+ % (Soils), 2013, 45(1): 120-128

R FITPE XF 42 K A L#K(Cunninghamia lanceolata)
TR R M E YR B Z AR

1,2 2 =2 2 2 1 1*
X

(1 210095 2 330099)

NO( ) NI(N 60 kg/(hm*a)) N2(N 120 kg/(hm™>a))
N3(N 240 kg/(hm*a)) 4 7

- (NI N2)

B- (N3) B-
(N1) - (N2
N3)

S714.3 S718.8

1 BIOLOG
[8]

[9]
(1
[2]
[3] [10-11]

[4]

cc »3 cc 23(5]

(6]

[12]

(31060109 30771714) (0630101)
* (huixinli@njau.edu.cn)
(1974—) E-mail: yhyuan@nit.edu.cn



1 : (Cunninghamia lanceolata)

121

[13-15]

[16-17]

NITREX(nitrogen saturation experiments)

[18-19] {[20-21]

Harvard Fores
4
NO(N 0 kg/(hm*-a) ) NI(N 60 kg/(hm*-a))
N2(N 120 kg/(hm*-a)) N3(N 240 kg/(hm*-a))

3 2003 12 2004 1
CO(NH,),
1 20 L
11
117°43'29" E 26°30'47" N 122 2010 3
18.8C ~
19.6°C 1606 ~ 1 650 mm 271 (0 ~20 cm) (20 ~ 40 cm) (40 ~ 60 cm)
21 8
200 m >2 mm 0°C ~4°C
1992 6 hm?’ 1.2.3 (221
(Miscanthus floridulus) 3,5-
(Dicranopteris olichotoma) (Pteridium aquilinum B-
var. latiusculum) 3% ~ 5%
12 2
20m x 20 m 15mx 15m
2010 3 1 1.2.4
1.2 BIOLOG™ (Eco micro plate Matrix
1.2.1 Technologies Corporation )
F1 FSUEFHHEERDFNLMEHEARKE
Table 1 Backgrounds of stand and site characteristics in nitrogen-loaded plots
() (_ /hm’) (cm) (m) ©) (g/em’) (g/kg) (g/kg) pH
NO 19 1717 19.5 16.73 325 1.06 0.68 17.31 3.99
N1 19 1633 19.5 19.34 31.5 1.06 0.80 19.23 3.92
N2 19 1683 20.2 19.32 29.8 1.05 0.81 18.88 3.88
N3 19 1625 20.1 18.17 30.8 1.05 0.86 18.14 3.78
%2 TIERGEUENERARER. EHREZGEMNESY
Table 2 Substrates and incubated conditions and the products measured
(C) (h)
37 24
CM- 37 72
37 24
B- -B-D- 37 1
L-DOPA 30 2 DOPA
L-DOPA+ H,0, 30 2 DOPA
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500¢g (P<0.05) B-
45 ml 0.85% NI N2 N3
30 min N3 B- N2
Biolog ECO (Ecoplate 3 (P<0.05) 20~40cm 40~ 60 cm
32 1 (
) 31 31 )
125 pl 257C
01 2 3 45 6 7 BIOLOG
AWCD 2.2 BIOLOG
AWCD = [Y(C-R)]/31 C 31 (average well color development
R Shannon AWCD)
H =-YPi (InPi) Pi=(C-R)/Y(C-R) E=H/InR"
144h  OD (24) 7
BIOLOG 24 h AWCD 2
(PCA) AWCD
48 h 48 h
48 h ,
1.25
SPSS13.0 168 h AWCD
(P<0.05) 0~20 cm>20 ~ 40 cm>
40 ~ 60 cm
AWCD N3<N2<N0O<
N1 N1
2 N3
21 NO NI
( 2
B- 23 31
(OD)
[23] 1
0~
20 cm>20 ~ 40 cm>40 ~ 60 cm 2
0~20cm PCA 31
( ) 0~ 20 cm 1
0~20cm 20 ~40 cm 40 ~ 60 cm (PC1) 41.66% 2 (PC2)
(P<0.05) 23.45% 20 ~ 40 cm 1 (PC1)
36.31% 2 (PC2)
(1 0~20cm 26.06% 40 ~ 60 cm 1 (PC1)
N3 37.64% 2 (PC2) 27.68%
NO (P<0.05) PCl PC2 3
N2 N3 0~20cm PCl1
NO N3 14
NI N2 PC2 6
(P<0.05) N1 N2 N3 20 ~ 40cm PCI1

N3

N1 N2

11
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Soil enzyme activities involving in carbon cycling under different nitrogen treatments
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40 ~ 60 cm

PC2

PC2

PC2
PCI

9

¢ 3)

3)
PCI NI
NO N2 N3

BIOLOG

11

24
BIOLOG

Shannon

(

4)

NI1>NO>N2>N3( 4)

(P<0.05)

®3 ISP EEF 1 METF 2 BXERKEBRIFEME

for four treatments soils from all sites

Table 3 Substrates with high correlation coefficients for PC1 and PC2 in PCA of metabolic diversity patterns

0~20cm 20 ~40 cm 40 ~ 60 cm
PC1 PC2 PCl PC2 PC1 PC2
D- 0.891
B- D- 0.736 0.863
I- 0.793 -0.92
D- 0.887 0.873
N- -D- 0.918 0.901 0.746
D- 0.904 0.705
a-D- 0.779
D- 0.721 —-0.763
D- 0.777 0.899 —-0.940
2- -0.918 0.834
D- -0.764 0.787
0.766 0.898 0.840
a- —-0.733
D- 0.965 0.840
4- 0.906
0.756 0.972 0.763
—-0.799
L- 0.790 0.800
L- 0.897 0.841
L- —-0.760 0.792 0.935
L- 0.920 0.799
-L- —-0.742 0.863
—0.744
-1- 0.893 0.921 —-0.835
D,L-a- 0.779 0914 0.963
a- 0.722
40 0.966 0.841
0.770 0.917
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Fig. 3 Ordination of principal component analysis on 31 substrate utilizations by soil microbial communities
x4 ANEFHETIRENEVYZSHEEEEFESEREEMN=06)
Table 4 Soil microbial functional diversity and evenness under nitrogen deposition
Shannon (H) (E)
(cm) NO NI N2 N3 NO NI N2 N3
0~20 287+0.14 297+0.27 2.85+0.16 2.80+0.17 0.96+0.03 0.98 +0.01 0.95+0.06  0.94+0.09
20 ~40 2.73+0.14 2.83+0.14 2.71+0.16 2.70+£0.04  0.92+0.03 0.93 £ 0.01 0.92+0.04 0.92+0.13
40 ~ 60 2.54£0.08 260+£005 2.50+0.11 236+£0.07 091+0.02 0.92+0.03 0.89 £0.05 0.88 +0.06
3
C/'N [30]
3.1
pH
[31]
[1]
6
B_
[26]
4 2 a1
0 ~ 20 cm
(26] [32] [33]
[32]
Carreiro  BY  Gallo P
(26-28] (0 ~ 20 cm)
Deforest ['%
[26] Zeglin B
(1 ( )
(N3)
(2] (0 ~ 20 cm)
(20 ~40 cm 40 ~ 60 cm) NH,

NH,"
[12]
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144 h
[12, 15, 34] BIOLOG [43]
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Grove 19h
144 h
( ) “ 77 144 h
[39]
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[2] ) . [J].
’ , 2004, 35(5): 622-626
’ [3] Insam H. Development in soil microbiology since the Mid
.Compton [ 1960s[J]. Geoderma, 2001, 100(4): 389-402
, [4] Atlas RM. Diversity of microbial community[J]. Advanced
. Microbiology Ecology, 1984, 7: 1-47
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° , 1993, 30(3): 229-236
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(Cunninghamia lanceolata)

127

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

(21]

Haack SK, Garchow HM, Klug J, Forney LJ. Analysis of
factors affecting the accuracy, reproducibility, and interpre-
tation of microbial community carbon source utilization
patterns[J]. Applied and Environmental
1995, 61: 1 4581 468

Rogers BF, Tate RL. Temporal analysis of the soil mi-

Microbiology,

crobial community along a top sequence in Pineland soils
[J]. Soil Biology and Biochemistry, 2001, 33: 1 389—1 401
. [M]. , 2001
Galloway JN, Cowling EB. Reactive nitrogen and the
world: 200 years of change[J]. AMBIO: A Journal of the
Human Environment, 2002, 31: 64-71
Deforest JL, Zaka DR, Pregitzerc KS, Burton AJ. Atmo-
spheric nitrate deposition and the microbial degradation of
cellobiose and vanillinin a northern hardwood forest[J].
Soil Biology and Biochemistry, 2004, 36: 965-971
Waldrop MP, Zaka DR, Sinsabaugh RL. Microbial com-
munity response to nitrogen deposition in northern forest
ecosystems[J]. Soil Biology and Biochemistry, 2004, 36:
14431451
Compton JE, Watruda LS, Porteousa LA, DeGrood S. Re-
sponse of soil microbial biomass and community composi-
tion to chronic nitrogen additions at Harvard forest[J].
Forest Ecology and Management, 2004, 196: 143—158
Frey SD, Knoor M, Parrent JL, Simpson RT. Chronic
nitrogen enrichment affects the structure and function of

the soil microbial community in temperate hardwood and

pine forests[J]. Forest Ecology and Management, 2004, 196:

159-171

Lilleskov EA, Fahey TJ, Lovett GM. Ectomycorrhizal
fungal aboveground community change over an atmos-
pheric nitrogen deposition gradient[J]. Ecological Applica-
tions, 2001, 11(2): 397-410

Lilleskov EA, Hobbie EA, Fahey TJ. Ectomycorrhizal
fungal taxa differing in response to nitrogen deposition also
differ in pure culture organic nitrogen use and natural
abundance of nitrogen isotopes[J]. New Phytologist, 2002,
154:219-231

Fenn ME, Poth MA, Aber JD, Baron JS, Bormann BT,
Johnson DW, Lemly AD, Mcnulty SG, Ryan DF, Stottle-
myer R. Nitrogen excess in north American ecosystems:
Predisposing factors, ecosystem response, and management
strategies[J]. Ecological Applications, 1998, 8(3): 706—733
Wright RF, Rasmussen L. Introduction to the NITREX and
EXMAN projects[J]. Forest Ecology and Management,
1998, 101(1/3): 1-7

Gundersen P, Emmett BA, Kjonass OJ, Koopmans CJ,
Tietema A. Impact of nitrogen deposition on nitrogen cycl-
ing in forest: A synthesis of NITREX data[J]. Forest
Ecology and Management, 1998, 101(1/3): 37-55

Aber ] McDowell W, Nadelhoffer K, Magill A, Berntson
G, Kamakea M, Mcnulty S, Currie W, Rustad L, Fernandez

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

L. Nitrogen saturation in temperate forest ecosystems:
Hypotheses revisited[J]. Biosciense, 1998, 48(11): 921-934
[M]. : ,

1986
Schimel JP, Weintraub MN. The implications of exoen-
zyme activity on microbial carbon and nitrogen limitation
in soil: A theoretical model[J]. Soil Biology and Bioche-
mistry, 2003, 35(4): 549-563
Zabinski CA, Gannon JE. Effects of recreational impacts
on soil microbial communities[J]. Environmental Manage-
ment, 1997, 21(2): 233-238
Guckert JB, Carr GJ, Johnson TD, Hamm BG, Davidson
DH, Kumagai Y. Community analysis by Biolog: Curve
integration for statistical analysis of activated sludge
microbial habitats[J]. Journal of Microbiological Methods,
1996, 27: 183-197

> . [J1.
, 2002, 8(5): 564-570
Taylor JP, Wilson B, Mills MS, Burns RG. Comparison of
microbial numbers and enzymatic activities in surface soils
and subsoils using various techniques[J]. Soil Biology and
Biochemistry, 2002, 34(3): 387-401
N .

, 2009, 29(3): 1 2341 240
[J1. ,2005(2): 6-8

Berg B, Matzner E. Effect of N deposition on decom-
position of plant litter and soil organic matter in forest
systems[J]. Environmental Review, 1997, 5: 1-25
[J1. , 2008,
19(12): 2 769-2 773

[J1. , 2009, 20(12): 2 943-2 948
[J1.

, 2009, 42(2): 725-733
Carreiro MM, Sinsabaugh RL, Repert DA, Parkhurst DF.
Microbial enzyme shifts explain litter decay responses to
simulated nitrogen deposition[J]. Ecology, 2000, 81(9):
2359-2 365
Gallo M, Amonette R, Lauber C, Sinsabaugh RL, Zak DR.
Microbial community structure and oxidative enzyme
activity in nitrogen-amended north temperate forest soils[J].
Microbial Ecology, 2004, 8(2): 218-229
Zeglin LH, Stursova M, Sinsabaugh RL, Collins SL.
Microbial responses to nitrogen addition in three contras-
ting grassland ecosystems[J]. Oecologia, 2007, 154(2):
349-359
Debosz K, Rasmussen PH, Pedersen AR. Temporal



128 45

variations in microbial biomass C and cellulolytic enzyme communities of temperate upland grassland ecosystems[J].
activity in arable soils: Effects of organic matter input[J]. Soil Biology and Biochemistry, 2001, 33: 533-551
Applied Soil Ecology, 1999, 13(3): 209-218 [42] Jones DL, Hodge A, Kuzyakov Y. Plant and mycorrhizal
[38] s s R . regulation of rhizodeposition[J]. New Phytologist, 2004,
[J. , 2010, 163: 459-480
30(7): 1 691-1 698 [43] s , .
[39] Biederbeck VO, Campbell CA, Ukrainetz H, Curtin D, [1]. , 2008, 44(9):
Bouman OT. Soil microbial and biochemical properties 146-151
after ten years of fertilization with urea and anhydrous [44] s s s

ammonia[J]. Canadian Journal of Soil Science, 1996, 76:

7-14 [J. , 2006, 22(4): 39-44
[40] Johnson DW. Nitrogen retention in forest soils[J]. Journal [45] Grove JA, Kautola H, Javadpour S, Moo-Young M,
of Environmental Quality, 1992, 21: 1-12 Anderson WA. Assessment of changes in the microor-
[41] Grayston SJ, Griffith GS, Mawdsley JL, Campbell CD, ganism community in a biofilter[J]. Biochemecal Enginee-
Bardgett RD. Accounting for variability in soil microbial ring Journal, 2004, 18: 111-114

Effects of Simulated Nitrogen Deposition on Soil Enzyme
Activities and Microbial Community Functional
Diversities in a Chinese Fir Plantation

YUAN Ying-hong'?, FAN Hou-bao®, LIU Wen-fei*, HUANG Rong-zhen?,
SHEN Fang-fang?, HU Feng', LI Hui-xin'"
(1 College of Resources and Environmental Science, Nanjing Agricultural University, Nanjing 210095, China;
2 Research Institute of Ecology & Environmental Sciences, Nanchang Institute of Technology, Nanchang 330099, China)

Abstract: This study evaluated the effects of nitrogen deposition on soil enzyme activities and microbial community
functional diversities (sole-source carbon utilization, SCU) in a Chinese fir plantation subject to simulated nitrogen deposition for
seven years at Shaxian State Forest Farm of Fujian Province, China. Nitrogen loadings were designed at 4 levels as NO
(CK), N1, N2 and N3 at the doses of 0, 60, 120 and 240 kg/(hm?a) N, respectively. Each treatment comprised 3 replicate plots
of 20 mx20 m which were sprayed with CO(NH,), solutions on the forest floor at the beginning of each month, lasting from
January 2004 to the sampling time, March 2010. At the same level of nitrogen deposition, the activities of 6 soil enzymes
involving carbon cycle (invertase, cellulose, amylase, B-glucosidase, polyphenol oxidase and peroxidase), the ability of carbon
source utilization by microbe, biodiversity and evenness all decreased with the increase of soil depth. At soil depth of 0-20 cm,
nitrogen additions promoted cellulose and polyphenol oxidase activities, but inhibited amylase and peroxidase to some extents.
High level of nitrogen loading (N3) showed significant positive impact on invertase, but negative on -glucosidase. Low nitrogen
deposition (N1) accelerated the ability of carbon source utilization by microbe, biodiversity and evenness, but moderate-to-high
nitrogen deposition (N2, N3) gave the opposite effect. Principal component analysis (PCA) in substrates indicated that the main
carbon sources for soil microbes were carbohydrates and carboxylic acid in all treatments and there were significant differences of
carbon substrate utilization patterns between treatments. Hence, nitrogen deposition in this experiment accelerated the activities
of surface soil cellulose, polyphenol oxidase and invertase, but inhibited amylase, peroxide and B-glucosidase to some extents.
Nitrogen deposition produced significant impacts on the functional diversity of soil microbial community in the Chinese fir
plantation.

Key words: Nitrogen deposition, Cunninghamia lanceolata (Lamb.) Hook, Soil enzymes activities, Functional

diversity



