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Nitrogen input to croplands
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Spatial and temporal variation of N input to croplands
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Nitrogen use efficiency (NUE)
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SOC and soll N content changes

National soil survey
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Change in NUE with time
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Environmental Kuznets Curve
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Zhang et al., 2015, Nature 528, 51-59




Changes in NUE with economy growth
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Hellongjiang and Inner Mongolia

Consistent high NUE 90
Loss of soil nitrogen

Heilongjiang
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Shanghail and Beljing

Urban area, economically developed, consistent low NUE
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Zhejlang and Guangdong

Economically developed
Soil N little change

Low NUE

Not increasing yet
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Yunnan and Guizhou

Economically undeveloped
Slight decrease in soil N
Low and stable NUE
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Major agricultural region

High or middle level economy
Major agricultural provinces
Largely increased soil N

Increasing NUE

,ﬁ'f ¥
‘J:I\::I..J !:J.Ii.u f,i.._

e Ry
AR o Yu B
_.T! .?;::r“ _,_.-'"'r\;’:_ -
r-\',I T _F-E— ) “"::

L s -i “"-J"W- g_-ll..’:‘_:-:"'l'l
.y
o ; i
rn._‘ e - _-:2‘ £

1 . “"Hmrf{\-u?‘ﬂ

L N

w L
e e - i
i WG
(;, il ,:'E
[}

Red: increasé| " ™

.
Green: decrease | "

Courtesy of Huang Yao

Hunan

f; . ++" Shandong
i v '_/:W
Jiangsu
0) 10000 20000

Purchasing power parity
USD/capitalyr



Outlines

e Spatial and temporal changes In
N input and NUE

o Efforts in improving NUE

 Environmental Iimpacts
— Biodiversity loss
— Soll acidification
— Greenhouse gas balance
— Eutrophication
— Air pollution



Knowledge-based N practices

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

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



Fertilization based on soll test program
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Fertilizer recommendation systems
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Effects on productivity and N loss
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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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Significant increase In leaf N in natural vegetation (a) and N uptake
In long-term unfertilized croplands (b) during 1980s and 2000s.
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Foliar N concentration
1980s: 18.1+7.2 mg/g
2000s: 24.0+9.2 mg/g
Increase: 5.9 mg/g (+30%)

Crop N from zero-N plots
1980s: 71.1 kg N hat

2000s: 82.4 kg N hat

Increase: 11.3 kg N hat (+15%)

These results suggest N
enrichment in China’s terrestrial
ecosystems since 1980.

* *** denote significant
difference at 0.05, 0.001 level.

(Liu et al., 2013. Nature, 494:459-462)
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Impact of N addition on grassland plant communit
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Elevated N deposition (e.g. 30 kg N ha) led to significant decline
In forb species richness in temperate grassland (Duolun, IM)
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Biodiversity loss and recovery under various N addition conditions

First five-year results Second five-year results
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Significant Acidification in Major Chinese Croplands
J. H. Guo, ef al.

Science 327, 1008 (2010);

DOI: 10.1126/science. 1182570

AYAAAS

e Average pH decline was 0.5 units during 1980s and 2000s

e Soil pH decline: Cash crop systems > Cereal crop systems

Table 1. Topsoil pH changes in major Chinese croplands between the 19805 and 2000s. The soil groups are defined in (131, N5, not significant; pH

range is an average (5 to 95 percentile).

1980s 20005
Cereal crop systems* Cash crop systemst
Sail graup Sample number pH value
Sample number pH value pH change Sample number pH value pH change
5 5.37 G.14 5.07
l e {4.40=6.60) e 14.17=0.52) w5 (1.55—0.44)
623 .20 5.98
I 1157 1101 413
- {5.00-5.04) 15.00—7.70) (4.558—7.49)
6.4 L.66 L.62
9 [
i w {1.50=0.30] # 14.27=0.06) i (4.27=7.73)
632 6.00 5.60
i e {5.10-7.89) 581 14.84-7.80) o8 (4.07—7.42)
. 7.95 . 1.69 . 7358
* i (6.35-8.80) S (5.37-8.70) L (5.69—8.20)
318 B.1b B.17 0.01 (ns)
4
v e {7.10-8.80) i {7.49-B.82) 000 {ns} o (7.43—8.93)
“Cereal'fibar craps (such as rire, wheat, maize, and cotton]. +High-inpus rach ereps (such as venetables, frit trees, and tea) 4P < 0001

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



H* production budget of main factors in four typical Chinese
cropping systems. W-M: Wheat—-maize; R-W: Rice-wheat; R-R:
Rice-rice; G-V: Greenhouse vegetables.
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Changes of soil pH after 12-year fertilization in a wheat-maize |
cropplng system (Annual N mput 300 kg N/ha In|t|al pH 5.7 1n 1990)

(Xu'MG ,2010)




Global Change Biology (20012) 18, 22922300, doi: 10,1111 /1.1 5365-2486.2012 12691 %

Significant soil acidification across northern China’s
grasslands during 1980s—2000s

YUOANHEYANG*{I, CHENGJUN JIT*, WENHONG MAS, SHIFENG WANGE, SHAQOPENG
WANGY WENXUAN HANY, ANWARK MOHAMMATI|, DAVID ROBINSONMNT and PETE SMITHY
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Continuous N addition led to significant soil acidification and
changes in microorganism communities
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Controlling Eutrophication:
Nitrogen and Phosphorus
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N deposition onto coastal seas of Chma

Total N deposition to Bohai Annual N deposmon N

Sea: 22 kg N halyrl coastal zone: 34 kg N ha'
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Assuming half of coastal N deposition rate (~17 kg N/ha) onto Bohali, Yellow, East
China and South China Seas (3" 10° km?), total N deposition amountsto 5 Tg N yr?
to the 4 marine ecosystems surrounding China.

2016/12/19 (Zhang et al., 2013; Luo et al., 2014)
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Beijing Smog 2014
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doi:10.1038 naturel1917

Enhanced nitrogen deposition over China
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High secondary acrosol contribution to particulate
Ppollution during hare events inn China |
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Chemical composition and source apportionment of PM, . during the high pollution
events of 5-25 January 2013 in Beijing, Shanghai, Guangzhou and Xi’An cities
PR Sum of pNH,* + pNO; contributed to 23% of
' PM, (158 pg/m3) in Beijing during Jan. 2013.
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A successful example at Urumqi: Shift of coal to natural gas for heating
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Conclusions and outlook

® 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.
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Evidence for a Historic Change Occurring in China
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Crop production , 104 ton
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Implementation

County Level Arable Land Resource
Management Information System

Developed by
Yangzhou Solil and Fertilizer Station




Overall effects of N practices
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