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lines for implementation at Lantmännen

Increased accuracy and reduced time and cost!



Cadmium’s journey to your body

EFSA tolerable weekly intake 2.5 μg
of Cd/kg body weight/week

Vegetarians and children can exceed!

Kidney damage, 
bone damage and cancer

•Type of soil (e.g. clay, sand)
•Soil pH
•Pollution from industries
•Use of fertilizers 

Illustration: Rami Apuli



Declining Cd levels

14%
Vegetables

22%
Root vegetables

40%
Cereals

High levels!
Spinach, sunflower seeds, 
flaxseeds, algae, seaweed, and 
cocoa beans

Cadmium in our crops

Rice and durum wheat > bread wheat > oat, barley and rye

Declining Cd level
In non-smokers dietary
exposure is the highest



Breeding lines of wheat (n≈400) and oat (n=266)

• Grain Cd, ear emergence, height & yield

Climate variables: 
• Temperature 

• Rainfall

M. Alamrani

Project plan

Soil estimates:
• Cd levels 
• Clay content
• Organic matter content
• pH

Lantmännen’s yield trials 

3 years, 3 locations, 2 replications

3. Svalöv 

(wheat + oat)
2. Bollerup

(wheat)

1. Bjertorp

(oat)

4. Kölbäck

(wheat + oat)



Budget limitation: soil samples from
25 locations per trial

Predictions of soil Cd, pH, Clay content and SOM content
in each parcel, two depths: 0-20 cm and 40-60 cm

Gamma-ray
spectrometry

Electromagnetic
induction

Portable X-ray
fluorescence on 

each sample

Soil sampling + proximal sensor scanning
of samples and fields + other covariates
 Prediction modelling



Example

Soil Cd conc.

Predictions of soil Cd, pH, Clay content and SOM content
in each parcel, two depths: 0-20 cm and 40-60 cm



Topsoil

(0-20 cm)

Bollerup

Subsoil

(20-40 cm)

Svalöv Kölbäck

Predicted soil cadmium levels



One line in common

Bollerup:Soil
characteristics Level Top/Subsoil

SCd High/Medium

pH High/High

SOM High/Medium

Clay Low/Low

Svalöv: Soil
characteristics Level Top/Subsoil

SCd Medium/Low

pH High/Medium

SOM High/Low

Clay Medium/Medium

Kölbäck: Soil
characteristics Level Top/Subsoil

SCd Medium/Low

pH Low/Medium

SOM Medium/Low

Clay High/High

Ex. Wheat, 2022 (n=163)

GCd_Bollerup_BLUEs_cov GCd_Svalöv_BLUEs_cov GCd_Kölbäck_rep1

Adult food limit Adult food limit Adult food limitBaby food limitBaby food limit Baby food limit

mg/kg mg/kg mg/kg



GCd (mg/kg)
Adult food limitBaby food limit

Yield (kg/ha)

All three locations, 2022
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GCd_Bollerup_2022

GCd_Bollerup_2022_cov (SCd, SOM and claytop soil)

HMA3 HMA2

H2= 0.92

H2= 0.93



Allele combinations using the model with covariates

Top four markers
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The way forward

• One more year of field trials

• Nutrient levels

• Develop genomic prediction models

• Identify covariates of highest importance

• Validate markers and implement tools at 

Lantmännen
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