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1.1 #SHREER

A A S AL T PR AN R 5 o g (B2 240
75", R 109°90") , iZ ) i I B 22 KU X

ARS8 20. 0 °C R FERT A 1 500 mmo ML
Sy Fr 8 L M - 338 ol B DU R IR AR 2, B
FE DX FiAE B PRA S B 53 51 A R ( Eucalytus) (-
AR, 7 ~8 a) KIRVU G HE ( Betula alnoides ) & AR FN
L ¥ ( Pinus massoniana) N THK(20 a)
1.2 #HmRE&E

AR R T 2012 4F 4 1 HORAE, 20 IRCH AR
WA T ~ 8 a il AR N TR K AR Il P bRORIRR 1
320 a By E A N TAR M, R B M S SR R
250 mo HAMCRAETT I A MO BEALIE I S 4S5, &
R 32 0 v W = RS2 IGR H. Jr R JZ (0 ~
40 cm) \FFJZ (40 ~100 cm) \ FJZ(100 ~ 150 em) 3¢
£URRTRE b 2R, RFEBRERZE ., B4 RHER
RIRA) G R AR it 2 mm 0 J5 E T 4 CARAE,
FH T 3 Az 1y 2 PR B 20 TR R TR A R ) AT . A%
AR 3 A AL MR ISR 1 R .
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Table 1 Physico-chemical properties of the soils collected from the eucalyptus and pine forests and natural broadleaf forest
o Tz A HLBT 2R X el B it 2 R R
k
Soil layer pH Organic matter ~ Total N Total P Total K Alkalized N Available P Available K
Forest lands o . o . . » ,
(em) (gke™ ) (gkg™)  (gkeg™ )  (gkg™ ) (mgkg™) (mgkg™ ) (mgkg ')
PN/ LAWY 0 ~40 4.50 27.42 1.56 0.46 11.48 144.0 2.41 109.0
Natural broadleafl forest 40 _ 109 4.98 12. 90 1.19 0.45 14. 42 96.0 1.05 79.0
100 ~ 150 5.18 5.50 0.76 0.39 12. 01 20.0 1.17 61.0
(/RN 0 ~40 4.44 30.61 1.38 0.41 11.49 97.0 2.36 48.0
Eucalytus forest 40 ~ 100 4.50 9.63 0.83 0.29 13. 86 36.0 1.09 31.0
100 ~ 150 4. 66 9.68 0. 69 0.33 15.77 3.0 0.88 29.0
LE7YZ2Y VNV 0 ~40 4.40 38.79 2.10 0.45 17.95 129.0 0.96 64.0
Pine forest 40 ~ 100 4.46 22.38 1.50 0.47 19.71 76.0 0. 89 44.0
100 ~ 150 4.56 4.45 1.08 0.39 29. 34 35.0 0. 69 33.0

1.3 S#hA*

- SR Wi D E - R W R R R
BRSO A R RCR R R
Bk 7 o BT A (B-Glucosidase ) 1 R
JHl Hayano 3%5"*' Jll % ; % 14 W ( protease ) i 1 5K JfI
Ladd 357" W % ; W% B2 W ( phosphatase ) ¥ 1 5% fi]
Tabatabai F1 Bremner [ 73" 42 .

IR ANGR HE v 454 - - HESE AL B DNA Y 42
I, % M Krsek Fil Welington 1977 11 34 i & ok
PEAT o PRI S g L, SR B2 IO AN [l Ui it 7R &
( Biospin gel extraction kit, Bioflux , = /i, 5 : bsc02m1 )
HEAT I AL G DNA (9 52 ORI 4l 4k | #H 52 F 21k 25

SKH L. 0% (W/V) B 6 45 358 15 i vk k6 5 4t 1k 5 FE
T —20 CUKARRAT & o

- HE4NTH 16S rDNA V3 W45 [X 1) PCR §" ¥ %
FHXT R Z 5040 B 1 16S rRNA S V3 X H A7 ¢ 5
PER S H %t F338GC AT R5181 2" &A1y 51 ( I
WEn¥1) 48 5k F338GC5'-( CGCCCGCCGCGCGCG-
GCGGGCGGGGCGGGGGCACCGCGGGGGACTCCTACG
GGAGGCAGCAG-3"); T Ui# 5| ¥ i R518 (5'-AT-
TACCGCGGCTGCTGG-3") , PCR 7= Fl 1.5% (W/
V') B A U M FL TR AT

7S P A BE B HL UK ( DGGE) 4347 - 2K ] Bio-Rad
N7 DCode™ 3 [K 5 28 K5 0 22 45 X PCR & R 7= ) 43
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W) Y 8% 5N Tt g BE IS v , 78 100 V4 & L TR
T,60 CHLJk 6 ho ALK 58 5, BEK AR 4 20 ~
30 min [} GelDoc BEIE LR 73 Hr 22 40 (AL 38 1 R
FHEAT IR ) W4 1
1.4 HiEAE

% A Quantity One 43 #1 # 4 ( Bio-Rad ) %f #% +
BRIk ST 20 B BT E R, £
#1458 %4 ( Shannon-Wiener index, H) \F & B (S)
IS E(E,) W57 5 R i 0 25 vk il
7o B AL R Excel 2003 #E17

2 4h B
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122 2 n L, TG SR M N AR R AR R I b
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ANTRI R JEE 10 22 5 (45 ARO3 1T 2 b 3 2 f) ] g R
HE Mo ARG % 2 7 iRk, MM AT
AR AT 3% IR 2k e KR S A L R R R A
S, R N MRS R A M v AT % 5% M 4 T R R Y
(TR Y/ N W ERS PN/ L = 1
BRSO G LD = (el = b VIR 9 &2 4
Bk B 3 25 SR 0 5 R R R AR N AR Y
IR R R R B S R AN N AR Z A G
25 HIRE K IRR M AR Z A7 e B3 2 . b
SR W B 32 b SR R Rl ORI A
JE AU & h R AR R R kg A
SCH Y R A A SR A [ £0HE DX I = b A [ AR
IR AR AR — B, DAL A B 2ER AR
(1) AEW RPN A 22 R 3R, e
BRI RCR A R A AR R A
RS A - 3 i A ) I Y 5 e AR, R TR AR
W I BRRS F  (EL5TE © b A b 5 R AL 2 E] O TG W
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Table 2 Comparison in number of culturable soil microorganisms between eucalyptus forest, pine forest and natural broadleaf forest

2 HH LR

s Soil layer Bacteria Fungi Actinomycetes
Forest lands

(cm) (10° cfu g™") (10* cfu g™") (10° cfu g™")
PN/ LW 0 ~40 46.2 £5.9aA 4.7 £0.3aA 82.6 +2.4aA
Natural broadleaf forest 40 ~ 100 23.2 +3.8¢cC 2.6 £0. 5heBC 55.4 £3.3¢C
100 ~ 150 8.6 +£2.4dD 0.4 +0. 1eE 39.0 +4.2dD
R A 0 ~40 38.8 +6.4bAB 3.0+0.3bB 79.2 +4.5aA
Eucalyptus forest 40 ~ 100 24.0 +3.4cC 2.2 £0.5¢CD 37.6 £3.5dD
100 ~ 150 6.0 +1.4dD 0.4 +0. leE 17.8 £ 1. 7fF
Y=Y NN 0 ~40 37.6 +3.8bB 1.6 +0.4dD 66.6 +4.6bB
Pine forest 40 ~ 100 22.2 +3.7¢C 0.7 £0. 1eE 29.8 5. 6eE
100 ~ 150 4.8 +1.7dD 0.3 0. leE 14.8 £2. 1fF

2.2 =BT EEEE T

(3 - AT B Y Al 2 AR e R A B U B B A
PRZ—o MM N SRS N AR R K AA e
AR R - S RO R /N B R TR
JEE S GBI, R OAR RN AR ER )R

FAEPLE FEIFERMOR D) BRI+
b A )R b b BB M P LUK AR i
M d5e s, FE U i D By R A N T AR OR A% AN T
M, EL A5 bR 22 1) R B - A T I O A A A
XS KGR R M R bRSp  E ER AE
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e pH ¥I4E 6 LUT , B AASCIN s JHG i1ty o 44 Wk R il
BT AT LU M TR L, 2% bR o 38 o 1R P e T il
TV S B A 2 A AR T T e () I e 1 8 45 1 LA
PN G IR 3 NS SR - (T SIS
J2 R T G P 24 45 K AR B AR R A N T
Z I 25 R KO [, AR 1T BT LA R
IR Ry b A A Wl 5 i 22 S N R L o 0 A
L B MR N MR T O AR I bR T s T

LRI B G . 3k — 45 RR W R N TR
Rets LR R IR AIUR T A VWL REck 7/ R S § e 5 S
T R JEE R AN TR v R 0 3 ol I ) e 5 o

HHMZ 5 b & A i Al S B AL
A5 W 9 5 A ST L, HE A Sige 77 ) S L 0 W WA L R
Wz —"""0 L R W S A AR R Wk
Wy o 2 R 7 65 4 L B+ R PR S R R i S
AR RISy - v 3 BTG PR AR S B A
A8 A0 AR AR, TR R B 3 2 Y 3 T 5
pa, T L A% 2 P AR O A DK R bR
IR, Ol B R AN N TR 358, B R )2 L b ik
WANTHRE SR AN TR Z TR F2ER (K1),
73— Jr L, SRR TRy R R e R RS
ik e L 75 i R 2R B 5 AR S A ORI R B
o LR W] AR b O6E AR 3 3 TR U R 1 R
M 250 SR ) A 3 K 9K Il P b G g M S o R S R A
RS

200 W @Ak Natural broadleaf forest 3.00
15.0 ’ O#&# K Eucalyptus forest
R . O S MK Pine forest
P A D aA
= 120f & = s
";0 o 1.50 C%ZB DB 7: 6.00 o
o @ 90 o5 = B @5 E
ﬂﬁ”* D & 2 1.00 I & 4.00 bB
ﬁ: - cC _g e cdD cdD ZD .
E Y = o 1 = cBC
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2 £ . g ¢DE
2 2 050 S 200
6 3.0 eE = =™
& fF hGH A
gG figig
L -—I—lh_ll—l I OOO 1 1 ) 000 1 1 )
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Fig. 1  Comparison in soil enzyme activity between the eucalyptus forest, pine forest and natural broadleaf forest
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s, IR SR TR . Wik, BRI R
YRR W0 R o 9 PR AL, R AR E S SR B
A KA A SR AR 2 AT R T
Moy LS e RCE W A Y R R MR B R
TR 2 A HE 0T 3 o T HL A B R b R U R
Py 1B B LAK AR RO B, IR
T PR N AR5 55 — 05 i, M BN T AKR 5
RMANT L (E, KZ (0 ~40 cm) 1+
SERLA: W) A W R OF N A AR R 2R S, i AE PR
(40 ~100 em) £ 3 rp B B WA N bR - S 64 B 2R B
A= Py B AN 2 T AR N AR, 2R R (100 ~

150 em ) i, 52 3 HH A A0 N TR B 3 A A W0 AR
AR T R TG B Ah, AR N TR L S
Tl A W A e AR A B B S Bl A W AR )
- GRS =2

B AR RAE L HEE T B AR A
IR AR TE M AR N TR b 8 v 2 35 I R 9K e
MRS & 4 B B S AN A EE, X bR - SR A )
A Wy ik AR B A5 T ORI TR R R Y A T
S, 00T 100 em PLE BRI E , B TR R D
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o aA ORI Pine forest
on
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®E
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KR 60.0 =
o é dD)|
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Fig. 2 Comparison in soil biomass C and N between the eucalyptus forest, pine forest and natural broadleaf forest
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2.4.1 JLPH 4 DNA $2HURT PCR ¥4 a3
FEARE N TR A N MR K 4K R b bk i)+ SR
i HR R A W 4 DNA 4wl DNA BEH 1% Bl b
BEEHL UK A I, M 3 AT LLE a5 B B

—— SR

- o e e — e S G

2000bp

1000bp .
750bp —
500bp .
250bp

100bp

DNA 5% RS 4f, i HLJG W Wi 52 . oL, 78 4%
iR 2 52 AU AE 0D, Al 0D, Y, 0D,/
0D, fH AT 1. 8 F12.0 2 Ja], i BH T 15 2] 19 & DNA
JRRE AT A S R

W M: bR 10 KRR E T (0~40 cm) BDNA; 2: KAAMHMR 2 138 (40~100 cm) HEDNA; 3: KA

MFE LI (100~150 cm) HBDNA; 4: Mt A TAHRZ L3 (0~40 cm) BDNA; 5: Heb A TAH)Z 13 (40~ 100 cm) HDNA;

6: RN AT Z 14 (100~ 150 cm) SADNA; 7: BN TAHARZ T (0~40 cm) HDNA; 8: HEMA ik 2 14 (40~

100 cm) ADNA; 9: BEMA THTF)Z 13 (100~150 cm) HDNA. AL¥E44% R Note: M: Standards for lambda DNA/Hind+EcoRI
marker; 1: Total DNA in the surface soil of the natural broadleaf forest; 2: Total DNA in the subsurface soil layer of the natural broadleaf

forest; 3: Total DNA in the bottom soil layer of the natural broadleaf forest; 4: Total DNA in the surface soil of the eucalyptus plantation; 5:
Total DNA in the subsurface soil layer of the eucalyptus plantation; 6: Total DNA in the bottom soil layer of the eucalyptus plantation; 7:
Total DNA in the surface soil of the pine plantation; 8: Total DNA in the subsurface soil layer of the pine plantation; 9: Total DNA in the

bottom soil layer of the pine plantation. Treatment codes are the same as below

3 R TR B AR N TR R K R bk 1 9 58 DNA 19 B8 4 vl Ik 11 3%

Fig. 3 Agarose gel electrophoresis of total DNA extracted from the soils collected from the eucalyptus,pine and natural broadleaf forests

DU ECAY) + HE 3 A= ) B DNA S #5HR , F338-GC
FIRS18 SNy 4459y, %F 16S rDNA V3 A 48 X i 17
PCR ¥4, W& 4 Jif7,16S rDNA ¥4 J5 i) DNA
F B E S 250 bp A R R AE o 2R, S
{EHAHAF . ULBH % PCR 2736 | F 16S rDNA (9"
B, IF H e e 15 208 1 79 .

2.4.2 I DGGE K 3% 43 By i
DGGE 45 K435 16S rDNA V3 F Bt PCR 7= ¥y, A 43

EIRIRCE NG B A T AT (1 S) o R
DGGE BE 43 &5 4 BE AR [F] 1 77 51 AN [7] DNA 1y J5t 8, 4
— AR R BT BT R — A 0 T R SR AR O
25 B4 57 ( Operational taxonomic unit, OTU ) A X} I , 5%
MR Z UL AR Z R R R AR
PEOUIR RS , s 1% Fh R r BB 2 o AT B ke
F IR R Y A RRCR R R 1% 4
Pr & gex DCGE 183 #4770 #r, 25 R R B Lig 2
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P/ L NN NN B 7 N R 2= VA NS B N 5 31|
T2 DGGE P 3 1% 2% 4l KO /NIy - R =+
>R E > TR A B Ak, & R I3 8] & A
T4 DGGE [ 3% ) 4% 4 BB W 23 5 o - R )2 £
(0 ~40 cm) : KIRFHMAR(S  17) > DRI N T

2000bP

1000bP .
750bP  —

500bp  Ne—
250bP
100bP

(S 4 12) > #M N TAR(S 2 11) 5 2 £ (40 ~ 100
em) s RKARFA AR (S 2 10) > MR TAR(S  9)
> AR N THA(S O 8) 5 FJZ 4 (100 ~ 150 em)
KIRTHMHAR(S Sy 8) > BRI ANTHI(S N T) >t
MANTAH(S HS) .

K4 MWK SR AR A T AR KR A AR - S 40 B 16S tDNA k[ V3 X33 A B 1

Fig. 4 PCR amplified fragment 16S rDNA (V3) gene of the soil bacteria collected from eucalyptus, pine and natural broadleaf forest soils

0.670.70 0.75 0.80 085 090 095 1.00

EpEEETTImT

FAR PR JZ 3
FARRTBR T 2 3

' SR R
TR A TR 13

RN TAHRKE T3

R N AR 2 3

L PN N

BREMATH TR
R N MR 2 3

b

BlS MM TAR Sy AR A T AR KR 8 0 bR - S 40 BT 1) DGGE &3 (a) MR IE 27047 (b)

Fig. 5 DGGE profile (a) and tree clustering analysis (b) of the soil bacteria collected from the eucalyptus, pine and natural broadleaf forest soils

XL R SRR T A T B AR
SR I bR R f5 i, LA 3 ) A N T AR AR A A
TR Herb SRR AT bR 9 T A R R
SRR W TR A AR EHPIH Z R AR, X —
G I 2 WP b 98 40 7 B B B 32 N\ T
WA, RIS MR A TR M RS 1S
Aol P N TR 22 ] T 8 25 5

AN B X R RN T bR L Th R A A TR R R %
] K 9 200 B 2 AR R AT AL S T . i SD
AL MR T AR D R A A T bR A5 K K i i R
], 2 J2 998 40 T A A AR P 2R B AR T 60% , i X
N2 BT 2 A W 4 T 60 % T 4 AR T
60% , S E G B HL A ARl B X BRI Bk
JE A 1 T it — 2 IR . — IR, RLE 2R 8
T 60% MW BEA A B B ALt
I 45 SR I 33 = bl 2K R bR 2 R AR B9 000 T A IR B 4T

BN EE O R R A A R R B SR — 2 B
ANA TP CNTEER) A )RR AL e 20T +
AWM R T AR
2.4.3 LI ZAEME AT MG 16S 1D-
NA ) PCR-DGGE [E] 3% v S5 47 i o B 5 B ) B0
25 Rt 5 T AR RE 75 45 H 45 AR Shannon-Wiener 8
%%, Shannon-Wiener 35 %0 (B # A, 75 BH 40 1 BE % 2 4+
P,

SRS R ARy 4 B Shannon-Wiener 35 %50l
WIS e, W 3 AL AN R AR g3 & 2 A
W2 R B /N Sy R JE 4 (0 ~40 em) :
KIRFAM AR (2.551) > BRI N TAHAR(1.976) > %
BETAR(L 847) 5 71 2 4 (40 ~ 100 cm) : KK g
PR(1.840) > Fe By N TR (1.723) > Ty A N T Ak
(1.475); T JZ £ (100 ~ 150 cm): K 4R g i Ak
(1.777) > B AN N T (1.390) > Fie #i A Tk
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(1. 191) o X S8 45 R0« AR B N TMKORT 25 R A A
TR S A TR 22 R D T IR AR I AR [ I A R
HTTPUR S LRl R R X bR M - B A0 T 2 A
{14 82 0 75 181 5 G Wk 22 5, B AR A £ R (40 ~
100 em ) A 44 \TAR A TR 22 1 1R 98 B2 8 T M 9
L)1 /AP N B N8

I3 —TJ7 L, ¥ 5] JEE SR 2 ) Rl AR B BT R Y o A

AR, A PRI R B A AR R
3 AL = b SRRy A P A R Y S AR A DL R
R PR Ay e e T A RN T bR R o R A N T AR
Z I A R A E ) AR BOT ER I 2 5
TR X — SR 3 MO o XoF - 1€ 41 587 Bl 1 1) 50
A LU L M 2SR RO 5P 2 R A S
IR

®3 ERWAIN . DEMAIRMXAAHAKALEAEMBESHEEMISEEY

Table 3  Shannon-Wiener (H) and Evenness (E, ) of bacterial communities in the eucalyptus, pine and natural broadleaf forest soils

M T2 LR E T ¥ oy
Forest lands Soil layer (em) Shannon-Wiener index (H) Richness (S) Evenness (E)
KR i R 0 ~40 2.551 17 0.900
Natural broadleaf forest 40 ~ 100 1. 840 10 0.799
100 ~ 150 1.777 8 0. 855
Het Ak 0~40 1.847 11 0.770
Eucalyptus forest 40 ~ 100 1.723 9 0.784
100 ~ 150 1. 191 5 0.740
ETRECY VNN 0 ~40 1.976 12 0.795
Pine forest 40 ~ 100 1. 475 8 0.758
100 ~ 150 1.390 8 0. 668
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COMPARISON OF EUCALYPTUS PLANTATION WITH AND OTHER FORESTS IN SOIL
MICROBIAL ACTIVITY AND BACTERIAL DIVERSITY IN RED SOIL REGION, CHINA

Tan Hongwei' Yang Shangdongl'2 Wu Jun® Liu Yongxian' Xiong Liumei' Zhou Liuqiang1
Xie Rulin' Huang Guoqin®  Zhao Qiguo’
8 q g
(1 Guangxi Crop Genetic Improvement and Biotechnology Key Lab/Guangxi Academy of Agricultural Sciences, Nanning 530007 , China)
ricultural College , Guangxi University , Nannin, ,China
(2 Agricultural College , Guangxi University , Nanning 530004 , China)
(3 Ecological Science Research Center, Jiangxi Agricultural University , Nanchang 330045 , China)
(4 Institute of Soil Science ,Chinese Academy of Sciences, Nanjing 210008 , China)

Abstract In order to evaluate impact of planting Eucalyptus on soil fertility and eco-environment in the red soil re-
gion of China,soil samples were collected from Eucalyptus and Pinus massoniana plantations and natural broadleaf forests
in Luzhai County,Guangxi ( China) for analysis and comparison of biological properties and structures of bacterial commu-
nities in the soils under different forests,using PCR-DGGE and dilution plate method. Results show that the number of cul-
turable microorganism,such as bacteria,fungi and actinomycetes in the Euclyptus forest soil was lower than in the natural
broadleaf forest,but not much different from that in the Pinus massoniana forest soil. Pinus massoniana is an indigenous
tree species of Guangxi. In addition,in terms of activities of soil enzymes that are involved in C,N and P recycling ( B-Glu-
cosidase , phosphatase and protease) the Eucalyptus plantation was inferior to the other two,and in terms of biomass C and
N that characterizes soil fertility, it was inferior to the natural broadleaf forest, but did not have much regular difference
from the Pinus massoniana plantation. Meanwhile,in terms of bacterial diversity index,richness and evenness,the Eucalyp-
tus plantation was inferior to the natural broadleaf forest,but not much different from the Pinus massoniana plantation. All
the findings indicate that Eucalyptus plantation, even though not so good as natural broadleaf forest,is more or less the
same as Pinus massoniana in their impacts on soil fertility and ecological quality in degraded red soil regions in China.

Key words Red soil; Fucalyptus; Pinus massoniana; Broadleaf forest; Soil fertility; Ecological quality
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