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Dynamics of soil microbial biomass and soil enzyme activity along a vegetation

restoration gradient in a karst peak-cluster depression area
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Abstract: Soil microbial biomass and enzyme activity are sensitive to environmental changes and disturbances;
consequently, both parameters have been widely used as indicators of ecosystem responses to vegetation succession.
However, there remains no consensus about how these variables change during vegetation succession. This knowledge gap
may exist because previous studies usually adopt classical statistical analyses, which are not able to reflect the direct
influence of one variable on another. However, with path analysis, direct path coefficients and indirect coefficients may be
realized, which allows direct and indirect relationship between multiple independent variables and dependent variable to
also be obtained. In the present study, the dynamics and influencing factors of soil microbial biomass and enzyme activity

during vegetation restoration were investigated. Soil samples were collected from the upper soil layer (0—15 em) at four
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vegetation succession stages (i.e., herb, shrub, secondary forest, and primary forest) in a typical karst peak-cluster
depression area in northwest Guangxi, China. The characteristics of soil microbial biomass and soil enzyme activity were
analyzed with classical statistics, while the one-to-one relationships of soil microbial biomass, soil enzyme activity, soil
physical properties, and soil nutrients were obtained by path analysis. Overall, soil microbial biomass carbon (SMBC) , soil
microbial biomass nitrogen ( SMBN ), and alkaline phosphatase ( ALP) activity increased with vegetation succession.
Sucrase (SAC) activity was ordered: secondary forest > herb = shrub > primary forest. Urease ( URE) activity was
ordered; herb = secondary forest = shrub > primary forest. Path analysis revealed that the direct and main influencing
factor for soil microbial biomass was soil organic carbon (SOC). The main influencing factors for SAC were SOC and
SMBC, while the total path coefficients of all the factors were small. The main influencing factor for both URE and ALP
activity was total nitrogen (TN). TN had a major negative effect on URE activity, whereas it had a major positive effect on
ALP activity. Furthermore, the residual path coefficients of SMBC and SMBN, in addition to SAC, URE, and ALP
activity, were large, implying that other factors had been neglected in the analysis that have a strong influence on the

dynamics of soil microbial biomass and enzyme activity.
Key Words; Karst; Soil microbial biomass; Soil enzyme activity; Vegetation succession; Path analysis
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X)), AT X 2 kg LR W S e AT S (T 1)
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IR 18.5 °C, ZAEFHFERT RN 1380 mm , HI 2 P-4 H54 i
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Table 1 Topsoil (0—15 cm) physical properties and nutrients under four vegetation types ( mean + SE)

BB B AR A JEAE R FiH
Vegetation Herb Shrub Secondary forest Primary forest F value
Kiki & Clay content/% 39.62+1.62a 32.17+2.11b 39.55+2.28a 20.57+1.86¢ 22.88 **
KPR i Silt content/ % 52.18=1.36¢ 57.49+1.47b 51.53+1.62¢ 64.78+1.10a 22.28
ki i Sand content/ % 8.19+0.94a 10.35+1.13a 8.92+1.12a 14.65+0.95a 2.91
X BD/g cm™? 1.12+0.02a 0.830.03b 0.80+0.06h 0.79+0.04b 16.82
A HL#K SOC/g kg™ 29.10+0.75¢ 64.05+2.25h 57.57+3.42h 73.92+3.55a 45.86 "
LR TN/g kg™ 2.48+0.07¢ 6.860.26h 6.83+0.49h 8.100.39a 51.98
4T TP/ g kg™ 0.72+0.05¢ 1.19+0.08b 1.51£0.09a 1.60+0.07a 29.09 **
441 TK/g kg™ 7.27+0.42b 9.61£0.87a 8.84:+0.68a 5.31£0.24¢ 12.91
A AN/mg kg™ 88.02+2.36¢ 175.77+4.86b 168.90+8.65b 246.62+7.34a 113.663 *
B AP/mg kg™ 3.55+0.29¢ 7.28+0.43b 6.25+0.44b 11.41£0.79a 32.20
PR AK/mg kg™ 64.05+2.66¢ 73.11£2.12b 76.24+2.52h 105.75+2.99a 51.42*
pH {& 6.85+0.05b 6.78+0.06b 7.21£0.07a 7.12£0.07a 10.69 *

AN FRER R 22 5 3 (P<0.05) 5 *, P<0.01; A JEACMR R A MRFN G A PRI RE A BU05) 3118 . 48 46 .44 1 64; BD . 5 8 Bulk density;
SOC ; -3 LA Soil organic carbon; TN ; 2% Total nitrogen ; TP : 27 Total Phosphorus ; TK ; 4= total Potassium; AN ; B4 Available Nitrogen; AP ;
MW Available Phosphorus ; AK ; U8 Available Potassium
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kg) >HIM (551.67 mg/kg) (1K2) ;SMBN I K . 3 A (144.85 mg/kg) >JFEMK(119.95 mg/kg) >UR A (95.
86 mg/kg) >H I (56.84 mg/ke) (K 2),
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X} SMBN 19 B H2:38 128 R BRI HT HA 3 PR BRI : SOC(0.569) >AN(0.200) >pH fE ( -0.129)
>SZH (-0.095) >TK(0.082) , £ Zi ik SOC X SMBN [ [a] 4230 48 RER K, G, SMBN [ == 2252 1 [
FJE soC,

XF SAC T 1) M AR R EE K HT HAN 8 PR KA - SOC (0.8081) >SMBC.(-0.7397) >TP ( -0.2851) >
KikL(0.2775) >pH {8 (0.2066) . 45 @5 SOC F1 SMBC X SAC {if My ] HEii #2 2 A K, SOC X SAC
T 0 SRy IEALONE 17T SMBC X H Wi kg R8N , WA 285 A9 207 A EL G , At PR 2858 2o P 5 % SAC 36 H:1
(4252 T2 it . T4 R [A] SAC AUAHC BB /N £8 LTk SAC I P 4252w X 25 2 SOC il
SMBC ; {HJ& BRIV R, 4 B2 % SAC 1E PRI sE M 3 /1

AR 36 URE J6 4 19 B30 48 R BRI AT LA PRI . TN (-0.7549) > Ki%7 (0.3146) >TK
(0.2494)>S0C(0.1892) >SMBN(0.1618) , #5 K Zil i TN XF URE % M A0 0] B8 42 R Eth ik, Ik, URE
1) F2 0 K2R TN,

X ALP 36 M Y B AR R AR BT AR BRI R . TN (0.4705) >pH (0.2551) > #5347 (0.2121) >SMBC
(0.1598) >HH7(-0.1038) , £5 K@ TN Xt ALP 36k 0 [l 4238 42 R B4k, T, ALP B EL3E 5 [
2R TN, 45 R 2 ALP 52 50 3 A 0 28 AH DG 32 B2 L B A8y R ) 45800y 2 5 ) 45

SMBC ,SMBN LA &% SAC \URE 1 ALP 3 1 1) 76 4% T 1) 3 72 R B0 8K, 43 51120 0.550,0.672,0.768 0.
642.0.510, XM, BRLL AT M FRA , £ oA AR 25 18 P Rk BN R AR BAT B

3 g

W ST b [X A A 5 o - AR A 4 A A e A o TR I AR T S R SR S R AR e e — B, B B
FERDR R X SMBC R IUA . Mt >TEARMNS T, 27 IS B R, R A YR AR
[FIAE R 52 I B () 22 5 W 2, R 26 AR AP ST, R T AR (IRAE AR A AR) STES BN X EAR
SOV ST ], SMBC  SMBN 75 i b 3] A AT B B B34 0, 11 7 0 AR S U A MRS [ BE R ARG . AR 52
SERG X T A FA DU I B HE ARG e A i Bk, LR BN AR ~ R AR AR > T
A ARS TN B - 6 A s B RO A T S BRGNS BRI RGN 5 sh ka3, BN FIME ACHR B Bt £ 4
Tl W A e K, R SRR B e U W R T U A R T A AR BV A bR B S A
AW RAR, B S Y B s A K B 5 U E W v 4 97, U E W iE R AR AT 510
AR PR B, A W A W i B R R SOC, SMBC Al SMBN 38 42 20 A1 BT 4% R B

PR B BE SAC TG PEARIR Ry - R AE MRS B\~ JEACMRS B A bR, A R DRI AR ] U0 A R 2 o Bt
SAC 15 ME R E A, 5 ATE RO BFZE " 45 SRAR L, 7 Yk A A i T A AR B B BE SAC T PERR AR, 5 4 e g
S B ST A AL, AT P SAC IR MEAE X I B A R (25 O B AR A A N 2L A B gy
W ZRIAFEARMRFNTRAMZ 0] SAC {EHEZE AR, SARMRGE R AN, A5 H,SOC Fl SMBC XF SAC &P
FLEAE AR RO R T I AR Z | H A P 38 2 3 PR A% it ([ 08 A2 R A K, & SAC TG PR B2
MR R (HJE T P X% bR VR PSR AT S, LRI |, A5 45 A 1 [l 8 bR B A DG R BN, J3 4,
SAC 75 M AL Bl VK & (0 28 AL AR AE th S A B VR 25 W G F X S 2 IS 2R RE PG b mg SUr R i X, 4 b 22
P it L [ Y T 1, R KR BRAE S IO i AR e R B B, IR AR AR B B Rl () R ey, I 3
P BEA GRMEYBA RABHEY) , A FEA RIS, GBI 2 1 SAC, H G RHEY 43 & & AR WY
TR RE M A Wi sh AR AT & R IR, R R ) SAC B4

URE {8 1 R SRR ek 5 17 AR, 7 T AOBRR i) 1k A A R o B s A T 5, (L2 5 T ARMR R B DAY B 22
ANEE ., TR, TN S22 0 URE [ B2 R R 0 B A Bm g faon . 38 KH 2 i X 158 URE
TS R AP R AR SEPERF 5T 22 25 R I, - IR TG M SOC TN (AN 255 bRy 5L 5 IR ARG, 5
ARWFTTLERAL . SR 9T G A IT A4S R — B 2255450 FE g e b X (0 AFF 55 445 21 o | RS P 5
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TN AN 5 R G ; 200 S5 AE K L2 AT o8 45 SR 3 B | IR M5 SOC TN AN AR, %45
RATRE S ST AR M FR 0 S A G, RIMUHR AR B R GG T H 3R 0 5 R eIk il =22 R 1 O &R L 4R
HH 9 4 OO DRl ) S R A A — D EREL (TN N 3.5 g/kg, AN N 110 mg/kg) , T BL (LT DR 5 P 5 TN 5
IEAHSE, @ T L BE ] 2 AR 5, AHFIE R ZEORE Y 2 1 & A0 e T BUE, M TN 5 URE R8N0 3%
TMISE, AN, BHERR & B R R A — AN TR R | R 32 B0 A T b W R i A
i ,URE FZWHIFERR b KR4 URE 168,

ALP 35 P AR b BEAR A IE 1 3 i, BEAR AR B A MR R o BE 2 R L X S A e A AR
FEAE RS ZE AL, ALP SR PERGSZ IR R 2 R TN, TN X He ELA #5058 4 TE 500, HAt PR 2R 0] IR 4% 1 1
ELHERON AN B RN B ZE S E IS ALP 36 S B B 5 A5G M, SMBC X ALP (9 52 /N, Ui B A
5T X ALP 19 F2ORIEFFAE LB, nl REZAEPIAR R

SMBC ,SMBN LA} SAC URE Fl ALP 34 1% F6 42 201 () 38 12 ZR B30, 32 B A7 A0 At R 2 i PR v iX
T FRARFE AR IZ RN R 0T RE SAE B REIE S5 i AR IS A o, TR, A 5 X 00 9 A o A S PR 1Y
5 I 78 AT A R 28 0 DA D U8 T 0 A3 1) 52 i

4 ZHig

1A B B - St A i KM TE AR MRS (B =~ ) JR A MRS IRAE MRS BN, SAC TEPEIR IR
RAIRS BEN =~ FEAMS JFA MR, URE 6 1 R S0 BEAR e 0 1 AR, 76 bR 1) 1k A PR o B TR B s A T v
ER S VEARMAN NG BE 22 SR 3 ALP 35 A A b Bt AR 1 1o 25 7 386 00, 8 A 5 R A b o B
ZEFARBE,

2. HHEME AP AR T, SMBC T SMBN 119 B #2357 1 PR 22 R S 252 0 K 283590 SOC 5 SAC I P 1 BB 52 i [
ZFHE SOC FI SMBC, {H M RGN KB, 45 H ZXF SAC TE LRI %/ URE L ALP 35 P 59 B3 5 0 [
R FESE W E R TN HJE TN X URE 16 MRN8 ZL A T8N, ikt ALP F B A8 1 1R800

3.SMBC .SMBN } SAC URE I ALP {4 B3| 438 72 REI R K, 3 WA A7 7E LA A 9t 2% 1 PR 256 2 iy
BOKZEH R AT Re SHEWRE S MAE YA G, 125 TR, N 7850 7% JERE AR 2 430 A V& 4 15
WX A S A RIS M ) R

gt o B2 A A 2 S B AT B B S | A B
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