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The activities of soil enzyme under different vegetation types in Li River
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Abstract: “ Riparian ecotone” refers to the functional-frontal-zone between an internal water-ecosystem and land-
ecosystem, and riparian ecotones-as the sinks, sources or transformers of soil organic matter-contain the interference from
the uplands, lowlands and aquatic zone. Riparian ecotones had played a critical role in regulating the conponents of
chemical composition between terrestrial and aquatic zones. In addition, they have also had a significant effect on
maintaining biodiversity, preventing pollutants from the land ecosystem entering the aquatic zone, and improving water
quality or any other aspects. Soil offered essential nutrient substance for the growth of vegetation. The decomposition of

organic matter and the transformation of nutrient substances in the soil have not only influenced the growth of vegetation but
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have also had an indirect effect on the quality of the water. The partial involvement of soil enzymes throughout process of soil
organic matter decomposition and synthesis, has influenced all the biochemical reactions of soil, directly or indirectly, and
has had a great impact on material circulation within the ecological system. Much debate has focused on the variation in soil
enzyme activities with different vegetation types, e.g., farmland, forest land and wetland. Riparian ecotones have diverse
vegetation types, complicated by the variation in soil properties aggravated by periodic flooding conditions. However, studies
aimed at soil enzyme activity under different vegetation communities in riparian ecotones have been scare. In the riparian
ecotones of the Lijiang River, soil water-soluble chemical composition, four types of soil hydrolase( glycosidase, chitinase,
leucine aminopeptidase and phosphatase ) and two types of oxidoreductase ( phenol oxidase and peroxidase) were measured
in relation to three vegetation types; mosses, herbs and shrubs. The relationship between the soil properties and enzyme
activities was also studied. The results showed; (1) that the activity of soil glycosidase and phenol oxidase under mosses was
significantly greater than that under herbaceous and shrubs; (2) that the soil glucosaminidase activity under shrubs was
significantly higher than that under mosses and herbs; (3) that the peroxides activity under herbs was significantly higher
than that under mosses and shrubs; and that there was no obvious difference in the activity of leucine amino peptidase
among the three vegetation types. Among the six enzyme activities examined, soil water content was positively related to the
activity of glucosidase and phenol oxidase, and negatively related to the activity of glucosaminidase and alkaline
phosphatases. Soil organic carbon and readily oxidizable carbon were negatively associated with glucosidase and phenol
oxidase, but positively associated with glucosaminidase. Dissolved organic carbon in soil was positively related to the activity
of both glucosidase and phenol oxidase. In short, there were differences between different types of soil enzymes under
different vegetation types in riparian ecotones, and soil water content and soil organic carbon significantly influenced the
change in soil enzyme activities. In riparian ecotones enriching the plant diversity can accelerate soil ecological processes.
The difference in soil enzyme activities under different vegetation communities was not only related to the vegetation types,
but also to the micro-topography and spatial heterogeneity of the soil properties in riparian ecotones. Future research on soil
enzyme activities under different kinds of vegetation types in the soil of riparian ecotones of the Lijiang River should

incorporate long-term control-tests.

Key Words: riparian ecotone; soil hydrolase; soil oxidoreductase; soil water content; dissolved organic carbon; dissolved

organic nitrogen

KBS ALBR TR SR Ak T K A 25 2R 0 0 i i A 25 2R 0 S () 1 T 00 B B L X x4
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AT I SOUL , B R B AR R B R AR A A B B, A LA 1Y 43 A L KR SR
JF I B AL A i B R AR R 35 038 AR, X K 7= A [ s
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e A WL B ALY A B, B R S R 4 L R AR A S T R A S AR T W A B
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HELT bty M UK N B TR [RIAE T SRR PR R S K Bl S E A Re ik
{14 JE S P K ARFAIE , 7 Bl st RN K SR8 2% 1 9 28 1 T R4 7K i A 285 2R G I 1 0 e A% e e 10 2 1
HEAHUBTAIR LA™ AEUR ST XK Bl SR A [R5 e I 9 2 A i

ARSCLIEL K B A2 5t BT FERT R, FEEIRFEA RIS BT S P 1) 22 57 A S b 3 PR o il
IETERRZ R ANFEAE R 8 R T A AR R I I e R R MIIE  S7 PR BT A 2 2R, . e /KBl S B
e et FEE 1) A A R UL Wb TR Ao FE LA R - S AC PR I 7 5 20 R AN IS S ARG R 4 ROk
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WFFT A 5 JLT Bl (£C3.2.1.52) 54 LB U0 e Ak % VA G IR R AL L T Bt & b s 2 &
RS2 5K (EC 3.4.11.1) , 2 5 H 588 1 BT K A, A FH 2 DUOIREE 19 R o K A, B il 2 SR 1 n 5 2 R FTTA
SR B PERERR B (EC3.1.3.1) ZE0ME L3 (i34, 2 5 - 5 MLBE % b, PR R Al 257K A T U 112 1
HeAth=4"*" | ZW4ALEF(EC 1.10.3.2) fd AL (EC 1.11.1.7) 0 AL 5, B 112 5 AR ZE 5
i RS A AL A W AR AL, R - SRR BB R Y ARHIR AT 45 R RT R K B AR A AR Ak 1 R R A DL R b
1 R BIETE S AL RIS AR | TR At m] i — 25 3 R [ - SR AT N 2

1 HRXIE

T8 X3V T VTR AR 2 BHIAT BE , 1 Ah E 109°45'—110°40" N 24°18'—25°41" Z [a]'2) S fi Ja v 1 34
I 2= XS e, A AE IR R ISR 17.8—19.1 °C L AEFE I 1 814—1 941 mm, 4EZ8 K& 1 377—1 857
mm , [ PREEA [ 3] s ARAR U i 5 (H A AR A A KL KRS KA B35 AR, i T A R
FERE TR IR , H AT X 2 A T m 2 . IAE A B Fh 28 1 B4 8R4 ( Prerocarya tonkinensis) /K ¥ H§
( Geum aleppicum) 537 ( Vitex negundo ) Fl—M-FX ( Securinega suffruticosa ) S5 RANY) ; BEAHI B £ 245 1 4R
( Cynodon dactylon) 7K ( Polygonum hydropiper L.) RS ( Humulus scandens ) % , 75 HIB#IREE 8 5E ST VT K 1)
X 3ok 3= 2 VLR ( Marchantia polymorpha) & P57 &% ( Funaria hygrometrica) i £ W & EEFLY), 7K kil 38 45 Hh
TERERE , i VoK B HFEE vl DL e A= S i R AR, 42 R R BE 4 A AN 34, — MRAE 10—20 em Z2Aq, JE Y M J7 AT 3k
50 cm,

2 WIRAE

2.1 FERCREE

WG RE A, FREARTT LD X AR AR IR 14T, Hi4b E 110°24719” N 25°10750”, 4R = 145 m, $E %R &
AR TETLRIT 9 A 2 AR 2 A K, K B3 4815 (0 58 1 T 1Bl — i 10—30 m'™' 285 BF Mk A & BH, 7K
Bl A2 S AP A LRI R AR B B A8 A, BEBS /KA b 3 AR ) b D7 R W 22 0y 5 86 5 R B /K AR O |t 35
ST HH ) b R R AR T IIE 1 7K 0 b B v B A A R R E N FEE N R R R AT R
Hrr et gk DL & WA T B 0 A HOF &R 3 em, R 5—10 om; BEASAEHE LU o
R 3 R UK A A)  FCE B BN 20 em, 2RI 10—20 om ; T MR B U LK 4 #5 F1— -k
hE HEH I, +REE 15—70 cm,

KBt A8 B AN R 2R 70 (O RE A S SR A AT . F 2012 4F 11 3 e JEORH I 9 SR, 43 3000 5 4k | B A FFIEE A 3
PR AR R, LA SR 00 2 mx2 m,5 mx5 m A1 5 mx5 m, BEFPEHY R 4 REAE ) 55 B A 2 M 1
AR RN A 6 IREE . AT HEEM A PR BIR D, 1 5ERk b B35, AR5 R4 0—10 em +)21) H3E
FEAR 3 03 IR L — MRS s X A 2R B b, PERE I SR SR AE 0—10 om £ 200 HIEFEA 3 03 IR G
WA, RER I LR R A PRIR RS, — 550 A4S, 22T J5 BE 40, Ak 1 e A M 57 73 pr
(R 1) ;75— T R OIG ABHAE JFHCE TokE iy nl e g % B v A 27 il FIREE 0B

R EMERGR

Table 1 Basic characteristic of plots

N TR E 2 S A 3 Sy
Fl w2 10 . ; -
Veetati - Soil bulk Total Total Available Total 49 f b
. ceetation P density/ nitrogen/ phosphorus/ phosphorus/ potassium/ Soil texture

€S
v (g/em’) (¢/kg) (&/ke) (mg/kg) (&/kg)
B HE Mosses 7.45 1.35 0.39 0.27 5.42 20.59 W+ KR+
HA Herbs 7.55 1.28 0.52 0.42 3.50 20.54 b BURGHE 1
#E M\ Shrubs 7.57 1.25 0.75 0.67 1.68 19.76 5 IR
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2.2 Wk

K o g K AR R AR . b R A Bl 9 b A S bR, A EE R T e T
o IR N R SR B R B - B R - A T 2, DTG R A s e i . 3R A il ok FH AL 1R - e S TR T -
bbbk, HIEHR SR - RN B OO ITHE . RIEA PR B IR 5% R # A fe- 2
BN, 35 A AR AN 2 2R 0.02 mol/L ) KMnO,-CaCl,iF R A AL 5 5, 4R KMnO, ¥ J¥ (725115 +
S EARR SRS IR MEA LR (DOC) A i B (DTN) B E , R 0.5 mol/LL &l K324 (A
S 4 Frfe o 10:1) ,7E 180 YR/min AR T A B4R 1 h J5#HE 15 min; 1RGNS , 78 12300 1/min
ZME R B0 15 min, F5H 0.45 pum JEBELUE  UEROHAEE Multi N/C 3100 43T B, 3SR (NH; -
N) FEAZ (NO3-N) K 0.5 mol/L A SRR (RS L RTRE LA 5:1) | T sh i 5 40 B A0 D8
FIJT A 3 A ML G A AR AR 2 A0 DON = DTN - (NH;-N + NO3-N) ,

- BRI AR S A0 5 28R PG TS SR I (pNP ) 3517728 2 0 LK i R S - - D - Wb M A 280 W L %o i 2
IR TR SE S T A AT | L0 22 R - 4- il 56 2 B RIDRT il B R Wl e — 0 A G e W g L T ol | 2 2 R
IR L S B PR 6P . 22 I S AR RN 2o S0 A0 40 I 1 0 52 4 301 LA 22 i 2 B ( DOPA) T DOPA it %Ak
S(H,0,) MIEY Wt R R PR B AT AL IE | ARIE O 9E + 38 pH (AR L I, AR 98 248 pH (R
7.5 11 Tris ZZ 0PI, 7 RGN 19 [R] B 43 0 A8OTE £ 25 B0 A TC IS 0ok BRGKEG . - 398 LA 1A oY
P38 FHEE bR , 36 F A AL AR 55 22 7 19 16 356 Pk 0T DA B B 26 ) B R B AR AE 3K — R R T A B A0 A ok
FAPOM L AEARBIGE HR K St B P AR/ INBS A A ML A 7 A A X i 5 S 1 ) B R VR BB (ol 7' A AL
fie h™") R Ron . FAIE SRR A/ INIEH 5 AU ST I UBE SRR B2 (umol ¢ A HLEIR h™') 3RO
2.3 Bdlkbp

B4 B 6 ) Excel R E4T 88 #1137 FH SPSS for windows 207 19.0 XP 88 4T 2007 . Hirh, T3 0
RS PR 0 22 5 0 2 MR One-way ANOVA 43 #7, = 38 M 5T 2 B0 + 18 g 0% Pk 19 40 OC 43 B ok H
Pearson ¥,

3 HR59%H
3.1 AR +HK SR ER 45
3K A3 B AR Ak 2 7K i 38 A A 1 BLRRE 2 w0l

— M1 RFE  NIR B S A 2 (8] + 58K 5 3 B 1A
R EES, P EEEE T LK &8N
33.60% , . = TR AT DL SE A BE T Y 11
KA (P<0.05) , FAFE B + 3K 7 & &k 30.
11% , LLIE MR T 1 587K 505 5 17.48%
3.2 AR IS A A+ B BTN 5 Ak ) 25 5
TSR L S e o Y B SR AR, TR A (A AR 10
BRI E 25 55+ 40 3 (P<0.05) . ANFR 2 A, s
A B S A LA & i 13.09 g/kg, HLRLAAH 0 1 1 J
WG 43.85% , W& BERTRERS 99.24% . 45 ALHE 1Y A e e
AL A - A b — 2, BIVE B 1 b i i
= , H 726 mg/ke, T 25 B8 A ok 1+ 9 & 5 i Rl 706 BE1 AE#EFEEBETAKHSENER
mg/ng Fig.1 Soil water content under different vegetation types
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HEMIEH ., N33 RE , REAEGREL (8] -5 A2 A — B W25, B e g H A A HL
fk 83.90 mg/ ke, L FLARMHE = 12.69% ,(H —F =5 AR E, MM T LIH M EA LK Y 48.14 mg/
kg, 0N T B S AW AV AR A AR & i, A B - VA AR S AR 5.85 mg/kg, S HE S T
NI B B ; 1T 25 A VA I R 4.18 mg/kg, B35 THEM . T3 A LA S B AN R R
FANAI 2 53 5 IR AT B A 8, EMEYE S RS R B T e T (P S AR B
TREER, HEMIHIEMSASEN 012 mg/kg, H S HEMB I RELER,

F2 FAEEFXETIEANBNRE

Table 2 Content of soil organic matter under different vegetation types

TR M LK +-3e 5 A Ak
Vegetation types Soil organic carbon/ (g/kg) Soil readily oxidized organic carbon/ ( mg/kg)
#HF Mosses 6.57+0.14c 706+1.14c
HiA Herbs 9.10+0.64b 717+2.57h
M Shrubs 13.09+0.20a 726£1.67a

BUH I I E bR DR R FUANR] -5 30K 22 5+ 1.3 (P<0.05)

®3 TREEHRELBTHERBELZRSNERER

Table 3 Basic properties of soil dissolved chemical composition under different vegetation types

A PLIK R A R PLA
it ES) Dissolved organic Dissolved total Dissolved organic NH}-N/ NO3-N/
Vegetation types carbon/ nitrogen/ nitrogen/ (mg/kg) (mg/kg)
(mg/kg) (mg/kg) (mg/kg)
HHE Mosses 83.90+5.54a 4.18+0.28b 3.69+0.29b 0.39+0.03b 0.09+0.03a
B Herbs 74.45£5.56a 5.85£0.37a 5.31+0.30a 0.48+0.05ab 0.05+0.01a
#E\ Shrubs 48.14+5.50b 2.80+0.19¢ 1.98+0.18¢ 0.70+0.17a 0.12+0.04a

3.4 A[FVRE B IR A SRS 1R Y 22

F 4 RWIARMEPIE I 2 6] T EMHE VA —E 225 b LW R A 5 SRR b dee i,
13.38 wmolpNP g™ A ML h™" , 35 T FOA FNFE AT AUREHE A 3 (H A FNHE MR B EHE  22 57 R 1A
) @ F K, FEMEGE LT FREE 1EA 3.00 pmolpNP ¢ ' ALK h', & & T H © Wi il 25 A0 + 38
T A I T AR P L A SER BT JC 8 22 5 . — PR DU 2R A 9850 A R R % P 249 T
FEZESE, WP REIRRE T 5, A SEATHC T A L e R B R RS P 3.66 wmolpNP g AT HLER h'
BECT EAMPEIE Y (AR RO R A - S PRI I 5 M 22 e R 3, Wy e AL T PR e A
IR Y e rp A W e 5, o S SRR A B S8 AL RS V4 7.50 wmolDOPA g A HLER h™' , J2HE M
A L SRR PR Y 1.92 A8 ; BOACHE Bl 1 S M S AT M 5.43 wmolDOPA g G HILAK h™', &l 35 = T-IE AAE B
FA R AR E AR A R 11.07 wmolDOPA ¢ ' A LAk h", i 35 /&5 1o W Al b w2
T T 5 BERLHES AT e S A S P R 2

4 itig

4.1 FEPSEAINS - HERGEE M R R

IR Bt S HE T BT LA R A 253 AL AR 20 AL (A0 8, R R R B B B i T H B AR S R Y, A
(7 A 2R PO AL WA 3 8 9 O AR 2R 20 0 A 2 T = SBT3 ) 1 S % PE Y K. Ekaterina % B
AR T TG LT DA B AG | S ST A 9 S AL P TR B AR Y IR e B
AR - S0 M AR 0 A o S G P T eSS Bl ) R S R LA A 28 Y phy R TR g THE A
FIFR A, LSBT P e R A R AR SR G R N RIS 1 SRR Ak i S A 5 22 5
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x4 TREHEXBTHTERETNE

Table 4 Soil enzyme activities under different vegetation types

SRR

— . CRER I i A AL & . )
- JUT il SR WL B2 e LA 5
FERZEA! e . . . Alcaline Polyphenol A

; W il Glucosaminidase/ Leucine amino . Peroxidase/
Vegetation . 4 R phosphatase/ oxidase/ »

Glucosidase (pmol pNP g peptidase/ . B (wmol DOP Ag
types 4 - (pmol pNP g (' pmol DOP Ag .
SOC h™!) (pmol pNP g S0C h-') S0C h-!) SOC h™!)
SOC h™!)

B #E Mosses 13.38+0.28a 2.05+0.24b 2.61+0.24a 3.66+0.16b 7.50+0.18a 8.28+0.48b
A Herbs 11.27+0.46b 2.43+0.11b 2.58+0.23a 5.01+0.35a 5.43+0.29b 11.07+0.17a
M\ Shrubs 10.84+0.41b 3.00£0.07a 2.13+0.15a 4.79+0.49a 3.90+£0.27¢ 8.11£0.27b

ASHITFE R B, A [t b 21 AN (R AR 15 S U 18] ) 22 A 531, G v 8 SR 4 00 3 Tl ) I S A T 05 1
WERTHEANFEN, XX EEAA P THPD KR, % 2 e st A PR S & 85K T
HEIME WYL, RS 3 H i) I A LR A0 0 28 o THEAMIE B . X e DA 5 BEAE T, IR R A AL
i AR R e, T Xk S AR A LB e A ) B 2 TRE A R el LT B A R A K 2 5
ARG P RIEAL , N RS P 0 AR AT LR S AR, BFFE A AR R BEAME R T LT il
PR T SR RAS | (E 5 2 IR 2 R SRR 5 5 G AN R BT 5 25 5 DO A, LM Al o il
I BRI EAME R FLRL S i LU e R R R (HEHL AR & i S e MO B & 25 % XUt
TEFEMI R SR HLR R AL E TR . DRI, JLT B 7 A A MR B A R B/ T 2 TR TR A
2 YN
4.2 S OO B LAY S

R o R AN (R R A R A W Y A K A BT R R A i . AEOK S HE i T OB LR
IRAL AR 75 1K I3 K A RIZU AR AL . R M BN A S SR B A 1) 22 K77 Hackl 5508 &
RS UK G B UM OCOCR DY S Waldrop & 38 57K 5 (14 38 023 R A0 20T 11 0 e, JHG ey 4
PTG SEUAL ) TR A AT 0 35, A/ A il 05 1 A AR AN B 8.0 DR, b 3K 43 b 0 P 9 53 o 2 52 2 1
ASBIEFE W A B S8 A B R B K 5 e RN T ) (3R 5) |, JLT Jo Bl R A A 1 1 41 U 2
Ky B R BE ATRREARG, JEE M 5 K o BT IS

£5 TEERSBEHEUHHEXIXER

Table 5 Pearson’s correlation of soil property parameters and soil enzyme activities

. " SRR e
ISR , . o TP 2 iy AL s
- TR JUT S i o TR IA]
Parameter of . . . o . . Alcaline Polyphenol .
. . Glucosidase  Glucosaminidase Leucine amino . Peroxidase
soil properties . phosphatase oxidase
peptidase
ol L\ A L
i%7kﬁﬁi 0.572* -0.611"" 0.461 -0.501" 0.701** 0.163
Soil water content
joiv sy’
j:i%ﬁﬂlﬁf}% -0.667 ** 0.701 " -0.391 0.345 -0.868 ** -0.133
Soil organic carbon
5Lk ROC -0.745** 0.726** -0.291 0.396 -0.920** 0.032
FERRIEA HLIK DOC 0.458 -0.381 0.600 ** -0.345 0.561°* 0.160
VR S DTN 0.012 -0.377 0.238 0.067 0.329 0.671**
VEfIEA LA DON 0.071 -0.425 0.238 0.065 0.408 0.653**
NH;-N -0.323 0.360 -0.072 -0.043 -0.570" -0.070
NO3-N -0.047 0.127 -0.023 0.100 0.051 -0.158

* FINTE P<0.05 7K, + + FIRTE P<0.01 7K AR 5 2 AH ¢

A LA R P R RETR NS TRIR, 5 AR A MLRK P (35 A0 0, Xk AR W Ak Y
SRV DB R bR ORI R B v I A ML S ik R AR R I B R N LA B LT Y A
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JH A PR R A LS BT LTS R B A AL B AR R A OCE L X S A LR R &
SER IR B 7 07 LR 1452 P 458 DR 3R 1 5 6 T 7 A R 1] R A8 A AT 56 A 06 5 S A i 5 i
(ARG IR B . T BFTE R, BERRAG 55 2 LB & 3 IEARDET . A B 9e 3R, 5 Sl 5 1y
SEALTE S EAR DG, 1752 A A T S R DG EACIR S v L SOM il 1 4o AL i e B A HLBR AN 5 SR
AT ) SN T R AR, LT Bl 1 B A L 0 5 S A BIR (9 334 i T s, & Tl 6 5 A B AN 2 A A i 5
ARRE,

AV M B Y 2 A S T S o A R R e SR R s 5 — T, A AR TR AU
SRR T AN HE X TR BT AL I 7 1 o DABE B T, 0 90 e M ok 205 ol T P A — AR AR G
P, —SURFFT RN 1 AR MERERR G S5 VA M A DL 35 TEAR OGS A B A BV M R S Tl
TRV BOA W RRDCHE ™ AR ST W], R AR AT DLBR 5 e TR S RS I 52 0 B 5 1 IE A OG, S5 4
POl 35 ARG TR ARV AT DL i S A P T 4 S 0 28 TE AR OG5 {E - S A Ml 20 5 LT ol W Y i
PR BRI A I AN 8 AN, BREEZAS RS Wy AL BTt 25 DU OGRS, JOHL SRS 2% Ff I 1k 22 8] Y 56
ESURNTE

5 #ig

(1) ANTRIRRE BRI P A AN [RI AR 9 2R ] B 28 57 A5 — 2 B DX AELX R DO - B0 — B LA, WFsEak
BB SRR B I - SR A T T AT I 4 A S P8 0 8 T R A RIRE P X ) 5 A e - A R T LR 14 5%
o i T RARI RS A BT B T SR AN DRI, REAS A B T e ik b A ML YRR SR . EAA
FERCT R LT B S M 2 T A SE A RAS | IR MRE MBS T 3 b JL T T K A 0 B g T A
PR AT XA R - HER WA HLT R AL 22 57, S AR A 2 RE 0k nl i i A A 25 ad 7

(2) AN[FIEH 2 7Y R] SR TG 1 A4 22 57 A2 TS TN T BRI, AW S W 300K 73 35 1 2 3 i K Rl 52
el ST R A 2 BN R A OB T I S T A B R (B LTS R R R R R
FOR, T A MR G2 35 L SRS R 02 (A DL IR R AR A — 2, A P A S
SRR T A S LT R B A 8, LA AR 0B i e P ) 355 1 5 T B A A BLBR I T fp | T 5
o R N B S A PR B . R IR AT LS B B s i SR A R A 5 1, (B L B G 1R 2
A0

TR VLR B AZ AT, oK B 5 E R PO R IORE , S0 7 Lt Bipg 2 s 5, v B
AR SURFCWIBHE YR EEN R DA R REE I 2 (W] B 6 M i 22 5, NS IR BUAT G i S TR0l P
AR A SRR o i) s 8] S SR A S DI OG AR o W AN TR AR I B2 i - 98 il 135 M O F 5, 5 ) s ol 1 3
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