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Study on soil biochemical activity characteristics in Weibei arid region
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Abstract: [Objective] The study was to detect the enzyme types and enzyme index indicating soil fer-
tility level. [Method] This experiment investigated ten soil biochemical properties (invertase, cellulase,am-
ylase, proteinase, urease, phosphatase, catalase, dehydrogenase, uricase and respiration intensity) in Weibei
arid area by using no-buffer method. The data was processed with the methods of correlation analysis, prin-
ciple component. Finally, the total enzyme index (TEI, TEI;) were used to estimate soil fertility of 19 soil
samples,and the relationship between them and soil chemical properties were analyzed by correlation analy-
sis. [Result] The results showed that soil invertase,urease, phosphatase,dehydrogenase and respiration in-
tensity were more sensitive to environmental change among these ten biochemical properties. There was a
significant correlation between invertase, urease, phosphatase, dehydrogenase and respiration, and also be-

tween these five soil biochemical properties and most of soil chemical properties. This indicated that these
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five soil biochemical properties can be used as indicators for soil fertility. Among total enzyme activity pa-

rameters TEI and TEI; obtained in this experiment, TEI and TEI; had a significant positive correlation with

chemical properties with TEI; as the most significant. By processing the data of soil enzyme activities, respi-

ration intensity and chemical properties in principal component analysis, the soil information system ob-

tained in this experiment can better show the variation of soil fertility and the multiple scores were signifi-
cantly positively correlated with TEI and TEI;. [Conclusion] This indicated that TEI and TEI; can be used

to monitor soil fertility levels and total enzyme activity and respiration intensity.

Key words: soil enzyme;total enzyme activity;soil fertility; principle component analysis; variability co-

efficient
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Table 1 Chemical property of soils tested

T i o ﬁﬂUﬁi/ é?ﬁi %ﬁ?%{ %%‘#i Wﬁ@ﬁf{/ E?ﬂl@éz Eé&%ﬂif

5 Longitude Latitude (g kg™ ) (gt‘kg D) (g-"kg ) (gt\kg 1) (mge+kg ')(mg+kg 1) (mg-+kg 1) pH

No. OM T.N T.P I.K A.N AP A K
1 107°54. 890" 35°13. 863’ 15. 39 1. 00 0.82 21.90 54,25 16. 16 295. 74 8.23
2 107°55. 600" 35°11. 795’ 13.91 0.99 0.97 21.90 40. 25 8.05 262.35 8.39
3 107°55. 543" 35°12. 800" 11. 34 0.95 0.94 22.83 38.50 4,74 87.11 8. 39
4 107°55. 540" 35°12. 793’ 11. 46 1.07 0. 90 23. 80 40. 25 10. 67 174. 64 8. 44
5 107°52. 716" 35°13. 144’ 12. 84 0.96 0.73 21. 30 49. 00 7.33 101. 50 8.07
6 107°50. 023" 35°13. 978’ 14. 60 1. 00 0.91 23.82 56. 00 13.40 220.56 8.21
7 107°50. 023" 35°13. 985’ 12. 66 0.98 0.74 20. 68 47. 25 9.25 208. 21 8.32
8 107°50. 021" 35°15. 612’ 11.76 0.91 0.74 19.51 40. 25 14. 62 129. 08 8.35
9 107°50. 161" 35°16. 037’ 18. 09 1.27 0.74 20.93 63. 00 17.74 274.11 8. 44
10 107°50. 295" 35°16. 214’ 8.63 0.67 0.74 21.06 33.25 13. 96 268. 88 8.70
11 107°47.572"  35°16. 330’ 11. 65 0.99 0. 80 20. 23 47,25 9.65 299, 34 8. 42
12 107°47. 922" 35°15. 307’ 14. 42 1.03 0.79 21.51 38.50 20. 72 286. 15 8.15
13 107°45. 799"  35°17. 862’ 9.63 0.78 0.92 20. 90 38.50 5.84 117.09 8.67
14 107°45. 797" 35°17. 870’ 11.17 0.89 1.27 22.49 45,50 12.03 323. 32 8.53
15 107°45.415"  35°16. 830" 10. 74 0.79 0. 69 21. 88 38.50 9.76 360. 49 8. 47
16 107°45. 407" 35°16. 954’ 11.09 1.03 0.73 19. 34 43.75 9.29 343.70 8. 41
17 107°45. 425" 35°16. 950’ 8. 66 0. 64 0.70 16. 68 31.50 8.36 151. 86 8.33
18 107°45. 368" 35°15. 562’ 14. 93 1.24 0.76 21. 60 57.75 11. 89 121. 89 7.93
19 107°45.387"  35°15.058' 13.49 0.96 0.91 19. 85 52.50 15. 80 96. 71 8. 20

1.2 MEIEHREREHFFEIM lase CEA) . JE ¥ B (Aamylase AMA) WETERH 3,5-

+ e AL B (Invertase INA) | £F 4 2 B (Cellu-

T KA R R 2, 1 48 3 B (Protease PRA)
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38 R 12 45 1 (Uricase URD I MR A IR R 15 30 22
8 A (Catalase CAT) 5 1 1 - HE 0 1% 3
J&# (Respiration intensity RESP) 3% F i 45 R 21 A1 8k
PR T VA AE o 2% T SBERES E 23 3l LA 5 T 4
of 2 0 7 B L 22 28 B L A 2 B L NHL-NLUNH,-N
ph(OH) \TPF . JR 2 () £ 2 JH #E 0. 05 mol/L i %
AR H IR AR (mL) R, A S5 0 W 5 5 BRLA5 Ohy  oE
TR A CO, 1Y & .
1.3 HiE4tE

KM EXCEL #1 DPS 7. 05 A4 X B4 2F 17 41
SEY CIEA Y s R T

BV WG P 2 %0 TED (The total enzyme in-

dex) = 3 X, /X, $Urb. X, o ¢ Bl B I A X
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Table 2 Soil biochemical activities in Weibei arid regions

K f# il Hydrolytic enzyme

AL JE i Oxidoreductase

T AW/ HEEF/  WEMEE/ g/ 73:% BimRmE/ it E AR/ MEARE/ IR/ (ﬂfg%?éfrg/.
WY (ugeg e (ugeg e (ugeg e (pgrgle (pgrgle (pgeg e (mLegle (ugegle (pgeg ! Idfl)
No. h™h h™ D) h™h h™h h™ ) h™h h™h h™ D) h™h RESP
INA CEA AMA PRA URE PHA CAT DHA URI
1 424,04 17. 29 76. 94 4. 40 44, 41 37.43 13. 65 0.97 15. 25 499. 68
2 479. 69 16. 49 73.42 3.37 39. 66 32.91 15.53 0.97 21. 47 404. 63
3 399. 82 17.53 127. 96 6.38 33.25 26. 84 14.78 0. 60 18.79 458. 94
4 432.95 16. 25 79.02 6.38 49. 86 29. 52 12.90 0.74 16. 24 195.53
5 311. 67 20. 83 54,55 6.59 59. 82 34, 65 13.28 1.18 13.56 544, 94
6 465. 40 12.12 94. 36 7.61 67.00 39,74 15. 38 1.39 14.12 562.13
7 518. 34 15.21 74.87 5.58 47. 64 32.48 12. 60 1.05 27.69 304.15
8 234,08 12.98 57. 24 5.27 15. 46 37.29 13.43 0.98 9.28 445, 36
9 240. 79 9.29 60. 46 6. 47 87.05 42,18 14. 85 1.83 14,12 988. 49
10 296. 29 19. 44 69. 89 4.21 23. 74 26. 62 15. 90 0.95 23.48 608. 30
11 439. 61 20. 32 60. 56 5.50 29. 61 30. 38 14. 40 0.89 16. 04 382. 00
12 604. 40 11.72 81.92 5.16 80. 36 40. 49 14.55 1.68 14. 69 581. 14
13 165. 39 15. 69 66.99 6.53 25.09 22.10 15. 38 0.58 15. 65 553. 99
14 213.17 10. 87 62. 63 3.85 89.17 25. 80 13.50 0.59 10. 87 282. 43
15 286. 68 17. 37 76. 11 8.40 38. 06 27.68 14.25 0.78 16. 24 296. 00
16 350. 00 11.23 58. 49 6. 64 13.18 33.90 14. 40 0.98 12.73 391.05
17 139. 20 12. 42 51.85 3.45 13.02 21.97 11.48 0.58 14. 32 268. 85
18 522.05 13. 30 80. 26 5.31 44. 69 42.65 14.25 1.14 19.07 599. 25
19 481.05 16. 74 64. 50 5.67 67.43 35.97 13.58 0.83 13. 27 553.99
¥J{H Mean  368. 66 15.11 72. 21 5.62 45.71 32. 66 14.11 0.99 16.15 469. 52
;,afggy/ 36.01 22.22 24. 09 24,18 52. 60 19.70 7.93 35.53 27. 20 38.03
% C. V.
SR R FIEENLRTE W RE B B 5 11.48~15.90 mL/(g « h) Jz 0. 58~1. 83,9. 28~

FErP R HEAE R . R 2 T At 4 g i AR Al AUl
it & PR PR ER G WS ME Y E 4 B A 140 11
mL/(g « h) Al 0. 99, 16. 15 pg/(g « h), &k F

27.69 pg/(g « h), Hovp Jlid S B B K (H 2 B /ME Y
3. 18 fi%,
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Table 3 Correlation coefficient among soil biochemical activities in Weibei arid region

i H AL il 24 K il TE ¥ i el i i BERRAE WA LR AR PR TR £h il

Ttem INA CEA AMA PRA URE PHA CAT DHA URI
B AL INA 1. 00
24 £ ilf CEA 0.13 1. 00
TEREE AMA 0.45 0.11 1.00
% H i PRA 0.03 0.05 0. 26 1. 00
ki UR 0. 29 —0.31 0.09 0.08 1. 00
W i PHA 0.57* —0.32 0. 04 0.16 0. 45 1. 00
S E A # CAT 0.15 0.09 0.34 0.2 0.05 0.15 1.00
i (B DHA 0. 38 —0.37 —0.03 0.19 0.53" 0.83"* 0. 28 1. 00
PR IR i URI 0. 39 0. 37 0. 34 —0.15 —0.17 —0.14 0.18 —0.03 1. 00
IR 1% 5 i RESP 0.02 —0.21 0. 00 0. 14 0. 37 0.57** 0.52" 0.71* " —0.07

ba E| Fhr}th n—2=17,r9.05=0.456,7r9.01 =0. 575, 2’% 4 *ﬂi‘é 9 lﬁ]o
Note:Freedom n—2=17,r0. 05 =0. 456 475,01 = 0. 575. It is the same with table 4 and table 9.

R4 BREBRFEIEENFEESUFERNEXRY
Table 4 Correlation coefficients between soil biochemical activities and chemical properties of soils in Weibei arid region
i B HALRE  YEREE WM g Jig g wimas R EE AR PRIRELEE PR SR
Ttem INA CEA AMA PRA URE PHA CAT DHA URI RESP
AL OM. 0.49* —0.31 0.13 0.12 0.64** 0.87** 0.17 0.77** —0.08 0.61""*
24 T.N 0.53" —0. 31 0.16 0.22 0.49" 0.80** 0.12 0.62%* —0.05 0.43
L% T. P —0.01 —0.13 0.23 —0. 26 0.43 —0.24 0.15 —0.35 —0.18 —0.21
4480 T. K 0. 40 0.13 0.64"* 0. 34 0.48* 0.19 0.43 0.14 0.15 0. 04
Bl fit A AN 0. 30 —0.23 —0.01 0. 25 0.56" 0,74 % 0.08 0.55~ —0.14 0. 56
SR AP 0.28 —0.40 —0.14 —0.13 0.52" 0.65** 0.08 0.66" " —0.26 0.48*
BAAT ALK 0.03 —0.19  —0.17 —0.02 0.14 0.03 0.24 0.21 0.00  —0.09
pH —0.56" 0. 08 —0.10 —0.04 —0.28 —0.69** 0. 30 —0.41 0.11 —0.15

i ok 2 ER AR S ARSI R AN IR EP Sy
Brli 2R (3 4 mT AL, S DR Al A TR A L ML SR 9 A
5 HEA PR 4 R O S R A L
B IE A O B AL M S R A L 2

R FIEMC. 5 pH B3 ARG 0PI sR % 5 +
A BILIBT O ) 2 A R O A I A O s B
oy BTG PR b M A P R SR IE A OGS AR 4R
Bl 2R L PR R ER W o A A S S A — A
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R WEIRPR B B2 EAE R AR A IS 1 P o 3

A A A A
2.3 TEEUEUERHMEZERNERS DM
B A R I 2 A a0 M O R SR AT+
AR 01 R Ge i F2 B BE L OF AR Al b XA
PR, AR o0 B SR RS 2 BBy 22 BTk
RRF Lt M HFREAGENERFER. H
%5 B R Ak A v TR A RS T S AR 4 4
Bk A5 09 mr 7 A 3 A R B 22 BTk R ik
87.56 %% » R I H A A A B+ HEAE 7 & 40 09 748 S A

JON o

x5 BIARFELEFTRSWFER
Table 5 Principle component eigenvalues of the soil in Weibei arid region
% RS J5 2E BTk R/ Vo BBy 2 viEkE/ %
PC Eigenvalue Percentages Sum percentages
1 6. 280 34. 89 34. 89
2 2.632 14.62 49.51
3 1. 998 11. 10 60. 61
4 1.710 9.50 70.11
5 1. 371 7.62 77.73
6 1.014 5.63 83. 36
7 0. 757 4. 20 87.56

6 AL ENEERE TS 1 ElnF%E
G T HEREE AR AL R ANE R 2
B W B AL E T AR 3 El s EE A
THREE e pHHE:S 4 TN FEAS T

SEAC AR B2 5 TR A T AL K H
VRR 6 T 188 W 09 5 85 58 6 Ealor 2 AL T
WS R R AR A D5 5 7 R ) B T A
N i AN R DS
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Table 6 Principal component coefficient matrix of biochemical activities and chemical properties of soils in Weibei arid region

i H F o1 F W 2 F s 3 F Iy 4 F 5 F sy 6 FSr 7

Item PC1 PC2 PC3 PC4 PC5 PC6 PC7
AHHLE OM 0.378 —0. 006 —0.012 —0.048 0.014 —0. 064 0.126
2% T.N 0. 339 0.056 —0.072 —0.108 —0. 065 0.074 0. 104
4 T.P —0.022 0. 246 0. 446 —0. 446 0.028 —0.237 0.075
28 T.K 0.144 0.490 0.198 —0.098 —0.078 0.138 0.061
ifE A A.N 0. 327 —0.033 —0.015 —0.095 —0.187 —0. 045 0.415
R AP 0. 260 —0.216 0.176 0.063 0. 287 0.004 —0.199
A ALK 0.037 —0.036 0.363 0.230 0. 398 0.561 0.195
pH —0. 236 0. 066 0.424 0.297 0.003 —0.018 0. 090
AL INA 0.220 0. 284 —0.279 —0.084 0. 375 0.133 —0.091
4 £ il CEA —0.143 263 —0.293 0.142 0. 009 —0.087 0.599
TENHE AMA 0.061 0.502 —0.061 —0.032 —0.067 —0.024 —0.522
% H B PRA 0. 086 0. 154 —0.054 0.196 —0.593 0.524 —0.014
Ik URE 0.272 0.058 0. 287 —0. 257 0. 034 —0.037 0.179
iR PHA 0.373 —0.086 —0.139 0.027 0.037 0.036 —0.073
S E LA #E CAT 0.095 0.290 0.261 0. 480 —0.050 —0.222 —0.061
A Sl DHA 0. 341 —0.117 —0.002 0.259 0.081 0.035 —0.095
PR IR £ B URI —0.043 0. 315 —0.257 0. 246 0.403 —0. 149 0.129
I 1 5% Ji RESP 0.261 —0.094 0.086 0.365 —0.204 —0.471 0.003

AR5 A5 (LR PR 5 8 B L A5 ) 5 e AT
ARG 1~T7 o R B 2 8 s v A B3 0 )
A TG - 3R AF L 0 A5 B 2 G0 45 A B i 7 32
oy LR (R DL BRA TR E R LR 1R o (E DO

HEFP o BIATSEA R Ty AP g 7o it
EEW A R B AR K R/NBF 9 5 >6 5 =>12
185 >15>2 5> 19 5 >7 5 >11 5 >4
F>145>5 5>16 5>15 5>3 5>10 5>8
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Table 7 Principal component values by PCA of Weibei arid region soils tested

i%fﬁ% Y (i, Y (i,2) Y (i,3) Y (i.4) Y (i,5) Y (:,6) Y (i,7) Mfﬁﬁz%iﬁ)iffﬁ;er)
1 1.682 —0.120 —0.202 —0.418 1. 047 0. 066 0.720 0.62(5)
2 —0.199 1. 603 0.289 0.131 1. 885 —1.005 0.453 0.32(6)
3 —1.515 3.719 —0.691 —0.398 —1.351 —0. 876 —1. 380 —0.31(15)
4 —0. 827 1.574 —0.102 —1.610 —0.172 1. 201 0.067 —0.17(10)
5 0. 494 —0.578 —1. 865 —0.430 —1.663 —0. 281 1. 608 —0.23(12)
6 3.246 1.579 0.776 —0.001 —1.116 0.576 —0.801 1.36(2)
7 —0.127 0.732 —2.032 —0. 246 1.556 0. 547 0. 407 —0.02(8)
8 —0.690 —2.558 —0.382 —0.103 —0. 780 —0.190 —1. 044 —0.78(17)
9 5.407 —2.080 1. 820 1.674 —1.055 —0.639 0.463 1.85(1)
10 —2.735 0. 669 0.731 3.169 1.570 —1.267 0.093 —0.42(16)
11 —0.901 0.112 —0. 507 0.641 0. 546 0. 600 1.516 —0.15(9)
12 3.473 —0. 341 0. 363 0.238 1. 866 0.439 —1.739 1.32(3)
13 —3. 305 0. 545 1.177 1.027 —1.975 —1.211 0. 054 —1.06(18)
14 —1.246 —0.114 4. 100 —2.991 0.595 —0.070 0.541 —0.22(1D)
15 —1. 895 0.707 0. 305 1. 347 —0.718 2.555 0. 250 —0.30(14)
16 —0.631 —1. 485 0.178 0.970 —0. 288 1.729 —0. 465 —0.27(13)
17 —4. 833 —3.565 —1.121 —1.026 0.443 —0.439 —0.930 —2.46(19)
18 3.352 0. 300 —2.184 —0.659 —0.074 —0.732 —0. 266 0. 85(4)
19 1. 249 —0.699 —0.654 —1. 316 —0.318 —1.003 0.453 0.07(7)
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Table 8 Soil total enzyme index in soils in

Weibei arid region tested

+#E4 5 Soil No. TEI TEL;
1 10. 22 5.32
2 10. 16 5.02
3 10. 50 4.22
4 9.55 4.33
5 10. 66 5.57
6 11.98 6.55
7 10. 80 5.15
8 8.17 4.05
9 12.33 7.80
10 9.98 4.39
11 9.66 4.49
12 12. 34 7.57
13 8. 62 3. 44
14 8.42 4.52
15 9.58 3.87
16 8. 64 4.10
17 6.35 2.49
18 11.26 6.13
19 10. 69 5.90
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Table 9 Correlation coefficients between soil total
enzyme index and chemical properties of soils in

Weibei arid region tested

Tji H Item TEI TEI;
HHLF OM 0.77%~ 0.88"*
2% T.N 0. 66" " 0.73% "
4 T.P —0.06 —0.02
24 T.K 0.55" 0.37
WA A AN 0.61" 0.71*~
BB AP 0.46" 0.68"
BT ALK 0. 04 0.10
pH —0.43 —0.51"

30’
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