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Soil Enzyme Activities and Their Relationships to Environmental Factors in a

Typical Oasis in the Upper Reaches of the Tarim River

ZHU Mei-ling'*, GONG Lu'*" , ZHANG Long-long'

(1. College of Resources and Environmental Science, Xinjiang University, Urumqi 830046, China; 2. Key Laboratory of Oasis
Ecology, Ministry of Education, Urumqi 830046, China)

Abstract: The intensity and direction of soil biochemical process can be reflected by soil enzyme. The relationship between enzyme
activity of soil and environmental factors is deeply studied in this paper, which can contribute to explore the soil ecological process and
to provide scientific evidence for scientific regulation of soil system. Soil samples from new cropland, ten-years cropland, thirty-years
cropland, orchard, plantation, natural forest, grassland, saline land and desert in the upper reaches of the Tarim River were collected.
The relationships between soil enzyme activities and environmental factors were analyzed by traditional statistics and redundancy
analysis (RDA). The results showed that soil enzyme activities in this area were low, with the average of enzyme properties as follows ;
catalase, urease, invertase and alkaline phosphatase, with activity of 4.27 mL-g ™', 0.34 mg-g~', 2.08 mL-g~' and 0. 08 mg-g ™',
respectively. According to the RDA results, the total nitrogen, organic matter, available potassium, soil moisture and total salt were
significantly correlated with enzyme activity while a relatively significant correlationship between bulk density and enzyme activity was
found. There was no significant correlationship between available potassium/pH and enzyme activity. The importance of environmental
factors to soil enzyme activities could be arranged as total nitrogen > organic matter > available potassium > soil moisture > total salt >
bulk density > available potassium > pH.

Key words:soil enzyme activities; environmental factors; redundancy analysis; oasis; the upper reaches of the Tarim River

IR MR AE S R CEEHY  E AR KSR EIEME. A ASY TRER D
BIPEIS . Reit bt B rh R A AN, IR R BERR M. DR AR R ME 5 1 HE Y K R % U AH G
RAIERG P RIGROG IS Z —" AT et Margesin % Eﬁﬁt%‘z'ﬁi%&@ﬁﬁﬁ‘ii%ﬂﬂﬁ%ﬁ?
HEE YA 2t B SR A 507 1 HOE PR S BEER A6, Baldrian %" | Stursova %Ak B A
BEIA R LIERRE A TE b LR A KT R MﬁﬁﬁiﬁE{Eﬁiﬁ%EE@Aﬁi. Kalbitz %' ”'ﬁﬁﬁi
fEG W, 20 B8 m A AR A L B T A S B A HE B AT 5 W A M B OE ME. Kim 45T AD
[l 5, - 398 PR 35 DR 7 $R 41 1t A1 S 7 ) IES 4 R A B Cusack 25" BIFFE3F B 7 7 5 20 & AR 09 311X 4 3
IR G B E AN, BT LR S 2 AR BRI YRS AR R BN IE M. Nausch 1 43 Hr %
B TFRMEER A TFRAMT LSRR, —m——
ST TF 2 £ M 3R GEH B2 £ R L (% AP 3 BB (31160127 41461105)
A %Hi%@@ﬁ@ 535 R T 15 & BT EE R RAEFL (1990 ~ ), L, B LB 5e A, B EEWF5T T 1) o 1 5

, X %% 5 5 355 | E-mail : zmleco@ 163. com
TJ_L‘ZZEZF% Martens szl ﬁ}ii%@ﬁ{ﬁ"i lﬁi% * JE I R A, E-mail : gonglu721@ 163. com



7 RFEFEAF o B B b it s R0 g Y b S WO 4 5 PR B R G A 2679

P T 5 0 000 A G 8 25 b R, DA AR ST
EALYY R O AN 3 S O i PSS Sy
YRR BHE RR AT A T SRRy
W I 2 SR FH A B AGAR AT 7 B TR M 5 PR
BT Z W R SO R — AR 4 e 2 o8 B 4%
B R R A 1 B R, 45 R R . % i
5 B T AR B 254 5 R R R ST, A A
(B FE B A . AT Z2 R TC A 40 7 BF 5 1 S ity
WS LRI TR C R A BT e R
22735 5 ) A R AR )l 2 3 32 07 1 A H At 45
BN FH 9 75 22

B /K B DX b B LA T b3 L B SR E TR
YA, B T R A 7 e 55 A N PR A HLA
TE A B AL A 3 09 45 5 S 0, J5U AR e 59 /9
EZS TREE N 2 SR 1 £ M R R . R B A
I B 5 5 5 (0 15 U R 0 T I B A I AR o, g
POREAL . UG AL IR B R T, RS
ZGERIBIAL | AR EAE U N A S R R 8 4y
SERUETS LA SO LB AR 3 B R 2R B X S g
BIBFSEIX, 76 2 58 43 HF -+ LI I VE K% PR 45 ) 743 57
HUHE B LRt E P T4 23 BT 1 R TR BT L
WS KAy L AT B R IR S5 2 R T A O
5 F i 5 R 20 B A 4k o E MR D A R 2 G L LA
150 2 - SR R A b b Y U R T Sk R
R LE

1 HB5H®

L1 {5 XA AL

Faf 7 7R B2 DX Ab - 35 HE AT | 3 o AR T b B
R4 80°30 ~81°58" | b4 40°22" ~40°57". Hi#
e A A, B K L Bk, R I 3 s B T Vb, Ty
VEPR1 012 m. K 3 32 i M A A B Ly 20 A V) il 35
K6 J5) 52 ), 23 YN RS 1B T el R i T 5 T A
B M, 78 Kok g0, H B =E 3l 47 ¥ <R 10.7°C
AEHRE RN 17.4 ~42.8 mm, AEHFE & #1125 ~
1600 mm, 4 H 182900 h, &5 220 d. + HE
JoA AR b, FE R R A L R A
TR RERMR . T i . Eh Ak Vb . B IXE
R e R e A R BT G ARk RS B
BT w5 D B NS S ) R o NI [ 4 27 |
3 = A A e
1.2 HfARRAE

BEX T B X A — Ui+ A, SR AR ]y
2013 4E 7 F . BERRAE DX N [R]— 0 4 0 B . M PR A

AR . PR — A9 9 Rh 4 Hb R PSR, B ET T
FRE . 10 a A B (3EA/E,10 CF) | 30 a fff H (iEAE,
30CF) | AP ( 3= 2 Fpal 28 B O AR, Orchard) | A
AR FZAR A R, o A TAR B3, PF) |
KRB (T ERE ISR RS0, 0 A F 30 )5 5% ,NF) |
Tie B M ( FEEEAE PSR RN L IR GE R A AR, A
AT 5 T A A1, GL) | Ehmdth ( 3= 22 A gk 2K
AR ERFEOR . FRTUR, 404 T4 H AR, SAL) K& vb
M (FEBE 55 BE /N T 5% , oA Tk il 4, SL) o
FEML. BRFR A b R SR S B 5 AN L AYRE Ty, R
AR 5 S A L S Rl . R ATV M 5 m x5
m, J G AR 10 m x 10 m. B S BUA i 5
ARERRER)Z LIERES (0 ~20 em) 4% 5 A FE
RUOR IR R L BRI AR R M B, SR A
FEH DU 2 v B 1 kg A L FEAS A Il S0 00 %, KT
Je B IS At O DA BRI

1.3 SEmrik

A EERE T AL I S 2 I Ao AR Ak S T
K A Bl 28 P AL it o DR T8 . P Al T il 3% 7 A B
BEOKE ., AE, pH, SR, 28 AL, 24
AR . BUBCRPAF IR bR, BRI

- S S R S A ¢ 0 S Ak S TS R SR R
B A 5 B AT TS PR oR F Bl A R T v I
TR0 1 SR FH R T A b €80 5 a1 Tl T T 9 SR FH
MR s

TR AR A BRI R T A
HRHH I pHE R H A, B RERHE
Tk edh SR i N KE S R A A
H, EAR COT™ A1 HCOS SR I WUAE 7R ) v Ak, €1
K AgNO, i 52 %, SO~ SR JH ] 23 12 %5, Ca” " AN
Mg’ * SR il EDTA %4 5 %, Na * A1 K™ SR JH KM
FEVE s A HLTTR 58 R 9 o v AR H T
Pl IR AR R kiR A iR - s b e
Vs TR RCH SR T R B IR R - OO B
1.4 %4 ab s

SIS B AE SPSS 19. 0 B h AT et 43
B THE R P BHE AR ffE 22 (SD) 5 SERHE R F
2557 MRS B AN [R) 0 iR R 2SR R b B R Mk SO B
a2 5, JF R LSD ki R EH 2 H L
B, 2R B EMNKFERN a=0.05.

I H 1 By b o 38 H 44 CANOCO 5.0 43
SEWIEPE MO FAEOC R R SRR AR AT 25
## S B 43 M7 ( detrended  correspondence analysis,
DCA) 45 21| 2 B 4 e 1% M A8 A0 2 B2 1) HE 5 S 46



2680 7S

= 2 36 %

K J& (lengths of gradient, LGA) ,LGA /NF 3 i&EH &k
PERCT LGA 75 3 5 4 Z [R], 9 Fh AL B By 56 5, B 2
KIERT 4 @E A b mm ™ R g 4 MEF
Bl B KB K AN O 0. 763, /T 3, U W] - HE Tl
Tk 5 P N 7 Z [ A ARG B4 ME e & I A BF
R 2 M BB XF % 9] A i AT 00 R 4 B
(redundancy analysis, RDA). {E £ 044 vl 19 1)
¥ RDA fEUEAT 2728 B 4% 46 2 40 B, B 0 A 9
AR AR Z (B A2 OC AR O 7 A8 o A S T
[] — B Af AR bR ZR b, DU B e g 8 A Y A OG OC
2R R i N T B R AR K AT
( >20) R H 5 HAL N 7 B A &Y 2 &L vk, )
PR STIRAR 2 AR SO E AR L IR L 5
TG . BERR X 4 Fh - HEBGTE o AF R £, DL+
BeOOKE RE, pH, BRR . 2 AR, &
R AR O AR D PR BT R, R BR A A A
FH W7 1] e £35 A Monte Carlo #6561, 45 5 B,
LSRR 2 Eh B K IR (>20) . B X B BT
Bki /N HL S R LRSS RIS OKE A
#HopH, 2 AL AR AR HACE R R
SRR P, R ik B 2/ 7 10, T 8 AN ER
355 IR - X 5 B 2 A — 5 1 sk, ] 2R AT S 2203 B
I N AT R R XS I M 2
W B F A S AN 7 AT IRA A, i — 20
) B — BRI DR 7 ) - B O M B S R, g3 BT R
t-value ST K. t-value BT E 40 & 1032 1 S 15 4
6 b B 7 Sk 2 2P0 B 05 TR 7 Sk B g S B 4n 2R
HEAS - MG 1 S AR Y 6 Sk 2 4R 58 A TE AR TR B
o AR RN TG Ve S A S N A
AR EA G, IR Vg A SR R R B B EAHSE,
VN M 2 BB A 3 A O

2 EREHH

2.1 R[A] A b ) FH 2 R A 8 il I R R PR BRI P 2
S5 AT

RS DX 4 398 il 3% Pl ARG, 4 3 i ARk Ul L IR
Bty . %% A0 W . BRCTE B R WS R 24 0E 4 0 S 4,27
mL-g™', 0.34 mg-g”'. 2.08 mL-g”',  0.08
mgeg . AR KA RN 25.39% 5 BESEIX
AN 1.26 grom 75 3 WM, pH H(H
8.19; WAV B3N 3.47 mS+cem ™'
HhE B ERRE, 2 REA 1541 gokgT; K
BN R TOE R S R AL 2E AR
B L B K R O 8.92 gekgT'L 0.39

g-kg ', 12.31 mg-kg ', 408.38 mg-kg .

25 b R 28 Y g - 8 I I M A R R (R R 1Y
25 (R 1), R & A S0 M) ik 8.72
mLeg ™", B350 T H A+ b B FH 2SR, 280 . Eh e
Hiy Vb AR AL S AR, 23 5 D (1,74 £1..00)
mL-g™' | (2.28 +0.96) mL-g™', (1.09 = 0.19)
mLeg "5 JIRAGE MK /N A R IRHR > 10 a A B > SR [
> NTA >30 a A H > F AR H > v Hb > Ehikih >
T d ;10 a fEH . JRBE . N AR RIAMRAY#% L
TG PE 2 S TR AR L SRR . ARG . VDb 30 a
M HEEALE G M SRR . N TR TE R E 25 AR+
28 - SR W TR I A Al O MR — B

AN [R] A A 26 A 4 e BRI 1 o S LR A2
N REWBE S e, A B N AR SR E K E B
Foe TERE M | i R b S Vb M Ub M A E Gk (1,52
+0.08) g-em 7, W F T AR A2 R
ARG | R ACHE ;& L R 26 A pH {22 AR
BE B AE ARG, O 8.51 £0. 14; R
M, ST R R SRR A Eh W T OARHE . A5 AR
B, Y, s R (10.65 + 0.90)
mSecem ', (10.22 +1.33) mS-em ', 4 Eh A
(51.07 +4.42)g-kg ™', (46.51 +7.02)g-kg '.

TEAS ] 4 b 1) 2 AUAE S50 rh ARkl A HIL BT 5 1
f TARE . FEE M AR . VD, o AR
e T A A R 2R A RARMR A A S w3k
(0.83 £0.39) g-kg™", Hk 10 a M H, Fj & &%
TR AR L 30 a AR, S ACHL . ER G . VDb
T HE . ER B VD M A AR A R EIL, B R
(3.25 +1.56), (5.00 £3.09), (1.92 +0.78)
mg-kg ', 10 a H3 M| ARHBEL RS L BEVER R K
SRR B 1 0 2 s T O b R 2 A, o
8 b 28 M A U S TC W 2
2.2 TIERTEME SRR AR
2.2.1  +IERGIEME 55T T RDA HEJP

XF A HE RS A DL S 2878 S I K DR 6 R S Y 8
ASIREE I F #5417 RDA (ff | Monte Carlo £33 ) , 1%
FWIREE R X 4 F A 558l I 7k 25 S 0k R R R, LR
2. 4 P SRR IE PEAESE T Sl . SR I b R R 0
9 75.0% F11.0% ,RDA §if /5 > HE 7l /8 T 1 1%
il % 1 MR B T 22 1Y 75. 9% L H 8 AN EREE P T Rt
it % - ST NG PR AR AE 19 75. 9% 3 HLX TSGR S
W 7R R R R a5 99. 4% . it FIHT A
WO AR b S e IR SRR N PR,
HFZIZME 1 fE.



7 RFEFEAF o B B b it s R0 g Y b S WO 4 5 PR B R G A 2681

®1 FREIMAAE

BIEBmEERRERTHSELER

Table 1  Results of multiple comparison of the soil enzymatic activities and environmental factors under different sampling regions
WiH IR 10 4F f: [ 30 4F A EdE| AT H PRI Jie Hhw g THER
AR/ /mLog " 3.12£0.99° 5.79£2.90"  4.86£0.78"  5.81£2.86" 5.05£1.53"  8.72£3.29° 1.74£1.00%  2.28£0.96% 1.09£0.19° 4.27£2.90
ik /mgrg ™" 0.180.057  0.62£0.18" 0.33£0.08% 0.49£0.14™ 0.42£0.10°"  0.69£0.35*  0.10£0.01"  0.10£0.02"  0.11£0.02"  0.34£0.26
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Table 2 RDA (redundancy analysis) of ecological characteristics of soil enzymatic activities
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Fig. 1 Biplot of the first two axes of the RDA (redundancy analysis)

for environmental factors associated with ecology

characteristics of soil enzymatic activities
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Fig. 2 The ¢-value for single factor influencing ecological characteristics of soil enzymatic activities
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