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The Environmental Consequences of
Altered Nitrogen Cycling Resulting
from Industrial Activity, Agricultural
Production, and Population Growth in China

G.X. Xing* and Z.L. Zhu
Institute of Soil Science, Chinese Academy of Sciences, Nanjing, 210008,
China

Human activities exerted very little effect on ni-
trogen (N) cycling in China before 1949. Between
1949 and 1999, however, rapid economic devel-
opment and population growth led to dramatic
changes in anthropogenic reactive N, inputted
recycling N, N flux on land, N2O emission, and NH3

volatilization. Consequently, these changes have
had a tremendous impact on the environment in
China. In the current study, we estimated the
amount of atmospheric wet N deposition and N
transportation into water bodies from the water-
sheds and major valleys in China. Additionally, we
addressed issues on leaching and accumulation
of NO3

– in the farmland under different climate
zones, land use, and cropping systems as well as
the potential influence of NO3

– on underground
water in China.

KEY WORDS: anthropogenic reactive N, nitrogen flux on
land, environment, N2O, NO3

–

DOMAINS: soil systems
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METHODS

Calculation of Synthetic N and Fixation N by
Legume Crops and Nonsymbiotic N in
Paddy Fields
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Calculation of NOx Formed During Fossil
Fuel Combustion

"��
����
��������	��
��
����	
���
���
��������
��
	�
���
����
����������
����	�����
���
���
������
��
'9�
&��������
����
���
����	
���
�������	��
���
���	�����
��	�&
���
���#���	��
�������
��������
��
:��&
��
������
;�	����
���
��
��&�
#��	��	��
��
����	
����
���
�	&
�	���������
	�
���#���	��
�������
���
��%
����	�&
'9�
��	��	��
��
���
����
����
��
����
����
	�
�	�������
	������	���
��������	��
��
 ���
 ����
��
�	�������
 	������	��
 	�
+�	��
����
���,��
���
���������
��
�
,	��%��%,	��
���	��
-��
����
���
'9�
��$��
����
�������	��
��
����
��,��
�����
�����%
����
������
�	���
�	�
,��������
���	���
�	�
	)���	��
&���
���
������
&��
��������
	�
�	�������
	������	��
����
�	&����
���
���
������
��
���������
������	�&
��
�����
����&��	��<
����
�����%
����
���
������
&���
=#�������
���
'9�
��$
����
���
���%
�����	��
��
����
���������
���
������
&��
�������
����
���
����
���
����	���
	��	#	�����

Calculation of Excrements N of the
Domesticated Animal and Human
Populations
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Calculation of N2O Emitted from Farmland
in China
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Calculation of NH3 Volatilization in China
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Estimation of Atmospheric Wet N
Deposition in China
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RESULTS AND DISCUSSION

Anthropogenic Reactive N Input in China
the Past 5 Decades
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TABLE 1
NH3 Volatilization Conversion Coefficient

Sources Emission Factors (kg N kg–1 N) References

Animal and human excretia N 0.20 11

Synthetic fertilizer N Upland: 0.08 for urea and 0.10 for NH4HCO3 2

Paddy field: 0.22 for urea and 0.28 for NH4HCO3



72

Xing and Zhu: Consequences of Altered N Cycling TheScientificWorld (2001) 1(S2), 70–80

	�&
�������	�
'
����		����
�����	�&
���
����
����
'9�
������
���	�&
���
����	
���
�������	���
����	��	�
'
�	$��
��
�&���
������
���
�������	��	�
'
�	$��
	�
�����
�	����
"��
#��	��	��
	�
���
������
��
'
&������
���#�
���
	��	�����
	�
"���
 �

-�
�����
	�
"���
 �
���
������
��
��������&��	�
�����	#�
'
	�
����
���
 �
�	���
��&��
����
����
	�
�����
*�
���
����
��
������
���
	�������
��
��������&��	�
�����	#�
'
���
��	��
��%
��	�����
��
���
��&�
��������	��
��
�������	�
'
����		����
���
'9�
������
����
����	
���
�������	���
�����	��
���
�������
+�������	��
��
�������	�
'
����		����
	��������
����%���
��	�
'
���		���
��
����	
���
���
!�
�	���
&������
����
����
	�
�����
9�
���
����
������
��
��������&��	�
�����	#�
'
	�
�����
�����
�(E
���
����
�������	�
'
����		����
���
'9�
����
���
����	
���
 �������	���
"��
 �	����	���
 ����#���
���
 ���
�����	��
 	�
�����
'
����
�������	��	�
'
	�
�	��
�	���
���
'
�	$��	��
��
�&���
�����
���������
���
�(E
��	�
���
6E
���
����
���%
����	�
'
����		����
���
'9�
������
���	�&
����	
���
������%
�	���
 *�
���
��������
 ����
 	������	�
���	#	�	��
���
#���
 	���
�������
��
'
���	�&
������
�����
"��
�����
��
�
�	&�	�	����
	�%
������
	�
��������&��	�
�����	#�
'
�������
	�
���
����
��7��
����
'
���		���
��
�������	�
'
����		����
���
����	
����
����
��
��
7�E
��
���
����
��������&��	�
�����	#�
'
	�
+�	���
"����
������
�����������
 ����
 	������	�	���	��
 	�
�
���	����
 ������
�����	���	�&
��
������	���
	�
'
���	�&
	�
+�	���

*�
 ���������
 �������	��	�
'
 ����
 �	��
 �	���
 ���������
�����	�
����
��6�
��
����
�������
	�
���
	��������
����
����
��
��6��
"��
��������
	�
�������	��	�
'
����
�	��
�	���
�����
��6�
�����������
��
�������
���
�����
���
�	��
���	#��	���
1	���
���
��7���
���
���	�
�$����	��
��
������	��
���
�������
�
���%
���	���
	��������
������
���
����
���
�	����
��������	��
��
�
�	&�	�	����
�����
������	��
��
���	#����
����
��
&����
�������
"�	�
���
��
��
���
�������
������
��
����	��	�
'
�	$��
��
�%
&���
������
A���#���
'
�	$��
��
�&���
�����
���
	��������
	�

�
����
������
�	���
���
�����
��	��
���
��
���
�$����	��
��
�����
���
��������
�������
���
�����
�&���
�����
���	#��	���

Nitrogen Flux on Land in China the Past 50
Years
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TABLE 2
Anthropogenic Reactive N in China from 1949 to 1999

N Fixed by Nonsymbiotic NOx from the
Legume N from Rice Fossil Fuel

Synthetic N Crop  Fields  Combustion Total

Year Tg N

1949 0.006 0.55 0.69 0.08 1.33

1952 0.039 0.77 1.11 0.16 2.08

1957 0.32 0.91 1.28 0.33 2.84

1962 0.49 0.75 1.37 0.58 3.19

1965 1.33 1.15 1.49 0.65 4.62

1970 2.52 1.58 1.62 1.06 6.78

1975 3.40 1.65 1.95 1.68 8.68

1980 9.42 0.54 1.52 2.19 13.67

1985 12.68 0.68 1.44 2.94 17.74

1990 17.57 1.22 1.15 3.54 23.48

1995 22.22 1.87 1.12 4.29 29.5

1999 24.45 2.07 — 4.60 31.12
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TABLE 3
N Flux on Land in China from 1949 to 1999

Synthetic N Excrements N from N Flux on
Fertilizers Animals and Humans Land

Year (Tg N) (Tg N) (kg N km–2 year–1)

1949 0.006 5.62 586

1952 0.039 6.86 719

1957 0.32 8.17 884

1962 0.49 7.52 834

1965 1.33 9.00 1076

1970 2.52 10.15 1320

1975 3.40 11.33 1534

1980 9.42 12.18 2250

1985 12.68 12.96 1671

1990 17.57 14.88 3380

1995 22.22 17.91 4180

1999 24.45 19.12 4539

TABLE 4
N Flux on Land in Different Regions in China (1995)

Population N Flux on
Density Synthetic Excrements Land

Country and Area (individual N N (kg N km–2

Region (104 km2) km–2) (Tg N) (Tg N) year–1)

China 960 123 22.22 17.91 4187

Changjiang Valley 181 226 7.30 5.32 8188

Huanghe Valley 75 101 1.77 1.44 4293

Zhujiang Valley 45 215 1.47 1.36 7244

Eastern China1 103 426 8.94 5.68 14,262

Taihu Valley 3 1080 0.72 0.18 30,000

Central Western China2 704 52 5.58 7.21 1816

Remote Western China3 406 10 0.77 2.53 622

Tibet 122 2 0.00089 0.39 327

1 Includes provinces of Liaoning, Hebei, Shangdong, Jiangsu, Zhejing, Fujian, and Guangdong, and
autonomous metropolitan cities of Beijing, Tianjin, and Shanghai.

2 Includes provinces of Xining, Sichuang, Yunnan, Guizhou, Guangxi, Xinjiang, Qinghai, Gansu, Ningxia,
Shanxi, Shannxi, and Mongolia.

3 Includes autonomous regions of Tibet, Xinjiang, and Inner Mongolia.
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TABLE 5
Atmospheric Wet Deposition N in Major Regions of China

Wet N Deposition

Area Precipitation From NH4 From NOx Total
Country and
Region (104 km2) (103 mm year–1) (Tg N) NO3/NH4

China 960 0.63 8.28 2.68 11.36 1/3

Changjiang Valley 181 1.05 2.79 0.96 3.75 1/3

Huanghe Valley 75 0.49 0.52 0.12 0.64 1/4

Zhujiang Valley 45 1.44 0.96 0.33 1.29 1/3

Taihu Valley 3 1.1 0.0364 0.0062 0.043 1/6
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Transportation of N from Land to Water
Bodies in China
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TABLE 7
N2O Emission from Cropland in China (Gg N year–1)

N2O Emission N2O Emission from
during Rice Rice Field after Rice

Total Arable land Paddy field Growing Season  Harvest

Emission Emission % Total Emission % Total Emission % Total Emission % Total

from from

cropland cropland

398 310 78 88 22 35 9 54 13

Data from Xing[12].

TABLE 6
Direct N2O Emission from Agricultural Fields in

China Estimated by IPCC Phase II Methodology (1949 to 1999)

Direct Soil Emissions (Gg N year–1)

Synthetic Animal Biological Group Cultivated
Year Fertilizer Waste N Fixation Residue Histosols Total

1949 0.07 13.4 10.4 1.1 0.95 26

1954 3.6 18.1 16.8 5.3 0.95 48

1960 5.5 17.6 15.3 4.8 0.95 44

1965 15.0 21.4 19.3 6.4 0.95 63

1970 28.2 24.6 28.5 7.5 0.95 90

1975 38.4 27.5 30.1 9.2 0.95 106

1980 106 28.5 12.5 11.2 0.95 159

1985 142 31.1 17.4 14.1 0.95 253

1990 196 35.1 17.5 16.9 0.95 266

1995 250 44.0 23.2 17.8 0.95 336

1999 275 47.8 25.8 23.2 0.95 373
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Nitrogen Leaching in Rice Paddy Fields of
Southern China[26,27,28]
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TABLE 8
NH3 Volatilization in the

Terrestrial Part of China over the Past 50 Years

From
Synthetic N  From Excrements N of
Fertilizers Animals and Humans Total

Year (Tg)

1949 0.0007 1.12 1.12

1952 0.0043 2.36 1.36

1957 0.004 2.63 1.63

1962 0.054 2.50 1.60

1965 0.146 2.80 1.95

1970 0.227 2.03 2.31

1975 0.374 2.27 2.64

1980 1.04 2.44 3.47

1985 1.39 2.59 3.99

1990 1.93 2.98 4.96

1995 1.44 3.58 6.04

1999 2.69 3.82 6.51
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TABLE 10
Leaching in Arable Land of the North China Plain

Application N
Observation (kg N ha–1 Leaching N to Observation
Site  year–1) N Applied (%)  Methods Data Sources

Lanfang 173 3.6 Lysimeter 30

Beijing 150 0.9 Lysimeter 31

225 2.0

Beijing1 75 1.8 Lysimeter 32

300 17.2

1 The averaged data from 1986 to 1992.

TABLE 9
N Leaching in Rice Paddy Fields

% Leaching NO3
– to Application N

Application N Wheat
Observation  (kg N ha–1 Rice Growing Growing Observation Data
Sites  year–1) Season  Season Methods Sources

Jiannin 6001 1.8 3.4 Lysimeter 26

Changzhou 254 0.56 — Lysimeter 27

388 3.01 —

Shenyang 150 0.27 — Lysimeter 28

250 0.46 —

1 Indicates the application rate of N fertilizers during rice-wheat growing seasons.
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TABLE 11
N Concentration in the River, Lake, and Well Water of the Taihu Valley (2000)

NO3
– NH4

+ Total N PO4
–3

Water
Body (mg N l–1) (mg P l–1)

River 1.36 ± 0.68 (n = 23) 5.69 ± 4.26 (n = 23) 7.99 ± 4.44 (n = 23) 0.20 ± 0.24 (n = 13)

Lake1 1.27 ± 0.98 (n = 7) 0.33 ± 0.43 (n = 7) 1.88 ± 1.46 (n = 7) 0.022 ± 0.085 (n = 7)

Well 7.89 ± 9.65 (n = 40) <0.2

1 The Taihu Lake and the Yangcheng Lake.
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