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Effects of land use conversion on soil extracellular enzyme activity and its

stoichiometric characteristics in karst mountainous areas
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Abstract: Changes of soil physicochemical properties caused by land use conversion will significantly affect the content of
nutrients ( carbon, nitrogen and phosphorus) in soil and its stoichiometric characteristics. However, it is still unclear about
the synergistic change between soil extracellular enzyme activity as well as its stoichiometric characteristics and soil factors
due to the large environmental difference in different study areas. In this study, 7 kinds of typical land use types ( Pinus
massoniana land, Platycladus orientalis land, shrub land, terrace of vegetable field, terrace of abandoned land, sloped
abandoned land, and sloped farmland) were selected as research objects in karst mountainous area. Taking the existing
sloped farmland as the reference substance, the variation of 6 kinds of extracellular enzyme activity and its stoichiometric
characteristics ( 8- 1, 4-glucosidase, cellobiohydrolase, B- 1, 4-xylosidase, B- 1, 4-N-acetylglucosaminidase, leucine

aminopeptidase and acid phosphatase) were compared before and after the change of land use types using the spatio-
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temporal contrast method, and the relationship between them and soil physical and chemical factors were also analyzed. The
results showed that soil nutrient status and enzyme activity were significantly improved after the conversion of land use type
from sloped farmland to other, which not only significantly increased the nutrient content but also promoted the soil nutrient
balance, because soil microorganism regulated the expression and activity of enzymes and the availability of phosphorus was
greatly improved. In general, land use conversion from the sloped farmland to Pinus massoniana land and Platycladus
orientalis land showed similar and best effect of soil quality improvement, whereas it also increased the restriction of soil
phosphorus. In addition, soil total nitrogen content, C:N, N :P and pH value were the main factors driving the change of
soil extracellular enzyme activity. The change of soil enzyme activity was consistent with that of nutrient content, and was
regulated by the power of hydrogen. Therefore, the phosphorus input should be considered in the management of Pinus
massoniana and Platycladus orientalis forest land in karst areas for alleviating the phosphorus restriction of artificial forest

ecosystem.

Key Words: karst; land use conversion; extracellular enzyme; soil nutrients; stoichiometry

e AN R IE T IR RUE YRS B YIRS M R R i S A P AR Al AR o R AL
KAWL BRES S SRR AR, & RS RGN — 2R E B S ) FEAR KRR b R i 1 )
AR S AR R R A AR AR AR K R O A — S A, T DAL - B
o A e MR Y K i A A T R R 0B SR R, R G IS R RE B S P AE AN R 2
M ST AN TS £ A S SERIGER B- 1, 4- A (BG) \B- 1, 4-AHH 17l (BX) FILF4E R —
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F1 TERSMNEHFTE BEURKY

Table 1 The abbreviations of types and substrates of soil extracellular enzyme

JfL 41 e 7] ke
Extracellular enzymes Abbreviation ~ Substrate Function
B- 1, 4- Mg . WRAGIN I FE v, 43 7k ) WOk 5k, 4 % 2T 2
B-1.4-glucosidase BG 4-MUB-B-D-glucoside 2 R
U i ' e
AT A CBH  4-MUB-B-D-cellobioside S TR -
Cellobiohydrolase

-1, 4- KM 4 N .
B- 1,4 RS BX 4-MUB-B-D-xyloside BRAR PR At A o, A AT SRAME A PR A
B-1,4-xylosidase
B-1 A= RTBRIER Hﬁ@ NAG 4-MUB-N-acetyl-B-D-glucosaminide RMES TR %5 LT i /K i
B-1,4-N-acetylglucosaminidase
SRR Kl . . . FE IR i e bk i 2R B R 2 ORI e

R K . LAP L-Leucine- 7-amino- 4-methylcoumarin Jal

L-leucine aminopeptidase AR

PN AR T ) L K A Tl gl X Bl
e Hﬁ;ﬂk% AP 4-MUB-phosphate disodium salt ﬁfﬂﬁﬂ fy oL & ’ 7Kl T i L L
Acid phosphatase R

1.3.2 T3 PEm e

H IR pH REG TR E P R HEA PR (SOC ) SR F T 4% BR A A AL AN #ak il 5 ; 3 2 0K
FHP S LI AR A 5 2R FH NaOH 85 -SH B BT LU (15T 22 5 A AR FH NaHCO 12 $2-FH B BT LU (1%
DUSE 3 138 pH (AR AR A2, H T CR K (25 CO, 280K ) I 4R A HI (K LB 2.5:1)
1.4 Bt

R - SRR AL 27 e A i BT T - S A B R BR A PR 38 SR 2R

X = (BG + CBH + BX)/[ (BG + BX + CBH) + AP]

Y = (BG + BX + CBH) /[ (BG + CBH + BX) + (NAG + LAP) ]

KEKE =SQRT(X® + V?)

KEF)E = DEGREES( (ATAN2(X;Y))
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SCHREICE SEBME bR 22 R X T 2 8, SRR R 2 2240 ik M 2 3 LU A3 ( Duncan ) 2341 A [
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VIF KT 10 IEIAAFAE IR L P [l 3, 75 BRI BRAF e LR M 5 R 078 i, 13004 T RDA 4081, JT X5 o & SRtk 7 5¢
FeRP R, 7340 RRIR b A 75 =X 49855 55 w1 T R 4T SR 240, e - R O kAT
H25, B0 RDA Fl VIF T35 503 F R 155 ) vegan 1 packfor B2 P40, /EEI JE T ggplot2 5E MY, H:
ARG TAE SPSS 18.0 Hi5ERY
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®2 TRIHMABAXLHEBEUER

Table 2 Physical and chemical properties of soil under different land use patterns

ALk 2R 2 AR
FHFH Organic Total Total Available CN cp NP pH 8
Land use types carbon/ nitrogen/ phosphorus/ phosphorus/ ' ’ ' pH value
(¢/kg) (¢/kg) (¢/kg) (mg/kg)
AT
%%FAM@@ 26.391+2.764bc 2.892:0.406h 0.27+0.018b 14.153+2.762a 9.164£0.521be  98.519£16.381cd 10.808+2.11d 5.980+0.030de
Masson pine forest
HRs st
29.459+1.249h 6.152+0.38a 0.438+0.005a 14.191+3.229a 4.808+0.481d 67.2272.595d 14.044+0.932d 5.763+0.153¢
Cypress forest
A
Shrub land 21.633+2.005¢d 3.119+0.708b 0.13+0.006d 10.214£3.599ab  7.279£2.358cd  167.19+24.286c 23.891+4.705he 6.9400.121b
rub lan
B3
Terraced vegetable 46.582+2.655a 2.733+0.01b 0.166+0.05¢d 6.436+1.477he  17.047+1.034a  299.727+93.244h 17.804+6.537hed  6.410£0.190bcd
land
Ui 5

Terraced abandoned ~ 26.800+4.083hc 3.3630.391h 0.2310.081he 6.594£0.934be  7.984+1.056bc  122.302+26.321cd 15.574+4.584cd 6.267+0.202cde
land

PR
Sloped abandoned 26.054+4.821he 2.678+0.400h 0.107£0.034de 4.276+0.949¢ 9.953£2.799he  261.226+88.513h 26.021£4.703h 6.733£0.505hc
land

i 18.751+2.098d 1.732+0.005¢ 0.043£0.007¢ 8.073x1.567bc  10.824+1.202b  434.02337.313a 40.454+5.695a 7.590+0.066a
Sloped cropland
T Mean 27,953 3.239 0.198 9.134 9.580 207.174 21.228 6.526

CN AR A USRS SRR LA, C P S8R A S SRRAY LU, NP SRA 2 SR SRR LA

2.2 AN R 7 X A S B 1 2
1 855 7 TR - A 5 =X BG i P28 B AR Mk, 6 T S i NS FH 48 57 b Bk 3 e T D R A K
iV ACRRCHD I T4 5 b 0 R T R b s T A R D =00 CBH T P S R T SR b AR A
CBH P 5 5 AT AR PRI T AR MRS FE 532 i 0 BX 36 P S 38 w8 T 0 Bk, AR A s T 8 7 stb A
NAG T4 3 3 5 T3 kb s BRI TH 8 S b oh , AT - MR 7 X0 LAP 3 v 38 s T yedk s, 5 3Ht b AP
TEHEARLL, B L3 R 20 AP T5M: 0 2380, HL KA 1 307 5 R A b RO AR Ak b,
| mARAKME m OBEESEML W M
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Fig.1 Difference of soil extracellular enzymes in various land use types
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SEALI R MR AR - Ao I SR R AR AR FE 557 b P o I 1 2 S8 5 v T3 Bk b, SR 4 bR O =K A B T PR R 30
B 22 5 2 . AU TG R SRy A AR AR, | DR AR s R FH 45 kb I v TR, A R
BB P P S o v T b, LR O MR A ) R M M R AR A
2.3 AN[E A Oy 2 A S M A AL LA A R REE

ANTE] A= R 7 = A S A 2 i LU A S e Rl 25 S W 3 (3R 3) o A F SR s FNpE T 48 e M i i C:N i
i THk, Hw B R R C N Bt 22 RO 2 . il N P RIS IR M > A6 FH S b >V R B
M FEAR AR S FH 48 5 > 55 R A MR AT T 48 i b . BRIEEA MR AT, e R 7 XA N P 34 3
AINT YRR, G R BT 0.547—0.797 Z (8], Fir A7 = s R 77 300 i 06 14 O 1 A BRI KT 45°C
WA AN TA] b A H =ik R BB P L AP 34 (E 43 518 1.251,0.505 Fl 0.459 , 11 J< 4 B RN o< o #f 3 1Y °F
YIE K 0.614 F158.507., ) In(BG+CBH+BX):In( NAG+LAP ) :InAP %758 + 3§ C :N :P fk2#it = kb, )
AR A I X w245 C NP R ok 101013,

®3 ARTHAAFR TEEFENLFITELINK BT

Table 3 Stoichiometry and vector characteristic of soil enzyme under different land use types

A fitf C:N fili C:P fili N :p KK E PS 9iili s
Land use type Enzyme C :N Enzyme C :P Enzyme N :P Vector Length Vector angle
L AN 1.04+0.243¢ 0.286+0.021e 0.282+0.05¢ 0.552+0.058 66.171+1.635
ELUR S 0.828+0.14¢ 0.449+0.066¢d 0.551£0.121b 0.547+0.041 55.558+3.643
A 0.85120.031¢ 0.507+0.009¢ 0.596+0.016ab 0.570+0.009 53.792+0.381
766 HH St 2.322+0.638a 0.656+0.021h 0.299+0.091¢ 0.797+0.051 60.083+2.484
b FE 18 57 0.876+0.13¢ 0.466+0.098cd 0.54420.154c 0.564+0.036 55.827+5.061
BT PR T 1.733£0.362b 0.37120.101de 0.21220.018¢ 0.71420.081 60.005+2.71
ek 1.108+0.199¢ 0.800+0.085a 0.73£0.076a 0.55420.042 58.116+1.352
T H 1.251 0.505 0.459 0.614 58.507

fifi C:N Ji§ C:P FIfi C:P 4390 (BG+CBH+BX): (NAG+LAP) . ( BG+CBH+BX):AP FI( NAG+LAP): AP

2.4 HHEIREEIR 55 M A1 RS ] A G

XF 8 Flt AT P - 5 il I M =2 D) A A b A T o %wwms S
TOARATHT(RDA ), 25 5 7R 1 P A HE 7 il L f B 17 1 o SRR e FRLIHELL
SEREG P B AR SR 55.72% (S5 RAR I . S o S
AR RN RS, FIAR 2R EAHE . C N N :
P Al pH 3t 5 AN ZE, FEAT RDA 2087, 45 5 /s mi
ANHE P il 3G A B T A F Y 50.22% (RDA1:29.91% Al
RDA2:20.31%) (& 2) . S2FFRE K E A5 R Bon  1Ewk
U 5 A B AAFR AR BRSO A, #R X - HE il
TP A L R W, R RTLLE
RDA 25— % 5 Z B AL (NAG | LAP Fl AP) X R % CN
Y1, HLIF RDATL 3R 57 1] -3 b 2RS35 in, pH E ! 0 ! 2
N <P i/l RDA 55 % SRR (BG .CBH BX) FIl RDAI (29.91%)
it E R B Y, HUS RDA2 B R\ 7 m +idh HE2 +@EmENRItERSHHMBEAMRXROTRSN
C NI/ (RDA)
2.5 AR LB - 2 e R G 0 T g B Fig.2 Redundancy analysis ( RDA) of soil enzyme activities,

y ecoenzymatic stoichiometry and physical and and nutrients in
iy
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Fig.3 Clustering analyze of soil enzyme activities and nutrients in top soils of different land use types
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SRR ORI A 12 AN T 0T e R 70 FEid 2 (H M A 7 W RGeS 3 SR 0 AN 42
U BRIAT, OPF PR e e A S R AT P S L AR R A AR B TR 4 F R A R AR B T
TR R R AR A T AR R AR A YR A B L 20 D JCHILIR o UA A 0 AT
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