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A AR AR HRT N T AR bR A A AR G B0 AT 2k
PRSI BS AR

RS ik

L1 BRI

WFSE DAL T VL P4 2 2% A LR b 20 S AR Bk &2
X (26°44'N,115°04'E) , #E 4Kk 80 m, %M X &
P AR Z IR T PR A, AR 2 R 18, 6°C . AR R
KEE 1726 mm , [ERTZ DT 4—6 J], 20 4R
KA 49.0% ,7—9 A iR T 5. sl X AR
MR 131.3 m, ARG N 747 m, KX 22 0
56.6 m, @ MY A LT MK b H . SR A U 28 2T
I RBEWLE, A& RR L, LT BA IR
B KR E, AN TARZ AT, R LR
FHAUH 6.5 g kg, pH H 4.9 MBLHEARLO.3,
Ty A A M R W ( Setaria wiridis ) | BF 7 RE
(Arundinella anomala) .43 (Imperata cylindrica var.
major) 4. 1% 3 ( Heteropogon contortus) %5 ,
1.2 gt

2008 4F AT 2L FE VLV 4 F8 FLE 1991 4F AT
FER 4 PRI (1) B2k, G S R
( Pinus massoniana ) Zi A F1HE ¥ ( Pinus rigida var. se-
rotina ) ZIAK 5 (2) B FTR AR, (L5 B2 H AL ( Pinus el-
liottit) x M & ( Liquidamber formosana ) I 38 Mk . 1 b
Wy x #E ) ( Cinnamomum camphora ) 18 32 Fk A1 55 BB
x BFF x A (Schima superba) {35 (3 ) i 1R
SEMR AL FEIRAT x A A TR SE bR (4) I i 4l bR, 5
AL 35 AT AbR AR SEARAE S BF SR B 7R 12 Ak
I3 A3 NSE 3 SRR, JF BB A SR S AT D X
FEIX . FEHBTATAR 10 m x 10 m, 78 & A FF Mo 4 DA
“STHLESE S ~ 10 A gl B S PIE (0 ~ 10 AN
10 ~20 cm) JUAE, 7] —J2 5 ~ 10 4> £ 10 + 3% 578 40 1R
SIME—AHEG R RO S =
2 mm i, FAE AL AR e Wy, T A 4°C UK AR DR B A BT
ShRFER R, W R AR IR A A o . A R
ARV IR &1, Bk ™ SR K ok 4%, FH I Al
LA o
1.3 SWAE

AW FH Cambell %[12] ) MicroResp $ K , 7F
22C AT H SR 6 h FAkZEHE 57 18 h, I HI Hb 512
WE 1 96 FLAAS M4 ( microtiter plate reader, VMAX)
I E L SR Wb 15 b e U8 A A RE g ORI i

AR AL ) R 3 b b A Wy Th g 2 A,
T KA RS G A A 0 Al I T 9 [ Macaulay A
W ABRA . Frik 15 B i 3220k A A YR B 53
W A3 €S LY R (L-Alanine ) ; €S2 : §§
2 (L-Arginine ) ; CS3; ¥/ & 8 ( Citric acid ) ; CS4 .
D-( +)-2EF B (D-( +)-Galactose ) ; CS5 ; y-i& & iz
(y-Amino butyric acid ) ; CS6: L-3% & iz ( L-Malic
acid) ; CS7 : L% ( Oxalic acid) ;CS8:L-( + ) -FafF7{H
¥ (L-( + )-Arabinose ) ; CS9: L-2¢ it & g -Eh 18 ( L-
cysteine-HC1) ; CS10: D-( + ) -3 B ( D-( + ) -Fruc-
tose) ; CS11: D-( + )-%ij % ¥ ( D-( + )-Glucose ) ;
CS12 . L-#i & ig ( L-Lysine ) ; CS13 : N-Z, ik 3 -4 L 5
25 B# ( N-Acetyl-glucosamine ) ; CS14 . D-( + ) -VAf i 4
(D-( + ) -Trehalose) ; CS15 ; Ji JLZ5 % ( Protocatechuic
acid) . ZREVESEEI T S % Luo 570 5k,
1.4 HiFEshE

KM Excel 2003 £ A7 ] 54 649 48 1 70 #r s R H
SPSS16. 0 #4777 220 M7, JF H LSD ¥& 4T 22 57 W3
PEK 55 % A SigmaPlot11. 0 £ K ; % F| Shannon-
Winner 5% Evenness & %O ¢+ S WA W e 7%
R ZREE"

2 4 R

2.1 T[EHE 5 B i) T 498 dah A o BB O A U P

OANFE 1 AT LLF B ) AT 39 A A %)
R FHAE 1A W8 2% 5. 3597 6 h 5, M
AR LA R LSE R D-( + ) A L B
() ) 45 W1, 42 5 €O, 13.26,7.39 4. 64
4.22pg g 'h T X L Bk e - R R L LT R R 1 A
FHRE I 54, 53 519 €O, 0.78.0.79 pg g 'h™', 4k
SRS 18 h a4 L3 SR \D-( + ) - &b 1 LA
PHSRARBA 2, 4351k €CO,3.17 .2.93 pg g™ 'h ™' X L-
f: Joe 4 1 - £ 1 19 1) FH 2R AR, 9 €0,0. 95 pg g7
h™' HE3% 6 h 5, T U o B U R RE O o
HEAS24 h 1 31% ~86% ,“F-I{EH K 62% , ix i3t BH F]
i MicroResp AR H 3% 9% 6 h, ik REAR fof i Sz ok +
ST o B U PR RE Ty 7 25 A T A R
H: 9% 6 b, S R AR AR B - A o %F 9 b U A )
HAE 257 W (H 1a % 2) 4kLE8 9% 18 h 5, R
7] 756 P24 250 - 4 Aol 2 e 3 e L 1 R ) ey 2
BE(E1b.E2),
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Table 1  Utilization of carbon sources by soil microbes as affected by duration of incubation

303 6 h R U F % gk 2L 35 18 h G5 A & 6 h 24 h (4 IL
Carbon Carbon sources utilization rate Carbon sources utilization rate after another Percentage of carbon sources
sources after 6 h incubation (CO,pg g 'h™") 18 h incubation (CO,pug g 'h™") utilization rate in 6 h to that in 24 h (% )
Cs1 0.79 0. 07 1.75 +0. 12 31

Cs2 3.14 £0.27 1.98 0. 12 61

Cs3 3.00 0. 26 2.14 0. 12 58

CS4 2.47 +0. 14 2.28 +0. 11 52

cs5 1.35 +0. 10 1.99 0. 09 40

CS6 7.39 +0. 46 3.17 £0. 14 70

Cs7 4.22 £0.34 1.72 0. 11 71

Cs8 1.49 +0.13 1.64 0. 12 48

€S9 0.78 +0. 07 0.95 +0.08 45

CS10 3.01 +£0.23 2.67 0. 17 53

Csi1 4. 64 +0.26 2.93+0.17 61

CS12 13.26 +0. 48 2.14 0. 11 86

CS13 2.41 £0.13 2.28 +0. 10 51

CSl14 3.66 +0.21 2.57 0. 11 59

Cs15 1.78 +0.12 1.91 £0.10 48

Mean 3.61 0. 11 2.17 0. 03 62

. CSL: L-INAER; CS2:
A CS9: L-2P P A MR -1 R 5

data in the table are means £ S. E

alizi6h
6 h incubation

BRUE A P2
Carbon source utilization rate

(CO, pgg'h™
C N b OB O RS ®

o o
$} 7

O
Wi Carbon sources

v 0~ 0 O
n N N RN
Q O O 0O

1

Fig. 1

2.2 AELETEREY I ERIERNT A

ANTR] - BEJE K, A A W X B — e 5 R H e
TR (2 B 2), 0~10 em 34 AE Wy %oF 5 U5
FIHBE )& T 10 ~20 em (&l 2a & 2b) . J5 225047

TR

Carbon source utilization rate

KA ; CS3: A7 BRI ; CS4: D-( +) 2P 7LH; CS5: y-ME 4 ; CS6: L-3 R ; CS7: REfig; CS8: L-( +) -Fil4i
CS10: D-( +)-5i4#; CSI11: D-( +) -Hj%gHt; CS12: L-#i%R; CS13: N-Z Wt -2 4 bl ; CS14. D-( + )-8
Bl CS15: FILARR . TR . RPEIEERVHE bR Note: CS1:
tose; CS5: y-Amino butyric acid; CS6: L-Malic acid; CS7: Oxalic acid; CS8:
CS11: D-( + )-Glucose; CS12: L-Lysine; CS13: N-Acetyl-glucosamine; CS14 .

L-Alanine; CS2: L-Arginine; CS3. Citric acid; CS4. D-( + )-Galac-
L-( +) -Arabinose; CS9: L-cysteine-HCl; CS10: D-( + )-Fructose;

D-( + )-Trehalose; CS15: Protocatechuic acid. The same below. The

18
16 } bak&RE3E18h
14 Another 18 h incubation —~1

(CO,pgg'h™

Wi Carbon sources
VE T, X HRARKE M T, £hutikk; I, £ IV, BrHEASHK; V, f@rt-4isk Note: T, naturally restored fallow land as control;

IT, pure coniferous plantation; Ill, mixed coniferous-broadleaf plantation; IV, mixed broadleaf plantation; V, pure broadleaf plantation

S T) 45 5 FF ] = 398 664 A= 0 % e I ) R R 36

Carbon sources utilization rate of soil microbes as affected by duration of incubation

SR FW R ZRAMEAL,0 ~ 10 em + 3 A= Py xb
10 Foft i Y5 A4 F I BE 0 22 53 .35, 10 ~ 20 em L34
Ay xt 8 MR IR A RE I E R B E (R 2) .
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Table 2 Variation characters of soil microbial function under different forest types by mono-carbon sources
K ¥ Factor CS1 CS2 CS3 Cs4 CS5 CS6 CS7 CS8 CS9 CS10  CSl11 CS12  CS13 CS14  CSl15
K386 h
NS ® % % * * % % * ok % NS * NS NS NS * NS * % * % *
6 h incubation
4k 221 FE 18h
Another 18 h NS NS NS NS NS * % * * NS NS NS NS NS NS NS
incubation
0~10 em NS * NS S EE R # B # % NS ® * NS * NS * %
10 ~20 c¢m NS B NS NS NS NS # NS # ® * NS EEE * *
. ZREEKF: NSIREERARE,; «f0Fp<0.05; =+ f8Fp<0.01; =xxfLF p<0.00l Note: Level of significance in differ-

ence: NS means no significance in difference; #* represents p <0.05; s * represents p <0.01; % * represents p <0. 001

a0~10 cm

TR i 26

(CO, uggth™
=)
T T L L T 11

—— I

—=— ]

—— I

Carbon source utilization rate

Ui Carbon sources

2

<

= 20

S 18 b 10~20 cm

= 1
g ¥
EE L0
& 5 on 10
e o =+ 8

2 & 6
- Y] 8 3

g 2

= 0

<

@]

U5 Carbon sources

K 2

S TR A J= e SR A X g A ) A A R

Fig. 2 Carbon sources utilization rate of soil micorbes as affected by soil depth

2.3 TEMEMBERESEYE
BRI Hral g, 15 5R 6 h iy HERUE Y 2 4
PETE R 25, I L e Ak 22 e 2 A A% 6 h Ak B E
1o0¥re R BT a R LR 3. HIERUAEY)
DORS1N SR DS e W N ) T2 N o L 2 T
b a7 N o ) a1 N = L 2 U N | K e
MR Z 6] 25 5 o BT 2 AR R S A AR R
PRIy RMRASAH > R aibk > B RS2 AK
> FFIFSlibk, {5 4 Fh 2R S B 2R P R RO 2 )
FRUBA 22 5% 0 X IR B SR A Ml A S AR 0 A
FER B 22 FEAE 48 20 3 20 18 B0 & T I IR

MG EPIE Z B BFHER

Xt SRR A W A i R i RIS O BE AT T o3 oy
AT, AT g A ) RRAR 6 2 R Bl A Py i v D) BE O 25
F2ESEAARLRDL . BEFERE IR 6 h (9 MicroResp Il
B AT AR e A e, St S5 73 i (PCA) o 25
R, LRI 1S PR IR R B T 4
Ao T (PCL,PC2,PC3 [ PC4) , R FTHK R 15
79% , F3Wor 1 A2 BERE R B 66% 128 5 (18] 3) ,
AR R R BB 25 S AR R K (F, 5, =
5.345,p < 0.001) . 2F—HMI% — E o0 RS
PhAIRF 15 Fif i PR T 500 5 20 A 25 2R R B, % £
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SERE MRV Aoy 1 AR O3 A T A T B R 00 i)
HD-( +) -5 (r =0.784) ,L-3E 2 (r =0.783) ,
D-(+)-FFLBE (r =0.772), D-( + ) -G B4 (r =
0.744) JFILA R (r =0.734) s %F £ 38 2 &5y 74
P 2R IR N L-2F P2 PR -ER R (r = 0.745) | D-

(+)-2RH(r=0.684) , PCA Z5 5K IIA A A P Xt £
et A MR AR R IE 2 A T 25 5%, D-( + ) - A
Bl L3 SR R \D-( + ) -2FFLBE D-( + ) -3 B i L
AR (L2 D 2 -3 1R 25 i R A S ol 2 W e v A
P B BRI

%3 ETF MicroResp K T EMAEWEHERESHE

Table 3 MicroResp analysis of metabolic diversity of soil microbial community

LRI IES

Carbon sources utilization rate in 6 h

AR

Forest types . o
incubation (CO,pg g™ h™")

5 1 46

Evenness index (E)

Tk Z LR AL
Shannon index( H)

I 4.66 £0.43 a
I 2.75+0.21 b
| 3.35+0.20 b
v 4.54 £0.48 a
\Y 4.00 +0.20 a

2.52 +0.32a 0.72 +0.09a
1.93 £0.11b 0.55 +0.03b
1.94 +0.07b 0.56 +0.02b
2.16 +0. 12ab 0.62 +0.03ab
2.08 +0. 08b 0.60 +0.02b

E: D, R ARMEH; I, #rubaidk; I, $HERSHK: IV, MR V., gk, F—3R 7R RTE p <0.05 227 1E 835

Note: |

, naturally restored fallow land as control; II , pure coniferous plantation; Il , mixed coniferous-broadleaf plantation; IV, mixed broadleaf plan-

tation; V , pure broadleaf plantation. Data followed by the same letter in the column are not significant at the 5% level in difference

3
6h0~10 cm
2 L
i - Ak
ST Purg broadleaf plantation
S | ek SR harse
=1 Pure conifer plantation+  Naturily restored fallow|land
Q0 - .
= I e
H . R R 2 A
EFFRTR AR Mixed broadleaf plantation
Mixed conifer-broadleaf{plantation
_2 L
-3
-3 -2 -1 0 1 2 3

EWI1 (PCL)
P03 e B IR B9 32 B o T

Fig. 3 Principal components analysis of carbon utilization

by soil microbes
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3.1 SEFREE X L R A kR R B R

T ST WA 0T AN TR e R R T RE AN TR R
F MicroResp 75 i 70 #r A [ = 38 3l A= W %ok e UL 64 A1)
e 257, — B KR 6 h, X J& MicroResp J7
ER — Ao B X T A~ 454 5 20 i i L, 1
Fr 6 h L SERUA YR ARARA, D T RV AR
Yoxh 5 2% e DR AR IR DL, A BT 9 1 5 4k 2 1 SR

18 hoke A3 T - HE {3k 2B 4 X Bk UEAR IR B . BT 5 45 AR
R B F 6 h RIGKSERE F5 18 h 2 — B V5L ) 32
AR (E a8 1b,£1~%2), EHEF6
JEi o e S A W X Al 2 20t e B B R UL, B L3
SRR EER A SE A . B B 3R ) RE K, g
T W T ) D 95 T B B g U 2 A, 3 ) ] — e
2 SR 03 2R OB U, 0 L-TR R y- R . 4%
52 2 B, b G A R SRARAR 0 L+ ) -
B 31 N- 2 T ik -2 B (%) M JRUL 26 1R (R
1), XU T, 3% 6 h 5, A% M e
WS SRS A, L 3 S B8 A 0 % B U A 1
BIRE %, X 5 Campbell 25" 4 78 #1925 S W) & .
I 55 2 B i) A K, — S IR 0 Bl A 0 T L R A
TR BRIR I — 25 R, 00 -9 S PR |y -1 A R
L-( + ) -B o L-F e 2 iR -0 R L 2% R 5 ik
Vo GKZERE SR 18 bR, M i A o B R ) P R
P25 T KT 50%
3.2 tHEREXTEMEYRERERN RSN

R AR B 1 AR Z 40 W, b R R R 9
D A e 422 46 0 94 3 A P i b A 0 2 K
TRE Y R A BCR R R R, AP R MG 12
AN, A S8 0 X B R R D RE A 2 R R A X
VRN R EEAATE 0 ~ 10 em, K L2
WORAREYE AW, 0~10 fl 10 ~20 cm +
J2 i AR AR AR 7D - S G W % g U R i 2

http : //pedologica. issas. ac. cn



1 4] VLA VLV IR AL 2138 N Tl Robk b S i3l A W ik DA Zh RE B Y 163

PNy STIR FRIRE M > BERIRAE AR > R Ak
>EFIRZSHR > FFrtaibk(F2 8 2a F2b) . X
S WA B BV 45 K R T R I 25 57 5 0k U TR I
I 3Rt o 4 AL 9 R D A A 2 A G TR
SRR W O R T A Y X 4R
AR £~ SR A 0T T Y 1) A P R b b R
3T B 2 R S XF B AR U O M T B LR AS L
LR EME SRR WA
3.3 AEZMEETEMEMBEGENSEY

Shannon #5502 BIF 52 BE 76 1) Fh 8 R FC A A8 A
Sy AT SRR LA AR bR, 2 HRT R R )
BT SRR S — L ZREVEIR OB RS , 2 W
TR R R M 2 . 250 BE SR O e £
REPE R

T A A X T R R 8 B A K e B
S 0B SRR M > R IR ACH > paRtalikk >
BRI AR B Al bk (3 3) X — 25 BRI R T
HE 19 SR M, D T 5 A Y B B % 3 ) i
Rl b A - SR AR I T e 5, X AT
B 5 il TR S AR B 1 9 4 O B A0 it L 1 S R R
(95 BB 2 MO A e A S, X RE TG A T R i
A A KRR R e bk B TR A AL
TR S b L B Il b 2 ) i £ R T A L 2 ) A
RO A W25 X B e A T bR S 9,
S5 A AR X — B LR, S [ AR A - 49 S 4 e
SRR AR A T AR ) (A RE R £ B
Ph AR 7 A R 2 5 SR 45 T BT As i —
B, KRR SRR B M 4 B O Y & R TS T
MR A, 535 Y RS 5 8. TR E AN
B S 2R 2 BE R AR W R B 2 T TR K R
A, B S B T AR R RE R, AT RE R B R
0B L) £ AR A A, ERE RN 28 R, g
KA e R EL B A i, b K R A
FE AR BT LA P R 28 R 2 R R

45 Zi 9 B ek A PR B A R B A
3 (30 AR T, M T e F 5% 2 AT LB LR 7 )
BTS2 S B PCA Jr vk BT 5T 4 Fh 2R AR 1032
T R v AR 3 2 R T 3 WTOR [R) AR 3E f3
BER 10 PRI 22 R 2 80 02 S R B X 43, S [ 2% A
H - S Aol A 0 BV IS W e B AR T B 2 R R
Ze(F 2.8 3)  — WG 5 ZHCS WA 15
Rl D) T 25 4 R 6 3 7 5 S e T, 0 - i
BEVEE 4 S0 00 R U R W 2, TR I 2 2R AR
SR R A B R BB R

4 4 ®

MicroResp J7 94 XF T 73 #r 1 S (3l 2B W e ¥ 45 4
AR FERER SR 6 h 5, 1 R Y AR R
MHRE ) 2257 W 0, M4k 2215 5% 18 h J5 , W B2 A7 W]
WS R IR ST AR A AR B T RS e
T t5cs i Al A 55, 1 7 OB A A 9 R AR MK
i, Al DL 56 7% 08 I TR S Ak, 3 0t ek s S AR
VIREdR S M M DI BE H A 2 AR T, AN TR B AR 2
RN - Gl A W v 2 AR A B H X
3 b SEAAR W R T D) BE 22 R R Y AN TR 2K 1 i U Y
SUER A2 A FH R, A W58 v B i D-( + ) - 4 6\ L-
SRR D-( + ) -F 3L, D-( + ) -1 B0 L 2%
MR L Dt & R -ER R T LI T X 73 AN [] H s AR
7 SR Gl A 0 A v B SRR T

& % x #
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METABOLIC FUNCTION OF SOIL MICROBE TO CARBON SOURCES UNDER
REESTABLISHED FORESTS ON DEGRADED RED SOIL IN JIANGXI PROVINCE

Jiang Yumei' Xie Jing' Cao Guangpan' Chen Chenglong’ Xu Zhihong® Liu Yuangiu®'
(1 Key Laboratory of Protection and Utilization of Subtropical Plant Resources of Jiangxi Province, College of Life Science,
Jiangxi Normal University, Nanchang 330022, China)

(2 College of Forestry, Jiangxi Agricultural University, Nanchang 330045, China)

(3 Environmental Futures Centre and School of Biomolecular and Physical Sciences, Griffith University, Nathan, Brisbane, Queensland 4111, Australia)

Abstract To investigate soil microbe using different types of carbon sources under four types of reestablished forests
or treatments ( mixed broadleaf plantation, pure broadleaf plantation, mixed coniferous-broadleaf plantation, pure conifer-
ous plantation) with a naturally restored fallow land as control, the microResp method was used. Results show that the ca-
pacity of soil microbes using mono-carbon source varied significantly with duration of incubation (6 h or additional 18 h)
and soil depth (0 ~10 or 10 ~20 cm) , and also with the type of forest. In terms of the capacity, the forests followed the
order of naturally restored fallow land > mixed broadleaf plantation > pure broadleaf plantation > mixed coniferous-broa-
dleaf plantation > pure coniferous plantation. Shannon index (H) and evenness index (E) indicates that the five treat-
ments followed an order of mixed broadleaf plantation > pure broadleaf plantation > mixed coniferous-broadleaf plantation
> pure coniferous plantation in soil microbial community diversity. All the treatments, except the control did not differ
much from each other in soil microbial diversity and abundance. Principle components analysis indicates that the fifteen
carbon sources selected in this study were sufficient to elucidate differences between the four plantations in soil microbial
functional diversity, and that sugars were the sensitive carbon source to forest soil microbes.

Key words MicroResp ;Soil microbial diversity ; Carbon sources; Reestablished forests
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