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Characteristics of Enzyme Activities in Apple Orchard Soil in Weibei Arid
Region

TAN Xiang-ping', HE Wen-xiang"*, YANG Jing', KONG Long', WANG Xu-dong', and HAO Ming-de’

('College of Resources and Environment, Northwest A & F University, Yangling, Shaanxi 712100, China; ZInstitute of
Soil and Water Conservation, the Chinese Academy of Sciences and Ministry of Water Resources, Yangling, Shaanxi
712100, China)

Abstract: This study investigated invertase, urease, phosphatase, catalase, dehydrogenase at different
soil layers in apple orchard at Weibei arid region, and the relationship between soil enzyme activities and
fertility by no-buffer method. A total enzyme activity index (TEI) was established. The results showed that
the activities of invertase, urease, phosphatase and dehydrogenase had significant spatial variations and
greatly decreased with increasing soil depth; And positively correlated with soil chemical properties
significantly except soil catalase and thus can be used to indicate soil fertility. By analyzing the
biochemical activities and chemical properties of soil using principal component analysis (PCA), the
composite scores of the soil fertility information system with chemical properties and enzyme activities as
principal components and TEI had remarkably significant positive correlation with soil chemical
properties, TEI is better. These correlations happened similarly at different soil layers. This study indicated

that TEI was a better index as an indicator for apple orchard soil fertility than many individual enzymes at
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Weibei arid region.
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TIEBGAEE AL e AN Vg BB S T A E ] (Burns, 19825 Welp, 1999),
ek oh IR R G0 (Tabatabai & Dick, 2002), +IENRNG. Wiy, U825V L4+
AR JJ 1 ¥8F5 (Benitez et al., 2006; Trasar-Cepeda et al., 2008; Iovieno etal., 2009), {HHFFTHIE
AR S S AU DGR KAIREE, 70 B3 IEAROC GROARERFI F LS, 19950, 3% Fua ¢
CRBFE 28, 1996) FIAAHG (Sakorn, 1987) FHHRIA.
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2008 4 10 H7EBRPEAKIERE 5 AN 28 (2. Mag. 2%, BESHMES) EHA
[ MO A R [ 25 ANHEAT KRR, FISEE IR el (R B2 0E T 07 TriE A /L SERFR 0 ~ 5 em 1Ff
i, MAERERE (5~20cm) AITZE (20~40cm) 4%, RAYXT, i 1 mm Je i H. &M
DLW e Ak 2E i (B4 H, 20000 . M Hh 35805 B b (HERCTIE IS 1, Cumuli-Ustic

Isohumosols) .
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RS TR P (RISCHE 25, 2010).
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Table 1 Chemical properties of soils tested

Al 2/

P ST S ?}(’5{) SRR AW (k) f;’fff; o) MO
Soil Longitude  Latitude  4FFR Layer Organic (g kg) (g-kg) (g-kg) Alkali Available (mg: kg pH
No. 107° 35° Year matter Total N Total P Total K Ilindrolysable P Available K
1 56.217" 15.712' 16 5~20 5.32 0.44 0.58 20.99 19.25 4.09 125.48 8.53
20 ~ 40 3.88 0.34 0.56 20.16 14.00 333 72.73 8.66
2 56.321" 15.557" 8 5~20 1230 0.76 1.17 22.30 35.00 7.41 248.98 8.34
20~ 40 991 1.09 1.51 21.28 24.50 11.03 204.62 8.53
3 54911' 13.847' 23 5~20 11.61 0.89 0.71 21.60 40.25 9.45 246.58 8.45
20~ 40 8.31 0.78 0.66 20.85 29.75 4.57 207.01 8.48
4 56.234' 10.995' 13 5~20 13.29 1.09 1.62 22.12 56.00 76.56 438.66 8.13
20~40 12.11 1.00 1.36 23.49 50.75 96.80 277.39 8.10
5 55.580" 11.820" 13 5~20 10.67 0.82 0.93 25.10 31.50 7.33 315.90 8.46
20 ~ 40 9.76 0.89 0.82 21.70 29.75 431 232.31 8.52
6 55.538' 12.802' 17 5~20 9.97 1.02 0.86 23.81 35.00 9.87 69.13 8.42
20~ 40 8.32 0.83 0.64 22.48 36.75 7.98 69.13 8.06
7 55374 12.691° 9 5~20 11.24 1.01 091 21.76 47.25 25.16 151.86 8.27
20~ 40 9.77 1.07 0.77 22.85 33.25 1.44 116.12 8.43
8 52.712' 13.137 15 5~20 12.20 1.05 0.75 22.91 43.75 10.35 338.10 8.09
20 ~ 40 8.28 0.85 0.65 22.17 31.50 1.44 84.72 8.08
9 52.713' 13.128' 5 5~20 1247 0.93 0.75 21.60 47.25 6.76 142.27 8.28
20 ~ 40 9.69 0.89 0.64 21.19 36.75 3.02 95.51 8.31
10 51.872' 12.964' 10 5~20 11.72 0.97 0.84 23.47 42.00 6.98 127.88 8.35
20~40 10.02 0.84 0.68 22.80 36.75 4.15 72.73 8.33
11 52.028' 13.984' 14 5~20 1646 1.27 0.88 22.96 63.00 18.40 323.73 8.32
20~40 12.10 0.93 0.85 22.18 43.75 20.00 280.64 8.42
12 50.052' 15.604' 16 5~20 9.86 0.85 0.67 20.48 36.75 11.51 263.37 8.43
20 ~ 40 8.10 0.67 0.59 19.57 29.75 6.70 172.24 8.36
13 50.186' 16.030" 20 5~20 13.68 1.09 1.19 21.19 45.50 39.15 319.82 8.33
20~40 10.43 0.81 1.29 22.28 42.00 44.34 217.95 8.01
14 50.268' 16.227' 11 5~20 1038 0.90 0.83 21.48 39.55 28.49 305.45 8.72
20~ 40 6.77 0.89 0.74 21.53 22.75 13.96 262.35 8.71
15 48.669’ 13.920" 16 5~20 11.84 0.99 1.16 21.67 40.25 34.22 345.94 8.12
20~40 10.18 0.96 1.06 22.07 33.25 18.99 386.42 8.07
16 47.721' 16.954' 18 5~20 9.31 0.85 1.08 21.74 35.00 39.60 399.48 8.55
20 ~ 40 7.91 0.62 0.81 20.86 21.00 12.69 368.14 8.44
17 47.583' 16.348' 12 5~20 13.18 1.13 1.08 20.04 52.50 37.68 291.08 8.22

20 ~40 9.50 0.96 0.81 21.75 35.00 18.28 293.70 8.09
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Soil Longitude Latitude  #EfR Layer  Organic (g-kg') (g-kg) (g-kg') Alkali Available (mg . kg) pH

No. 107° 35° Year matter Total N Total P  Total K TI;ydrolysable P Available K

18 47.910' 15.141' 18 5~20 12.01 1.03 1.19 22.81 45.50 54.13 429.52 7.89
20~40 10.68 1.14 1.01 22.82 42.00 39.81 352.76 7.97

19 48.166' 15.026' 12 5~20 13.98 1.21 1.31 22.14 52.50 54.13 292.39 8.04
20~40 12.82 1.09 1.22 22.23 28.00 2.50 298.92 8.07

20 48.050’ 14.709' 15 5~20 12.57 1.04 0.81 21.51 63.00 9.89 225.78 8.28
20~40 10.27 1.04 0.64 21.80 35.00 4.65 242.76 8.37

21 45.752' 17.786' 7 5~20 8.57 0.91 0.98 21.90 45.50 15.96 343.32 8.33
20 ~40 8.16 0.78 0.74 21.36 29.75 14.77 259.74 8.18

22 45.405' 16.914' 13 5~20 10.51 1.08 1.00 19.59 45.50 29.64 127.88 7.98
20~ 40 8.52 0.95 0.69 21.24 38.50 17.56 72.48 8.04

23 45377 15.572' 15 5~20 1191 1.11 1.10 19.38 45.50 49.25 254.52 8.19
20~40 11.56 1.02 1.21 21.93 47.25 43.49 174.67 8.00

24 45.369' 15.054' 14 5~20 12.03 1.08 1.28 21.56 50.75 46.37 83.52 8.27
20 ~ 40 9.97 0.92 0.93 20.71 35.00 20.07 308.06 8.37

25 45.946' 13.487' 13 5~20 12.39 0.99 1.08 20.36 49.00 30.94 275.36 8.27
20~40 1099 0.85 0.77 20.16 38.50 11.71 212.72 8.17

22 TIREEEME

FeAU N R B ARG A I AL . R 2 BoR bl R AL B PRV [ 137.40 ~ 476.77

ng - gt b B EREREEREE N TR 0.935 ~ 1.847 5, HAK T TR HA HRE: 60%0
TR LR R 2 R B KT (P <0.05),

%k 2 T mEEEE
Table 2 Enzyme activities of soils tested
R 1 /em 5%’21&@1/ : IR e/ L ﬁ?’ﬂ‘iﬁ@l/ } ii’fm-’?;@%l/ HFE%&EEI/ :
Soil No. Layer (ng-g -h7) (ng-g -h7) (ng-g -h7) (mL - g”-h™) (ng- g h7)
Invertase Urease Phosphatase Catalase Dehydrogenase
1 5~20 210.46+15.56aA 9.57+0.04aA 19.73+0.32aA 12.90+0.74aA 0.30+0.00aA
20~40 137.40+5.86bA 8.85+0.09bB 7.29+0.54bB 15.15+0.74aA 0.13+£0.01bB
2 5~20 283.92423.75aA 33.06+0.63aA 27.92+0.57aA 16.13+0.85aA 0.78+0.01aA
20~40 270.92420.11aA 7.59+0.42bB 9.13+£0.27bB 14.85+0.11aA 0.32+0.01bB
3 5~20 325.45+17.45aA 44.95+0.89aA 25.76+0.53aA 16.13+0.21aA 0.62+0.01aA
20 ~ 40 193.52+13.30bB 17.42+0.25bB 15.73+0.63bB 13.88+0.85aA 0.29+0.01bB
4 5~20 252.29415.30aA 43.50+0.96aA 33.55+0.28aA 13.95+0.32aA 0.41+0.01aA
20 ~40 221.384+4.56bA 48.97+1.05bA 23.13+0.00bB 13.95+0.32aA 0.15+0.00bB
5 5~20 336.95£17.08aA 52.11+1.72aA 27.12+1.39aA 16.73+0.42aA 0.62+0.01aA
20~40 334.77£17.59aA 48.10+0.32bB 26.01+1.88aA 16.88+1.27aA 0.62+0.02aA
6 5~20 366.29+£3.52aA 43.85+£3.43aA 28.17£1.17aA 16.35+0.53aA 0.83+0.01aA
20~40 218.40+9.58bB 30.78+0.47bA 12.62+0.54bB 15.75+£0.53aA 0.52+0.03bB
7 5~20 339.54+15.86aA 69.56+1.47aA 26.06+0.11aA 16.28+0.42aA 0.66+0.00aA
20 ~ 40 298.01+21.00aA 28.65+0.90bB 19.86+0.36bB 16.20+0.53aA 0.50+0.01bB
8 5~20 452.51+21.60aA 89.86+3.26aA 30.89+1.60aA 15.30+0.11bB 0.81+0.00aA
20 ~40 244.89+24.71bB 22.62+0.45bB 17.63+2.24bA 17.55+0.11aA 0.46+0.02bB
9 5~20 476.77+21.86aA 47.48+£2.13aA 39.63+2.88aA 17.10+£0.32bA 1.04+0.00aA
20~40 343.46+28.58bB 41.214£0.23aA 18.80+0.00bB 16.05+0.11aA 0.50+0.01bB
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R F2em %1&@1/ : ot/ L ﬁ?iﬁ%mﬁl/ : i’fﬂh%ﬁﬁ{ }Lﬂh’%ﬁ‘ﬁl/ :
Soil No. Layer (ng-g -h) (ng-g -h) (ng-g -h) (mL-g” -h") (ug-g -h7)
Invertase Urease Phosphatase Catalase Dehydrogenase
10 5~20 404.90+25.41aA  65.08+1.13aA 29.00+0.64aA 17.33£0.00aA 0.63+0.02aA
20 ~ 40 266.45£19.80bA  39.23+1.08bB 18.53+0.78bB 15.53+0.42bA 0.56+0.00bA
11 5~20 406.10£22.72aA  55.63+0.42aA 45.10+£0.99aA 17.40+0.11aA 1.48+0.02aA
20 ~ 40 385.73£24.26aA  56.69£0.01aA 25.76+0.75bB 13.3520.74bA 0.77+0.03bB
12 5~20 265.94+11.35aA 19.36£0.59aA 27.00+0.88aA 13.13£0.21aA 0.26+0.03bB
20 ~ 40 155.57+14.64bB 5.50+0.34bB 22.310.68bA 14.25+0.32aA 0.63+0.02aA
13 5~20 280.32+18.34aA  46.12+1.01aA 37.97+1.14aA 15.00+£0.32aA 0.87+0.03aA
20 ~ 40 299.78+8.89aA 76.93+0.32bB 21.17+1.07bB 14.85+0.11aA 0.49+0.01bB
14 5~20 393.77+6.22aA 30.45+0.50aA 30.79+0.39aA 16.88+0.64aA 0.75+0.00aA
20 ~ 40 378.88+20.91aA 12.75+1.18bB 14.39+0.39bB 17.40+0.53aA 0.37+0.01bB
15 5~20 391.42+26.68aA  58.98+0.06aA 26.67+0.96aA 13.95+0.32bA 0.58+0.02aA
20 ~ 40 301.62+9.80aA 54.72+0.62bA 19.56£0.29bB 15.45+0.32aA 0.48+0.04aA
16 5~20 336.27+22.79aA  20.71+£1.28aA 22.25+1.56aA 16.58+0.21aA 0.53+0.01aA
20 ~ 40 337.04+5.45aA 17.48£0.91aA 12.67+0.88bA 16.43£0.00aA 0.53+0.01aA
17 5~20 356.51436.59aA  68.64+1.51aA 31.54+0.85aA 15.08+0.21aA 0.84+0.04aA
20 ~ 40 345.00£17.51aA  27.02+0.70bB 16.18+0.19bB 15.45+0.53aA 0.74+0.04aA
18 5~20 385.13425.41aA  68.09+£1.57aA 32.39+0.11aA 14.25+0.11aA 0.65+0.00aA
20 ~ 40 325.8443.11aA 53.74+0.17bB 23.95+0.32bB 14.25+0.32aA 0.72:0.03aA
19 5~20 440.63£13.50aA  66.72£0.36aA 31.94+0.00aA 15.30£0.11aA 1.03£0.02aA
20 ~ 40 339.26£18.30bA  51.36=0.19bB 27.62+0.43bB 15.23+0.64aA 0.82+0.02bA
20 5~20 353.43£1591aA  37.23£1.05aA 29.43+0.99aA 15.68+0.42aA 0.83+0.03bA
20 ~ 40 349.70£10.56aA  32.59+0.18bA 18.70+£1.47bA 16.95£0.53aA 1.02£0.00aA
21 5~20 202.48+11.73aA  22.01+1.42aA 16.87+0.92aA 13.65+0.11bB 0.53+0.00aA
20 ~ 40 216.74+6.70bA 13.96£0.41bA 12.31£0.55bA 16.13£0.21aA 0.34+0.02bA
22 5~20 295.86£25.10aA  74.62+1.41aA 25.46+0.96aA 13.58+0.85aA 0.53+0.03aA
20 ~ 40 197.94+11.61bB  41.44+1.49bB 11.98+0.83bB 15.08+0.85aA 0.43+0.03aA
23 5~20 337.52£10.25aA  56.00£0.29aA 29.83+0.43aA 15.30+£0.32aA 0.67+0.01bA
20 ~ 40 294.05+1.81bA 60.52::0.38bB 17.70£1.92bA 13.58+0.42bA 0.84+0.02aA
24 5~20 380.39+14.64aA  68.57+0.13aA 25.24+0.21aA 13.65£0.95aA 0.69+0.01bB
20 ~ 40 290.27+18.34bA  34.96+1.02bB 17.00+0.18bB 16.28+0.64aA 0.54+0.00aA
25 5~20 328.47+9.58aA 74.81+1.10aA 20.49+0.32aA 13.13£0.64bA 0.58+0.00bA
20 ~ 40 310.35+2.56bA 13.75+0.00bB 15.56+0.14bB 17.03£0.00aA 0.63+0.02aA
WM Average 5~20 342.81 50.68 28.86 15.26 0.69
20 ~ 40 282.28 33.87 17.82 15.50 0.54
A5 R Y% 5~20 18.58 40.35 21.46 9.46 35.99
cv 20 ~ 40 24.09 56.89 29.49 7.74 39.55

Ee ARNEFEERIR 5% BHZERKT, ARKEFEERIR 1% 8% 757K T .

Note: Different small and capital letters mean significance at 5% and 1% levels.

ORI K AR PR 2SI o — Bk o MR AR (R IR BRSP4 N 5.50 ~89.86 g - ¢ - by FEANLRER
SRS TR T A 0.60 ~ 5.44 1%, HAVRT TZ0A 4 A 18 31 ZIREE A 2 1.5 1%,
H. 88% LR A MRV P AT 12 ) 22 Ik B 7KF, o 68% 01 Al 25 75 5+

AR I T (R Ak - AT WL oML . LIRS Yl 7.29 ~45.10 pg - g - 1y RE MBS E
HFE 1.04 ~ 3.06 fi5; AR R EBEREEE S T 20 1.6 £, HIH 96%F1 72% 1) - FF B 4
A 2 1) 2 50 S I8 S 3 AR S 3 KT

kS S T ek B AR B T g b o A S B AR, RN . AR AR AR
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WEREEPE N 12.90 ~ 17.55 mL - g - h'!, B LRER 2 OBEIE N 2 0.77 ~ 1.30 £, Hrp—2¢
KT T2 LR SRS A, M2 1.57%; 68% A B % 78w 1 )2 (] 22
SN, X ATREE T R R R, AR 40 om 1 I SR SIS PE TG B AR

I S B P S e SR R R B R . SR AR R IR SN 013 ~ 148 pg - ¢! - b
FEAS AR Z BB 0 R IR 0.41 ~ 273 £, HAIGT TR B3RS A1k RIZMETE
ST FEM 13 £5, H 52%0) T AE B PEAE R 2 IR A B35 22 5%

A LR I TR B I, B AR RS, R IR 80% LA FAE SR TR, FiEbE 1
PR T IR AT AN R T A WA 2 e, - SRR 1 RN, R B, T IR A ) AR I AN

® 2 B R g AR S R A IR > A > BEREE > B > A
R A AR A, b P T R IR AR 5 REOCh i AL AR 4.27 R 7.35 %, T2 LRI
b, E/RIEAM D R -3, IREE. ST A A S e s, AR A N R Al . R
A2k B B S AL A Ah R )2 RIS A e RBOK TR ), RTE A L3 20 ~ 40 em )2
T IERGERIIE ) PG A AR AT A UK

23 HIERGEMS TIBENFEREXSH

e 3 P, IR PR ORI 1 52 30 2 A Bl 2 LEATIOCG IR0 R R IR R ALl IR
Wi M S PR % R, AR S e, pHy MR IRNIRE . BHRE. 5
Wl S AP B, RS 2. % s, i, i SaPUR. RS pH
B E TR R LA IR RN S S AL R R ) ANE R
R 200 R A AT L IEAE T dRbR L —
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Table 3 Correlation coefficients between soil enzyme activities and soil chemical properties

il 2

-4 +Bem iiﬁ: A4 i o~ Alkali AR ”
Soil enzymes Layer matter Total N Total P Total K ;Iydrolysable K
AL 5~20 0.480" 0.491" -0.071 0318 0.364 -0.034 -0.037 -0.240
Invertase 20~ 40 0.504"™ 0.522™ 0.220 0.307 0.175 - 0.024 0.499" 0.024
fIRE Urease 5~20 0.556" 0.651" 0.266 0.041 0.447" 0.265 -0.057 -0.684"
20~ 40 0.658" 0.451" 0.468" 0.622" 0.685" 0.482" 0.173 -0.557"
TG 5~20 0.763" 0.564" 0.122 0.180 0.509" 0.158 0.167 -0.212
Phosphatase 20 ~ 40 0.702™ 0.458" 0.245 0.440" 0.488" 0.245 0.301 -0.273
A A 5~20 0.311 0.145 -0.265 0.515" 0.057 -0.332 -0.037 0.398"
Catalase 20 ~ 40 -0.252 - 0.038 - 0.361 - 0.064 - 0351 - 0.447" - 0.064 0.204
it 5~20 0.729" 0.594" 0.017 0.255 0.553" - 0.060 -0.012 -0.124
Dehydrogenase 20 ~ 40 0.535" 0.450" -0.019 0.113 0.316 -0.177 0.215 -0.291

H: AHAEN-2=23, roes=0.396, roe =0.505. R,
Note: Freedomn -2 =23, rgos=0.396, roo; =0.505. The same below.

TIER AT (R 4) KW, RIZ L EALEE S RN BRI, RO BN, o
MM L AN U, TS U T S 0 ) S R AN R AT . R IR A
IR MU, RGN, WEIRNE - I S 20 T Ik B 2 B S IEAR G, $Rs i T A A
TIEREVE T SRIESEIIANE], JERERARIEA S22 HE ORI . BRI AL
AlET R AREDVINMESS, XA RS eI 3 A E KM, IR M A E AT . it
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Table 4 Correlation coefficients among soil enzyme activities

N AL Invertase JIRE Urease R Phosphatase 4 AL E T Catalase
13/ Soil enzyme
5~20cm 20~40cm 5~20cm  20~40cm 5~20cm 20~40 cm 5~20cm 20~40 cm
[l Urease 0.548" 0383
% Phosphatase 0.464° 0.424° 0.251 0.635"
LA Catalase 0.456" 0.343 -0.016 - 0.266 0.455" -0.231
Jli £l Dehydrogenase  0.654  0.589™ 0.331 0.360 0.750"" 0.502" 0.547"" 0.001
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SR g S A I RO AR, R A M ORI RS PR AT T e e SRk
RS L2 0T 5 AN FE s> Bt J7 22 stk I KT 80%, 4351k 86.56%- 83.98%, KX 5 A Fpisr
RUAT S e IR ) RAER R FF B HhRE HIEP S —F 476 TR . AU, 2%
fRAMME S, RS T RN ARG, A S, 2B DU Bl
ZEA T RN, pH. RPFIEE . 2EENE R TEERE LEMILA T 2R, HEEARSALL

MR AR AN A 1 ey 2, 43 30 B3RS ) R — 250 I s Hekis s, TR & TAE
B AR5y CEL D, nARJE B ZEA S oo 115 B, & BRIP4 11>19>9 >8>
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Fig.1 The composite scores of soils tested
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Table 5 Correlation coefficient between composite score, TEI and soil properties

) 2547154 Composite score TEI
TiH Item
5~20cm 20~40cm 5~20cm 20~40cm

4 ML Organic matter 0.887" 0.904" 0.804" 0.760"
4% Total N 0.787"" 0.803™ 0.734" 05917
4> Total P 0.284 0.6317" 0.106 0.300
4% Total K 0.386 0.675" 0.263 0.508"
iR 4 Alkali hydrolysable N 0.680"" 0.670"" 0.589" 05717
R Available P 0.219 0.492° 0.087 0.197
FEEA Available K 0.215 0.495" -0.003 0.328
pH -0.341 -0.474" -0.393 -0.416"
AL Invertase 07317 0.688™" 0.820" 0.719™
WE# Urease 0.553" 0.771"" 0.710" 0.825™
T MRME Phosphatase 0.801" 0.728" 0.747" 0.799"
T4 L% Catalase 0.561"" -0.140 0.484° - 0.044
Jii &/ Dehydrogenase 0.849" 0.531" 0.865" 0.757"

8 - [15~20cm W 20~40cm

[=}
T

SREN R
Total enzyme activity

N W R W
T

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
11455 Soil number
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Fig. 2 Total enzyme activity index of soils tested
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