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Investigated nutrient, crop and soil 

management practices in meta-analyses
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Management practice name Control 

Nutrient management  

Right rate conventional rate 

Right timing conventional timing 

Right placement conventional placement  

Right type (organic) mineral fertilizer 

Enhanced efficiency Conventional fertilizer 

Biochar not applied 

Crop management  

Multi-cropping Rotation one crop monoculture 

Cover crop no cover crop 

Legume no legume in rotation 

Residue retention Residue removal  

Soil management rainfed 

No tillage conventional tillage 

Reduced tillage conventional tillage 

 

For responses on 
• Crop yield 
• SOC
• NUE
• N losses

Impacts of site 
conditions
• Climate (rainfall, 

temperature
• pH
• Clay
• SOC
• ect



Managing CO2 emissions via nutrient, 

crop and soil management



Increase C inputs

▪ grow a catch crop

▪ increase production: more crop residues

▪ no removal of crop residues

▪ input of manure, sludge, compost 

Decrease C losses by decomposition

▪ minimal or zero tillage

▪ no grassland conversion

▪ water level management: changed drainage 

systems in peat soils

Soil organic carbon management: how?



Results measures from global meta-

analytical studies

SOC change mostly from: 

• 0.1-0.4 ton C ha-1yr-1 by 

crop and soil management in 

fertilized soils

• 0.5-0.8 ton C ha-1yr-1 by 

nutrient management in 

“unfertilized” soils  

Based on time periods of 5-

15 years

Source: Lessmann et al (2021)



Global variation in impact management

Global variation in impacts nutrient, soil and crop management on SOC sequestration



Managing nitrogen losses via nutrient, 

crop and soil management



N losses, their impacts and EU directives
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Increase nitrogen use efficiency (NUE)

▪ More with less: higher 

production with less use of 

fertilizers

● Minimize losses of 

nutrients by optimal 

management 

● Nutrients: 4 R strategy



0.64 0.78 +22%

Actual NUE Necessary NUE Necessary NUE - Actual NUE

Spatial variation in actual NUE (year 2010) and 

required NUE increase to protect surface water

Source: Schulte-Uebbing and De Vries 2021

Necessary NUE > 0.9 hard to obtain: requires 
changes in crop type, target yield level



Actual and desired NUE to reach thresholds 

for EU

Current NUE

for EU countries (64%)

Desired NUE 

to reach critical thresholds (78%)

Schulte-Uebbing & de Vries (2021)

Optimising fertiliser, 

soil and crop 

management can 

increase NUE with 

19% on average, 

suggesting that gap 

between current and 

desired NUE can be 

closed



Effect of N dose, management and site 

conditions on NUE

Management
N fertilizer type impacts
• Enhanced efficiency (EFE, 

combined (CF), organic 
(OF) and mineral 
fertilizer(MF) 

Fertilization application techn.
• given at right time (RFT), 

place (RFP) and rate (RFR) 
Diverse crop rotation and 
catch crops (ROT), 
incorporation of residues 
(RES) or biochar (BC)

Crops
Wheat (cr_w), maize (cr_m), 
rice (cr_r)

Site conditions
clay, pH, precipitation (MAP) 
and temperature (MAT)
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You et al. (2023) Nature Comm

Explain variation in 
NUE as function of N 
input, management, 
crop type and site 
conditions using   
meta-regression



Potential increase NUE when corrected for 

current management: overall 19.4%

Impact of fertilization (4R 

principles) is more important 

than soil and crop management

Regionally synergies are possible



Substantial benefits of NUE increase on N 

losses to air and water

Meta-regression based on

1065 studies, 6753 

observations

Optimized integrated 

management practices can 

potentially reduce 

• N2O emissions with 31%,

• NH3 emissions with 23%, 

• N runoff with 18% and 

• N leaching 17%.

High uncertainty in Africa 

due to limited data



Managing soil pollution via soil and crop 

management



Metal inputs, toxicity, and regulations

Cd, Cu, Pb, Zn
In soil water

Cd, Cu, Pb, Zn
In crops

Cd, Cu, Pb, Zn
In Soil

Food Quality 

Standard (EU No 

1881/2006)

▪ Cd & Pb

Drinking Water 

Standard (EU No 

98/83)

▪ Cd, Cu, Pb

Critical soil metal 

concentrations:

▪ Regulated at 
national level

▪ Predicted No 
Effect 
Concentrations



Risk Assessment method metals 

Total soil

content

Availability

Soil Solution

Crop

content

pH, org. mat.

clay, DOM,..

Crop type, weather

irrigation, rooting pattern

Reactive 

Soil content

Parent material,

source, “ageing”

Metal uptake by crops depends on total metal 
content and soil properties affecting  
availability in soils (and crop type)



Soil-plant Cd transfer function for rice in Chinese soils
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[Cd]rice= [Cd]soil∙ PUFrice
[Cd]straw= [Cd]soil∙ PUFstraw

PUF = 𝑓 (𝑔𝑟𝑎𝑖𝑛, 𝑠𝑡𝑟𝑎𝑤), 𝑆𝑂𝐶, 𝑐𝑙𝑎𝑦, 

𝐶𝐸𝐶 𝑎𝑛𝑑 𝑝𝐻)



4.00 4.50 5.00 5.50 6.00 6.50

0.1 0.07 0.04 0.03 0.02 0.01 0.01

0.5 0.48 0.31 0.20 0.13 0.08 0.05

0.9 0.98 0.63 0.40 0.26 0.17 0.11

1.3 1.53 0.98 0.63 0.41 0.26 0.17

1.7 2.12 1.36 0.88 0.57 0.36 0.23

2.1 2.74 1.77 1.14 0.73 0.47 0.30

2.5 3.39 2.18 1.41 0.90 0.58 0.37

2.9 4.07 2.62 1.68 1.08 0.70 0.45

3.3 4.76 3.06 1.97 1.27 0.82 0.53

3.7 5.48 3.52 2.27 1.46 0.94 0.60

4.1 6.21 3.99 2.57 1.65 1.06 0.69

4.5 6.95 4.47 2.88 1.85 1.19 0.77

4.9 7.71 4.96 3.20 2.06 1.32 0.85

5.3 8.49 5.46 3.52 2.26 1.46 0.94

Example :   1. Soil with pH 4.5 and 1.7 mg kg-1 Cadmium: not safe
2. Soil with pH 6. 0 and 2.9 mg kg-1 Cadmium: safe
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Risk Assessment tool for farmers and 

policy makers considering availability

“Look-up table” for Dutch farmers: Cd in crop vs soil Cd and pH 

Source: Romkens (Pers. Comm.)



Farmers options to deal with pollution

0.5

1

3

5

Clean soil (acid washing, replace 
by clean soil)

Manage the soil (liming)

Use crops to remove metals from 
soil (extraction)

Change type of crop
(> 2-3 ppm)

Change land use
(> 3 ppm)

Deep ploughing 

Water management (period of 
drainage)

Change cultivar
(0.5 – 2 ppm)

Crop management 
options

Soil management 
options

Cd-soil 

(mg/kg)
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Questions?
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