG =R,

AR S XS R AR AR R F 8 T AR Pl =2 JE R, XTI B AR ORAR B2 TR A, T
P LR R A, A, B4R K, B FEAT , KRR LA SRR e LRI, AR S AR 4 5 B 2T S gk, S 2
B, LY, 2R SR WA it 45 B REAR Y R A Pyt B 5 3R A0 E 3, SROK T A5 B K, Ve 2 1Y
W A I AR

P N TARZE AR G 2 0BT L BRI LA, FhoAR IS A0 BT = 4 A3 A8 B D R B — R, AR B LU
CHARPF RN AL B A WL, Ao R A, — B 5—6 4F SR — A0 A M MO O AT, 28 AR Sy i
250 AR, S U 2F AR
1.2 I BCORFE

PARSRURAEMA XTI Ry 1 LA N TARERA R ISR R A MR RS 1 S8 A W e s 45 A0 A D e i A2 4k
BRI IE 45 S 1 o] He e, AR B 8 FE T R 1 VD B K £ R R /N G B BE AL 2 BT 10 X (B A AR AR T LA
109°34'—109°35'E,19°8'—19°10"N ) AHEB I KSR R A MR R ARAE RIS G2, BFHMRE 5 I A FER AL G (]
92011 4E 10 H o RFE SR AT RS BRI ] 2 2002—2008 4F, 1Ak 2 i34 4 5 % IR —FE 5 KSR IR AR AR, 7
AR — AR AR AR PRI R 3—5 4

REH AR 3 A7 A TRTBCA 20 mx20 m FRARKE Ty, IR 7 T AR 2 35 B JRE 5 T T AR P el
FIRR R M RIS, BN TRARE T RS 2 DNIAUN 5 mxS m IHEARFE T LA 3 ANE AN 1 mx1 m (5
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A AERE S ROl 3 A IR . SRR IR SRR VK (4°C) IRAE TR AE 3 RINIB I SER R, R
[ (%) 3R T 2 mm FLAR Y HEGRHEF T 50 AL BB A e 58 sh iy KA sk Ak, b i I %) - 49—
AT AE 4°COAE R T e AR Y IR DI REAE DN 5 — BB/ R T |, BE 094 100 H + 18
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Teflon (FF5HIR) ABE A B VERE VR A A . PRBGT R B, 2 B IR, BE SR IR, G KR A
FHEOPBE N AR (1)4 g BT (100 H) 2 40 mL BEHE .08 KUK 3.2 mL BEIRZ2 v ik .8 mL HIME
4 mLEDT ; TEIB AR 10 min J5EDEKFEE 1 h,2500 rpm/min 2.0 10 min, 14 FiE 2 100 mL 53§
W5 (2) MUK 3.2 mL BERRZE il (pH 7.4) 4 mL 205, 1R A1, ORI 2; (3) WE FIZ AN HIE 40
mL B 55 2 04, N, R, 8. (4) o BER A (500 mg silica gel column, Part No. 5982- 2265, Agilent
Technologies , Wilmington , DE , USA ) . FE S HERTE A 5 mL S5 TEIREE A ; 754 10 mL &5 2 IRVEE TS
e N, AORE S B REICKE Y 5 (5) RS 05 T 5 A 10 mL PREAE R ; (6) TR N B S22 15 , INA 5 mL
PP e (G i ) ot ek AT, AT TR AF 28 10 mL Teflon 85045, N, HIEEAL . (7)1 mL BB (1:1, v/
V) TR W T RS R 5T 5 (8) A 0.2 mol/L KOH ( 8 BPRAD , H %77 ) 1 mL, Y821 ,35°C IR E 15 min;
(9) FRrRERB I B E RS AMKKIMA 2 mL @i -1ECHE(1:4,v/v) .1 mL 1 mol/L BER .2 mL #E4li/K,IE5);
(10)2000 rpm/min 5.0 5 min, I )2 IECEEHE T 10 mL AR (1D A 2 mL &45-1E 25 (1:4,
v/v) R — R, A I PR B IE C e A, N, IR T, —20°C PR 17, L HLATHE 4. (12) i #E ( NH, SPE
column , Part No. 8B-S009-EAK , Phenomenex , Torrance , CA ) : i AR JC A 1 mL S5 1R T B 1 mL &5
43 2 PRI EE RS T IR S A F N5 (13) IR DA 2 2 mL A EFES, N, T (14) A 1 mL %A 10
ppm AR (- JULeme F G ) 1Y 1E Cbe (R BRI ) T

R1 FRFRWEH R EEERRFE CEELARHER 0 =10)

Table 1 Plant and soil parameters of natural secondary forests and Eucalyptus plantations (mean = S.E., n=10)

HIBYE B 34T Plant and soil parameters TR MK Natural secondary forest MR Eucalypius plantation
TrARJZTZE Tree coverage/ % 78+4 41+3
HERJZ 5% Shrub coverage/ % 47+4 43+6
FAJZIZE Herb coverage/% 61+7 86+5

T ARIZYFEE E Species richness of tree layer 11£1 1
HEARJZY P E & FE Species richness of shrub layer 17+1 9+1
FARJZYIFE & E Species richness of herb layer 13x1 13£1
K Water content/ % 21.82+0.44 19.90+0.49
pH 5.55+0.14 5.11£0.13
Sk Total C/ (mg/g) 24.18+1.14 18.77+1.11
S Total N/ (mg/g) 2.20+0.09 1.86+0.10
S Total P/ (pg/g) 436.01+27.16 496.62+44.14
S Total K/ (mg/g) 16.00£0.73 19.07£0.65
A Pk Total organic C/(mg/g) 23.14+0.97 17.52+1.15
W% Alkaline hydrolyzable-nitrogen/ ( ug/g) 156.59+3.20 126.27+7.00
BASE NH,/ (pg NVg) 12.31+0.65 10.66+0.29
HAA NO3/(pg N/g) 3.72+0.61 2.44+0.18
H W Available P/ (ug/g) 5.47+0.61 11.71£2.17
BALH Available K/ (png/g) 93.87+15.75 98.55+5.87

WG 15 105 R 10 R B SR AR IBE AN R AT 58 . GC-MS 2514 : HP6890/MSD5793 ( Agilent Technologies
Bracknell,UK) ,HP-5 T4 HE (30 mx0.25 mmx0.25 wm) , AP akFeE . HERE DR BE 230°C ; 46 0 #% 1L 3
270°C , FHEFERF :50°CHFEE 1 min, LA 15°C/min 3G ZE 150°C , $1£45F 2 min, FELL 3°C/min B ZE 250°C , R4F
15 min, He fE3A, i N 1 mL/min,

NV R E i T T AR FI N AR (19:0) B4 . PLFA &5 H] nmol/g 37 .

AT 24 B PLFA Bk i, X SERR IR 325 RN AR DT R ANTELRIRR T IR | R 36 S % ) g I e A
WIRNEE IR IR AL, MY SRR A Yl U PLFA (98 8k fh 5, 415 (15.0.,17.0,20.0
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22 G PHPEAN TR :i15:0.a15:0.i16:0.,i17:0.,a17:0.i18:0; 5 = [CFAPEANE : 16: 109t 16: 1o7c .cy17:0.18; 109t
18:1w7c.cyl9:0); A 16: loSc ( A K MR EL TR ) | 18 206, 9¢ ., 18 1w9c AY FI M Al B EL 14 A9 4= ¥ & ; H
10Me17:0,10Me18.0 5 10Me19:0 FFIAAG B B A E M i, 140,160,180 il FAR iR "7 .
1.5 BRI EE ST

A YRS RR IR D BE T BIOLOG W A 3h 4 i RGEE AT 2 " . BIOLOG 52578 BURE 5 — J& N sk
1To FREC10 g £, iNA 90 mL JCH Y 0.145 mol/L /) NaCl ¥ , 7EF% K L 180 rpm/min 7 %35 30 min,
SR 5 - AR VP BE 100 A5, FH 8 8 B BS MR AN WX 150 L B R A e B e g ARk R 4 B = AR AR
(BIOLOG-ECO PLATE) By&— L B8RP ar iR i & T 25°C fHiR 35 5% 10 d, & 12 h A BIOLOG f4/E%)
H 3170 #1 RS 5E 590 nm KA G538 FE(E

FLIHEI B0 25 ALK ( Average well colour development, AWCD) HeE kR,

AWCD = Y (C-R)/n

X, € RN EEFE AL R A, R N IR A Y28 B, n N 15 F5 JERR A AN 25, Eco #2 n fH R 31,
C-R<OMFLIETH I 2 0,

SR FH 3 A 05 2 0 A BRI 1

BEEARS = Y, [(o, +0,,) /2 X (1, + 1) ]

Kb,k i BFZIE) AWCD fH,

AW SR 72 h AR R R AE BIOLOG A i 1 S A= P A D e Z2 A MR RRAE . 46 A H B 5 0 = &
(Richness,S) . FARZHEIEFEEC(Shannon index, H') . TEFEEERLI(C-R)>0.25 HEHE N FHEE

TR R BT AN

H == PlInP,

K, Po=n/N n &5 i FEESR IR A, N O RE S I B 35 HOG % (B Y
1.6 HdEabH

AHFGE LA SO ST A EE A BT LAGETH 0 Al B ORI A 3 A AR RSB T 0 A . O T A 56
(Paired-t-test) 537 5 [ AR B B SR 8 v A A s Ao 90 A 0 8 5 AR A 2 75 A S 38 5 I, T L 26 4 o4 SPSS
16.0( SPSS Inc. , Chicago,IL,USA) . F R ' vegan £/ bioenv F2 ¢ ik 1 g 25 52 i 38 4R W eV 19 18 A
FAAEY A ¥, 15 H MBI 43477 ( Canonical Correspondence Analysis, CCA) A M % B IR TR 5 R
KWK EER RINREZ B R R, it/ Ml ik CANOCO 4.5 SZ8, ] SigmaPlot 11.0 ( Systat Software Inc.,
Chicago, 1L, USA)Z:A,

2 &R T " B AT
B 600 - e = RARUWAEMK

2.1 MR R A ME 00 L

AR B IR SR IR A AR AR T 8 SR A P e L AL ﬁ\é 200 ﬁ

WEREAT, RIRURAEM IR RN 631.86 my/ T2 oo | =

ke, AEYIER 94.72 mg/ke, MR A T ESEBEY B2 oo f =

BN 376.65 me/ke, A= MR 61.91 mg/ke, 5351 S sf

bR R IR A= PR A 40% (P <0.001) il 35% (P <0.01) ‘ He gy B AR

( 3] . 4y & Biomass

2.2 I YRR G S iR 45 A B REZH TR EHNE

Wi ﬁj M(;jg i%ffﬁ He %%ﬁg 7%: B/‘J @é i !E:f i E, H)‘j @2 E % I‘ETJ % Fig.1 Soil microbial biomass carbon and nitrogen in different
forests

S0 IR B T K (3R 2,P<0.001) | Fep A TRk
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e DRI BB AR IR R A M 67.6 nmol/ g, 1 KAR UK AEMMIAF] 105.9 nmol/ g, RAZHIAAY 1.6 £i5, A
R PP P, 0 2 A 2 P B TR A RR TR N TR 5 2, AP N TR S 35 I T SR R AR MR RAR R AR
e rb AN TR BN NS T TR 7 i LA N MRS 58% ., RAR YR A AR 1 338 v EC TR A B S i I i 7% 1t i 38 o8 A
BT R 502 AR AR B B RRIE B 1D R ) 5 e R A N AR 1.8 %, D381 e N TR - B T 2 T
TIE g iy PR 5 e, L KSR IR AE AT 39%

TUFN LA R IV R/ B AN AR T R ( SAT/MONO ) =2 [CBH P T/ 4 =2 IRBA PE T ( GP/GN) S48/ U 5544
BRIIER (1/A) LA A BERR TR/ BT (cye/pre) (A HLAE H SR 48 7 300 W 52 A4 B0 (9 A 188, B A2 13
FEEE RN TH 5 o 5 R IRURAE MR L, R ) i A B 35 A8 T - S W R 95 B B A 07 TR 285 44« e A N T
MRS A P RETS 1Y SAT/MONO GP/GN 1/A LU} ¢y19:0/18: 1ow7c W HLAA T}, I HLARIL 3] &8 3% K1 (%
2) , FE M5 KRR A AR HL , B AT AR T S0 My RV 2 A PR 15

R2 TRZRMN T EREEERIAR

Table 2 PLFA composition in the soils under different forests

FEOEBERE e TR TR AR FEA AR
Characteristic PLFA Natural secondary forest FEucalyptus plantation
22 X PHPEAN T Gram-positive bacteria/ (nmol/g) 40.2£2.7 % 26.7+2.3
#522 I PELN B Gram-negative bacteria/ ( nmol/g) 18.2+1.4*** 10.5+0.9
2 Bacteria/ (nmol/g) 59.9+4.1%** 38.0+3.3
MK AR BB Arbuscular mycorrhizal fungi/ ( nmol/g) 4.2£0.27*" 2.3+0.2
B Fungi/ (nmol/g) 12.1£0.8*** 7.720.6
LR B Actinomycetes/ ( nmol/g) 9.3+0.7 *** 5.7£0.6
WG G R 4t Total PLFA/ (nmol/g) 105.9+7.3*** 67.6£5.5

10T L BE/ B AN RIS IR ( SAT/MONO ) Saturated/Monounsaturated PLFA 0.90+0.02 1.02£0.03**
H22 [CPHE/ B ( GP/GN) Gram™ /Gram™ bacteria 2.24+0.08 2.56+0.05 **
¢y19:0/18; 1w7c 6.10£0.58 9.35+1.10
S/ AR TR (17 A) Tso-/ Anteiso-branched PLFA 1.8320.10 2.16+0.09 *

* F7n P<0.05, ** Fm P<0.01, " IR P<0.001

2.3 TIEMCEYRESRACHIIRE

5 RIRUAMRAR LG R A5 ol S 25 AR 1 L BBl A e e i DA 2 (3% 3, P<0.001) . H537 72 h
Jav ARG A - S ol A 0 0 e R P s DR ) 2 R R A AR A AR R AR A R IR T R AR IR A AR (3 3, P<
0.001) , FLAMAR S Wy RE V& A BRI A RNy 17,7 F, T R AR U A AR - S5 AR 7 AR P e s ) o 256
IBE 23.4 Bl FeREAR LSRR IR R P BR IR A Z2 AR R 48 B 2,89, T R IR UCLE AR - B fRAE W Be  M
BRI I ZREPEFR B 3.10,

£33 TRFWTEREDRHEBRIFEKSIThEE

Table 3 Carbon metabolic function of soil microbial communities under different forests

AR AR EEE SRR
Forest type Metabolic intensity Richness Shannon diversity
RIRULEHK Natural secondary forest 296.74£6.26 *** 23.4+0.8*** 31040.02°**
FR AR Eucalyptus plantation 253.89+7.62 17.7+0.6 2.89+0.02

# 3% % Fe7n P<0.001

2.4 TIEBCEVIRES SR SR IN TR E R

AR N AR R IR UL AR L S W P W R M W PR AL I 10 22 S S R AR I R s B2 TR 2 T 8
ek pH AR A A DR T RIRRAMA S (18 2a) o 55— R T TS BLE W RE T4 B IR i 17 R 20 1
38.7% W8 5 , o AR T LSRR W RER BEIE R T R AL 11.3% 178 57 o TR AR E R B W) ol = T JEE
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JERZ SR YRR WEIR AR D R 4H B 1) ZEAE Y IR 7, BT R 20.0% 1A 5 3RS K & pH B i
R A WU I IR I I R 4 A i) 3 2 3 X 7, BRUAT i BE 51.5% 0728 5% i RN 75 L3R+
[BIAFAERS HAEF, VA I 6 FpAE s S + 3 R F— L n] i B 62.5% 19728 5+ (18] 2¢)

LO| o kvt bk Lo 10 N b
A FERATAK
[ ]
9 soc ®e < A
v on
(o] (=)
Z pH . =
@ SHR <« 2 A A @
X AN A IS
< A <
S TRR A A 3
& TRC —~ WC A &
[ ]
[ ]
_1 0 _10
-1.0 1.0 -1.0 1.0
Bl Axis 1 (37.5%) Bl Axis 1 (23.6%)

T AEAERE
37.5% 51.4%

B2 TIEREYESE PLFA AR (a) FIERARIEIHEE (b) SIS EFRSE B R 5 &5 ESHE
Fig.2 Canonical correspondence analysis and partition of variation showing relations between environmental factors and soil microbial
PLFA composition, carbon utilization profiles
TRC: Fe RJZ T , tree coverage; TRR . Te AR JZ PP £ & , species richness of tree layer; SHR : #E AKJZ ¥ F 5 & |, species richness of shrub layer;
WC. 135 /K i, soil water content; pH: 1 3 g i &, soil pH; SOC: 1 3% F HL A%, soil organic carbon; AN - 3 B f# %&(, soil alkaline

hydrolyzable-nitrogen

X A W RV iR TR AR UM CCA R A N TARRIER SRR A RTE S — i 2 e i 3 85
R N AR TR AR Y R0 F 5 B e B EARYIR 5 B | 380K 53 pH Rl RUGEIR AT R PEAR T R SR R A Ak
AX(E 2b) , R T LAY REE IR 23.6% 148 5 5 AR T R A W s ik UR AR
W 10.3% A8 5 FeARR RN £ RS HEAR DR E RS 0 - MR R DR A ) T2 A )
K, REAT A RE 42.2% 078 5 5 3580 /K & pH B 280 A BILBI I 5% ) 0 38 2k P e i e A R 1) 3222 1
T, BN RRE 4429072 5 i TULLHMEYE 75 5N 7 Z A E U A BEAER 7 #7280
i R LI MRV R Ay N AR SR 1Y 48.6% (8] 2d)

3 iTFig

FRR LSO WO RET (S5 R DI RESZ AR L A0 | 320 1 LA B N 8 B R SR 1 S 2 A
FE VA ST MRV O 225 K A0 D RE A0 i ey EAZ AR N TR IR AR U A Mk — 2840 o 48 BRI T 10 X AH 4R
F8 IR U A PRGN TR, A [ AR 3t ST N AR R A A AN A ], -2 R S HAT AR s S AU
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