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Responses of soil microbial properties in soil profile to typical vegetation pattern

and slope in karst-cluster depression area
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Abstract: Closed-forest type land coverage is an important measure for the restoration of degraded karst ecosystems, and
soil microorganisms are one of the most useful indicators of soil quality; however, little is known about the effects of the
vegetation pattern and slope on microbial characteristics within the soil profile. In this study, soil samples derived from

three different genetic layers along the profile—leaching layer (A, 0—10 cm) ; transition layer (AB, 20—30 cm, tussock
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(T) and shrub (S); 30—50 c¢m, primary forest ( PF) ) ; and deposited layer ( B, 70—100 c¢m)—were collected from the
middle slope position of three ecosystems—tussock (T), shrub (S), and primary forest (PF)and in addition, from the
upper and lower slope positions of primary forest (PF). The study determined soil microbial biomass carbon ( SMBC)
nitrogen ( SMBN) , ratio of SMBC to soil organic carbon (gMBC) , ratio of SMBN to soil total nitrogen (gMBN), basic
respiration (SBR) , microbial metabolic quotient (gCO,) and certain physico-chemical characteristics in order to identify
changes in the microbial characteristics along the soil profile in response to the typical vegetation pattern and slope position,
and the relationships between the soil microbial- and physico-chemical characteristics. Our results showed that the
vegetation pattern and the type of soil genetic layer significantly affected soil microbial biomass and basic respiration,
whereas no consistent effect on the slope position was observed. The values of soil microorganism biomass carbon along the
soil profile from tussock (T) and shrub (S) ecosystems were 56.7—367 and 161—640 mg/kg, respectively, which were
significantly lower than the 532—1217 mg/kg value for the primary forest (PF) ecosystem. The same trend ( T<S<PF)
was observed for soil microbial biomass nitrogen and soil basic respiration, but a different trend (T>PF>S) was observed
for the microbial metabolic quotient. SMBC, SMBN, qMBC, and SBR declined for each progressive soil genetic layer, and
the effect of slope position on these indicators was more significant within the leaching layer ( A) than in the transition
(AB) and deposited layers (B). In contrast, for SBR, two-way ANOVA showed that the slope position had no significant
influence on ¢CO,. A significant positive correlation was observed between SMBC and SMBN (r=0.825, P < 0.01, n=
45). Further, there were significant differences in soil nutrients (TN, SOM, AN) along the profile between different
vegetation patterns and slope positions; and SMBC, SMBN, and SBR were also correlated with organic carbon, total
nitrogen, and available nitrogen. As a result, vegetation restoration had positive effects on the physico-chemical and
microbial characteristics, and these changes were more prominent in surface soil than in deep soil. Soil nitrogen nutrition
and soil organic matter were equally important for the maintenance of the soil microbial community and its ecological

function. These findings should help facilitate preservation and revegetation activities in karst regions.

Key Words: profile differentiation; microbial biomass; soil basic respiration ( SBR); microbial metabolic quotient
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TR T, DUATR AT w5 AR I\ b - 3950 T 64 9 S T BB AU, kg XIS ) m R % Joe A Ak 2 3
it () T S BRI AR A
1 HRBREHRFH*
1.1 WF5RIX [ SR

ARAFGE AW FE XL R PURR LB R IR E N R 2 P r il Al /R TE1X (24°507 N,107°55" E) DA RIS
B % HARMEA X (25°06'—25°12" N, 107°53'—108°05" E) , [7] J& T L 50 i 3 4 06 I\ 3 b 555 30 L K 7 405 2 X,
S, R X B AR SRR 376 m, 5 B sV R AH 22 440 m; 4R RR 16.5—20.5 °C, 2411
Rk 1389. 1 mm;la N H BREFECLL 2 A3 8K, 7 A v dess, HBREL 3 A5, 9 A 5t X
4 TR ERER A T A A, A SRR LA NI RIS O B AR 35 R UM 13% . KB EZR AR
P4 X 5 TR SE XA BE 30 km, HOE 005 550 5 3 R 5 X R BOME W], ¥ 4K 400—1000 m, 477 2l
15.0—18.7 C , ity i ik 36 °C , it -5 °C ; AE IR 2 1530—1820 mm , AR PN AHXIHE B — i 7E 809% —
90% , 7 UT AR AN AKX IR B B AR R B A A A RE R L, YR AR A e LR BRI
BEARME B SRHEF IR 1,

®1 HEMEXERREWAB

Table 1 Site descriptions and dominant floral species in the studied communities

TR TR R edir Rl
Vegetation type Disturbance condition Elevation/m Slope Dominant species
BN Tussock (T) W 510 il FREE N AT

ZUTFILRRAT )7 VU AR A SR8 W B T

A\ Shrub (S) A R AR 497 h D
\[Z H /= - A o 3 w8 W
JEA: bk Primary forest ( PF) JLETH 416 T ;ﬁ?ﬁ?ﬁ@% S LR R SR
509 i AT S LR R Bk TR
FiAT )
615 T F-BHEE T S LA EAD R K
R AL S

1) Miscanthus floridulu, Neyraudia reynaudiana, Microstegium vegans, etc; 2) Alchornea trewioides, Rapanea kwangsiensis, Sterculia euosma,
Nephrolepis auriculata, Miscanthus floridulus, Microstegium vegans, etc; 3) Cryptocarya chingii Cheng, Miliusa chunii, Murrava exotica, Aidia
cochinchinensis, etc; 4) Pittosporum ovoideum Gowda, Glycosmis citrifolia, etc; 5) Phyllanthodendron anthopotamicum , Rhapis excelsa, etc; 6) phoebe

ahenre H ,Cleidion bracteosum ,etc

1.2 3R SR AE S b B

2008 4 12 H %2009 4 1 A HCRH A FEM (AT RIZRIED) JFAERR (RIS A AR AR X)) DALl T0E 380 11 A 4%
3 BRI (1 2R ERET AN 2 OB RENT ) . BEEUTIEATAS 3 AN KBETT, 40 - 398350 1l A 0 6 A [ e 28 784 )
iR 5 IR, A% BRI N ORI, 26 JLIG A TR IR AR R 3 A5 e i b Ry 45 3 S REEDr . BEJr
FUR 20 mx30 m, HREHE 1R A 2 REMIF)Z (A JZ,0—10 em) G )2 (AB J2,20—30 cm, FAFIEMN
30—50 em, JUAEM) JEFRUZE (B JZ,70—100 cm) #E 5, 345 RESL . FRITEEINE A2 LR

DU 4R B 500 g ik 4185 T KB 5 10 B 48, 3 005 Bl B 57 1 vk &y [ 78 52 96 % A B 1
Hnl LA SHAE AR A, 3 2 mm G, — DM RAFAE 4 °C UK Ik IR Wi AR AT s 55— 0 LR T ARAE T
TR TAT,  EA FEAR B M AN 2
1.3 BER T

I Py ik (SMBC) >R FH &5 22 2508 $2 -4 HLER [ 30 73 F1 (#5125 ( Phoenix 8000) , + 3 fU/: 1 2 A
( SMBN ) 3R FH A7 B 76 1241 E T sh i 3 A (X5 (Fiastar 5000) 5217

3L AT (SBR) SR BRI LI -TOC X ( Phoenix 8000 ) iM% i , % oA 25 14 7 ' RS VE et Wit
1420 g BTHMA 1 L) EOEA (B — A 1 mol/L NaOH ¥ 20 mL /N EUH) ) L HA 10 mL ()
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FETK, DERFR N I 28 SARANRE , T 28 C HIEIRA hH55% 24 h, T TOC AL LA I3+ 55 - HEnF m i
CO, My, [FIRT 2 AR SR R X R
1.4 BdEkb#E 555108
+- Bt Yk
SMBC=E /ky,
K, Ee =R 25 + R MUY A LK — A B 28 - PR U A AILBR sk, PGS0 2250, B 0. 45,
IR A
SMBN=E/k,y

T P (A
gMBC(gMBN) = T3 Wit (3R / TIEAHLEK (2R x100%
PRI -
qCO, =CO, FiltH#/SMBC

JH SPSS 16. 0 il Excel 2007 MGt 43Hr il , DB (FEN FHENFNE A AR ) 4 IR EE DL A7
(b R RN )RR EEAE AL BRI 3 50 % - R A MR PR A T ORI 3R T 25 43 i, AL B ) ) 2 R L AR
HI S-N-K ¥,

2 HRESW
2.1 HEBE IS AR A7 6T A M R R S R
21,1 IR R SRl ) T 43 S AR

W ST R U AT b ] — A B 25 78 SMIBC il - J2 R B P 34 I i 9k 2 ; [l —3 67, I A= AR SMBC #47E A JZ (AB
JZ B JZ((1216.57+859.05) mg/kg.(1098.59+48.81) mg/kg. (531.60+19.67) mg/kg) FILH i, KK N,
PF>S>T, # M SMBC 7E B JZ (160. 62+16. 65) mg/kg—A JZ(639. 76+54.01) mg/kg Z [i] ; 5\ SMBC Ky 3 >
T2 R A KR A J2 ((367.12+59.05) mg/kg) >AB JZ ((134.41+48.81) mg/kg) >B 2 ((56. 66+
15.00) mg/kg) . JRAEMK 3 FhBEAL( B oA R3AL) A J2 SMBC 16 R B i, 2 5 | By S 3
Z55¢;AB 2 SMBC WIFE T3 A7 5, B3 JE B 22 5B 2 0 P e 25, h 3 i m (&
1.

N gMBC 7E 0. 96% —2. 50% Z [] ; # M\ ¢gMBC 7E 0. 99% —2. 77% 2 [a) ; JF = #k ¢gMBC 1E 1. 40% —
4.67% Z Il , qMBC 7E 3 FivRe Bl 2 700 [v] 2 S AN ] | e (R 2 LAy Dol A bkl 8, O i 1 J2 TR B A 3 fam i i) 5 i A=
A Z AL A > A AB R R E 2R B JEW B R S R S A (E 1 £
2.1.2 IR R R T G SRR

W SRR I A M AN [RIAE S YT SMBN 5 SMBC A8k a4 2L, p B A DA AR AR B B a3 (P<
0.05) ; [A]— IS A SMBN b+ JZ2 UR B (1 3 i FAIC . 520 SMBN & &4 F B 2 (18. 06+0.52) mg/kg—
A JZ(48.60+3.16) mg/kg;#EM SMBN F5/F B JZ (18.60+0.82) mg/kg—A JZ(65.23+3.73) mg/kg Z
] ; JFAEARISTE A 2 AB JZ B2 R M A, IR R (194, 42+2.31) mg/kg. (54.43+3.67) mg/kg, (31. 81
5.87) mg/kg, A )z B )z SMBN TEA [FIMEAL] S 3N 3A > h3 i/ B3 19781k, AB J2% SMBN WIIZE 3 g fir
] 2ERmE (K2),

FERL JENBY Bt gMBN B )2 TR FE 34 N TG i 25728 0 A JZ gMBN BEAS B IR Z MG I, AB J2 B JZR M
FPEST/S; JFAMR 3 B HJZTRE T, FHALAY gMBN 348 K T rh 3/ E3f (- 2)

2.1.3 T SESERHIER S5 AR 0 T S SRR

3 PP B2 AY  SBR BRI . PF>S>T, I 1 J2 TR BE A IR i i pad /N 5 JE A AR 3 R (67 ( b v R 3%

fr) BRIN A ESAB Z>B 2, i A 2 -z 7 52 m B3 RIS NI >R3> B3 AB 2 B
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1 TEMENSHEMENRENTIES RHIE"
Fig.1 The profile distribution on soil MBC and the ratio of MBC to SOC "
# /NG FRARARF LB CRFZ LS ALT BN FIAERZERY (x) ) s A RS BRI, T RIARRZ AL (xy ) s AR BRI G2 F B9 13
(x3)) MIZEHEFE (P<0.05)

a O %4 a

250 a a ay gﬁiiinpjﬁﬁ 10 . al
a N DA
N b2 AR R

WAk L fir
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Fig.2 The profile distribution on soil MBN and the ratio of MBN to soil total nitrogen

J2 A b R T R 2R R (K 3)

qCO, 7€ 3 FIAEBR A B] 22 5 B3 . T>PF>S, 7EHE AR AR, 50 M\ die 5, 3% I = S0 S ) - e %) R FH %
RN LR R JE A AR RENBAIR TR — AR 2 R i 2 R B A 38 i s/ B XS ¢ CO, TG i 3 5%
(K3),
2.1.4  FEBEISE A R TR BE X AR PR Y R

T W% e 0 AT | A28 | )2 T SMBC SMBN 5 SBR AU #R ik 3] T % .3 K F (P<0.01) 5
AT - IERUE PR bR AR — X ¢CO, TChZE 520 (P>0. 05) ; BRI A+ 2 TR BE (1) 28 HAE R X SMBC F1
SMBN 1% it 2 52 mm A , HAR PP A8 HAE FHXS T3 e b e AN 3 (R 3) .
2.2 HEERUEYIRRE A S R A e

TSRO 5 IR IR AR G AT 4 R (32 4) ,SMBC SMBN ,¢MBC #i1 SBR 547 HLik , 42
R IR W EAHSE (P<0.01) ,SMBC SMBN #1 SBR 5 4 #its 52 31 1E A 56 ¢ & (P<0.01) , i ¢CO, M5
AR IESF IO A A S, I A W R 2 18], SMBC #1 SMBN, ¢gMBC #i1 ¢gMBN, SBR 43 %] 5 SMBC .
SMBN £ i IEAHK KR (P<0.01) ; HIEMAYRRESS pH LB EM LR,
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Fig.3 The profile distribution on soil basic respiration and microbial metabolic quotient

£3 TRBERMIEMEMFENTESTER

Table 3 Results of different factors and their interactions on soil microbial properties by Two-way ANOVA

SMBC SMBN qMBC ¢MBN SBR qCO,
i H Item
df F df F df F df F df F df F
LR Z A HI#E MY Vegetation types 2 9.642%* 2 8.023** 2 8.190*F 2 2.337 2 24.91*" 2 5.262°
Middle slope +Z¥EE Soil depth 2 8.449** 2 7.611** 2 0.855 2 3,165 2 8.371°" 2 5.144"
I A ) =8
*Eﬁﬁ?bxﬂxw.* 4 0.484 4 1.561 4 0.268 4 0.78 4 0.939 4 0.328
Vegetation typesxSoil depth
JEAM PF 3437 Slopes 2 5.911* 2 6.592** 2 8.758** 2 5.372% 2 4.449* 2 0.961
+JZIE Soil depth 2 30.498** 2 23.450** 2 8.288** 2 4.809* 2 4.95*% 2 4.802"

St AR
SlopesxSoil depth
BEMIKIE, = %, P<0.01; *, P<0.05; SMBC: soil microbial biomass carbon, *1-37# =4k ; SMBN ; soil microbial biomass nitrogen, -1

4 7.483" 4 4.114" 4 0.877 4 1.132 4 0.714 4 0.212

AP it % ; gMBC.: ratio of SMBC to soil organic carbon, B ; qMBN; ratio of SMBN to soil total nitrogen, ZUf#; SBR: soil basic respiration, 35l
0% ; gCO, : microbial metabolic quotient, {RiIFH

F4 TEREVHEZEARESTEEREBEAUMERNBEXRE (n=45)

Table 4 Correlation coefficients among soil microbial and basic physicochemical properties (n=45)

T H Items SMBC SMBN gMBC gMBN SBR qCO,
2T Total P 0.532%* 0.616** 0.572**
4% Total N 0.723* 0.731* 0.541"" 0.654 " 0.619 "
A AN 0.769 ** 0.672*" 0.534** 0.432" 0.701 **
A B SOC 0.769 ** 0.725** 0.515** 0.790 ** 0.712**
SMBC 0.825** 0.730 **
SMBN 0.570 *
qMBC 0.825*" 0.349 "
qMBN 0.475"

EHEIKF: = =, P<0.01; *, P<0.05 ;{0 B FEHHE 25K

3 g
3.0 S Gl A e SR A T R RIS 2 35 A g e

ANFIREHSRAL, U Yyt ik (SMBC) AN E ) A (SMBN) BB 2 TR BE B il 2> , 55§32 ) 4
SIS B (3 4)  BFFT R I SMBC. 1 Ik = B2 32 S b LR DR A4 1 249112, D15 i - 49 500 T 190 Jom ¢
IR PR A G BERR 3 B )2 IR R, SMBC H BEAA HE M JE A ARAK IR 1T SMBN
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I RS (A JZ:PF>S>T; AB/B 2 PF>S/T) |, i T T KT Hod b3 A W Y 22 5l A3 +
Berb A DR B AN [ AR B0 R [ A v A A Rt AR TR s S A £ Bl A 4 mT R RS 0 £
JRRI A B AL, DTS ) 39t E i A AR AT — B R, /N RUBE A3 A T R AE— R R 5 ke Bk 1w
AR A AR (R 1), DT 35O ) 355 7 %) -+ AR 2t i o S AR A W IX 3R (el A 7170 e T 4
DX, SRR Wy o e SRR 0 L LS B DR s A (3R 3 ), N 2B TP A A AR gk i AR i b 3 1)
SRR AR, Y g b AR R B e Ry S I A SR A AR 45 - b R P 288 7R ) R R R SR
FRAE) B A AR A JZ SMBC 3R i T 347 21 30 s 0 ks 35, i AB J2 B JZ SMBC MIZRIE K T 347
<HI i/ EYEA

R WA (gMBC ) 78 Ak R LA B 384 LA A8 4K FE 48 7R A 38 B ul o fa BEIR DU, B A
VE PRI DL S AR B3R AR TF9T R B, ST 7 % gMBC A &5 (£ 3) ,gMBC 7£ 3 Ptk
FANF JE AR I N 5 e, W I A ML AEA B 2 e B v A5 DL BB 76 3 Rl T (AR, B
AT, N B A T YA, R A R )2 IO A, S, R KRR B
T RE YRS (gMBN) S A: B3t 2 B AR, 3 A L2 IREET , gMBN ¥R B T3 </ B3k
A7, 31X A BESE BT R A 57 o AR AR 7 F b il e T B (R 1) ST b N R
B E A KR IR R R M F 5, N3 3R Y 2 /A SR/ B3R, X FT gMBN 5 +
B A 0 i A IEAH DG (38 4) MRS HEIHC T e A JRE AL 2 138 gMBN A5 3R E KT AHE i H 5 -1
TR R 25 F R FH 40 2R R T Rl A T R B R BRI A ) 45 IO B AR O
3.2 IR R AR XA B 2 A K A ) e

SRR (SBR) S ZRAF 3 5 i AL I i F B Y2 dE b U HOE RO T -5 A T R 3
JRAR SRR 22 R AR W U TR , X T AT B B RO R SO P K & s R SBR
bt )2 IR s> X T RE R T A )2 SRR 2 WA W U8 T W) R R 2 AR FR A A, A HILJSE
T, AT BB TR A R A i BE R R T AR, A LR R A AR 25 (R 1) AR T £
U E AR 516 8 AR . AFS R, RS R A 2 00 B 2 4 SBR SRR K E
MK, 22 53358 8 K (P<0.05) , 5 364 o (4 A8 A — B, 10 BH - 358G WLBR AR 1) 0 fiff 3ok 5 0 B
PF>S>T, iX Je FH T I R B0 2 REPE 2 77 A v O A W 7, AT S B30EE 0 A 18 22 0 9 A LS A
2% A, 4 i A b = B S 22 PR I T A R R A S S A R T A P A a3 S Ak
75 HIEORIE AEICRE TGN (R 1) . SBR XHALAma N, A J2 HHEES AB J2 B JE BN BUR, S TR =
BRI R A XS A 1 D DR AT R A AR I A el A e ) TR A RS A S R A i Y
LRI

TR (¢CO, ) S - HESLRIITE IR 55 + AR Py ik 1) EOAE, 2 M it 30 AE W X = R 19 1) A% = AR Y

BhRY AR T A W RV AR5 K /NRIE G ML R R RCR P T4 SRR, gCO, RN E N

%, BB o TEABL R P A2 i SN R I LT 15 T g e 4, U B T DA ) e ) T 23 A ey, B DA e R FH 2 e 1K, X 5 A W
FFT s R —20Y  XPTRESE T e R AR B S E MY ¢CO, 5 H IR A b R B B Al 50 B
AR B, - WS S IR R AR R, TS TR T ¢CO, EAYIE R LR M HL I AT 2 JE A AR B B
ZF R B IR 5> P AIIE R FR A A, S 0 250 DA 2 4 A A VB 1 R D — R0 R
FMEEFR T30 B BT AR AN R AR R B ¢CO, S | AR B AL M R OGS A G (R
3,34) HIEA X SBR . SMBC SMBN (125 Ak 3447 4 2552 0], 156 BH 7 sz Bk B0 A0 A7 el g A7 o - 498 Joit £ 8 £k
iif,¢CO, Et SBR .SMBC .SMBN S JiifasE , #8/% ¢CO, 7E A 18 i AR A a3 AV 1) A0 28 A e Jmy B
4 ZEig

(1) - SFfUE Ay iR SRl T R AT P A2 T3 A, TR FH TR 2 8, 33 7 DO - S ) T i A= 0 e
PEFZ AN — 350 AR SZ AL A 1 2
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