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Effect of Simulated Nitrogen Deposition on Soil Enzyme Activities in a Temperate

Forest

ZHANG Yi, WANG Chunmei”* , XU Ke, YANG Xintong
College of Environmental Science & Engineering, Beijing Forestry University, 100083 Bejjing, China

Abstract; As one of the most active components of forest soil, soil enzymes contribute to the processes of soil organic matter
decomposition and synthesis and influence all the biochemical reactions of soil, directly or indirectly. Human activities have
dramatically increased the quantity of nitrogen fixed in terrestrial ecosystems, due to fossil fuel combustion, production and
use of chemical fertilizers, and live stock ranching. Nitrogen ( N) addition may rapidly influence soil carbon and nitrogen
turnover during litter and soil organic matter ( SOM) decomposition processes by changing the soil enzyme activities.
Specifically, we hypothesized that adding N to N—limited ecosystems would increase the activity of hydrolytic enzymes and
decrease that of oxidase. In the present study, we explored the effects of different forms and levels of nitrogen addition on
extracellular enzyme activities in a temperate forest soil with dominant Quercus liaotungensis ( light loam, mean annual
temperature 11.7 °C), in the Xi Mountain Forestry Station, China. Nitrogen loading was designed using three N forms
(NO;-N, NH;-N, and NH,NO,), each containing a low—N (50 kg N hm™a™", N50) and high-N (150 kg N hm™a™",
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N150) treatment plot; a treatment plot of 0 k¢ N hm™ a™' (NO) served as a control. Each treatment comprised three

replicate plots of 10 X 10 m on the forest floor, with each plot having similar vegetation and biological soil crust cover. Soil
urease, acid phosphatase, alkaline phosphatase, B-glycosidase, polyphenol oxidase, and catalase activities were analyzed
to investigate the impacts of N forms and levels on soil enzyme activities from the temporal pattern. The results showed a
significant increase of NH,NO,-N treatment in soil urease activity (+24.20% upper NO;-N, N50), and NH;-N treatment
in acid phosphatase activity (+13.82% upper NO;-N, N150), and a considerable increase of N50 level in soil urease
activity (+38.90% and +24.20% upper NH;-N and NH,NO, in NO, respectively) (P<0.05). However, N forms and
levels did not affect the activities of alkaline phosphatase, B-glycosidase, polyphenol oxidase, and catalase. Increasing N
(N50 and N150) resulted in higher alkaline phosphatase activity ( +20.2% and +11.5% upper NO, respectively) and
polyphenol oxidase activity ( +64.3% and +41.8% upper NO, respectively) ; and, with the increase in N addition, both the
alkaline phosphatase and polyphenol oxidase activities increased at N50 addition, and decreased at N150. We observed a
significant increase in B-glycosidase activity (P<0.05) with the different forms of N addition ( NH;-N>NH,NO,-N>NO;-
N), whereas N forms had no effect on alkaline phosphatase, polyphenol oxidase, and catalase activities. Furthermore, the
highest activities of soil enzymes including urease, acid phosphatase, alkaline phosphatase, and polyphenol oxidase
occurred in summer, but the highest B-glycosidase activity and the lowest catalase activity were found in the winter and
autumn, respectively. However, N addition made little difference on temporal variation. Significant correlations of soil
enzyme activities with soil microbial biomass carbon, NH,-N, and NO;-N were established ( P<0.05). These results
suggested that N deposition could affect the soil carbon and nutrient flow by influencing environmental factors and microbial

enzymatic activities in temperate forest ecosystems.

Key Words: nitrogen deposition; soil enzymes activities; temperate forest soil; Quercus liaotungensis
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N) TR RS S AR (NOS-N) M AL B (NHI-N) A 3522 540, a5 A HLa MR Yy i ik
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Table 1 Physical chemical properties of soil in different N forms and N levels (mean + SD, n=3)

e oH g ﬁﬁi‘% %2275% ﬁmﬁz)“z (CGRE T R A
Treatment (H,0) Total N/ NO3-N/ NHj;-N/ Organic C/ SMBC/ SMBN/
(g/'kg) (mg/kg) (mg/kg) (g/kg) (mg/kg) (mg/kg)

NO — 6.83+0.33° 2.42+0.12°  20.36£1.02°  8.65£0.43°  17.36£0.88" 611.23£28.02°  28.09+1.20°
N50 NO3-N 6.70+0.32* 2.53+0.11* 32.17+1.60" 7.44+0.37% 18.29+0.91*  564.14+28.34* 74.78+3.74¢
NH;-N 6.72+0.33° 2.51£0.04°  20.12+¢1.01°  8.78+0.44°  16.85+0.84° 625.12+28.93°  39.60+3.09"
NH,NO;-N 6.61£0.30° 2.56+0.12°  41.184£2.05"  11.74%0.59"  16.03£0.79°  534.34%30.45°  80.70%1.98°
N150  NO3-N 6.55+0.31° 2.54£0.03°  44.85:2.24"  7.83:0.39°  18.25£0.90°  595.02+0.30° 61.88+1.60"
NH;-N 6.54+0.32% 2.55+0.13* 29.42+1.47¢ 10.20+0.51* 17.93+£0.89*  609.01+23.35% 32.07+4.04*
NH,NO;-N 6.51£0.32° 2.58+0.09°  47.80£2.38"  12.8410.64"  18.30£0.91° 551.35£19.45°  58.86x2.94"

) — 51 FR R [R) B e /R b B A 22 53 5 3 (P<0.05) ,NO:0 kg N hm™ a™' ;N50.50 kg N hm™ a™';N150,150 kg N hm™% a™!
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NH;-N>NO;-N>NH,NO;-N 7E NO;-N Ab3H | Ji il R 1 e 1 3% 1 %o it 2070 2 N AE B 38 22 5% 5 76 NH -N
AbFE R AR A RSB (IR BTS2 %t R T 38.899% (P =0.008, & 1), HARZ > 1 A >4 I A T]AY i Z UK S %R
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Table 2 Results from repeated measures ANOVA of enzymes activities

s AR ML RS EWAILR  p A ML
Ak 3 Urease/ Acid phosphatase/ b ; 1lne y Polyphenol oxidase/  B-glucosaccharase/ Catalase/
N . osphatase S
Treatment ~ (mg NH{-N/g) (mg XH/g) phospl (mL T,/kg) (mg HIATHE/ 2) (mL KMnO,/g)
(mg %MW/ g)

F P F P F I3 F P F P F P
IKF Levels a 10.896**  0.000 24.931**  0.000 46.446**  0.000 45.308**  0.000 2.950 0.055 2.770 0.062
JEZ Forms b 0.580 0.631 3.315 0.110 0.324 0.808 0.005 0.995 2.064 " 0.049 1.067 0.373
a*b 3.780**  0.006 3.371" 0.011 1.529 0.197 2.275 0.582 2.315 0.079 1.370 0.247

n=9;a: AFATEEAKF ;b ARERILL; + * :P<0.01, FRERMBE; * :P<0.05, TR 2R L P>0.05 TR E-A BE
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Fig.1 Effects of different N forms and N levels on soil urease activities

a. REARIN,N50;b. FABRIN,N150
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Fig.3 Effects of different N forms and N levels on soil alkaline phosphatase activities
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Fig.4 Effects of different N forms and N levels on soil polyphenol oxidase activities

a. IRA I, N50;b. EA SN, N150
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ARIBUA BN R T % R PRSI LSRR L ORI I 5 B e B 5 3 T AR DG AR A
HEWT T R, A FSE T, SN U s S JUR IR P 7 A 1 IR £ 2720 S AR S 40 o) 4 e A T
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Table 3 Coefficients between soil enzyme activities and soil environmental factors

AR L i pH ALK £ AR AR s MeedRa
Forest soil enzymes (H,0) SoC TN NO3-N NH}-N SMBC SMBN
JIKT#} Urease -0.012 -0.003 -0.011 -0. 017 0.244 0.402** 0.142
FRYE iR Acid phosphatase -0.007 -0.020 0.119 0.054 0.182 0.342"* 0.104
B PERBRME Alkaline phosphatase -0.003 0.125 0.086 0.031 0.283* 0.307 ** 0.006
LW 8 AL Polyphenol oxidase -0.035 0.024 -0.006 0.646 ** 0.116 -0.138* -0.133
B-TH A BETF B B-glucosaccharase -0.104 -0.005 -0.072 -0.164 0.156 -0.034 0.115
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