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Abstract: [Objective] The study was to explore the effect of different amounts and kinds of organic

fertilization on soil nutrient and soil enzyme activities. [Method) A two-year(2007—2009) field experiment

was carried out in Weibei Loess plateau of Shaanxi province,compared with that treated with single fertiliz-

er,in the 0—40 cm layer, soil nutrient and enzyme activities of different application rates of straw(9 000,

6 000 kg/hm?)and manure(22 500,11 250 kg/hm?®) were determined. [Result) In 2008, compared with the

control,content of organic matter increased significantly by 26.87% —33.49% in 20—40 cm layer through

organic fertilizer treatments, and the content of available K increased significantly by 16. 86 % —35. 85%
and 11.34%—22.61% in 0—20 and 20—40 cm layers respectively. Content of available N and available P

of the two years showed significant difference between these organic fertilizer treatments and control in 0—
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40 and 0—20 cm layers respectively. The activities of urease of organic fertilizer treatments showed no sig-

nificant difference between organic fertilizer treatments and the control in 0—40 cm layer in the two years.

Activities of alkaline phospatase showed significant difference in 0 —20 cm layer in 2008, While in 2009

with the straw returning application of 9 000,6 000 kg/hm* and the manure application of 22 500 kg/hm?,

in the 0—20 cm layer,activities of invertase increased significantly by 0.19,0. 18,0. 13 mg/(g * h) respec-

tively compared with that of the control. Through correlation analysis,active relationship existed between

three kinds of enzyme activities and organic matter and available nutrient. [Conclusion) Using organic fer-

tilizers improved the amount of organic matter and available nutrient (N,P and K) ,and increased the activ-

ities of urease,invertase,alkaline phospatase.

Key words: organic fertilization;soil nutrient;soil enzyme activity;arid area
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1.1 REXEER 5%t

WIEF 2007-09 — 2009-07 LEBE VG 44 4 FH B H
TR PG I AMRB K AR IR g0 i $EAT . 3% X Ak
B A e i AR X e AT AR 910 m, Z X
FEH 9~10 C, =10 CAEFHIR 2 800~4 000
C.HEYEWRE 580 mm, W FEEPLE 7—9 A
Py AH/E TR W2 K, RRE S B X, X5
TR R L W IF AR ES 0~60 em 435 S Al
WEEFF A UIE O F25r 2% 1,

WG 5 DAEFE . CKL AN A HLIE 5 Sy, » K5 FF
w9 000 kg/hm*; Sy, K5 FF & H & 6 000
kg/hm® ; My, , BENE i H 5 22 500 kg/hm* ; My, , Jik
Bt F 11 250 kg/hm*, £ AL PRI 3 I, Rl
AHHRS . B/ SR S 22 47 55 Fh A it 4
2 150 kg/hm® .P,O; 120 kg/hm?® .K, O 90 kg/hm?®,
MAE 9 AR AR B 6 7 A IR L Uik )R R
Fili FF 0 JBE JIES B it A
1.2 EEREMLE

5390 T 2008-06 k2 2009-06 /N AR
FHEE57E 0~60 em + 2 HUFE & 20 em B 1 MFE,
AR SR 2 s iR i T, RSB A
P AHY IR S AW 5 R A IR L e A I B IR 64,
TR FL 42 1 mm 1 0. 25 mm 545 H .
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Table 1 Nutrient content of the experimental soil, manimal manure and wheat straw
TER T T
4y Experimental soil Fertilizing matter
Nutrient ‘ NIRRT WIE
0720 cm 20740 em Wheat straw Animal manure

AL/ (g« kg™!) Organic matter 15. 037 10. 598 669. 146 579.582
~%/(g+ kg 1) Total N 0.686 0.550 9.830 7. 264
AW/ (g« kg™ ") Total P 0.656 0.540 0.371 7.688
L4 /(g e kg™!) Total K 9. 342 10. 173 37.807 25.171
WA/ (mg « kg~ 1) Available N 54.100 36. 632 — —
SR/ (g« kg™ ') Available P — — 0.120 1. 831
M/ (g« kg™ ') Available K — — 14. 958 0.963
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2.1 BB TEESSBHHM

— b B A AT LT A B )2 R R Y 1S 0 T R A
2008 F1 2009 AF WK 5 - & A ALEENE L FRO~40 em
TR AP A R AL, BT BT S i B
TR T R TS i FH) 6 1) 3 o 44 K

2008 4F , Syg v Sgo « Myys Al My, 4bFE 0~20 em +
EH L & RO B B RO T 14, 80X (P <<
0.05),5.23%,14.46% (P<C0.05) A1 13.85% (P<C
0.05) ;7E 20~40 cm + )2, LU b & 4 B4 LR & &=
50} I 22 5 34 3K 18 2 K SF (P<C0. 05) , 3 1@ 4 1l hy
31.04%,30.00% ,33. 49 % F1 26. 87 %,

2009 4, 7F 0~40 cm 1 )2, Soo « Sgo Al M,y AL B
AP SRS 02 58Ik 8 B E K 7E 0~
20 F1 20~40 em )2, DA I 3 MALBRA HLR & &5
Xof F 80 A W RE 4390 R 14. 30 %0 ,10. 33 %6, 7. 53 %0 il
35.15%,35.54 % ,20. 95 % ; M, &b Bf 5 % IR 22 7 OR
B3 . A — A HUIE R A [ H & b 38 2 1R AL 5T &
25 AN s ] — A 3 A A AL B AR AR PR ) 22
SRV N T

2.1.1 A#K HE2ALER,&/NEZEGKEF
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Table 2 Effect of fertilization on soil organic matter g/kg
ARy 4k 71 + R /em Soil layer AEA b 38 + 2/ em Soil layer
Year Treatment 0~20 20~40 Year Treatment 0~20 20~ 40
Sgo 16.9140. 66 a 11.11+£0.58 a Soo 17.27+0.32 a 11.65+1.14 a
Seo 15.504+0. 24 ab 11.02+0.83 a Seo 16.67+0. 60 ab 11.68+0.43 a
2008 Myss 16.86+0.52 a 11.32+1.04 a 2009 Mpss 16.25+0. 37 ab 10.43+0.30 a
M, 16.7740.20 a 10.76+0.68 a M 15.82+0.53 be 10.2940.72 ab
CK 14.7340.89 b 8.48+0.32 b CK 15.1140.38 ¢ 8.6240.44 b

TE ¢ [ — 45 [7) 50 B i )5 AR A [R) /N5 8 35 0K 22 57 1R 35 (P<<0..05) . R KA.

Note:Column data marked with different lowercase letters are significantly different(P<C0. 05). The same as below.

2.1.2 AR AR K3 ALIE . 2008 I
G BET 20~40 cm )21 My, Zb B4, HoAth 45 HL
B AL P45 4 2 4 B i 5 0 R R Y 25 S B R A B
835 KO AN ) AR A 32 1) B T Ak ol 288 [ 22 Sl A
W2, 2009 4EER)E ,0~20 ecm + 2, Sy AbFE A 4>
Ao 5 22 7k B K OF B R o 17.39% .

S0« Mas Fll My, b 385 060 B8 22 53 AN B35 5 78 20~ 40
em 42 A HLEE AL 1 B A R/ S 0 5 e A B
A Ah P A G i 5 0 BE ) 22 S B R Gk B e 2 OK O
HAGHEAE R A H A SR AR,
M 3 W] LA H . E 2008 Fl 2009 4F,0~40
em EEAVIGIEGEABMA S EHEERT
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XoF L, L i A A R AL e FH 0 3 RT3 . 2009
A ,0~40 cm + )2 [F]—F B IE b 2R Bl A L
WEET 2008 4£, 2008 4E,{F 0~20 fil 20~40 cm
F 2 2 So0 S0« Maos Fl My, A B A B i 280 75 55 0 R
AHEC BG83 90k 2. 09%,2.07%,2. 41%,2. 28%

F014.68%,14.44%,23.63%,13.51% ;2009 4£, 7F
0~20 Fll 20~40 cm 245 4k PR A 0 & 1t A0 R
SRR E T 11, 10% ~ 25, 97% Fl 25. 62% ~
47.58%

3 ANBEMARLIEXEZE WERSENFTT

Table 3 Effect of fertilization on soil total N and available N in different soil layers
AENy b 3 LA /(g kg ') Total N Bl A/ (mg » kg~ ') Available N
Year Treatment 0~20 cm 20~40 cm 0~20 cm 20~40 cm
Soo 0.85+0.02 a 0.62740.05 ab 58.1240.61 ab 41.954+1.81 a
Seo 0.83£0.01 a 0.607+0.03 ab 58.1140. 84 be 41.86+1.83 a
2008 Myss 0.86+0.03 a 0.647+0.03 ab 58.30%3.07 a 45.22+2.48 a
Min, 0.84%£0.01 a 0.65£0.02 a 58.23+1.83 ab 41.52+0.85 b
CK 0.824+0.04 a 0.57+0.01 b 56.9342.68 ¢ 36.5842.80 ¢
Soo 1.0240.03 ab 0.7640.06 a 91.27+2.73 b 64.12+2.61 a
Sso 1.0840.04 a 0.7340.02 a 89.5242.05 be 54.8143.80 a
2009 Mz2s 1.0340.03 ab 0.7240.07 a 97.30%2.07 a 57.1242.44 a
M2 0.93%+0.11 ab 0.63740.07 a 85.8241.00 ¢ 54.5844.97 a
CK 0.92+0.02 b 0.59740.02 a 77.244+1.73 d 43.45+1.35 b

2.1.3 iR EE AT K 4 FW, 2008 F1 2009
ENEWIRE R T 20~40 cm + 2 My, kAL, H
AP IEALFE 0~40 em 2 H A #HE & HH 5
SR T RE, L AR R R A e FH R %) 1 R T
fil. 2008 4F,0~20 em + )2 Sy Sio « Mas 1 My, &b
FA M AL B A o R X BB 43 I B 44. 47 %,
25.99%,66. 02% F1 46. 84%; 20 ~ 40 em + 2,
My, Ab 3 A 358 3 A% W 3 & AR T X0 . 2009 4F, 0~
20 Fll 20~40 cm )2 Syy S0  Mays Fl My, 43 - 5
AR R R A R T 46. 8606, 27. 6500,
81.19%,33. 04% 01 85. 44% ,64. 85%,36. 31%,

8.74%,

M 4 B Al LFE H, 2008 4E,0~20 cm + 2
Soo +Seo Fl Mo 20 FE R R 2 1 5 X I 22 S ik B
K-, HWE 4 5k 200 25% ., 25, 60% ., 19. 97 %,
M RS X 22 AN B3 :20~40 em 2. &
BILEE R Ak 255 00 16 22 S R 2 3% . 2009 4R, & A L
KRB AL FE 0~20,20~40 cm 4 J2 3 AL H A 1 5 6 R
HY) 22 5 159 38 3] W 35 7K1 o 2% A BIL G E A B A A B
B B IR A BB T 16. 86 % ~ 35. 85% Al
11. 34 % ~22. 61 % , 5%t #8227 353K 1 3 KF .

x4 ANERMNARLETEFENH . EAHIENRM

Table 4 Effect of fertilization on soil available P and available K in different soil layers mg/kg

Ay fob 3 AR Available P R Available K

Year Treatment 0~20 cm 20~40 cm 0~20 cm 20~40 cm
Soo 20.7940. 64 ab 9.064+0.81 a 163.2249.08 a 109.45+2.30 a
Seo 18.13+1.62 b 8.46+1.29 a 170.4949.77 a 102. 68+5.86 a

2008 Moss 23.89+1.97 a 9.45+1.72 a 162.85+7.78 a 101.5043.28 a
M, 21.1341.15 ab 4,464+0.79 b 142.4242.73 b 100.67+3.52 a
CK 14.3940.23 ¢ 4,8340.55 b 135.7448.93 b 100. 68+3.37 a
Soo 21.7840.55 a 9.55+0.58 a 164.41+9. 88 ab 108.97+4.73 ab
Sso 18.93+1.69 b 8.49+0.89 b 176.55+11.08 a 104. 6646.59 ab

2009 Mzss 26.8740.74 ab 7.027+0.51 be 167.2546.79 ab 102.404+3.77 b
M2 19.734+1.04 ab 5.60+0.93 cd 151.8749.08 b 112.76+2.38 a
CK 14.83+1.03 ¢ 5.15+0.74 d 129.96+4.58 ¢ 91.97+3.56 ¢

2.2 AHEE L EEEENZE

2.2.1 ‘g mE AR K5 RV AEE
Fb S o il T R S it P R R R T e R
R AN [ ot A S R0 JIES R b 288 1) 22 S AN W 3 . 2008
AE LA HLEEIEANFE 0~40 cm 4 )2 4 8 IR B Ve 1

TXF R {H 25 58 10 35 L Soo + Sso + M Fl My, AbHE0~
20 A1 20 ~40 cm 4 JZ IR B 35 P A6 BR 43 51 1S m
0.85,0.68,0.87,0. 76 mg/(g « h) 1 1. 09,0. 60,
1.74,0.06 mg/(g » h), 2009 4F + 3 JIg g 1% 1k 4
2008 AE A FEAGEH . 7E 0~20 cm )2, R M., &b B
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JIR Tl 35 P A Xk R b HC At b B R g AR T
XFHR520~40 em + 2 & A HL 5 A b 3R il 1 1 1Y
% BRI BN R 4. 66 20 ~9. 32,

5 W FW L2008 L, HHLETEREAL T £ 1
AAL A& A A LR IR AL EE 0~40 em + 2 5

x5 BHEENAELELEIRE .

i S A U e A (E AR T IR 2 N
2009 4,0~40 em *JZ 3 S AL A = AR LR
AN B S, 2% Ak A 22 5 O 355 2008 55 2009 4R R
T $ i S A SR I R 22 S A K

TR SEEERRm

Table 5 Effect of fertilization on urease and catalase activity in different soil layers
A4y kb 7R R/ (mg « g ' « h™!) Urease B AL S/ (mL » g ! » min~!') Catalase
Year Treatment 0~20 cm 20~40 cm 0~20 cm 20~40 cm
Soo 11.72+1.56 a 11.834+1.03 a 4.95+0.06 a 5.05+0.03 a
Seo 11.55+0.80 a 11.344+0.57 a 4.987+0.09 a 5.05+0.04 a
2008 Myss 11.74+1.04 a 12.48+1.25 a 4.937£0.08 a 4.96+0.07 a
M, 11.63+1.21 a 10.80+£1.05 a 4,9240.07 a 4.9440.07 a
CK 10.87+0.44 a 10.744+1.25 a 5.08+0.07 a 5.0740.04 a
Soo 10.67+0.49 a 9.21+0.61 a 4.407+0.01 a 4.4140.02 a
Sso 10.85+0.51 a 9.38+0.52 a 4.437+0.02 a 4.4340.02 a
2009 Mz2s 11.33+1.10 a 9.08+1.10 a 4.42740.02 a 4,43740.00 a
M, 10.56+0.44 a 8.98+0.44 a 4,407+0.01 a 4,39740.02 a
CK 10.91+0. 20 a 8.58+1.20 a 4.427+0.03 a 4.41£0.01 a
2.2.2 X EMEM R K6 KWL BRT 2008 H1 3% 6 Al LA, 2008 4F,0~20 ecm + 2 & A

H0~20 cm )2 M, b BRAM , HoAh 457 HLES IE b B
R R P 457 v T B L 9% e it A e ) 4 A T 4
B, 2008 4E.0~20 cm 1 JZ M.y, kb B () 1 358 5 4 Bl
TEPER . o4 1010 mg/ (g » h)y HA S0 Sy W My Fl
CK b B 4> %) $2 % T 0. 05. 0. 06, 0. 08 #i10.06
mg/ (g « h) s HR Ry Soo s Ho#E Sio - My, i CK 4b B 53
SRR T 0.01,0.03 1 0.01 mg/(g+ h);20~40 cm
2. S0 FlSso b B 43 1) 5% BR B =5 0. 27 0. 21
mg/ (g + h), 25 F iR F g FH K. 2009 4, 7E 0~20
F120~40 em £ J2 5 So +Sso «Maos Fll My, 2 BFERE 15
PEAE X BB xR T 0. 19, 0. 18, 0. 13, 0. 10
mg/ (g« h)Fl1 0. 16,0.08,0.17,0.11 mg/(g * h),

BLEE A Ak B - T 138 i g 375 M 5 ) IR 2 S 14k 3 I =
TR 5 Soo « Sso « Muos I My, b B 55 XT #8453 501) £ &5 T
0.53,0.43,0.36 1 0.26 mg/(g -« h),Hr S, kb3
BRI IS MR . 5 Mo A B 22 R ik B 3B K
F520~40 em 2 & HLEF AL PR 1 18 0 1R il S
SRR ZE SR B #, 2009 4E,0~20 em +ERA
BLEE L Ak $1 A H B /R il % v 5 X IR 22 S A W 3
20~40 em 2B My A0 HRAN HA 3 A HLEEAE
Ak 25 o R 22 S 3k 3 G 3 OK P Seo s Seo « Mas
M, % %5 B8 43 5 88 Jm 0. 20, 0. 09, 0. 23 1 0. 03
mg/ (g« h), H S 5 S Ab B[] K Moys 5 My, 4b
P [|) 22 5 43R B 0 25 KF

F6 BAHNBEMARLELERER SREEFENZN

Table 6 Effect of fertilization on invertase and alkaline phosphates activity in different soil layers mg/(g ¢ h)

AE b 3 BEBERG Invertase W lR i Alkaline phosphates

Year Treatments 0~20 cm 20~40 cm 0~20 cm 20~40 cm
Soo 1.05+1.10 ab 0.83+0.07 a 1.57£0.12 a 0.69+0.08 a
Seo 1.04+0.04 ab 0.774+0.09 a 1.47+0.07 ab 0.70+0.01 a

2008 Mass 1.10+0.03 a 0.72740.10 ab 1.4040. 14 ab 0.6540.22 a
My, 1.02+0.03 b 0.5840.09 b 1.33+0.01 b 0.7040.08 a
CK 1.0440.03 ab 0.56+0.15 b 1.0440.01 ¢ 0.6740.07 a
Soo 1.1140.03 a 0.807+0.06 a 1.3140.14 a 1.1540.05 a
Sso 1.10+0.01 a 0.7240.08 ab 1.354+0.10 a 1.0440.04 b

2009 Mz2s 1.0540.07 a 0.8140.11 a 1.4240.16 a 1.1840.02 a
M2 1.0240. 10 ab 0.75+0.07 ab 1.3640.12 a 0. 98+0. 04 be
CK 0.92+0.08 b 0.6440.04 b 1.36+0.04 a 0.9540.02 ¢

2.3 rTHEBENSIERSAEZEMBEXSNT
e L LR AT LUR . 5 CK A BRad Ak
WAL 4 At IE A R Ry RER 3 R A o

it P9 345 1 40 A IS A 0 3 8 4 B A A ] Ak B 1]
(A2 AL H A T — B B B A Z A A —
AOAHSGIE . NZR 7 nl LLFE HY L IR | RO Ml LA K el 1
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R R AR IR OG5 T AL SRR S 2R

#3703 N Z 18] JE B A0 AR O 1k
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Table 7 Correlation coefficient between soil enzyme activities and soil nutrients

it H A BT EX) A AL AR

Ttem TOC Total N Aval. P Aval. K Aval. N
JK i Urease 0.740 3" * 0.668 9" * 0.690 7 * 0.650 0" % 0.577 1 *
it &1k S Catalase —0.055 6 —0.188 6~ —0.073 0 —0.132 5 —0.2520""
HEBEEF Invertase 0.889 3** 0.886 3%~ 0.854 6~ 0.795 0"~ 0.801 1*~
B PE W% 2 i Alkaline phosphatase 0.739 8"~ 0.856 4"~ 0.794 0"~ 0.728 0" * 0.777 8%~

TE R R B FRR A GRS 100 500 KT,

Note: * * and *

3 Lhiptie

SO A W R B A HLAE AT
R . MR O A HLIE A IR 7 4R
e S AR R o3 R T TR 22 5 R BN AR E T L
R 4R T A TR 0 A R AR — R KPR A X AR
SE 100 A LA D0 H A 35 0 4 v e S AR R O Y
TER . ASLIRAE R R W A HUIE fE 0 3% 2 v H A
BT 007 0 ) 5 08 T IR IR A SR AR
i R IR A A B R VE AL R R
A HLIE it T S 00 48 g 4 O L (RS FF 3 Ab B 5 T
HE Ak B ) 225 S AN I 3 HMR IR G AT 1 T gk — 20
It

AHFFEIN N it FH A HUALRL T DL 35 $ v
SR W R i UG i DL b - SRR L T OB
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mean significant at 1% and 5% levels respectively.
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