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90.2 mg/kg pH 4.5 (<1 pm) 38%!!2 NaOH - NH,Ac -
1.2 3]
( CK) 1.4
©) (NPK) + SPSS18.0(SPSS Inc. Chicago, IL, USA)
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Table 1 Changes of soil nutrient contents in red paddy soils under different fertilization treatments

pH (g/kg) (g/kg) (g/kg) (g/kg)
CK 583+0.14a 1450+ 0.93 b 1.17+0.08 a 0.35+0.02d 13.88+£0.50 a
C 570+0.13 a 18.87+1.34 a 1.41+0.14a 0.45+0.02 ¢ 13.58 £0.28 a
NPK 5.63+0.07a 18.87+095a 1.29+0.14a 0.58+0.03b 13.86 +0.60 a
NPK+C 561 +£0.11a 19.76 £1.20 a 1.35+0.05a 0.71£0.02 a 13.26+£0.51 a
(mg/kg) (mg/kg) (mg/kg) (%)
CK 4778 £2.12b 436+0.62d 118.33+9.82 a 38.41+0.52a
C 64.93 £2.45 ab 7.07+£0.89 ¢ 65.00+10.00 b 38.99+0.22a
NPK 73.50+9.25a 13.68 £ 093 b 65.00+1.44b 3891+1.38a
NPK+C 7473 £ 6.48 a 2376 +0.78 a 98.75+3.75a 38.01+£0.60 a
P<0.05
2.2
(NPKC)
pH(5.49 ~ 6.05) 2
(1.02 ~ 1.55 g/kg) (12.29 ~ 15.00 g/kg) NPK
(36.36 ~ 41.08%) 131.7% C NPKC 31.3%
79.8%
C
C NPK  NPKC (138.73 + 11.09) mg/(g-24 h)(
84.9% 110.0% 125.1% ) NPK (159.5+27.91) mg/(g24 h) NPKC
¢ D (119.15 + 14.6) mg/(g24 h)
. CK(62.87 + 6.88) mg/(g-24 h)
89.5% ~
0.64% ~ 2.02% 153,79
NPKC 67.6% C (2223
NPK 43.6%  62.5%
NPKC
[21]
180
§160_lmi:(0ml) a
EDsoo— 2 1a0) I (0.5 ml)
2 400 a a B 120f i a
= a = 100 F
MI%H 00F **ﬁg 80
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® ail I b a ab
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Fig. 1 Changes of microbial biomass C in red paddy soils under
different fertilization treatments

Fig. 2 Changes of invertase activities in red paddy soils under
different fertilization treatments
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2
Fig. 3 Changes of urease activities in red paddy soils under
different fertilization treatments
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Table 2 Correlation coefficients among soil enzyme activities, soil nutrient contents, and soil microbial biomass carbon
pH MBC
-0.367 0.634* 0.202 0.648* 0.08 0.709%* 0.525 -0.692* 0.113 0.710*
-0.449 0.789%** 0.560 0.526 -0.133 0.627* 0.370 -0.767* 0.156 0.680*
*E P<0.01 * P<0.05
2.3 Km
4 Km Km
Km
[3.25] Km
(Km) pH
(Vmax)

Vmax/Km NPK Lz . - e ea s
( ) %3 THOKET P RRMRAEN LR LN H 25K
Vmax Vmax/Km 213.2% 153.5% Table 3 Invertase kinetic parameters of red paddy soil under

different fertilization treatments
C NPKC Vmax 99.2% 1703% C
Km(mM) Vmax(mg/(g-24 h)) Vmax/Km
NPKC Vmax/Km 55.8% 141.9%
CK 338+035a 1.21+031b 043+0.17b
( 3 c 38140772  241+020b  0.67=0.11ab
Km NPK 347+0.10a 3.79+0.36 a 1.09+0.10 a
NPK+C 2.60+0.58 a 327+039a 1.04+0.21a
3
NPK  NPKC
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Activities of Extracellular Enzymes and Nutrients in Red Paddy
Soil Response to Long Term Fertilizations

LI Weitao'”, LI Zhongpei'*", LIU Ming', JIANG Chunyu', WU Meng'

(1 State Key Laboratory of Soil and Sustainable Agriculture(Institute of Soil Science, Chinese Academy of Sciences), Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Based on 24-year long-term field experiment established in 1990 in Yingtan Red Soil Ecological Experiment
Station, the experiment included 4 treatments: CK(without fertilization), C(manure), NPK(N,P,K fertilizers), NPKC(NPK plus
manure), soil samples were collected. The activities of invertase, urease (adding 0.5 ml toluene and not) and invertase kinetics
were determined, and the soil nutrient contents and microbial biomass carbon were measured, in order to analyze the relationships
among enzyme activity, soil nutrient and microbial biomass carbon to disclose the response of the activity of extracellular enzyme
and nutrients to the long term fertilizations. Compared with CK, application of fertilizers increased the invertase activities by
31.3%-131.7% and microbial biomass carbon by 84.9%-125.1%. Without toluene inhibiting the microorganism activity, the
invert rate of the substrate of invertase and urease significantly increased by 89.5%-153.7% and by 59.2%-98.9%, respectively;
Microbial biomass carbon had significant positive correlations with the activities of invertase and urease, which imply
microorganism significantly influenced the activities of these enzymes. Compared with CK, application of fertilizers increased
significantly organic matter (by 30.1%—-36.3%), total phosphorus (by 28.6%—102.9%), available phosphorus (by 62.2%—445.0%)
and available nitrogen (by 35.9%-56.4%), the activities of soil urease and invertase were positively correlated with the contents
of available nitrogen and organic matter. Compared with CK, application of fertilizers increased significantly the transfer
coefficient (Vmax/Km) and maximum velocity (Vmax) but influenced little on the Michaelis constant (Km). Long term
fertilization increased the soil nutrient contents and microbial biomass carbon, which result in the increase of the activity of the
extracellular enzymes.

Key words: Invertase; Urease; Microbial biomass carbon; Enzyme kinetics



