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0~
15 cm 4°C
1 pH
1.1
5 3 30
(QRCS) 15 90
(AS) !
(BS) 2014 7 8
F1 RESHMBELHRSUEZFEIFR
Table 1  Geographic information and climate conditions of sampling sites
() (mm)
QY) QRCS 111.83° ~ 112.17°E 26.39° ~26.84°N 18.2 1276
(TY) QRCS 111.24° ~ 111.54°E 28.92° ~29.34°N 16.5 1448
(FQ) AS 113.89° ~ 114.63°E 34.43° ~35.19°N 13.9 615
(LC) AS 114.63° ~ 114.76°E 37.79° ~37.92°N 12.8 474
(GZL) BS 124.62° ~ 125.05°E 43.38° ~ 43.84°N 5.6 595
(HEB) BS 126.25° ~ 126.92°E 45.84° ~46.33°N 3.5 533
1.2 DEA:(C6—c1)><44><273x125x(1+/§7j<$;)
5><22.4><(273+25)XW
pH -1 pH c6 (1 lh 6h
(FE-20, METTLER TOLEDO, China) N,O (umol/mol) W (2)
H,50,4 1.4
(FIAstar5000, FOSS, SPSS 18. 0
Sweden) 1 mol/L KC1 ( 1
1:10 AA3 (One Way ANOVE
(FIAstar5000, FOSS, Sweden) LSD )
(GB 7845—87) Pearson
2 ~0.05 0.05~0.002 0.002 mm
Excel 2007  Origin Pro 8.0
1.3 2
(DEA 2.1
N,O ) Pell !
25 g 125 ml 25°C 2
25 ml (1 mmol/L 1 mmol/L 281.52 ~487.13 g/kg
KNO;) 3 413.55 g/kg
10% 322.58 g/kg
6 h(225 r/min  25C)
Sml 276.21 ~ 687.92 g/kg 550.24 ~ 683.13 g/kg
2 ml 12 ml ()
28 ml pH 4.42 ~6.40
N,O 5.45 pH 747 ~ 8.87
GC7890A(Agilent USA) 8.20 pH 4.88 ~
8.19 5~7
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F2 TIEBILMER
Table 2 Soil physicochemical properties
QRCS AS BS
QY TY LC GZL HEB
(g/kg) 89.33+£60.62 b 114.01 £67.22 b 246.15+212.12 a 131.90 £35.52 b 130.02£32.32b 129.92+26.02b
(g/kg) 497.12 £ 44.80 ¢ 563.41 £4.23b 539.68 £155.62 b 632.31+£23.13a 614.67+4031a 619.73+39.62a
(g/kg) 413.55+51.72 a 322.58+£3991b 214.17+110.07 ¢ 235.79+21.82¢ 255.31+£34.15¢ 250.35+37.61c
pH 5.68+0.82¢ 5.23+0.54c¢c 8.35+0.57a 8.05+0.14a 5.43+049c 6.21+0.76 b
(g/kg) 22.66 +4.90 ¢ 22.52+5.07¢c 16.95+6.09d 22.32+2.68¢c 25.92+4.19b 3345+501a
(g/kg) 1.52+0.26a 1.38 £0.20 ab 1.04 £0.30d 1.34 £ 0.14 bc 1.20+£0.16 ¢ 1.46 £ 0.20 ab
C/N 8.65+1.05¢ 9.47 £ 0.56 bc 9.45+1.31bc 9.66 +0.89 b 12.53 £ 1.66 a 13.29+0.76 a
NO;-N(mg/kg) 10.79+£5.44b 998 +£4.18b 1698 +11.65b 33.60+27.48 a 32.55+22.07 a 33.66 +32.04 a
NH3;-N(mg/kg) 323+2.09b 936+9.89a 1.67+0.99 b 3.86+4.20b 8.12+7.76 a 2.13+1.61b
+ n=15 (P<0.05)
0.97 ~ 1.75 g/kg C/N
9.06 ( 3
19.64 g/kg 1.19 g/kg pH
2.77 mg/k
&xe 700
18.01 ~
45.82 g/kg 11.70 ~ 125.75 mg/kg 0.97 ~ 29.67 mg/kg 600F ¥
C/N 12.91 Z s00f
= a
2.2 @ 400+ ]
O *
¢ D Z 300F b ab
22.22 ~579.09 pg/(kg-h) 213.34 pg/(kg-h) < b
m -
20.54~464.09 pg(ke'h) o 200 e
136.38 pg/(kg-h) 100 ’
4.77 ~ 228.00 pg/(kg-h 96.17 pg/(kg-h L i ol
ng/(kgh) ng/(kg'h) 0 Qv TY FQ LC GZL HEB
R
1 TIERMWLE
2.3 Fig. 1  Soil denitrifying enzyme activities
3
Pearson
pH
[10,11,15,17-20]
« 2 3
pH (P<0.01) 4.77 ~
pH 579.09 ng/(kg-h)
3 pH pH 3
pH
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700 y=44.43x ~ 138.90 700 y=8.840x"™
R =0.255 R=0.188
= 600y P<0.01 = = 600 P<0.01 -
: =
2 500¢ 2S00
D 400 S 400
Q, 3,
z 300 2 300
g 200 é 200
100 100
9 0
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pH ATHLTR 55 it (g/ke)

2 ARERSITERBEUESELERHXSR

Fig. 2 Correlation between soil DEA and physicochemical properties on large spatial scale

250~ y=5.58x-3544 600 y=140x-99.55 500 e y=61.33x-217.20
= QRCS R-0104 =, [AS R=0672 = |BS = R=0214
& 2001 n P<001" & 200 5 400 P<0.01
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Fig.3 Correlation between soil DEA and physicochemical properties under different soil types
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Yin 2%
pH
pH 96.17 pg/(kg-h)
3
[10,27]
[10,28-29] 3 pH

http://soils.issas.ac.cn



953

(1]

(2]

(3]

(4]

(3]

(6]

(7]

[15]

pH

[34]

[36]

pH

pH
N,O

[J. ,2014, 51(5): 921-933
Philippot L, Hallin S, Schloter M. Ecology of denitrifying
prokaryotes in agricultural soil[J]. Advances in Agronomy,
2007(96): 249-305
Conrad R. Soil
atmospheric trace gases (H,, CO, CHs, OCS, N,O, and
NO)[J]. Microbiological Reviews, 1996, 60(4): 609-640
Gao B, Ju X T, Zhang Q, et al. New estimates of direct N,O

emissions from Chinese croplands from 1980 to 2007 using

microorganisms as controllers of

localized emission factors[J]. Biogeosciences, 2011, 8(10):
3011-3024

H > El NZO
(1. , 2015,
52(5):1144-1152
[J]. , 2001, 3(6): 47-50
[J1. , 2017, 54(4): 938-946

(8]

(9]

(10]

(1]

[12]

[13]

(14]

[15]

[16]

[17]

[18]

[19]

(20]

[21]

[22]

Lin S, Igbal J, Hu R, et al. N,O emissions from different
land uses in mid-subtropical China[J]. Agriculture Ecosystems
& Environment, 2010, 136(1/2): 4048

Zhang Y, Zhao W, Zhang J, et al. N,O production
pathways relate to land use type in acidic soils in
subtropical China[J]. Journal of Soils and Sediments, 2017,
17(2): 306-314

Xu Y B, Cai Z C. Denitrification characteristics of
subtropical soils in China affected by soil parent material
and land use[J]. European Journal of Soil Science, 2007,
58(6): 1293-1303

Cui P, Fan F, Yin C, et al. Urea- and nitrapyrin-affected
N,O emission is coupled mainly with ammonia oxidizing
bacteria growth in microcosms of three typical Chinese
arable soils[J]. Soil Biology & Biochemistry, 2013, 66:
214-221

Morales S E, Jha N, Saggar S. Biogeography and
N,O

emission potential and microbial communities across New

biophysicochemical traits link N,O emissions,
Zealand pasture soils[J]. Soil Biology & Biochemistry,
2015, 82: 87-98

, . - .

, 2002, 33(5): 385-391
Lan Y, Cui B, Han Z, et al. Spatial distribution and

environmental determinants of denitrification enzyme

activity in reed-dominated raised fields[J]. Chinese
Geographical Science, 2015, 25(4): 438-450

[J1. , 2001,
20(6): 390-393
Pell M, Stenberg B, Stenstrom J, et al. Potential

denitrification activity assay in soil-With or without
chloramphenicol[J]. Soil Biology & Biochemistry, 1996,
28(3): 393-398
5 . (1.

, 2015, 47(1): 63-67
Ding W, Cai Y, Cai Z, et al. Nitrous oxide emissions from
an intensively cultivated maize-wheat rotation soil in the
North China Plain[J]. Science of the Total Environment,
2007, 373(2/3): 501-511
Li P, Lang M. Gross nitrogen transformations and related
N0 emissions in uncultivated and cultivated black soil[J].
Biology and Fertility of Soils, 2014, 50(2): 197-206
Yin C, Fan F, Song A, et al. Denitrification potential under
different fertilization regimes is closely coupled with
changes in the denitrifying community in a black soil[J].
Applied Microbiology and Biotechnology, 2015, 99(13):
5719-5729
Wijler J, Delwiche C C. Investigations of the denitrifying
process in soil [J]. Plant and Soil, 1954, 5(2):155-169
Russenes A L, Korsaeth A, Bakken L R, et al. Spatial
variation in soil pH controls off-season N,O emission in an
agricultural soil[J]. Soil Biology & Biochemistry, 2016, 99:
36-46

http://soils.issas.ac.cn



954 51

[23] Simek M, Cooper J E. The influence of soil pH on [30] Christensen S, Simkins S, Tiedje J M. Spatial variation in
denitrification: progress towards the understanding of this denitrification-dependency of activity centers on the soil
interaction over the last 50 years[J]. European Journal of environment[J]. Soil Science Society of America Journal,
Soil Science, 2002, 53(3): 345-354 1990, 54(6): 1608-1613

[24] Simek M, Cooper J E, Picek T, et al. Denitrification in [31] Fujikawa J I, Hendry M J. Denitrification in clayed till[J].
arable soils in relation to their physico-chemical properties Journal of Hydrology, 1991, 127(1/2/3/4): 337-348
and fertilization practice[J]. Soil Biology & Biochemistry, [32] McLain J E T, Martens D A. N,O production by
2000, 32(1): 101-110 heterotrophic N transformations in a semiarid soil[J].

[25] Cao J, Lee J, Six J, et al. Changes in potential Applied Soil Ecology, 2006, 32(2): 253-263
denitrification-derived N>O emissions following conversion of [33] Ahn Y H. Sustainable nitrogen elimination biotechnologies:
grain to greenhouse vegetable cropping systems[J]. A review[J]. Process Biochemistry, 2006, 41(8): 1709-
European Journal of Soil Biology, 2015, 68: 94—-100 1721

[26] s s . pH [34] Diekow J, Mielniczuk J, Knicker H, et al. Carbon and

[J1. ,2017,49(1): 49-56 nitrogen stocks in physical fractions of a subtropical

[27] , Zhi H X, . Acrisol as influenced by long-term no-till cropping systems

[1]. , 2014(9): 15571566 and N fertilisation[J]. Plant and Soil, 2005, 268(1/2):

[28] Attard E, Recous S, Chabbi A, et al. Soil environmental 319-328
conditions rather than denitrifier abundance and diversity [35] R s .
drive potential denitrification after changes in land uses[J]. [J]. , 2015, 47(2): 220-228
Global Change Biology, 2011, 17(5): 1975-1989 [36] Bollmann A, Conrad R. Influence of O, availability on NO

[29] R . and NO release by nitrification and denitrification in

[J1. , 1997, 3(2): 97-104 soils[J]. Global Change Biology, 1998, 4(4): 387-396

Denitrification Characteristics of Dryland Soils Derived from
Different Parent Materials

XING Xiaoyi'?, SHENG Rong', XU Huifang'?, ZHANG Wenzhao', HOU Haijun', WEI Wenxue'"

(1 Key Laboratory of Agro-ecological Processes in Subtropical Regions, Taoyuan Station of Agro-Ecology Research, Institute of
Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China;
2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Denitrification actively takes place in dryland soils due to drastic increase of anthropogenic application of
nitrogen fertilizer. Many studies have demonstrated that soil properties strongly influence the heterogeneity of denitrifying
capacity in dryland soils, and the relationship between denitrification and soil properties of different soil types differentiate in
some degree. However, most studies were restricted to small-scale spatial denitrifying activity and were difficult to uncover the
variation of denitrifying capacity of different soils. Soil denitrifying enzyme activities (DEA) and physicochemical properties
were studied over 90 sites in dryland soils derived from three different parent materials, including red soil derived from
quaternary red clays (QRCS), alluvial soil derived from river deposits (AS), and black soil (BS). The results showed that DEAs
were significantly different in the three tested soils. DEA in AS was ranged from N,O 22.22 to 579.09 ng/(kg-h) with an average
of N,O 213.34 pg/(kg-h), significantly higher than those of other two soils. The average DEA in BS was N,O 139.68 pg/(kg-h),
higher but not significantly than that of QRCS with an average DEA of N,0 98.53 pg/(kg-h). Correlation analysis based on all
soil samples showed that DEA significantly positively correlated with pH, indicating that pH might be the key factor of DEA.
Furthermore, soil organic matter (SOM) also influenced DEA. Soil DEAs and their influential factors were different in different
sampling sites even with the same parent material. SOM, pH or clay content was the dominant factor for DEAs of QRCS, AS and
BS, respectively. This study suggests that DEAs are different in different soil types, hence soil type should be considered when
adopting measures to decrease nitrogen loss through denitrification.

Key words: Dryland soil; Denitrifying enzyme activity; Red soil derived from quaternary red clays; Alluvial soil; Black soil
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