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Abstract  
China now creates more Nitrogen (N) than any other country in the world. Total N input to the terrestrial 
ecosystem of mainland China increased from 25.2 Tg in 1980 to 61.0 Tg in 2010, while the amount of 
natural N2 fixation changed little during this period (9.3–11.0 Tg). Though large amount of N input plays a 
vital role in ensuring food security, it has contributed to low nitrogen use efficiency in crop production 
systems. Much of the remainder N can be considered an expensive and environmentally damaging waste 
such as emissions of greenhouse gases, degradation of soil and freshwater. Average bulk N deposition, plant 
foliar N and crop N uptake from long-term unfertilized croplands all significantly (p<0.05) increased from 
1980 to 2010, in agreement with rapidly increased NH3 and NOx emissions. As a consequence, significant 
soil acidification was reported in major Chinese croplands, grasslands and forestlands. Clear evidence 
showed that plant species richness and soil bacterial diversity declined with increased N deposition in 
temperate grasslands. Meanwhile, large amounts of soil nitrate N accumulation were observed in major 
upland soils in China, threatening groundwater quality. Surface water eutrophication, air quality 
deterioration, both closely linked with reactive N, are increasingly being witnessed. China is facing a huge 
challenge to realize food security and protect the environment through maximizing N use efficiency and 
minimizing N negative effects.  
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Introduction 
The N cycle and N balance have primarily been modified by anthropogenic activities and environmental 
changes at various scales (Vitousek et al. 1997; Gruber and Galloway 2008). The release of a large amount 
of N will overcome several thresholds set for the health of humans and the ecosystem, including those for 
drinking water, air quality, freshwater eutrophication, biodiversity loss, stratospheric ozone depletion, 
climate change and coastal ecosystems (Erisman et al. 2013).Thus, assessment of the N cycle and its 
environmental impacts is important for the understanding of the scope of the anthropogenic N problem and 
possible strategies for managing it.  
 
China is mobilizing the largest N in the world due to agricultural, industrial and urban development. Though 
large amount of N application plays a vital role in ensuring food security, it has contributed to low fertilizer 
recovery and environmental impacts. Here we first compiled a N budget for mainland China with spatial and 
temporal distribution from 1980 to 2010 and then outlined the effects of several crucial issues concerning N 
balance, including N deposition, climate change, water pollution and so on.  
 
Methods 
N budget model 
N budgets were established based on the mass balance model. N inputs included biological fixation, 
chemical fertilizer, atmospheric deposition, and import of food and feed. N output included ammonia (NH3) 
volatilization, N export to water bodies, food and feed exports, and biomass burning emissions. The 
difference between N inputs and outputs was assumed to be denitrification and storage, which both are 
difficult to quantify directly. The N budget was calculated from 1980 to 2010 of mainland China.  
 
Data sets such as the amount of chemical fertilizer, population of livestock were obtained from the National 
Bureau of Statistic of China. And we collected N flux data (for example, NH3 volatilization, leaching and 
runoff) from published peer-reviewed journals.  
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 N environmental impacts 
Reviews on several crucial issues concerning N balance and environmental impacts, including N deposition, 
emissions of greenhouse gases, degradation of soil and freshwater were summarized from published data and 
measurements across China. 
 
Results and discussion 
N input and output in China mainland 
Estimated total N input to terrestrial ecosystem of China increased from 25.2 Tg in 1980 to 61.0 Tg in 2010, 
a 142% increase. Chemical fertilizer N consumption dominated N input and accounted for 48.3% of the total 
N input in 2010 (Figure 1). Atmospheric N deposition increased continuously, from 5.9 Tg to 17.7 Tg during 
1980–2010. While the total amount of N2 fixation changed little from 1980 to 2010, its contribution to total 
N input decreased from 37.8 to 17.6%. 
 
For N output, NH3 volatilization accounted for about 20% of the total N input in different years, but 
increased from 6.1 Tg in 1980 to 11.7 Tg in 2010. The amount of N exported to water bodies increased by 
122% in the 30 years. The amount of N output through biomass burning was relatively stable but its share in 
total N output decreased from 9.9% in 1980 to 5.5% in 2010. 
 

 
Figure 1.  Changes in the shares of various N input sources (a) and of various N output sources(b). 
 
Influenced by factors such as human population density, per capita gross domestic product and percentage of 
total land area used as cropland, there was large spatial variability in total N inputs (Figure 2). There was a 
large total N input in provinces in eastern and central China (e.g. Jiangsu, Shandong, Henan and Anhui). And 
it is no wonder that the vast western area had very low N input as the major land use was desert. 

 
Figure 2. Spatial distribution of nitrogen input to the terrestrial ecosystem of China in 2010. 
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Environmental impacts N cycling in China 
Historically, N is considered a limiting nutrient, such that biospheric productivity would increase with the 
addition of more N, and more than half the world’s people are nourished by crops grown with synthetic N 
fertilizers. Our results showed that total N input increased rapidly over the past three decades in mainland 
China. Meanwhile, to meet the food demands of the 22% of the world’s population, China became the 
world’s largest producer and consumer of synthetic N fertilizer. However, the N cycling framework 
describes how N moves along its biogeochemical pathway, linking one environmental system to another. 
Hence, too much N input leads to environmental pollution and its concomitant threats to agricultural 
productivity, food security, ecosystem health, human health and economic prosperity. 
 
For instance, the N use efficiency was low in China. Many field experiments showed that the in-season 
fertilizer N recovery was 26%–28% in 2001–2005 for major cereal crops (Zhang et al. 2007), relative to 52% 
in America and 68% in Europe (Ladha et al. 2005). Although 40–68% of applied fertilizer is taken up sooner 
or later, large amount of remainder N lead to surface water and groundwater pollution by the contribution of 
high N concentrations (Zhu and Chen 2002; Ti and Yan 2013; Yan et al. 2014). A climate comprehensively 
estimation indicated that anthropogenic N in China’s environmental system has an obvious warming effect 
on a long timescale (Shi et al. 2015). In addition, using three large scale datasets on soil pH dynamics in 
croplands, grasslands and forestlands between the 1980s and 2000s, we summarized status of soil 
acidification in the three ecosystems. The results showed that significant acidification occurred in all the 
three ecosystems from 1980s to 2000s. Further analysis suggested that accelerated N cycling (induced by 
excessive use of N fertilizer) was the main driving factor for cropland acidification (Guo et al. 2010).  
 
Furthermore, as one of the important component in the N cycle, enhanced N deposition could use as an 
indicator of terrestrial N enrichment. Based on a national dataset incorporating all the available bulk N 
deposition  results from Chinese monitoring sites, we found that bulk N deposition increased significantly 
with time (p<0.001) (Figure3a). The increase in bulk N deposition was driven mainly by elevated N 
concentrations in precipitation (Figure3b), with NH4-N being the dominant form in bulk deposition but the 
ratio of NH4-N to NO3-N in deposition decreased significantly with time (Figure3c). The increase in overall 
bulk N deposition and the change in the ratio of NH4-N to NO3-N in precipitation are consistent with the 
increasing trends of anthropogenic gaseous reactive N emissions and changes in their ratio since 1980 
(Figure3d). Emissions of NH3 doubled, reflecting increased agricultural production in that the use of N 
fertilizer and the number of standard livestock units have also doubled since the 1980s (Figure3e); while 
emissions of NOx showed even larger increase than those of NH3, consistent with the rapid increase in coal 
consumption and motor vehicles, both of which increased 3.2- and 20.8-fold from the 1980s to 2000s, 
respectively (Figure3f). All the results suggest enhanced N deposition in China since 1980 being as an 
indicator of terrestrial reactive N enrichment in China. 
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Figure 3. Trends of bulk N deposition and gaseous reactive N emissions in China between 1980 and 2010. 
a. Bulk N deposition; b. N concentration in precipitation; c. Ratio of NH4-N to NO3-N in deposition; d. Emissions 
of NH3 and NOx and  ratios of NH3-N to NOx-N; e. N fertilizer use and livestock unit; f. Coal consumption and 
number of motor vehicles. Data source: Liu et al. (2013).  
 
We have also showed that about more than 40% of the total N input was denitrified in terrestrial ecosystems. 
This would have resulted in significant direct and indirect emission of N2O that contributes greatly to global 
warming and the depletion of stratospheric ozone. A recent assessment presented that the total health damage 
related to atmospheric reactive N reached US$19−62 billion in 2008, accounting for 0.4−1.4% of China’s 
gross domestic product (Gu et al. 2012). 
 
Therefore, understanding the origins and fluxes of N throughout N cycling is critical to mitigating the 
impacts of excess N in these environmental systems. And it is time for China to take action to improve N-use 
efficiency and food production and reduce N negative impacts, which will depend largely on agricultural, 
economic, environmental, educational and trade policies. 
 
Conclusion 
Based on the N budget model, total N inputs in mainland China increased 142% during 1980-2010. As one 
of the N input source, increased N deposition indicated that Chinese terrestrial N enrichment. Large amount 
of N lost through denitrified, NH3 volatilization and export to water bodies lead to greenhouse gas emission, 
air and water pollution, soil acidification and, further results in economic loss. 
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