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9.6 million km2
1.3 billion population

9%  of world arable land
22% of world population

China



It took several hundred years to realize the 
dream of food sufficiency in China

(Data from the Statistic Bureau of China
Demand was estimated by using average grain demand of 400 kg/capita/year)
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30 years achievements in 
agriculture
（1978=100）

Data from：China Statistical Yearbook and China agricultural statistical yearbook 1949-1999
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Remarkable contribution to the world
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8% arable land, 20% cereals , 28% meat ,
20% population

Data source: FAO and UN



Cereal grain yield in China has been merely secured by much higher input of resources 
including fertilizer, irrigation, plastic film and other chemicals. Data are based on the China 
statistic yearbook (national bureau of statistics of china, 1961-2010.    Zhang et al., 2011)

Grain production and resources input



Fertilizer Overuse and Misuse



China fertilizer consumption and grain production 
(1980=100)
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Grain yield and N rate of rice crop

*FAO, 2004
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Eutrophication



Air pollution in Beijing

NATURE (Liu et al.,2013)
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(n=31, P < 0.001)

y=0.842x-1, 657.4
(n=31, P < 0.001)

y=8.999x-17, 723
(n=31, P < 0.001)

1980s: 13.2 kg N/ha 
2000s: 21.1 kg N/ha 60% of increase
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Soil pH has been declined by 0.5 unit since 1980s 
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Soil pH declined significantly after 12-yr annual N input of 
150 kg N/ha (Initial soil pH in 1990 was 5.7)

(Xu MG，2010)



pH: 4.2 pH: 6.1

Shandong， 2012.12.4

Effect of soil acidification on wheat growth



(Zhang et al., PNAS, 2013)70% of agricultural emission!
7% of national total emission!
New technologies and policies could cut 2-6% of total emission!

0

100

200

300

400

500

600

700

1980 1990 2000 2010 2020 2030

G
H

G
（

T
g 

C
O

2-
eq
）

Scenario 1

Scenario 2

Scenario 3

Scenario 4

452

564

403

320

206

Year

517

416

362

295

Industry management
•CH4 recovery in coal mining
•Improve Energy efficiency in fertilizer plants
•N2O abatement in Nitric acid production
•Control N fertilizer export 
Soil-Crop System management
•Right amount-balance crop demand 
•Right place-Deep placement
•Right time-use in crop fast growth period
•Right products- in cooperate NH3 and NO3
•Recycling organic nutrients 

Integrated industry and 
Soil-Crop  management 



 

 

 

 

 

1964 1970 1976 1982 1988 1994 2000

 

 

 

 

 

 

 

 

1964 1970 1976 1982 1988 1994 2000 2006

34
19

U.S.A China

6.3

4.7

104

243

43

60

Yield (t/ha)

Nitrogen use (kg/ha)

PFP N (kg/kg)

How to Increase both Crop Yield and NUE Simultaneously? 

Yield (t/ha)

Nitrogen use (kg/ha)

PFP N (kg/kg)



Outline

Problems and Challenges

Strategy of Nutrient Management and It’s Impact

Prospects



Three-Step Strategy to increase crop yield and nutrient 
use efficiency by developing and using INM technology

- For  ensure both food security and environment quality simultaneously
C

ro
p 
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od

uc
tiv

ity

Water and nutrient input

At present
（saving fertilizer）

The 2nd step
10%-20% （High-yield）

The 3rd step
30%-50%

Increase soil fertility

The 1st step
Saving N by 30%
without yield penalty



First step of 
Integrated Nutrient Management 

(INM,1993-2003)

1) Optimization of N input, take all 
possible sources of nutrient into 
consideration

2) Match soil supply to crop 
requirement spatially and temporally



Sources of nutrients

Soil

Manure

Crop residues

Biological N 
fixationIrrigation water

Rain &
atmospheric

deposition
Fertilizers

(Powlson,PC)



Nitrogen inputs from atmospheric deposition 
and irrigation water in NCP

Irrigation water

Atmospheric deposition

(Ju et al., 2009,PNAS)



Annual N input in wheat-maize rotation system 
in north China plain of China 

Chemical N

Soil Nmin

Environmental N

total

80s

150

30 (11-62)

22

202

now

532 (300~700)

191 (20-987)

90

713

(Cui et al.,2010)



Sowing V10 V R2V4 R6

N uptake intensity

V6

Match application to crop requirement, 
apply when crop is growing fast

Seems obvious – but often ignored!
Much was applied before/at planting time!



applying N in split doses with the largest amount 
applied during rapid growth stages

(n = 460)

HarvestSowing Shooting FlowingWintering

Pre-planting：

165 kg N/hm2

Top-dressing：

260 kg N/hm2

Farmers’ Practice:  425 kg N/hm2n

0

N uptake
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（Cui et al., 2006; 崔振岭等，2005）

Pre-planting：

44 kg N/ha

Top-dressing：

84 kg N/ha

N rate:  128 kg N/hm2

In-season N management

Advantages：

Control total N rate 
(425/128)

Spliting at right time     
(1:1.5/1:2.0)



（n =156, six years)

Wheat-Maize Rotation System

2000 2001 2002 2003 2004 2005
W-M W-M W-M W-M W-M W-M

Increase grain yield by 7%

Decrease N application  by 71%

Reduce residue nitrate-N by 62%

INM FP
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Cut down N fertilizer by 30-50% reduces N loss 
into environment greatly without  diminishing 
crop yield!

2009



Three-Step Strategy to increase crop yield and nutrient 
use efficiency by developing and using INM technology

- For  ensure both food security and environment quality simultaneously
C
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Water and nutrient input

At present
（saving fertilizer）

The 2nd step
10%-20% （High-yield）

The 3rd step
30%-50%

Increase soil fertility

The 1st step
Saving N by 30%
without yield penalty



Second step of 
Integrated Nutrient Management 

(INM, 2003-2008)
1) Increase crop yield significantly 

through Integrated Crop Management

2) Optimization of N input, take all 
possible sources of nutrient into 
consideration

3) Match soil supply to crop 
requirement spatially and temporally



Region

ChinaNortheast 
China

North China 
Plain

Northwest 
China

Southwest 
China

Yield gaps YGM (Mg ha-1) 6.6 10.3 12.2 7.1 8.6 
YGR (Mg ha-1) 6.5 9.0 10.0 5.3 7.6 
YGE (Mg ha-1) 4.3 4.9 6.0 3.0 4.5 

The ratio

Average farmers' 
yield/Yield potential (%) 58 41 37 44 48 

Average farmers' 
yield/Recorded yield (%) 59 45 42 52 51 

Average farmers' 
yield/Experimental 
yield 

(%) 68 60 55 66 64 

Model-, recorded- and experimental-based yield gaps (YGM, YGR, and YGE) and the 
ratio between the average farmers’ yield and the modeled yield potential, recorded 
yield, and experimental yield in China.

(Meng et al., 2013, Field Crops Research)



Result of increasing maize yield and NUE simultaneously

N rate

(kg N/ha)

250-300

185

Grain yield

(t/ha)

7-8

12.1

PFPN

(kg/kg)

27-32

65

item

Farmers practice

INM

Summer maize yield increased by more than 30%，PFP doubled

2 main technologies:  Increased density of plants
Better nutrient and water management



300

Annual demo:
4Mha

On farm demos
 23 bases in form of STBY 
 185 demo bases by more than 36 collaborative institutions
 110 counties in collaboration with NATESC of MOA
 24 counties in 11 provinces in collaboration with fertilizer companies

Rice 
Maize 
Wheat
Cash crop

Network on Integrated Soil-crop System Management（NISSM）

≥667ha
≥ 67ha
≥ 6.7ha
CAU station



(Zhang et al., 2012, Adv. Agron.)

Performance of INM in China. 

Across all 5147 sites, on average, reduce N fertilizer inputs 
by 24%, increase grain yield by 12%, and increased net 
farming income by $ 132 per ha



(Zhang et al., 2012, Adv. in Agronomy)



Third step of INM(2003-2013)
Integrated Soil-crop System 

Management (ISSM)

1) Improve Soil Quality

2) Increase crop yield significantly

3) Integrated nutrient management (INM)



Three-Step Strategy to increase crop yield and 
nutrient use efficiency at the same time

- For  ensure both food security and environment quality simultaneously
C

ro
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od
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ity

Water and nutrient input

At present
（saving fertilizer）

The 2nd step
10%-20% （High-yield）

The 3rd step
30%-50%

Increase soil fertility

The 1st step
Saving N by 30%
without yield penalty



Conceptual model illustrating the soil-crop system management 
strategies for realizing the high yield and high N efficiency

(Chen et al., PNAS, 2011)

3
Soil quality



Mean maize grain yield and modeled yield potential, N balance 
(fertilizer inputs-harvest outputs) and N applied per unit of grain 
produced for different management systems: integrated crop and 
soil system management approach (ISSM, n=66), farmers’ practice 
(FP, n=4548), and high-input, high-yielding studies (HY, n=43). 

(Chen et al., PNAS, 2011)

----Increase yield and NUE by 30-50%



National action of The 
Best Cycle to improve 
Soil Quality(80millyuan/Yr)

increase crop productivity, 
then more C and organic 
materials to improve soil 
quality and productivity

1) Higher yield
higher C return

2) More straw return 
back into Soil

3) More organic 
manure



Green : Increased

Red: Decreased

SOM concentration change in Chinese cropland since 
1980s

Crop system
Change 
in SOM 
(g/kg)

Wheat Northwest China
(Winter wheat) 2.0**

（±1.4）

North China
(Winter wheat) 4.7**

（±2.2）Maize North China
(Summary Maize )

North east China 
(Spring maize)

-2.0
（±3.9）

no

Rice Yangtze River Basin
(Single R)

3.2**
(±4.0)

South China (Early 
Rice) 3.3*

(±4.7)South China (Later 
Rice)

*: p=0.01-0.05; **: p<0.001; Average (±std deviation )
Data were summarized from national inventory (80 published documents, > >140,168 Sites/samples )

(Fan et al.,2013)



Assessment of changes in soil productivity 
“on farm trails”

between 1980s and 2000s by Plant based method
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Relations between grain yields of 
wheat, maize and rice without 
fertilizer addition (Yield-Control) 
and yields in best management 
practices (Yield-BMPs) on-farm 
trails in major cereal-based 
cropping systems in China. Note: 
Paired sites involved in 933 for 
wheat, 530 for maize (only summer 
maize in north) and 1113 sites for 

rice.

The better soil quality, 
the better response of crop 
yield to fertilizer application!

(Fan et al.,2013)



In last 6 years, totally 6.7 billion RMB has been invested 
in to set up 12500 “10000 mu demonstration areas” . 

National action of high yielding grain, cotton, 
oil and sugar crop production ( since 2008-)

Crops Target 
yield

Farmers’
pratice

Increase 
rate(%)

Spring maize 12 7.6(1118) 58%

Summer maize 10.5 6.9(1709) 52%

Single rice 10.5 7.9(927) 33%

Double rice 13.5 12.6(1159) 7%

Irrigated wheat 9 6.6(1252) 36%

Dryland wheat 6 3.7(1192) 62%

Unit（t/ha）

Note:10000 mu=667 hectare; Farmers’ practice from  farmer survey, including 7357 households in 2008-2009. 



In last 8 years, totally 6.4 billion RMB has been invested to 
cover all agricultural areas (totally 2498 counties ). The 
technology has been used on more than 9 million ha cropland

Project  counties

N
ational total investm

ent (100 m
illion RM

B)

The used area of STFR technology(100 m
illion m

u)

Used area

Project counties

National investment

National action of nutrient management
(started from 2005 till now)



Concept to develop crop/site specific fertilizer in 
China, in collaboration of 200 fertilizer companies

Scale：agro-ecological regions

Implementation Ways ：large fertilizer 
enterprise＋compound fertilizers

Scale：counties

Implementation Ways ： Small and 
medium fertilizer enterprise ＋ BB 
fertilizers

Scale： farms  

Implementation Ways ：BB fertilizers



Network of new fertilizer development and demonstration: 42 
counties, 22 cropping systems

 Newyangfeng Fertilizer Corp

 Si’erte Fertilizer Corp

 Tianji Fertilizer Corp

Used 5.6 million tons of new fertilizer
Covered 10.5 million ha

Across all 241 sites, on 
average, saved N 60 
kg/ha，increased yield
9.3%，PFPN +31.2%，
income +470 dollar/ha.
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(Zhang et al., 2013, Nature)



N and P cost in the food chain of China
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INM: ensure food security
Reduce N and P pollution by 39%!

(Ma et al.,Unpublished)



Thanks
for your attention !
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