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Abstract; Soil urease activity (URE) was usually put forward to indicate the soil fertility. Former studies in other regions
had shown that soil urease activity was an indicator for soil fertility, and more urease activity means more fertile. In karst
region, the growth of vegetation may be limited by nitrogen element in earlier revegetation. Compared with most other
regions, soil nutrients of karst are higher. Therefore, this study aimed to explore the relationship between soil urease
activity and nutrients, and find the main factors that affected soil urease activity.

An experiment was designed to compare the distribution of soil nutrients under three mainly vegetations to the original

forest. In order to explore the value of soil urease anctivity for different vegetation types and its controlling factors, the soil
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samples of topsoil (0—15¢m) were collected in two typical karst peak-cluster within four vegetation succession stages
(grassland, shrubland, plantation forest, original forest) in northwest Guangxi, southwest China. A total of 202 samples
were collected from twelve sampling lines (each vegetation type had three sample lines for comparison), including 48
grassland samples, 46 shrubland samples, 44 plantation forest samples and 64 original forest samples. Analysis of variance
(ANOVA) was utilized to analyze the differences of soil urease activity for different vegetation types. The results showed
that there were significant differences of soil urease activity during different vegetation succession stages. Soil urease activity
of grassland was the highest, while original forest was the lowest. It indicates that soil urease activity did not increase with
vegetation succession. Many influencing factors affected the soil urease activity at the same time, such as TN, AN, soil
microbial biomass, clay content, C/N, AN/TN and so on. There was a positive correlation between TK, clay content, bulk
density, C/N, AN/TN and URE (P<0.01) ; whereas negative correlation between SOC, TN, AN, soil microbial biomass
and URE (P<0.01). The result was different from most areas in China, such as Beijing, Shanxi, Hunan and so on, but in
the area of high TN, the result was the same as ours.

Our study indicates that it is not all regions of the urease activity were positively correlated with SOC, TN, AN, and
siol microbial biomass. The URE was possible to be negative correlation with main nutrients in regions that N is no longer a
limiting factor for crop growth. Therefore, the demand for crop growing is a stationary extent. Even if peopele provide more
N nutrient, the enzyme won't decompose the excess part to available nitrogen. Additionally, it is dangerous to nitrogen loss

and ammonia volatilization.

Key Words: karst; peak-cluster depression; urease activity; vegetation succession

AHEREERAN EEA S, AR E 95% UL, HHER A ILA, LA A e e,
A REEE b Ry T LR WMSOR FH 9 TS L, T 3R B AT AL A RS B A I FE B K AP A g, mI ol
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WFZE XIS T 04 X RV B iy 8 A% BT R T X FIATE [ R SRR IX . AR R RE X (107°
55' E,24°50" N) i T PO % A G XL B E HIGE AT 2 TR, J8 G 2= XU e, 4R 1 1R
16.5—20.5C , Z4F P FEM 4 1389. 1 mm, 234442 130—140 d, H EZ LD 4—9 H Jtlie A
HIET APaRZ, 1k 350—460 mm, HHLH HIKE; 10 A ZR4E3 A RS K H PR FEKE AL 90 mm,
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—AE N H REETELL 2 A5, 7 Ay dess s H BGRLL 3 A&k, 9 A, AT, X NE B
T AN TR 25 [ B AL R v 30 o A, L B AT 8 32 22 L 095 P ( Miscanthus floridulus ) (257 ( Neyraudia
reynaudiana) \F17¢ (Imperata cylindrica) 550 3 . HEMNEHF FZRHLLE LLIFRAT (Alchornea trewioides ) | JK I
LM ( Cipadessa cinerascens) XA (Rhus chinensis) R HRFE W ( Bauhinia brachycarpa var. cavaleriei) , % AR
FERBFI T ( Toona sinensis) YEIEW ( Gleditsia sinensis Lam) 325 ( Radermachera sinica) 55261 H
( Bauhinia brachycarpa var. cavaleriei) ¥i3¥Y% ( Sterculia euosma) ] Vi % AEW ( Rapanea kwangsiensis ) %5 , I+ K
MANAE A H 18 ( Tetrastigma  planicaule ) | ¥ ¥ F8 ( Dalbergia hancei ) %5 e 78 e B W% B2 ( Epipremnum
pinnatum) & Bk ( Nephrolepis cordifolia)) ZHK T HFp

AR R R R AR X (107°53729"—108°0545" E,25°06'09"—25°12 '25" N) foi T3V E R 1% A
AT, JE PR R KUK, ZAEAEE SR 15, 0—18.7°C i i ik 36°C MU IR -5 °C AR H R T ek
1530—1820 mm , MRPYAHXHRE — e 80% —90% , A=l il M, BF5E X N TR A v L S b = 2295 X
¥5 ( Cyclobalanopsis glauca ) % 3G ( Miliusa chunii) | J&5¢E ( Cryptocarya chinensis) . JK 75 ¥ W 1€ ( Cleidion
bracteosum) . Fa M (Aidia cochinchinensis) % .
1.2 W55
1.2.1  FEMBTR OO0 BAF dl R B2

FERIF T DX 398 H e 8 (10 0 AT L PR | AR 41 A 3 21 AR e UM AR B ATRE VR (1) (HE ARV (1) | kv i
W AR I (10D 1R A AR AR 1, IR 7R ARSI 7 RV D 52 NS T IR TR IS E X IR (IV) . RN
8—15a MYIRHIT o0 s VE N R TR HETR 2SR, A7 30—50a AR B IT 50 5 R AE MRS 43 515 50 248 AT iR 8¢ ; JF AR Ak
PTCFPAED B 3052 ARG T, R ORIERE - A AR B A A S B IR 3 25 AN () 3 1) T 38 1) 1= A9
WERELE Hoh— 284308 30 m B2 1 MRS, 9 ANPISR I TE b b RS A BREE —RES  FE DT THIAR 20 m o x 30
mo FARFETT 51 A H PR 12 A4S BEARMR 12 A IRAER 11 A4S, JBAERR 16 4> B ME T SR 2 SR A
FEDRAE 0—15 om R)Z TIERER . SREE 202 > T3 i Herh ROHIAE i 48 A HEARBREE AT 46 4>, A PREE
A R RRRE 64 /. SRRERTHT GPS 1275 /HE 40 (SREME L) U262 5L MO 13 0, i
dei A R M e RIS B IREE (B, £ OB R | SR 1520 A L
W
1.2.2 KERITITE

SRS P4 (URE ) SRR - U BR A He (i 5, s PR IS SR 1 d JA 1 g WE 3 NHG-N B
KR AL N E . 45 (Bulk density ) SR FFR T EE 0 E T 5 A EALAR L AR U A ik AT
ET B A SEEURL YN 3 9% KPR ( Clay content <0.002 mm) H3Ki(Silt content 0. 05—0. 002 mm) bk ( Sand
content 2.0—0. 05 mm ) ; T SEATHLEKR (SOC ) SR T T 45 i 1 S AL-A 1 I I ) (GB7857-87) MIE™ s 2K
(TN) R ORI IRk - S A (FlAstar 5000) (GB7173—87) P s £ (TP) (41 (TK) R A &Mk
BARRAZ - BT L k- IR IR ( GBC932) (GB7852—87 \GB7854—87 ) sz s il fi 22l ( AN ) SR FH Bt 47 %
(R TLMLE ) I s skl (AP) SR A 0.5 mol/L B FR AU B0 1R B4 B0 BT L (23 - 28 AN e e BE T e 0
B (AK) SR JH & R B 4 S WA ( GBCO32 ) s ') 5 pH (1] pH. i1 ( GB7859—87) iz, +-3Eiik

AR (SMBC) SR FH #0005 B 75 -K, SO, YR B0k F 370 Mk, S8 wa 'V S8 098 38 R BUR T ¢ SR SA DL
A 411 (TOC 2500) 5 , SMBC (#3148 . SMBC = EC/KEC, Xt . EC = B 2% T U 42 1A Wl - HE 2% T 108

PREA PR, KEC A5 280, BUE 0. 45 ; 2R W1 0 (SMBN ) SR HH S0 07 76 -K, SO, 32 BU-2 B 3h 7 {2 , 32
BORH N R A3 8hi 4% (FTAstar 5000 ) 52 ,SMBN Fi1% . SMBN = EN/KEN, 301 . EN = JE 2% + iR 10 4
H-AHZE PRI KEN J#Ei 250, IUE 0. 45,
1.2.3 HdEamr

HHEZ Excel2003 #HLJ5 K] SPSS13. 0 HAF#EATSE 140 M, 78 1Y 152573 A KL 55 R - kolmogorov-
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Fig.1 Soil sampling locations in catchment

smimov ¥, A% 5[] 1) 22 53 Wb 2 k>R FH O 25 0 A, A8 s [T A AH G G 32 R ] Pearson AHOCHETH 7 A #EA T 40 B, #HOG
Z 50l Pearson 23,
2 BZHRESH
2.1 N[ R B O B A AL

W 1 R AN [RAEAER B i) - S A M BT B B i Ah AR AR B AR AR A 2 25 5% (P<0.01)
A 3 1 W B S5 5 TR, RO R D A AR b e A R R FURY R B i S B3N R I B W 2 R

F1 MONMEHBEENRRE(0—15cm) TEBHERR TEREYE

Table 1 Topsoil (0—I15cm) physical properties and nutrients & microbial biomass under four vegetation types ( mean+SE)

P B HA A AR JE A P
Vegetation Grassland Shrubland Artificial forestland ~ Original forestland

Ak & & Clay content/ % 39.62x1.62a 32.17+2.11b 39.55+2.28a 20.57+1.86¢ 22.88 %
KRS & Silt content/ % 52.18+1.36¢ 57.49+1.47b 51.53+1.62¢ 64.78+1. 10a 22.28*"
ki & Sand content/ % 8.19+0.94a 10.35+1.13a 8.92+1.12a 14.65+0.95a 2.91
%57 Bulk density/(g/cm’® ) 1.12£0.02a 0.83+0.03b 0.80+0. 06b 0.79+0. 04b 16.82*"
HHLEE SOC/ (g/kg) 29.10+0.75¢ 64.05+2.25b 57.57+3.42b 73.92+3.55a 45.86*
A% TNTN/ (&/kg) 2.48+0.07¢ 6.86+0.26b 6.83+0.49h 8.10+0.39a 51.98**
4 TP/ (g/kg) 0.72+0.05¢ 1.19+0.08b 1.51+0.09a 1.60+0.07a 29.09 **
241 TK/ (g/kg) 7.27+0.42b 9.61+0.87a 8.84+0.68a 5.31£0.24¢ 12.91**
RS ANAN/ (mg/kg) 88.02+2.36¢ 175.77+4.86b 168.90+8. 65b 246.62+7.34a 113.663 **
AW APAP/ (mg/kg) 3.55+0.29¢ 7.28+0.43b 6.25+0. 44b 11.410.79a 32.20"
AT AKAK/ (mg/kg) 64.05+2. 66¢ 73.11£2.12b 76.24+2.52h 105.75+2.99a 51.42*"
pH 6.85+0.05h 6.78+0. 06b 7.2120.07a 7.12%0.07a 10.69 **
Tl RERR SMBC/ (mg/kg) 551.67+18.75¢  1365.98+69.07a 699.23+47.52h  1322.25+39.67a 81.89
W Y A SMBN/ (mg/kg) 0.06=0.00d 0.14+0.01a 0.10+0.01c 0.12+0.01b 23.72**
WAL C/N 11.85+0. 16a 9.48+0.21b 8.84+0.19¢ 9.19+0. 08bc 75.33**
TR/ AR AN/TN/ % 3.50+0. 10a 2.63+0.05¢ 2.51+0. 15¢ 3.22+0.06b 25.09 **

NEVNE FHRFRREF B E(P<0.05) ; * * FRZESEW B E (P<0.01)
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(P<0.05) ; Hih 5 A (8] 2R GUBURE 2 22 57 R 1.3 (P>0. 05) 3 25 38 2 B Bt 3 b b 7 3% T d 3% 2=
F(P>0.05) ; LA AT 5 HAD 3 ORI BOA B R 25 5 (P<0.01) M) - HE5R50 7 T, S ) R O
Bt 3354 (SOC )TN [ TP [ TK \AN AP AK) % pH {8 A 1 i 225 (P<0.05) ; B TK &b, Hofth 3543 25 1 5 B A o
WEER RN EHAY C/N Bt AN 5 TN 5 e il A v, HLS HABAE B AR i B 25 R (P<
0.05),

2.2 URIGIAE B R O B 2 - R ORI T 1 — "
RIS B LR B B o[ 2 ab I
(P<0.05) , FUKRIN A~ YA~ WA T 040 e ﬁ ls§
(B 2) , B FR , HMIREGE P8 (0. 462+0. 064) g 030l T \ : z‘; g
mg-g +d™)  AEMIRZ ((0.410£0. 116) mg-g'-d™") % % gzg s {20 %
AMBER ((0.371£0.073) mg-g'-d™"), JAE PR A g 015 115
((0.19420.057) mg-g-d™"), WAGHEAMAA R 2 00 ﬂ ls
R N B L o
HiAth 3 FPRARISAFAE W E 225
2.3 F RS M AL T M2 FEEEED RS S LS B

g 2 B 1 AT, MR EG R P S SOC TN . Fig.2  Soil urease activity and soil clay content of different
SMBC ,SMBN 25 b 75 A% ] B30 (0 LR IR — ;f;‘;f(";‘f;‘j: ST RRE  ARREO
B, WAL AN(R 2) , R KRBTGS TK A
R A E C/NAN/TN 2IEFXE(P<0.01) , 5HALFEAR, 41 SOC TN AN SMBC ,SMBN %53 2 1 i} 2% i1
A (P<0.01)
3 itig
3.1 5 SRR M YA G A B A B4 BT

TR B IS 5 SOC TN, AN SMBC F5 48 tr 2 T AH G, iX 5 AR 200 58 I 45 R OJF A — 3%, #Edb o
i P TR A A RS A3 DX ) - SRR B 5 AR R AR S AR T eI, - SR
M5 P 5 SOC TN AN | SMBC 548551 52 B EAH G . (HAWF ST 45 R 5 R 7w ke o I 1) 2= 55 48 N i piF oY
SERA—2T O IREEEYE S TN AN SIS, 285G 20 H i S il X 5 b b X - e b 5 K B (R
3), W SR i X B 4 TN AN 5 2ot v 1 H At b DX HE 35 o 359 A H A b DX R B B AT A iR =T
THE L' FRRIFZE VT 2R R 2 I b X - M8 0 s e S0 el DX Oy, LRGP 5 SOC TN AN S A E R &R
AR 25 FARL

MIEHIEHT(F 2) , URE SR A E (C/N) & AN 5 TN (9 0 b (AN/TN) 2 4% 5 25 IEAH G (P<
0.01), Bl URE 3G M8, AN & TN B9 Fo ik sy , i U LA, HL AN TN 75 & S F#AIK, JE L URE 5 AN TN ff
PRI R, &5 LIk, Y 3 2/ S I TR — W AR, IR SRS (R YRR ) 258
it B B TR 53 U6 22 I IR, A AE PR AT 2 A A, TR Y TN AR T axX — B E A IR 1% 4 5 TN AN
A, g 3 AL PG JL Rt IX i 2 4 R A TN & TX — BE A, AR T5 20 22 14 ik il 7K
fiff PR 22 BIVAT s AR AR R oK, R N & s SOmi 240 URE 19433, 138 URE 5 TN AN 2 3L 6UAHCHY
T, QIASHIFGE DX I SR A AR B 75 =2 ) TR RV R 220 Ml IX A5

- SR I PR DR A R0, JOR R A TR AR R R4 R ) S AL AR AN T | LA
KRR AE . AFSE 1S ik A 1 500 R R T A R IR E R A SR, FE DI R TR A
B TRMEBL T, B 3 A e i AN R AR U B i —Fp s i & et — e . PRI, R &
5 REG AR AN Sy — 8 B IEAHDCC R, SIREEE PE A —E W R AR,
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Dalal 25" (RAfF 5t HAT 2B A DA R IR 1 5 1 SRR A ¢ | Paulson 2512 B =45 H,79% —89% 1y Ik
T B AERRE b R  FEASIE T b AN TR AR R 2 o B T MR 0 1 5 - R 5 8t 3R B A A (8 25 1) A AH
F(FE 2) , B ARG R T R A AR E RN, 5 4 SRR 2 5 i AR B — 3, 150 BH AR g e
X [RIREATAE 25 330K RS T B AR Bt B 42

®2 TEREEGES TEEAERAEXE

Table 2 Correlation analysis of soil urease activity with soil physical and chemical properties

Po=N
ik ?ﬁgf FHHLEE SOC  A%H TN LW TP SHTK BARE AN SR AP HUED AK pH

URE 1
soc -0.604 ** 1
TN -0.607 ** 0.968 ** 1
TP -0.301"* 0.433*" 0.515* 1
TK 0.409**  -0.295**  -0.219*" 0.261 1
AN -0.672"* 0.923 " 0.928 " 0.534**  -0.303 " 1
AP -0.334"* 0.472** 0.430 " 0.455**  -0.123 0.465"" 1
AK -0.319"* 0.442"* 0.446 0.628** 0.111 0.569 ** 0.444 1
pH -0.452"" 0.516*" 0.550 " 0.255**  -0.207*" 0.490 ** 0.379** 0.230** 1
P n?/»\ﬂ )
iij‘ e 0.667"*  -0.551"*  -0.491**  -0.246*" 0.366""  -0.679"*  -0.455**  -0.437** -0.324""
Wk o it _ _ _ _
fi’\f‘jm -0.543 " 0.368 " 0.328"" 0.182**  -0.305*" 0.541 " 0.349 0.443 * 0.084
Wk i _
S/ail”g -0.473** 0.476 " 0.423*" 0.194**  -0.251*" 0.490** 0.345*" 0.214* 0.423 **
i . - .
BK 0.460 -0.863 -0.884 -0.547 0.122 -0.851 -0.330 -0.385 -0.346
:ﬁgﬂﬂﬁ -0.501 ** 0.781*" 0.730 " 0.314**  -0.192*" 0.746 ** 0.348** 0.344 ** 0.229 **
i ) g/z
gﬁ;\?mﬂ -0.370 ** 0.719 0.706 ** 0.386**  -0.131 0.670 ** 0.328 ** 0.293 ** 0.218*

.
ﬁé’iﬁw 0.316**  -0.480*  -0.655*"  -0.618"*  -0.213**  -0.586**  -0.198*"  -0.417*" -0.302*"
iR 4R . \ \ .
?Nﬁfﬁé A 0.204**  -0.505**  -0.565""  -0.273**  -0.056 -0.441*"  -0.216""  -0.064 -0.345""

Clay Silt Sand BK SMBC SMBN /N AN/TN

URE
SOC
TN
TP
TK
AN
AP
AK
pH
Clay 1
Silt -0.781"* 1
Sand -0.741"" 0.159 = 1
BK 0.354"*  -0.323"*  -0.204** 1
SMBC -0.581** 0.499 ** 0.382*"  -0.639*" 1
SMBN -0.375"" 0.227 " 0.349**  -0.612*" 0.653 1
C/N 0.207**  -0.182**  -0.131 0.666**  -0.347**  -0.397*" 1
AN/TN -0. 004 0.067 -0. 066 0.524**  -0.327*"  -0.426*" 0.495 ** 1

w FRFEFEE (P<0.05) , * « FREFWEE (P<0.01)
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F3 BEHTHHX 5 HAfiX URE,SOC. TN AN HIXfLL
Table 3 compare of between karst and other regions on URE, SOC, TN, AN

IF 731X 32k R A PR IEYE URE soc TN AN
Sample area Types /(mg-g™'-d™") /(g/kg) /(&/kg) /(mg/kg)
IR BN FEAMR AR SRR 0.194—0. 462 29.10—73.92 2.48—8.10 88.02—246.62
Mg WG FeA il WER RYE 0.25 A4 48.82—210. 12 1.80—12.2 51.33—209.75
|4 VACIN s YN NP R NN — 26.97—53.47 0.55—1.64 14.70—42.05
Y SN TR 0.64—0.69 6.32 7245 — 72.8 Fii
RIS PLLYE AR 0.51—1.07 94.58—167.29 3.55—10.94 480—1070

3.2 fHRAGEE R TR 0 A BE T

FEF LA 0T WA — R R B, Y 3R i A R AT B E R IREE S TN & AN 2 IEASE,
R 3 25 2R G0 S o 3 R TG MR B i X E A SR RIS M R R i T UL AR, B8 A E L LA
SEVER AR TR, RIS 2 10 S, AN S A DR 06 M P 2 o, IR TE E 5 TN B AN S A G
9 T IER _E R AR SO T TN AN B A B 5 C/N 5 3R RBE S PR A G, TN e AN 5 IR 76
AR | ERARC (K 2) B TN=3.5 g/kg, AN=110 mg/kg &b N F1 AN 5 URE A0 M 1 B4 4 (18
3), B2 TN<3. 5 B}, TN SRS IE A O, 24 TN>3. 5 BF, TN 5 IR P 5 A 965 24 AN<110 B, AN
S IREES PR S IEARSE , 2 AN>110 B, AN S5 PREFIEPE 2 ARG, BEdbmt™) pgt™) St K% et
XA TN 2 H 4 i & B0, AL AN a4 TN ¥/8-F 3.5 g/kg, AN /0T 110 mg/kg, IREFG MR 5 TN AN £
TEARZE T PH SR RS2 X A TN K4 KT 3.5 ¢/kg, AN KB KT 110 mg/kg, IREFIG 1S5 TN
AN BAK B GAHE, 5A ST A" A5

BAEYI A C/N 5 TN S TAHICA 0T (B 3) , 24 TN<3. 5 Bf,C/N 2BEZ TN B34 2080808, 24 TN
>3.5 B, 05 C/N LT ARH SR A BRSBTS 3 ) 2 A B ik 5 3.5 g/ke B M8 N A AR
RILAFEGE AN P 1o v o 20 R A IR M A FH A A K [T s, (R I AR 3 T AR 1Y C/N (B, X it — 25 Ui B
S RS PR TN BB 3.5 ¢/kg 47

10 + TN<35 10 + AN<110 120- * TN<3.5
:': 08 o2° o TN>35 i—; 0.8 .(D o AN>110 z 100 s . o TN>3.5
~ A o ~ 06 O 80
706 . L 3
(=] ’ (o))
S 04 > 04 60 ?
£ £ o
= 02 = 02 40 * ]
5 0 ) 0 20 *] ED og
_ 02 1 1 1 J - 02 1 1 1 1 J 0 1 1 1 J
0 5 10 15 20 0 100 200 300 400 500 0 5 10 15 20
TN/(g/(kg) AN/(mg/kg) TN/(g/kg)
B3 HERERLESE BREASKREEEREYH R CO/NELELRHEXSH
Fig.3 The correlation of TN, AN and soil urease activity & leaves C/N and soil total nitrigen
4 Hig

25 PRt LU E518 . (1) AN R B 3 8 B B %) - SR MR PR AP e I 3 25 57, oM iy, IRAE MR 2
TEARMPBRR, JEAREAR 5 (2) 7R T RE X8, IR A 5 TK KGR & i A5 H  C/N AN/TN &2 1E A7
(P<0.01) , 5HAHEHR , 1 SOC TN AN SMBC SMBN 2514 511 &t 2 7 A ¢ ( P<0. 01) 5 (3) ABFFEIA N 5 K
B PO RV FALIE R A TN AN A& Rk &8 &% C/N AN/TN 25 A0 ARIE AR X e 5 HiAth
DX LR, A SR AEAE—> 4 A 0 & i A B, 1T b P {0 U) kg 3% 1 55 TN S22 TEAF G 1 T L o (D) 22
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