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How can precision agriculture techniques
contribute to the breeding for low grain
cadmium content in cereals?
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SLU Grogrund funded project, 2022-2024

Aim: To identify genomic regions in winter
wheat and oat associated with low grain-Cd
content, develop diagnostic markers and
prediction models for selection of low-Cd
lines for implementation at Lantmannen

Partners:

Department of Plant Breeding, Soil and Environment,
SLU Faltforsk and Lantmannen

Collaboration:

Lucia Guiterrez /Maria Inés Berro Rovella Uni.

Wisconsin-Madison

Increased accuracy and reduced time and cost!
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Cadmium’s journey to your body

*Type of soil (e.g. clay, sand)
*Soil pH

*Pollution from industries
*Use of fertilizers

Kidney damage,
bone damage and cancer

EFSA tolerable weekly intake> 2.5 ug
of Cd/kg body weight/week

Vegetarians and children can exceed!

lllustration: Rami Apuli

Created in BioRender.com bio



JL High levels!

SLU Ca dmium in our cr Op S Spinach, sunflower seeds,

flaxseeds, algae, seaweed, and
cocoa beans

Declining Cd levels

14% 22% 40%

Vegetables Root vegetables Cereals

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

Rice and durum wheat > bread wheat > oat, barley and rye
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Lantmannen’s yield trials
3 years, 3 locations, 2 replications
4. Kolback
1. Bjertorp

(wheat + oat)

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

 Grain Cd, ear emergence, height & yield

Soil estimates:

» Cd levels

 Clay content

« Organic matter content
. pH

Climate variables:
» Temperature

» Rainfall




N ,\f Predlctlons of soill Cd pH, Clay content and SOM content
SLU | |n each parcel, two depths: 0-20 cm and 40-60 cm

Portable X-ray
fluorescence on
(&, each sample

Gamma-ray
spectrometry

Electromagnetic
induction




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

Example
Plot id Cd 020 clay 020 SOM 020 pH 020 Cd 4060 clay 4060 S0M 4060 pH 4060 Type

10 Border

11 0.28 17 16 7.2 0.19 24 0.7 7.4 Plot .

12 0.28 17 1.6 7.3 0.19 24 0.6 7.4 Plot SOII Cd conc.

13 0.27 17 1.6 7.3 0.17 25 0.3 1.5 Plot

etc Plot . >0.26 mgﬂ{g
i 0.22-0.26
[ 0.18-0.22
[ 0.14-0.22

W<-014

0-20cm

40-60 cm
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Predicted soil cadmium levels oo
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Ex. Wheat, 2022 (n= m

One line in common

KoIback:_Sc_nI Level Top/Subsoil
characteristics

SCET et Level Top/Subsoil Ll _So_ll Level Top/Subsoil
characteristics characteristics

High/Medium SCd Medium/Low SCd Medium/Low
pH High/High pH High/Medium pH Low/Medium
SOM High/Medium SOM High/Low SOM Medium/Low

Clay Low/Low Clay Medium/Medium Clay High/High
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CV(%)

Baby food limit
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g-% G Cd_BO”erU p_2022 FarmCPU.BLUE_GCd Bollerup 2022
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?’L!ﬁ Allele combinations using the model with covariates

Top four markers

abcd ac b bd abd ac abcd ac ac abcd acd abcd ¢ acd ac acd
Chr Powvalue LOD MAF
0450 7B 2.440558e-08 7.612511 0.22012346
=B d 54, 1.845177e-07 | 6.733962 | 0.07407407
64 1.115796e-06 5.951249 0.15740741
18 1.37595922-06 5.56043% 0.0S555556
g“??‘ SA 2.086037e-06  5.680678  O0.07716049
o
S i[»] 2.499105e-06 5.602216 0.06172840
3 L
1::I - -
Q -
©,0.100- E lines Class Phenotype
% ﬂ
om
Li_210 ACAGCT 0,05993964
0.075 x
Lk 211 ACAGCT 005703957
Li_212 ACAGCT 008031245
0050 Li_212 ACAGCT 0.08800541
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The way forward

One more year of field trials

Nutrient levels

Develop genomic prediction models

|dentify covariates of highest importance

Validate markers and implement tools at

Lantmannen
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