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Seasonal variations of soil enzyme activities in typical plant communities in the Ebinur Lake
wetland, China. ZHU Hai-qiang'**, LI Yan-hong'?* , LI Fa-dong'*** ('College of Geographic
Science and Tourism , Xinjiang Normal University, Urumqi 830054, China; *Key Laboratory of Xin-
jiang Uygur Autonomous Region, Xinjiang Laboratory of Lake Environment and Resources in Arid
Area, Urumgi 830054, China; *Institute of Geographic Sciences and Natural Resources Research.,

Chinese Academy of Sciences, Beijing 100101, China; *College of Resources and Environment, Uni-
versity of Chinese Academy of Sciences, Beijing 100190, China).

Abstract: In this study, the soil catalase, phosphatase and urease activities of typical plant com-
munities of reed ( Phragmites australis) and tamarisk ( Tamarix ramosissima) and their influencing
factors were investigated in Ebinur Lake wetland. The results showed that three soil enzyme activi-
ties of reed and tamarisk had seasonal dynamic characteristics during different growth periods. For
the reed community, the peak concentrations of soil catalase, phosphatase and urease appeared at
vigorous stage with 3.26, 0.60 and 0.33 mg - g”', respectively, and the minimum value occurred at
budding stage and leaf-expansion stage. For the tamarisk community, the peak values of three soil
enzyme activities appeared at withered stage with values of 6.33, 0.58 and 0.21 mg - g™', respec-
tively, and the valley values were observed at flowering and vigorous stages. Urease was stable dur-
ing different growth periods, and it could be used as an indicator to identify the differences of soil
enzyme activities in the wetlands. The enzyme activities of reed and tamarisk had significant positive
correlation with soil organic matter and total P in all growth periods, while there was no significant
relationship between enzyme activities and soil water content. The enzyme activities of reed had sig-
nificant positive correlation with ammonium nitrogen in the rapid growth period. There were no sig-
nificant relationships between enzyme activities and soil salinity in both communities. The soil en-
zyme activities of reed and tamarisk were controlled by many factors. Soil organic matter, soil water
and soil temperature were the main factors influencing the enzyme activities in the Ebinur Lake wet-

land.

Key words: Phragmites australis; Tamarix ramosissima; soil enzyme; growth period.

AR SCHBTSEAE TR 1 3 X A SR S T ORI (2015KL015) | JEI 5% H ARBH: 3 £ 00 (41561104 ) BT 80U K 2 b B - o S B2 B
TSI H ( XINU-DL-201617) AR 112435 0 H % B This work was supported by the Key Laboratory Open Topics of Xinjiang Uygur Autonomous
Region (2015KL015), the National Natural Science Foundation of China (41561104 ), the Xinjiang Normal University Doctoral Program of Geography
Support Subject (XJNU-DL-201617), and the Tianshan Talents Program of Xinjiang Uygur Autonomous Region.

2016-08-16 Received, 2017-01-25 Accepted.

= WIEH Corresponding author. E-mail: lyh0704@ 126.com




1146 VA

M

ORI S

28 %

I RGTE I A 25 AR GE R W) TAE B R A
MY eSS b — Ul E W fhss g, HE R
NG Z AR R MR
SN DR - SIS R n] A DAy 7 10 b A S P A
AR SR bR AR R b - S ) A8 A R AR M
oM R AT 7 — RIIOEIE. b AW IR
ity D7 BEAR R TR B | 25 1 S AL R AR bR DTS
TAFZEB TR R HE f2 Everglades {85 Hb 1 158 119 i
T VERAE , A BUTE A Y 36 v i 0 1R A ) 8 ) 72 A
R, 7R SRR PR A A I 2, KA AR
JE RS AT PR 1 SR R E A T T
FHT G5 -3 R0 P T S5 0R K T b+ S 4 —
Wl G ALY BRI IR, 25 R R ARl Rk
TEI P RE 2= 2R AL RLERAT T 22 5, 88K O AL
JoRRTIE ot R i (25O ST R X - T
MR EEAE TP TR R AR X R 5 1l ek R
Wit AT RS RS R
X PR T 0 b, SRR PR IR 3

LT b R SRy 5 DX Y v R I
BRI , X SRR IR, A 2R X
Sl A V- A A oA o S T S A
UK T Tl ol R AR il 0T S L AR DR G 1 4
15k WA ( Populus euphratica) | 7% 25 ( Phragmites
australis) 879 K ( Halocnemum strobilaceum ) FIAR 15
( Haloxylon ammodendron ) S iR A W B %[ 7 R AN
[vi) - 3R AU LT (i MR EA T RIS, A5 SRR £
SR MK 532 5 We Tl 7% M 1Y 3 S PR 7 {E 6 A )
AR A A S 0 - SRl v R Sh A P 5T 0 O it AR
SCLLT 2 RS A0 7o Tk 5 A 0 R o o &, A
AL HT R AR A [ AR K ) B 4 i S A U
AT T T IO P 1740 532 Wi PR 2% B A8 A R, O 228 S
WA IR R AR FE AR, DU O b AR 2R A
B Ry 5 8 BRI R AR 4.

1 ARMREHARTGE

1.1 BFFEIXHENL

ST XA F 30 E 00 b B R B AR PR IX
(44°30'—45°9" N,82°36'—82°50" E) , % X 1 & i
R R M T A, AR R K 100 mm, 4R 78 K
1600 mm , 7% & it B K 5 1 16 8, S om T 5,
SAE 8 YA R 165 d.SEE bR E AR X 0 5
B I b R R, MRUAE ) B TR R P R R
M, o R kR 2.16 m AR A KB
F R 54% ~69% s EMIHEVE T2 B 1.68 m, A

) A K3 56 BN 40% ~ 55%. 1 25 TR e +
BRI R b B & SRR 43 0 R 64.86 FI
39.54 pm,RK)Z L FETEHN 17.81 F118.92 ¢ - kg™,
WRAEER S Bbr ™) g EESR T 5 5
ER RN RS Ry 0 A B A ) 2R R
1.2 W55k

T 5 By 44 sy ARUAE ) 7 = R V% 45 1% 3
A~100 mx100 m FEJ7 SR S5 sk FERERE T IR
510 mx10 m BI/NEE S (B 1) 72015 4E 4 5,
6.8 F19 H AT WA YR V& F-IE , iC SRAEPI 1)
PR e B JF TR0 e s R o B AR A A R A
FARKBS NN (4 A) REBAERKG H) &
(6 H) KBRS H) M9 H) ;&4
SR NEZE(4 ) JEMI(S A JHEBI(6 A) A=
KAEEI (8 H) MiEtii(9 H). LIRS SRS S
2,50 0~5 5~10,10~20 20~40 40~60 cm. R4
FEANIE R BRS04 HART S, i i R A
1.3 WEmH S5k

o A SR VR A YRR
FR TR FHB IR A AN L35 (pH 9.4 TR ER 2% v
VB ) ORI SR FFY A 1 - U SRR A L 20k g,

AN e Bl SR HAR . HIESKE
FIELE 2 B8 SR [ 25 1052 .
1.4 HHEAb PR

K F SPSS 17.0 Fl Excel 2003 H /4% #ii vt 47
Gt br. R R R E Oy 20 Fr ik (one-way ANO-
VA) #1752 508T, F Pearson 15X + 338 3G M4 A3
TR F AT EE T (@=0.05) , IFiE— 2L dE 7 %
Al 5 J7 #2347 38 42 53 . KT Excel 2003 #144
YER.

82°48'45" 82°49'30" 82°50'15" 82°51'0" E
N s \,Tk‘\‘\}tl\ Hﬁ ! §
44°50'08" | R e
TR
,H, L 0Skm[[ T
‘ | | .
R o MR
4404924" | Cie ‘-l I
B e & 25m e
Eﬂ Legend ‘ ‘
- ‘L “ FER
oaguagn L THEBIE |2
R ' | 40km |/
- SRR B eL,

1 MREXRER
Fig.1 Schematic map of study area.
L,~Lg: PR Phragmites australis community; C; ~Cs: PEMNRE %

Tamarix ramosissima community.



4 3] RS A S LG W03 S AR AR R v b S 1 2 AL AR 1147

2 ERE5SH
2.1 P TIAEEMIAE v AN R 2R A< S0 - 98 it 1% 41 7y 23

Sk

HH L 2 AT AR T IR JZ (0~5 em)
il PR A 0 2 v T A A 2, HL R I T A L A1)
R, P RV - R 3R 2 5 SR b S T 1 T R R
o5 LLA 4351 A 51.6% .58.1% Fil 56.6% AR MIEETS
FIE 5 HO 5353 R 43.7% 48.4% FI 42.1% . \NFE I AS
A KB , P 2B B 9 S AL AUl o 1R T F
IR Pl A 0 {1 ) 1 IRAE AR R HE B8 (3.26,0.60,0.33
mg + ¢ ) A E B IAED 2F 1 (0.67.0.17 mg - ¢7')
UM (0.18 mg » g7') . = F AL B H g A4 22
S, 1ok SR A S AT TR i 2 B0 A - A K I > Ay B
> A KA > TR 1 > 0 25 IR Bl A K
HEE % 30 > A B0 > P A K 0 > 1 2 0 > S e 40y 22
O3HT BN 3 FREEE HEAEAS [ A K 0 22 SR TR] 2
AL AT PERR W 2R S AR K 2 AN
Ah oA A K 2 )3 2 0 25 5 BRI G M A
AFER I Z )3 5 25 25 5 ) IR IS PERR T4
IE S 0 5 At A 4 0 22 55 W 3, i & A KT 2
)22 AR

FEMIHE VR v, A sk A b S0l 0% P e {7 11 B A
it (6.33 mg « ¢, B E R THMERKE, &

IR IAETFAE (2.02 mg - g7') , B A 100> e
0 > 17 2530 > A 4 E B0 > T A6 30 5 B T il 0%
A 5 R Tl s A A ], 5 B I A 240 37 A
199(0.58.,0.21 mg « g™'), A 1E ) BLAE A K HE R I
(0.37.0.10 mg « ") , W 1 ity 2% 30 Sy A o 0 > e it
> TFAE A > B 28 30 > 20 4 E BT, O I 736 2 D) =% B
SRS B > B 2E 301> T A6 0] > J 40 > 2 K RE B

AN RV A A 0 ) SRS PR A — R 225 5
PEMIRE VA o S A SO 0 M 2 3 5 o S TR IRl
TR AR T 2SR IE  BERR B AE 2 MY HE IS
T EER.
2.2 PRI VE AN R A 4 4 AR T 1
It e

HH L 3 AT, PRI AE B 7 AN [ AR 0 1 4
BUBT 2 SR IR pH (H SRS A
Yt 2R 3 s b, IS K R REE 2
TREE IR Mg o Hoh APl a R E ey
& LR ME T B E B E DAL RS
b AR A A R W E A A A R I A
SN B TICAE R H  5 K  E A EE H AE
(0.17%) ,pH {ETCH B AR L (A AA b >7, @ i 1
B REMIREYE AT LT | AW i A A A R
4(79.46 g - mg™" 1.30 g - kg™") Wi S/KELEIT
A6 W 2RI IEAE (31.3 °C .0.13%) , B3 Fndk

0.8 I

12 I M 2.0 I
® 1
10 * )Z(f 1.6
——5,
8 —=—K, 12
6
~ 08
‘?" 4 'an
an
g 2 0.4
o Q
S B200
£ g
1.6
* -
3 &
H 1.2
0.8
0.4

0

JRBE Urease (mg * g)
o
» o

0.2

0~5 5~10  10~20 20~40 40~60 0~5 5~10

0 1
10~20 20~40  40~60 0~5  5~10

10~20  20~40  40~60

+ 2% Soil depth (cm)

B2 AR AN R AR ) A

Fig.2 Soil enzyme activities of Phragmites australis and Tamarix ramosissima communities during different growth periods.
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Zy: JE -39 Leaf-expansion period; H, : JFE 1 Flowering stage; S, : Az KA Vigorous growth stage; K, : A B Withered period. FIA] The same

below.
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Table 1 Correlation coefficients between soil enzyme activities and soil physicochemical properties of Phragmites australis
and Tamarix ramosissima communities during different growth periods
Tk AR it T UL e &b Fokat HHERE pH BEA HAR
Community Growth Enzyme Organic TP Total Soil Soil Ammonium  Nitrate
period activity matter salt moisture  temperature N N
I M, i A LA Catalase 0.757** 0.405 0.511 -0.664  0.951* 0.155 0.581 0.881*
MR Phosphatase 0.970 " * 0.369 0.374 -0.451  0.929* 0.433 0.586 0.767
IR Urease 0.870 0.212 0.644 -0.239  0.792* 0.616 0.603 0.860
X, i EAL A Catalase 0.691** 0.693**  0.754 -0.762  0.958* 0.640**  0.905*  0.771
MR Phosphatase 0.893* * 0.959**  0.719 -0.341  0.875* 0.746** 0.953"  0.812
KM Urease 0.762* * 0.824**  0.542 -0.367 0.960**  0.852** 0.892*  0.831
Z, it AL S Catalase 0.463 0.544* 0.147 -0.668  0.914* 0.320 0.886 0.577
Wi B2 Hf Phosphatase 0.940* * 0.685** 0.323 -0.731 0.971**  0.725** 0.878 0.678
WK Urease 0.896* * 0.700* *  0.426 0.763 0.842 0.587**  0.867 0.533
S, LS Catalase 0.838* 0.827**  0.465 -0.499  0.977** -0.313 -0.710 0.237
WAL Phosphatase 0.905 " * 0.933**  0.547 -0.751  0.969"* -0.392  -0.649 0.257
WA Urease 0.399* * 0.304 " 0.120 -0.523 0.941*  -0.800* —0.865 0.086
K, 1AL Catalase 0.306* 0.354* 0.709 -0.799  0.833 -0.033 0.547 0.816
Wi Phosphatase 0.705* * 0.794**  0.393 -0.844  0.861 -0.032 0.723 0.892*
WK Urease 0.827** 0.823**  0.356 -0.009  0.726 -0.066 0.399 0.705
II M, i AL A Catalase 0.691 " * 0.389* 0.358 -0.893  0.954* 0.720**  0.993** 0.966 " *
WL Phosphatase 0.988 " * 0.826* 0.640 -0.849  0.903* 0.965**  0.975"* 0.962**
IR Urease 0.986* * 0.875**  0.689 -0.903  0.975**  0.968** 0.926*  0.920**
Z, i E LA Catalase 0.861** 0.634* 0.838 -0.861  0.835 0.919**  0.616 0.871* "
iAW Phosphatase 0.924** 0.771**  0.538 -0.419  0.823 0.906** 0.713 0.905* *
JIRTi§ Urease 0.746 " * 0.867* 0.481 -0.589  0.909 0.793**  0.569 0.941**
H, it F AL Catalase 0.220" 0.726* 0.470 -0.921*  0.862 -0.120 0.916* -0.419
Wiz Phosphatase 0.868 * 0.708**  0.208 -0.927*  0.943* 0.123 0.895* -0.373
IR Urease 0.736* 0.754**  0.687 -0.392*  0.920* 0.184 0.893* -0.351
S, AL S Catalase 0.648 0.912* 0.323 -0.759  0.977** -0.903** 0.938*  0.664
IR Phosphatase 0.361** 0.856* 0.590 -0.874  0.914"  -0.229** 0.896*  0.632
WA Urease 0.302* * 0.923* 0.699 -0.487 0.810 -0.575** 0.907*  0.779
K, 1AL Catalase 0.722* 0.651**  0.679 -0.326  0.865 0.333 0.859*  0.799
MRS Phosphatase 0.799 * 0.479* 0.619 -0.602  0.762 0.456 0.968* *  0.729
JIRAE Urease 0.409* * 0.330* 0.150 -0.648  0.694 0.633 0.996* *  0.879

#* P<0.05; * % P<0.01. I . PR Phragmites australis community; 11 ;

BANEEYS Tamarix ramosissima community. M, ; B 251 Budding stage;
X, T A K Rapid growth period; Z, : J it Leaf-expansion period; S, : A K Vigorous growth stage; K, : Fili B Withered pe-riod; M, :
B 4 Budding stage; Z, : S Leaf-expansion period; H, : FFAE] Flowering stage ; S,: A K B Vigorous growth stage; K, : Hli 8 Withered

period. "F[A] The same below.

PRI L R RS G 2 IR0 2 A 56
R, TR AR AT AN G 4 T % A e [B) A G &R
U, 8 T IR PR 1 35 Bk DR X6 B P %) 5 i
B ARSCHE R RIS R A WA REURA, E m
5% - HEH PR 7 X6 R G R

I8 2 W, P 2 W 2 R B RS A
Fa Xt i S Ak S ) B A R AR,
TUE Y B R e S S S R R
25 G A KA AR A B A A A LT R e 2 kT
LB PR A e 30 4 38R R A MILJSx 3 4R
S 11 L2 i P 8 H Al A PR o A
TR RS K G | A 0] i TR It R R G P [ B2 R 4K
EEAERB 2.7 2.8 F113.0.3.3 7%, 2 W0 = % il

A B A IR T s A R 3]+ ey
LS55 22 1] 14 42 A ) 4 R B R, 5 7K R
PR AT B4 07RO AR DR 4 I 4 TE AN 5 A
TSI L Al 2 LR B R Y 2 2 3R A
B 5 KR RS T P B — S R A T A )
A, 38 pHL XS T 1 A A AR A ) 4 T
AU

M3 3 RIHL, FEREMI A 25 0 A B0, A AL
JRORI Al o) i S A Sl e A RO, eI T
AEIY] - A HLTOM SR 5 AT A i B A%
TESSORE N B SR RGN, A K E S A L o 5 il 0
FFAERR ) R ) 32 TR 500, 35 7K B ) S B
2 7O R 4 T 5 TEARONE . 1 25 40 e 3 2



1150 A 2 S R = S 28 4

F2 AEAREKHATHEECETFY T EREENBEZRE
Table 2 Path coefficients of soil physicochemical properties affecting soil enzyme activities in Phragmites australis communi-
ties during different growth periods

R A T L ARG Catalase W2 Phosphatase X Urease
Growth Variable HHRGRR EEANN  HHSEARR EARER  EEERRK ERREm
period Indirect Sum of Indirect Sum of Indirect Sum of
path path path path path path
coefficient coefficient coefficient coefficient coefficient coefficient
M, A ML Organic matter 0.560 0.779 0.107 0.340 0.303 0.593
43 Total salt 0.166 0.518 0.044 0.137 0.021 0.062
427 Total P 0.722 1.026 0.200 0.560 0.356 1.071
-+ 35 7K i Soil water content -0.455 0.357 -0.319 0.862 -0.411 1.396
FHEEE Soil temperature 0.009 0.034 0.169 0.756 0.069 0.266
pH 0.140 0.026 -0.049 -0.038 -0.014 -0.010
¥ Z5A Ammonium N 0.878 1.257 -0.085 -0.218 0.007 0.017
A4 Nitrate N 0.067 0.177 -0.001 -0.002 -0.003 -0.007
X, FHLFT Organic matter 0.732 0.108 0.635 0.964 0.500 0.917
/4> Total salt 0.054 0.300 0.004 0.036 0.01 0.054
45 Total P 0.225 0.288 0.306 0.397 0.395 0.509
+ 485 7K B Soil water content -0.468 0.721 -0.440 0.851 -0.409 0.783
R Soil temperature 0.369 0.475 0.023 0.091 0.038 0.151
pH -0.092 -0.624 -0.094 -0.398 -0.022 -0.093
A Ammonium N 0.534 1.056 0.157 0.692 0.040 0.176
Tl #5 Nitrate N 0.008 0.031 0.005 0.019 0.001 0.003
Z, AL Organic matter 0.420 0.719 0.536 0.616 0.300 0.513
/4> Total salt 0.079 0.293 0.040 0.148 0.101 0.375
42 Total P 0.138 0.470 0.305 1.039 0.260 0.886
F 485 7K B Soil water content -0.250 0.901 -0.472 1.238 -0.286 1.031
L HEEFE Soil temperature 0.451 1.553 0.274 0.454 0.217 0.024
pH 0.185 0.096 -0.281 -0.045 0.042 0.282
£ 25, Ammonium N -0.318 -1.009 0.273 0.866 0.094 0.298
Tl A5 Nitrate N -0.309 -0.418 0.138 0.186 -0.009 -0.012
Sy FHLIT Organic matter 0.648 1.526 0.470 0.138 0.638 0.420
43 Total salt 0.030 -0.305 0.012 -0.122 0.080 -0.184
45 Total P 0.470 1.542 0.386 0.266 0.376 0.234
+ 3 & 7K & Soil water content -0.180 0.444 -0.127 0.313 -0.124 0.306
+ IR Soil temperature 0.288 0.781 0.148 0.401 0.025 0.067
pH -0.076 -0.717 -0.157 -0.061 -0.070 -0.363
B 25 Ammonium N 0.533 1.762 0.042 0.138 0.207 0.238
fil5 A% Nitrate N 0.420 1.184 0.052 0.146 0.127 0.076
K, F LI Organic matter 0.320 0.621 0.319 0.619 0.213 0.414
843 Total salt 0.018 0.052 0.050 0.145 0.002 0.006
221 Total P 0.580 0.392 0.518 0.125 0.481 0.320
4338 5% /K & Soil water content 0.262 0.811 -0.127 0.635 -0.059 0.295
L HEEFE Soil temperature -0.299 -0.616 -0.149 -0.284 -0.164 -0.044
pH 0.109 -0.436 0.020 -0.008 0.190 -0.377
B 25 Ammonium N 0.473 0.615 0.419 0.245 0.395 1.331
filZ5 A Nitrate N 0.394 0.415 0.355 0.418 0.376 0.962

KM A LB A ML BRIR R A B IR DT AEIIRN AR A IE RS A LSRN e e 5 R i T
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Table 3 Path coefficients of soil physicochemical properties affecting soil enzyme activities in Tamarix ramosissima communi-
ties during different growth periods

AR A T AL A Catalase R Phosphatase Wk Urease
Growth Variable HEERAN BAZRER  HEERRN EAZRER  HEEARN WA RER
period Indirect Sum of Indirect Sum of Indirect Sum of
path path path path path path
coefficient coefficient coefficient coefficient coefficient coefficient
M, A BB Organic matter 0.639 1.868 0.450 2.155 0.574 1.456
#54% Total salt 0.183 0.889 0.013 0.063 0.007 0.034
227 Total P 0.542 2.264 0.520 2.505 0.419 3.126
+ 35 7K 48 Soil water content -0.487 0.828 -0.360 2.384 -0.422 0.795
+ IR Soil temperature 0.360 0.963 0.006 0.028 0.150 0.136
pH -0.038 -0.154 -0.056 -0.084 0.027 0.123
B 25 Ammonium N 0.294 0.304 0.117 0.570 0.020 0.097
fil5 A% Nitrate N -0.279 -1.349 0.041 0.198 -0.015 -0.072
Z, FHLE Organic matter 0.314 1.225 0.330 1.288 0.429 1.674
543 Total salt -0.163 -0.605 -0.190 -0.705 -0.200 -0.742
4% Total P 0.249 0.894 0.430 1.544 0.330 1.185
+ 458 7k i Soil water content 0.158 -0.948 0.201 -1.200 0.250 -0.901
L3 Soil temperature -0.266 -1.357 -0.040 -0.106 0.407 0.240
pH 0.019 0.139 0.062 0.177 0.080 0.317
5% Ammonium N 0.066 0.201 0.063 0.192 - -
A5 A% Nitrate N 0.013 0.046 0.004 0.014 0.001 0.003
H, A HLBE Organic matter 0.500 1.178 0.419 0.987 0.410 0.966
£57% Total salt 0.055 0.121 0.018 0.040 0.105 0.232
41 Total P 0.360 0.833 0.320 0.741 0.337 0.748
+ 35 7K Soil water content 0.276 -1.142 0.730 -3.021 0.329 -1.569
4 3£ Soil temperature -0.475 -1.189 -0.147 -0.524 -0.450 -0.213
pH 0.172 0.465 0.387 0.990 0.186 0.211
£ 5% Ammonium N 0.410 1.123 0.625 1.235 0.229 0.452
A A Nitrate N 0.173 -0.369 0.025 -0.053 0.010 -0.021
S, A BB Organic matter 0.539 1.666 0.210 0.660 0.642 0.632
73 Total salt -0.179 -0.237 -0.120 -0.360 -0.140 -0.420
41 Total P 0.283 0.912 0.540 1.739 0.542 0.746
+ 35 7K Soil water content -0.531 1.745 -0.463 1.492 -0.465 1.092
+ 3 Soil temperature 0.246 -1.957 0.099 0.310 0.195 0.611
pH -0.159 0.409 -0.019 0.003 -0.034 0.052
B A5 Ammonium N -0.302 -0.928 -0.082 -0.251 -0.212 -0.651
fili 4 Nitrate N 0.160 0.349 0.003 0.006 0.127 0.277
K, A HLBE Organic matter 0.571 0.151 0.420 1.585 0.470 0.773
£h43 Total salt 0.084 0.363 0.039 0.168 0.120 0.518
4% Total P 0.540 0.312 0.373 1.597 0.107 0.458
+ 35 7K Soil water content -0.279 -1.481 0.260 -1.380 0.320 -1.699
3 Soil temperature -0.036 -0.112 -0.041 -0.128 0.010 0.031
pH 0.136 0.155 0.199 0.413 0.050 0.158
B 25 Ammonium N 0.388 0.670 0.248 0.929 0.550 0.228
A4S Nitrate N -0.137 -0.533 -0.035 -0.136 0.002 0.007

0 S A S FE A Al R, A 7 e A A R

AN E A, A LI i R KRN Z O R

A BUREAS ) T S 1) - 398 3 T R 1 /N
v L S A S AN TR MR T AR R E R

TS P 1) 2R, LA A PR A5 T A X 4 55
3 it it

3.1 SCLGI ek WA S AR MR Uk L
U LY
TR Y 4 22 S o SR BURG 7 L B E T B i

b, HAbAS SR PSR T RIS | R 5 1 A
AMERIIEN o TR X 2R h TR
Fliva ) AR ZR WA A HLUREL | e R 58
O3 s EAN PSR AR S KR TR, X
Gyt LE N LA R P NCIE S N U e SU )
N R A N TR N G TN S RN



1152 VA

ORI S

M

28 %

PEERE T I R R X TR —H R
i K AE K pH A0 25 57 A7 5 s REMIRE 7% - S
PR T 1 O ik 355 P ARG T B 280 2 W A MO0 i 19 Rl T
PERT AT g T SRR B T R B A
17 5 | X S T 41 2 S 28 A AT L s R B B39 i
AR R E ) A IRV R TR A K
ST PR 2 S 2R BT UK B, 7 3 AR K B 2 R
JeIH S i A A S 1) A S AR R R, oAb 3 AN E R
SOV R IR A S AR U R R v 1 2 300 4
PSR PR AR 5 3R KR R, HAth 3 /4 0T O W
il A S 2 it K. R A A Sl A e AR BT
R, P R Vi WS A2 S RO/ i 4R
S > TR TR il > W Pt , 3o 4L T S X A A 0 22
S5 R ) A A BRI 2 T e R R U R | I
LM m A A R A8 T
RE-S L2 2 22 53 AN Dy B2 i 0 R A %l i
DAL M iy, - S I ] BE R A S LU A e £
T - SR P 25 53 R 7R HE .
3.2 SCLGI e Ak W TE M A AR MR Vs L e
PRI Y R R

SRR IR - R PR R AATE R A E R B
W Pl P ) DR 3R B 00 2 ] 300 ) A ) i A oy 22
St A BTN RT3 3 v U A K
B0 A R M A B AR MR 8 AN [ A < T 300 % 1P 114
FLARR MR T IHAB I 1, R - S LA B 2
TR, A PUTE ARG INEGE T AL Ty Sl B 57
TER TR PEGE YR S, A KA
T VR BR, DRI . OX S A AR G T
P AR XS B LR I R W 5T 45 2R A 22 5%, T e & th
SURIREL | L SRESH AR 2R 10 22 S 1 ). 8
IR AT JEE X 7 2 JR ok SO0 il 3 4 £k 2R R A
S XM AL R A4 A A 2 S e 22 S
SR M I A B i e o MR RE 5 R T 1
(AL A S R T, R HEK
R BRI, s AR BT YA TR — 2B iR T AR
VS LMK I 5 BRERE , M 25 LK oA
Dol /D ELATS BE A4 15 Tl T 5 1) L TR P, X o 2 S5 e ok
K EPRIAE TV HH OO T 1™ A A S B B ] 4
TEMT, X Garcia 55 A Ay FEE B e 11 25 15 TR
IR A RS R AN ], Al BE 2 b K B R 3R
PR BT 2 5 5 | Y ey e S R 70 1 5 R A 1
O3 T4 R T O ) K P AT, DA T 400 ) ol L
ANTRIAE A S ) 88 pHL B FIER 73 ) T % P 4 52 o 7
FER/IN 35 B AR A o 0 2 0 i

LS SRAN— L, R 7 77 =5 FIAE A [ A9 A= < J] 30
W, BRI 78 A0 - S A Bl
AR ZR 73 UMY 7 HE R R IR AT 2 o RS A 19 R A £
F.Z5 BT 7R3 L e R 90T D =5 AR A
7] A A ST PN A B 5 Wl R K AR DR 3k Al
YRR MR R T pH (H R F IR,

S 3k

[1] Mao Z-G (BEHNI), Gu X-H (#FZ1). Distribution
of the soil enzyme activities in different vegetation zones
and farms in Yancheng coastal wetland. Acta Ecologica
Sinica (HEZ&2AH), 2010, 30(18); 5043-5049 (in
Chinese )

[2] LiN-H (ZE), Zeng Q-P (EWE¥), et al. Sea-
sonal variations of soil microbial PLFAs and soil enzyme
activity under the citrus plantation from Mt. Jinyun,
Chongqing. Environmental Science (¥R 3E8M) | 2017,
38(1): 309-317 (in Chinese)

[3] Cao C-Y (® i A), Chen I-M (BEFH) , Shao J-F
(AB#H:K) . Seasonal dynamics of soil microbial biomass
and enzyme activities in four sand-fixation plantations on
Horqin sandy land. Chinese Journal of Ecology (752
Zeidi), 2011, 30(2) : 227-233 (in Chinese)

(4] Li L-H (ZEHKi) , Qiu L-P (BEATHE) , Meng M (%
%), Responses of soil enzyme activities to re-vegetation
in gully Loess Plateau of Northwest China. Chinese Jour-
nal of Applied Ecology (LA 252%4), 2012, 23
(12): 3355-3360 (in Chinese)

[5] WuX-C(RFEE), SunH (D #%), Yang W-Q (¥
J7%)1). Effects of elevated temperature and atmospheric
carbon dioxide on activity of soil enzymes. Soils ( 1
H£), 2007, 39(3): 358-363 (in Chinese)

[6] LiC-R (&%), XuJ-W (¥546), Song H-Y (K
WE3HE) | et al. Soil enzyme activities in different planta-
tions in lowlands of the Yellow River delta, China. Chi-
nese Journal of Plant Ecology (Fi¥EAS244) , 2006,
30(59) : 802-809 (in Chinese)

[7] LuS-B (&%), Zhou X-Q (JA/NE), Rui Y-C (1%
JRER) , et al. Effects of forest type on soil organic mat-
ter, microbial biomass, and enzyme activities. Chinese
Journal of Applied Ecology (N JHEZ44) , 2011, 22
(10) : 2567-2573 (in Chinese)

[8] Kang H, Freeman C. Phosphatase and arylsulphatase
activities in wetland soils: Annual variation and control-
ling factors. Soil Biology and Biochemistry, 1999, 3l.
449-454

[9] Wright AL, Reddy KR. Phosphorus loading effects on
extracellular enzyme activity in Everglades wetland soils.
Soil Science Society of America Journal, 2001, 65. 588-
599

[10] Xiong H-F ( A&V %), Huang S-K (ZEHEFE) , Chen Z-
P (RIGFE) , et al. Soil enzyme activities of wetland in
Liangzi Lake. Ecology and Environment (EZS¥REE)
2006, 15(6) : 1305-1309 (in Chinese)

[11] Nie D-G (ZKHI), Wang L (£ %), Yin C-Q (F



414 A AT LN S LA TR R M S T AR AR AR 1153
P87 ) , et al. Soil phosphatase activity and its affecting [23] Shen G-Q (IAE3E). The determination methods of soil
factors in Baiyangdian wetland. Chinese Journal of Ecolo- phosphatase activity. Soil and Fertilizer Sciences in China
gy (VEAI7E), 2009, 28(4) ; 698-703 (in Chi- (PE ISR, 1987, 24(1); 40-42 (in Chi-
nese ) nese)

[12] Zhang X (3K #E), Geng Y-Q (BKEWE), Xu M (# [24] HuangJ (¥ U8), Li Z (ZF F), Zhang J (5K
BH), et al. Soil enzyme activity and influencing factors filt) . Improvement of indophenol blue colorimetric me-
in lakeside wetland of Poyang Lake. Journal of Bejjing thod on activity of urease in soil. Journal of Civil, Archi-
Forestry University ( 4t 5 MOl K224, 2014, 36 tectural & Environmental Engineering ( +ARBH ST
(1) : 34-40 (in Chinese) BT ), 2012, 34(1): 102-107 (in Chinese)

[13] An S-S (Z#A1l) , Huang Y-M ( #84H5) , Zheng F-L [25] Zhang W (5K #il). Soil, Water, and Plant Physico-
(FBH3#]). Urease activity in the loess hilly grassland chemical Analysis Tutorial. Beijing: China Forestry
soil and its relationship to soil property. Acta Agrestia Press, 2011 (in Chinese)

Sinica ( FHI2ER) , 2005, 13(3) : 233-237 (in Chi- [26] DulJ-J (#:%34), Chen Z-W (BE7&EH). Using the
nese) SPSS method to realize path analysis of linear regression.

[14] Liu L-D (XU, Xie Y-Z (% AE) , Qiu K-Y (BB Bulletin of Biology (*E¥)=i}), 2010, 45(2): 4-6
FFFH) , et al. The soil enzyme activities of three plant (in Chinese)
communities in Yanchi, Ningxia. Journal of Arid Land [27] Liu G-S (X)), Xu D-M (#:4&4) , Xu Z-J (FH
Resources and Environment ( T 52X B IH 5K 5%), %), et al. Relationship between hydrilase activity in
2014, 28(4) : 153-156 (in Chinese) soil and soil properties in Zhejiang Province. Acta Ped-

[15] Wang L-D (E¥f#) ) Yao T (#k #f), He F-L ({d ologica Sinica ( L3E2#4R), 2003, 40(5): 756-762
F72%), et al. Natural vegetation restoration and change (in Chinese)
of soil enzyme activity on secondary grassland of aban- [28] Yang W-B (#3CH), Geng Y-Q (JKE3F), Wang D-
doned land area in the downstream of Shiyang River. M ( E4H#F). The activities of soil enzyme under differ-
Acta Praculturae Sinica (M) %4%), 2014, 23(4) . ent vegetation types in Li River riparian ecotones. Acta
253-261 (in Chinese) Ecologica Sinica (*EZZ#H) , 2015, 35(14) : 4604

[16] Li Y-H (Z=H821), Chu X-Z (ZH71L) , et al. Impacts 4612 (in Chinese)
of soil enzyme activity at edge of wetland in Xinjiang [29] Liu S-H (XMZE), Kang Y-H (FEEKE), Wan S-Q
Ganjiahu with interfere of human activity. Ecology and (T4 %), et al. Soil enzyme activities under plant
Environmental Sciences (£ ZF B 5 4), 2009, 18 communities in saline-sodic grassland in Songnen Plain.
(4): 1504-1507 (in Chinese) Soils (4), 2012, 44(4) ;. 601-605 (in Chinese)

[17] Tian Y-H (H%h#), Xie H (f #), v G-H (& [30] Nan L-L (FNENE), Guo Q-E (F4 /), Xiang H
&%) . A preliminary study on the soil enzyme distribu- (W 48), et al. Soil enzyme activities under main
tion in typical plant community in Ebinur Lake area. plant communities of saline-alklied badlands in Gansu
Journal of Arid Land Resources and Environment ( T 5 Province. Journal of Soil and Water Conservation (7K 1
X ¥ 5348 ), 2010, 24(9): 173-178 (in Chi- {3524 ), 2015, 29(4) ; 311-315 (in Chinese)
nese ) [31] Wang Y-W (EER), Chai Q (4£ %), Ouyang X-Z

[18] Liu X-X (XIBER), Lv G-H (BJ6#), Yang X-D (BXKFHE2) , et al. Soil microbial populations and en-
(M4, et al. Enzyme activities and physical and zyme activities under different sand-fixation forests in oa-
chemical properties of five different soils in the Ebinur sis-desert ecotone of Mingin Desert. Arid Land Geogra-
Lake basin. Arid Zone Research (T SXHF5%), 2012, phy (TRIXHH) | 2016, 39(1): 104-111 (in Chi-
29(4): 579-585 (in Chinese) nese )

[19] Ran Q-Y ({HE¥8), Lv G-H ( EEHE) , Wei X-F (5} [32] Cheng D-X (F2Z¥E), Wang T-T ( L) | Bao G-Z
EF%), et al. Enzyme activities and physicochemical (fLE FE) | et al. Activities and influencing factors of
properties of soils in the Ebinur Lake Nature Reserve in the soil enzymes in Changchun City. Journal of Northeast
Xinjiang, China. Arid Zone Research ( T XHf5%), Normal University (ZRACIT K Z4R ), 2010, 42(2):
2014, 31(4) ;. 715-722 (in Chinese) 137-142 (in Chinese)

[20] Xinjiang Department of Agriculture, Xinjiang Soil Sur- [33] LwoL-C (ZRK#), Lv J-X (B#E), Wei X (%
vey Office G T, s A I N %) . The 2Z) , et al. Effects of nitrogen fertilizer forms on soil en-
Soil of Xinjiang. Beijing: Science Press, 1996 (in Chi- zyme activities at different growth stages of wheat. Agri-
nese ) cultural Research in the Arid Areas (1 5 Hb X 4\l i

[21] Yang L-F (#72255), Zeng Q (& T5), et al. Meas- 3%), 2013, 31(6) : 99-102 (in Chinese)
urement of catalase activity in soil by ultraviolet spectro- [34] Gao X-L (EFEWH), Xing W-Q (JB4ESF), Ran Y-L
photometry. Chinese Journal of Soil Science ( - il (H7KEE) | et al. Effects of accumulation of heavy me-
#2), 2011, 42(1): 207-210 (in Chinese) tals in soils on enzyme activities. Asian Journal of Ecoto-

[22] Trasar-Cepeda C, Camina F, Leir6s MC, et al. An im- xicology (HEASTERZER) , 2012, 7(3) : 331-336 (in

proved method to measure catalase activity in soils. Soil
Biology and Biochemistry, 1999, 31. 483-485

[35]

Chinese)
Yang N (% T°), Zou D-S (AF44:), Yang M-Y



1154 JIVANNDAE G SR O 286
(¥ I0) , et al. Soil enzyme activities in different re- amendment and mycorrhizal inoculation as a practice in
vegetation stages on sloping-land with purple soils in afforestation of soil with Pinus halepensis Miller: Effect
Hengyang of Hunan Province, China. Journal of Plant on their microbial activity. Soil Biology and Biochemis-
Nutrition and Fertilizer (¥8 %) 5 32 5 10 B 22 ), try, 2000, 32 1173-1181
2013, 19(6) : 1516—1524 (in Chinese) [39] Xia M-J (&%), Miao Y (i #), Lu Z-H (FfiJk

[36] Yang X (# &), Zhang L-H (5KF|#), Zheng C 1£) , et al. Responds of soil enzyme activities of degra-
(#5  #), et al. Effects of Flaveriabidentis invasion on ded coastal saline wetlands to irrigation with treated pa-
soil microbial communities, enzyme activities and nutri- per mill effluent. Acta Ecologica Sinica (EZ52FHR),
ents. Plant Nuirition and Fertilizer Science (F¥) 5555 2012, 32(21): 6599-6608 (in Chinese)

AER2ER) | 2012, 18(4) : 907-914 (in Chinese)

[37] Yang W-Q (¥ J7%)), Wang K-Y ( EFHiz). Advances
on soil enzymology. Chinese Journal of Applied and Envi- fEEEN KR, B, 1992 484, WHAF5E4d:. FEMNF
ronmental Biology (.58 924 ), 2002, 8 TR EEI L SHRIPFST. E-mail; 974467061@ qq.com
(5): 564-570 (in Chinese) EEEE A

[38] Garcia C, Hemandez T, Roldan A, et al. Organic

™ i A

P ph T SO YU R 27t PR 23 S R i~ e B A T R 2015 4F 10 T HAEE T3 L RE L S
By il AR AR M R A 5 By P L T IR R SR R VR O S R, L
PR RET IR N 2.16 m AR AE A 5 B O 54% ~ 69% ; FEMIAE Y F- 2 = 1.68 m, AN
KIS BE R 40% ~ 55% . 1 25 FIREAINEE 9% 1 e R Sy b B e -+ | 7 Bk 424351 64.86 il
39.54 wm, K= SRR 17.81 M18.92 ¢ - ke, HHONVHEERAL .5 [ mER ARSI 181
BB R R S WA DA U 55 e A 0 A 1 e A R DX B
Yy 22 e R A M i A A IS B (U G T AR AT XM R 4 KA AR AR EE 1Y
2SR5 g 2 R AR RIRAR A SR W 7 S AN () b S Y (0 i 6 MR E AT TS, A

i e P SNt S RS I RS s IV P R o L 1

ARUESR , AL, AR, SCLE W M SRR A v L S 1 2= 1 AR, ARSI, 2017, 28(4) ¢ 1145-1154
Zhu H-Q, Li Y-H, Li F-D. Seasonal variations of soil enzyme activities in typical plant communities in the Ebinur Lake wetland, Chi-

na. Chinese Journal of Applied Ecology (W FHAZZS244) , 2017, 28(4) : 1145-1154 (in Chinese)



