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Relationships between carbon source utilization of soil microbial communities and

environmental factors in natural secondary forest in subtropical area, China
WANG Yun, OUYANG Zhiyun ", ZHENG Hua, WANG Xiaoke, CHEN Falin, ZENG Jing, CHEN Shengbin

State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China

Abstract: Compared with artificial plantation, natural secondary forest has higher function of nutrient cycling, especially
carbon source metabolism function. However the reasons for higher nutrient cycling function in natural secondary forest are
still not clear. To understand the nutrient cycling function of natural secondary forest, we analyzed the relationship between
carbon source metabolism properties of soil microbial communities and the environmental factors in subtropical area, China.
From 40 sample plots 40 soil samples at 0—10 c¢m depth were sampled. The carbon source metabolism capacity of soil
microbial communities was analyzed using Biolog method. The soil properties and plant composition of the plots were also
surveyed.

Variance partitioning showed that three groups of factors significantly explained 54. 4% variation of carbon source
utilization by soil microbial communities. Among them, soil chemical characteristics and vegetation factors explained
13.0% (P = 0.001) and 13.4% (P = 0.001) variation, respectively. There existed interaction among three groups of
factors. The interaction between soil chemical and physical characteristics explained 13. 8% variation, the interaction

between vegetation and soil physical characteristics explained 12.9% variation and the interaction of soil chemical factors
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and vegetation factors explained 1.5% variation of carbon source utilization.

Redundancy analysis (RDA) was used to analyze relationship between carbon source utilization ability and vegetation
factors, soil physical characteristics and chemical characteristics respectively. Monte Carlo permutation test (n=999) was
used to preselect factors that significantly influenced carbon source utilization of soil microorganisms. RDA showed that
among the 7 vegetation factors, tree layer species richness, root biomass and tree biomass significantly influenced carbon
source utilization ability of soil microbial communities, which explained 16.7% (P = 0.001), 6.3% (P = 0.017) and
4.6% (P = 0.046) variation of carbon source utilization, respectively. The soil physical characteristics, including soil
moisture content, sand content and soil bulk density, also significantly influenced carbon source utilization of soil microbial
communities, which explained 10.5% (P = 0.003), 8.8% (P =0.01) and 7.2% variation (P = 0.005) of carbon
source utilization. As for the 6 soil chemical characteristics, only soil pH, C : N ratio and available nitrogen content
significantly explained the variation of carbon source utilization by soil microbial communities, which explained 10. 5%
(P =0.006), 12.4% (P = 0.002) and 5.2% (P = 0.047) variation of carbon source utilization.

According to the explained variation of carbon source utilization by soil microbial communities, the lower C :N ratio in
soil, higher soil moisture content and soil pH (within the scope of acid soil) were the main factors improving soil carbon
source metabolism capacity in natural secondary forest. The higher broad-leafed species ratio also benefit soil carbon source

metabolism capacity in natural secondary forest.

Key Words: natural secondary forest; soil microorganism; carbon source utilization; redundancy analysis;

variance partitioning
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TEWCEREA R I ] LBl SR AR AL T AR R IR . BN AE D TR IS A AR R JFIR & — 1R
£, 33 40 MR R

P4 10 m x 10 m FEJ7 EFRA R ARBIF A bR A iR, TR ARE T i 2 MEAFRET (5 m x 5 m)
3 AFARETT (1 m x 1 m) , 7350 RHEARFIRLA P24 FRRE ., TERED TR ARE D b W 5 AT A 0. 25
m x 0.25 m 4 ERETA JEY)
1.2 S5k

4 B a1 A 3R S AR K AR 5, — 804> AR 2 mm FLARINTH 4 °C (A7, ik 3G b i il o2
53— By LR JE AT LS BB AT

TREEG 4 d INH Biolog™ EcoPlate (LA R fij#X Biolog 4= 754 , Biolog Inc. , Hayward, CA, USA) & 14
AR IRARIS SRR . B0 g BF L fiN95 mL JCHI 0. 85% 1Y NaCl ¥ WRAERE IR L4155 30 min S84 1
SERTFRFERREZ 107, U150 pl 107 LM LA 2 Biolog AL AR SRR BT 25 °C fHR I JR A B 57
240 h,%F 12 h T Biolog 4= ¥y % %2 1L ( Biolog Inc. , CA, USA) [3E% 1 W&, ME K H 590 nm, HA+
PRI S| Biolog A= A54R , RIEEAS HAEHER 3 1K,

THIRAHER S F TR AT B KR R TR A FOR FIER T, pH (ER A pH (ETTHIE , A HL
i 75 e SR Y o A% R B A ARk | SRR B R T R A RO, R N S 1 B2 2R T 0. 05 mol/L HC-
0. 025mol/L(1/2 H,S0,) #EHL, %5 & PG 1CP K, + 34k 14 & & m o R 28 (Vario EL 111,
Germany) 5E , 1 3BEURLZH B FHIOGHRE BEAY Mastersizer 2000 ( Malvern Instruments, Malvern, England) %€,
R A& PEE S FH EPSON #1414 ( EPSON Expression 836 XL scanning system ) 14 , WinRhizo {4 ( V5.0, Regent
Instruments , Quebec, Canada) Z3#HT, T 4IAR ( HA/NT 2 mm) AL, 80 CHETEIEE 5, FrE , RIGR R E
ik, T SEPRAEPE BRI N 0 EE AR AIER 1,

®1 FETENMEYEFHENESR

Table 1 Mean and variation of main soil and vegetation factors

AR R 27/FIUR N it/
Soil chemical characteristics Soil physical characteristics Vegetation factors
AN SM BD Sand RB W
pH C:N \ " TR \ ,
/(mg/g) /% /(g/em’) /% /(kg/m*)  /(kg/m®)
-5 Mean 4.83 13.5 0.20 23.8 0.93 26.4 5.5 1.44 12.0
CV/% 22.6 18.6 44.8 33.0 17.6 48.0 204 152 69.0

AN, - HEH B Available nitrogen ; SM, -3 & 7K & Soil moisture content; BD, ZX T Bulk density, Sand , #047 & & Sand content; TR , 78 A ¥ F £k
Number of tree species; RB, 8 &2 4= ¥ 5 Root biomass; TW , F8 K4 ) # Tree biomass; Mean, ¥J{H ; CV, 48 55 R %L Coefficient of variation ( #J{E/F5
W2 X100)

1.3 Hdmabr
FLEE B 625 A6 R ( Average well color development, AWCD) THA AR

AWCD = ¥ (C - R)/n (1)
A, C HEANA B FRRALW W EEE, R X B FL AW EE(E , n 4 Biolog A A M Lk IEIECH , B 31,
#r C-R I ERIBEE R 0,
AHEFE % 96 h (B AWCD Fe K fH— 2Pt 19 BB A] , logistic R 4UA AWCD 1550 [k S
KA Biolog A= AR H T A AR
SR 22 A 0 Al TR AR S R B, O BB I R () IR Rl e
S=Y(w+v_,) /2 x(t,—t_,) (2)
X0 0 i BFZIE) AWCD i, SR AN EEXT 96 h LI A RRZEEA TR .
TR YRGS T,
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FHITAY AT (RDA) 43 B = HER A= Wi U5 A FH B3 S [ R Z RN SC R . A IR R TR AR YR 8L
TEARYIFIEL AP FPEL ALY IR R Y R AR R EARARE YA R, BB e
KA AT EDRL S FIORRL A A, e D R AR pH (B A LB S AR A AU
SRABRA LG . B pH (H2 00, HA I FEHAT log (x+1,10) Fa4fe | LI/ 4925 5 e AR08 S Fi AR
TUA AT B A W e DR FH PR A7 07 22 00 M o S8R = % B 4546 55 ( Monte Carlo permutation test, 999
U) T 1 3 ) = e A Wi R A L RS B PR . RDA R AR 43 il CANOCO 4.5 5E3l, +
SRR R AR B T RE S5 PR A T 2 A B AR S& 43 Brid 4 SPSS 16. 0 FRFSE8E
2 ZER551%
2.1 IERCEYIRRIEACEH DI SR R Z R R

LA Biolog A= Sl B 96 h J5 WOGE Ry F AR &, LI R 2R RS i AT TR 0T (£ 2) .
SR, 3 AMEY R 2 e S A e DR A R T, MR T R U e VR AR T BB 27. 6% (P<
0.005) MAE 5, TeARYIREUR R LI RUE MR D e 8 S R e K @B T 16.7% (P=0.001) 9748
S HRIIR R A& BT 6.3% (P=0.017) AR5 R HIR I I AR AEY) - T 4.6% (P=0.046) 1Y

AR EL
LI o

X 3 AMEY A TS A Y A BRIFSE 2 WO B e U5 A 5 B HEA T AR SCAHT 2R B , T AR RIS -1
AR SR EE 2 A A D R B -0. 614 (P<0. 001) . TR AW & 57 B Q3 B 22 R A AH 6 280 0.511 (P =
0.001) , MRARAEY R S NIEABOCE TP RV R ARAY RS LA hiE 80 WO il A1
KRZHCH 0.505 F10.32(P<0.05),5 DA IR . o- T B R 522 8 3 A A C S &R (r=-0.392,-0. 390, P<
0.05),

®2 TEREVRERHIEESEMERZENXER

Table 2 Relationship between carbon source utilization pattern and plant factors

K ¥ Factor AR S f# B i Variance explained /% . 7KF Significance level
TR ARYIFEL Tree richness 16.7 0.001
WARAYHE Root biomass 6.3 0.017
T ARHEY iR Tree biomass 4.6 0.046

2.2 RIERCEYIRRIRACETIRE S A MR Z M B R

LA Biolog A=A MMl H 3R 96 h 5 ML A A8 &, 3k 2= R oy AR AT IO R T (2 3) .
SR, 1 pH (B MR T IR E W BR IR AR AY 10. 5% (P =0.006) A48 5, R A LR T
12.4% (P=0.002) A8 53, +HEHEACR SRR 1 5.2% (P=0.047) (9785, X 3 D34k H 1 B 3 5
T IR B IEACITRE 7, REARRE 28. 1% B9 L IEUE MR IR R T RE S S

3 A~ LR D 5 - AR A A T XA W Y R AR YA 2 R 2 R) AR AR DG A M R I, 38 pHL (S
AR BE Z AR OC R B 0.390(P=0.013) , THERRA L S AWCD Z [ AHIC R ECH-0.350(P=0.025) ,
HIEHSA S E S AWCD ZEIMAHXERECH 0.365(P=0.021)

F3  TIEMEMRIEREINLS TSR NE R

Table 3 Relationship between carbon source utilization pattern and soil chemical characteristics

A Factor 7 S B Variance explained /% I E K Significance level
pH 10.5 0.006
BRALL C:N 12.4 0. 002
HA i available nitrogen content 5.2 0.047

2.3 HIEMCEYIRRIE S DI RES T R AR Z (R YOG R
LA Biolog Az A5 4%l + IR 96 h 5 WGy A AR o, LA ey B IR O IR AR o R AT TUAR S A
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(F4), TIHEYIIEIRGE MR L IEMUE IR IR IIEE 26. 5% 78 57, SRR E, A 3 A L5y B A
5 2 S e - SRR Wi DR A P RE - I SOK R T A W A Y 10.5% (P=0.001) BY7E S,
TR AR 8.8% (P=0.010) A8 R, HIEREMRE7.2% (P=0.005) B985,

X 3 AN e R - 5 AR W A R RO BE R EA I RE ) 22 (B A AR DG A AT R I RIS K
5 AWCD ZIHAHCR SR 0.354 (P =0.025), IRk & & 50008 B Z M AHC R Eh -0.366 (P =
0.020) .

R4 TEGEMRERGHINGS TRYEERZEHXER

Table 4 Relationship between carbon source utilization pattern and soil physical characteristics

[HF Factor A SR Variance explained /% 3K Significance level
+ 4245 /K Soil moisture content 10.5 0.003
+ 3R £ i Sand content 8.8 0.010
A E Soil bulk density 7.2 0.005

2.4 HIEGCEYIRRIEA B D RE A IR 2 05 22 00 il

- R M AR T R 1 S e PR R AT O 22
GyfiE AR ST B e B TR 2R AR R e
BRUB RIS 54. 4% M9Z8 5 (161 1), b Rk ek TR IR
fiff T - R AE W e DR AR AR 1Y 13.0% (P =0.001),
YR ZE R 13.4% (P=0.001) BY75 53, + 34 PP
RFFERE0% (P>0.05) A5, R Z [ FA7E 58 H AL
N7, Ak A MR A 4 DR 2R A8 BN FR R 1. 5% 1+
St R IR A AR 5 5 etk MR D 3 IR
B3 HL AN fif B 13. 8% [ 7R S MW IR 2R+ S gy B
PR 28 T KON R 12. 9% 7R S, 3 BN E WAL AL AAERE 45.6%
N fERE-0. 2% BIAESE . T15ME 45. 6% W78 S+ AN RE B AT

E1 TEMEVBREREEETESHRTIEE

S B A fa2 %
U‘J ;J:E‘ 1:/]?%*4‘4 ° Fig. 1  Schematic diagram of variation partitioning of soil
3 'l:‘T i microbial community carbon source utilization pattern

IR PR RS 10 ST R S R FE T R A 10 A B T 3 A R Y S e B A
P ARSI LU R TN AR A MO 0 G2, 7 DX RUBE 918 [ v JBORE , 25 5T L B3 X
RE S W 1 AR 1) A 25 28 8 b S Bl A e A OB 1) 532 g DR 3%, 68— S A A 0 At DA QA DA TR A L i )
GO TR R

TN ZIE R0 IR E B A B BN R ST AR PR 5 e 1 e A Wy DA 16. 7%
(7857 (R T AR MRS B DAl ot 38 22 ) 5 38 R S e &R DA AL ) 2 AR 1R A5 e A O R
AN B TR R AR OGP0 3R] BB R IR U A MR A i 5 4 B AR TR, B R SR R i
MEZ DA SR>, A5 AR Z RN R Z A SRR, th T SR A
AR B LCAULT B/ AU, S8 R G 10 U8 V& 4 40 i A8 T R R R T TR T £
SR W T LARAT BB DR, R TR T SRR MBI R RE 77 . TR AR AR Wi 0 S R 1 Ml
TRACH 4. 6% 92257 IF S ACMBR I Z M) W 2 IEADG . Bl b RO aR Wt T 2Ry A B 2 ) B i AR )
YRR 0 A R IR AR R R X T RE S R R A A R S AR 7 R TR
(¥ ELHESE R R ) RITE A A 2R IS R A G

T pH (R MR T LIS W IR 10. 5% 172 S O HLBEAE T HERR RE R/ )y , 1 AR sR B
FERN X —Jr S R YR Z R TR A O, 0 — O IR Y L pH B 2 X SRR A e
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AAEAE R0 I e S M A BRSO AN, JC R BT AR AR MRS pH (B R 3R 11
BRI A 2 M (0382

TR AR PR Fh an AR 75 X A ar 35 19 00 G 08 7% 0k 0 L 359 7 27 :1—69 21 DL 3 HAR Z 9 il
Mt 40211532 G A B gtk B R YA T A R R ISR FE R B R RO i ( R A 0 5 R
TR F BT 220 2411 IBRACEL ) , PRI R R U E WA DI BE B T2 X R AT v - 48 2 L
fi e R, I B 5 IR Y AT RE T IEAR DGR B IR R 3t AR G 3L A Mg R 1 Ak SR e 1 i
BERE ST, S IINERR U 75 W0 2 BRI LS00 el Ao R | it — 2R ] T 3 RN - A 3 R R A
FEE,

KX T A WA T B AR AR 2 g TP AR BRSO AR R SOK R T L
SRR YR A 10.5% (P=0.001) B85 (3R 4) , THES K E S AWCD BEFIEAHXK, X RIBEE 115
B RN, 3Pt W e] AR B3R 45358 00 AR BRASRAR D, SE i QI RE o

GRS K B 8 bn BR BRI 10 e B L 3B A Wy DR A D RB AR 57 iR A7 45. 6% 1) U W ik U
AR (1), R RIS S5 R Bl 0 AR TR R AR A AT RE S A ek W Rk A R A AR
5o KT T IERUEYIREE 25 A er s e AR DR AR B 0 T AL LA & 70 F A 2= ) F-BORBESE . MiAE 4 i
T iE— 2045 G R TE DAL AR AR R 43I 728 Ak ) BH L R

ARG TR DR B E R T R DR IR 16. 7% RO AR S, - 598k 20 L ANt s A R
fERET 12.4% F15. 2% B 3850 Wy AR AR 55, B35 K B fF R 10. 5% , +3 pH (EFFRE T 10. 5% 748
5o BRI o R AR R A BRI 7, BT 3 me JR L, A v 1) - 338 9 /K i TN s 1) 8 pHL (B (R PRV
FIN) , A AT A Wil AR DI RE A4 =1 . (RIS /= 1% ] P o 19 461 o ) 8 o8 = 380 A i A
UL
Bt B R A MO B E R AR ) SRS G e R BE T S AR P B 5 X T 5 G R B L AR R
KA RETE VA 2 T ROFE B, RGOS aG N BRLE %  EAE WA % H 2 M PEes BB R
LR HRAS e BRAE AR R R A R 4 TS B
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