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Nitrogen input to croplands



Spatial and temporal variation of N input to croplands



Nitrogen use efficiency (NUE)
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Soil sampling campaign

2007-2008

SOC and soil N content changes

C:+8.8%
N:+5.1%

National soil survey

1979-1982



Change in NUE with time
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Zhang et al., 2015, Nature 528, 51–59

Environmental Kuznets Curve
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Changes in NUE with economy growth



Red: increase

Green: decrease
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Knowledge-based N practices

• Enhanced efficiency N fertilizers
Controlled release N fertilizer
Nitrification inhibitor
Urease inhibitor

• Optimized N application
Reducing basal fertilizer N ratio
Increasing N splitting frequency
Deep placement of fertilizer
Fertilizer recommendation based on soil test



Fertilization based on soil test program

An accumulative area of 100 million hector by 2015



Fertilizer recommendation systems
Computer access

Touching panel

Palm access
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Barriers
• Effects of these N practices

varied among different crop
species and soil properties.

• Many farms are still small
scale, farmers’ knowledge,
environmental awareness still
need to improve

• Opportunity cost (time, labor,
training/education costs) for
implementing

• Lack of mechanization

National geography, 2011
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(Galloway et al., 2003)



*, *** denote significant
difference at 0.05, 0.001 level.
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These results suggest N
enrichment in China’s terrestrial
ecosystems since 1980.

Foliar N concentration
1980s: 18.17.2 mg/g
2000s: 24.09.2 mg/g
Increase: 5.9 mg/g (+30%)

Crop N from zero-N plots
1980s: 71.1 kg N ha-1

2000s: 82.4 kg N ha-1

Increase: 11.3 kg N ha-1 (+15%)
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Impact of N addition on grassland plant community

(Song et al, 2012. J. Arid Land)
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Cessation of N addition

(Song et al, 2011, Biogeosciences)

Elevated N deposition (e.g. 30 kg N ha-1) led to significant decline
in forb species richness in temperate grassland (Duolun, IM)



Relationship between N addition rate and species richness for
grasses (a) and forbs (b) from 2005 to 2015.
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• Average pH decline was 0.5 units during 1980s and 2000s
• Soil pH decline: Cash crop systems > Cereal crop systems

(Guo, Liu, Zhang, et al., 2010. Science 327: 1008-1010)
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(Yang et al., 2012. GCB)

Mean pH
decrease: 0.63

units



Continuous N addition led to significant soil acidification and
changes in microorganism communities

(Zeng et al., 2016. SBB)
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(Zhu et al. 2016. AE)

Atmospheric
deposition
contributes to
84% of H+

production in
forest soils.pH

 v
al

ue

2

4

6

8

10

12

1980s                             2000s

6.10
5.74

Soil pH decrease: 0.36 units!

Number of data：1679                               3919
1980-1985 2005-2010



Outlines

• Changes in nitrogen input and NUE
• Efforts in improving NUE
• Environmental impacts

– Biodiversity loss
– Soil acidification
– Eutrophication
– Air pollution



China’s eutrophied lake area has increased
from 135 (1970) to 8700 km2 (2007).
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N deposition onto coastal seas of China
Total N deposition to Bohai
Sea:  22 kg N ha-1 yr-1

Annual N deposition in
coastal zone: 34 kg N ha-1

*
*
*

*

*

*

(Zhang et al., 2013; Luo et al., 2014)

Assuming half of coastal N deposition rate (17 kg N/ha) onto Bohai, Yellow, East
China and South China Seas (3106 km2), total N deposition amounts to 5 Tg N yr-1

to the 4 marine ecosystems surrounding China.
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Beijing Smog 2014

406 µg/m3 770 µg/m3

CAU west campus, Feb. 26th, 2014



1980s: 13.2 kg N ha-1

2000s: 21.1 kg N ha-1

Increase:  8 kg N ha-1 or 60%

(Liu and Zhang et al., 2013. Nature 294: 259-262)
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Chemical composition and source apportionment of PM2.5 during the high pollution
events of 5–25 January 2013 in Beijing, Shanghai, Guangzhou and Xi’An cities

(Huang et al., 2014. Nature)

Nature

Sum of pNH4
+ + pNO3

- contributed to 23% of
PM2.5 (158 µg/m3) in Beijing during Jan. 2013.



A successful example at Urumqi: Shift of coal to natural gas for heating

(Song et al., 2015. EST 49: 2066-2072)

0

500

1000

1500

2000

2500

3000

Na
tu

ra
l g

as
 co

ns
um

pt
io

n
(m

ill
io

n 
cu

bi
c m

et
er

s)

2011 - 2012
Heating period

2013 - 2014
Heating period

2012 - 2013
Heating period

2010-2011 2011-2012 2012-2013 2013-2014
0

30

60

90

120

150

180

H
ea

tin
g 

ar
ea

(k
m

2 )

Coal heating area Gas heating area Cogeneration heating area

N dry deposition decreased from 26 kg N ha-1 (2012) to 16 kg N ha-1 (2015).



 Overall N input/output ratio is 43% currently, with
an slight increasing trend in recent years;

 Huge regional differences in the trend exist due to
various agricultural structure and soil conditions;

 Enhanced N cycling has impacted largely to both
agricultural and natural ecosystems, including
biodiversity loss, soil acidification, eutrophication,
air pollution, etc.;

 Knowledge based practices in improving N use are
promising, although barriers still exist.

Conclusions and outlook



(Liu et al., 2016. EST)
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turning point to increase
NUE and crop production
meanwhile reducing its N
environmental impact.



Thanks for
your attention!
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Implementation

Developed by
Yangzhou Soil and Fertilizer Station

County Level Arable Land Resource
Management Information System
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Nitrogen input to croplands


