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1.	Markdata.se	–	a	free	web	applica�on	for	farmers	
2.	Digital	soil	map	of	Sweden	(DSMS)	
3.	Detailed	mapping	by	proximal	soil	sensors	



Markdata.se	
A	web	applica�on		
for	prac�cal	use	of	

soil	data	
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Web	applica�on	
	
	
	
	
	
	
	
	

Local	soil	data	
	
	
	
	
	
	
	
	

Spa�al	soil	
proper�es	
database	

	
	
	
	
	
	

Variable-rate	
applica�on	

	
	
	
	
	
	
	

Management		
Decision	

	
	
!	
	
	
	
	

Algorithm	for	
local	adapta�on	
(downscaling)	

	
	
	
	
	
	

Prescrip�on	file	
	
	
	
	
	
	
	
	

Swedish	example	of	implemented	pedometrics	
for	precision	agriculture	

DSMS	



Spatial Soil Properties Database: 
DSMS 



	
2.4	million	ha	
of	arable	land	

More	info	on	DSMS	later……	



Free decision support application: 
Markdata.se 











Uploading user’s data: 
Soil sampling 



If	available:	

O�en	one	sample	per	3	ha	
	
	
	
	
	
	



Automated algorithm : 
Maps.R.Interactive 







 
 
 
 
 
 

Four maps 

DSMS	

	
Adapted	
DSMS	1	

(residual	kriging)	
	

Adapted	
DSMS	2	

(regression	kriging)	

Map	based	on	local	
data	only	

(ordinary	kriging)	



 
 
 
 
 
 

Validation 

DSMS	

	
Adapted	
DSMS	1	

(residual	kriging)	
	

Adapted	
DSMS	2	

(regression	kriging)	

Map	based	on	local	
data	only	

(ordinary	kriging)	 Leave-	
one-
sample-	
out	
cross-
valida�on	

Independent	
valida�on	



 
 
 
 
 
 

Validation 

Percent	of		
403	farms,		
where	the	map	
had	the		
lowest	MAE	
	
MAE	=		
Mean		
Absolute		
Error	

Regression	
kriging	

Residual	
kriging	



 
 
 
 
 
 

Use the locally best map 



Summary 



Summary 

  An	algorithm	was	developed	for	local	adapta�on	
(downscaling)	of	a	na�onal	digital	soil	map.	

			
  Implemented	in	a	free	web-based	decision	

support	applica�on	for	precision	agriculture	
(markdata.se).	

	
	
	



What	is	DSMS	(the	
digital	soil	map	of	

Sweden)?	
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DDSSMMSS  pprrooppeerr��eess

FFoorrmmaatt:: Raster

CCeellll  ssiizzee:: 50 m × 50 m

EExxtteenntt:: 2.4 million ha 

>90% of the arable land
 ! Except organic soils

AA��rriibbuutteess::  Topsoil clay content

Topsoil sand content
Topsoil silt content 
Topsoil FAO texture class


LLiicceennssee::  CC-BY

DDoowwnnllooaadd  ssiittee::  h�p://bit.ly/DSMS_download





DDaattaa

Raster data
Interpolated point data 
from aaiirrbboorrnnee  ggaammmmaa  
radia�on scannings: 40K, 
232Th.

QQuuaatteerrnnaarryy  ddeeppoossiitt  mmaapp,,  
simplified into 7 classes and 
simplified into 3 classes.

DDiiggiittaall  EElleevvaa��oonn  MMooddeell
derived by laser -scanning 
of the terrain 
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LLaa��ccee  ppooiinntt  llooccaa��oonn  ddaattaa::
TTeexxttuurree  aanndd  oorrggaanniicc  mmaa��eerr  
((OOMM))  ccoonntteenntt  in 13,600 soil 
samples taken in a    ̴1 km2 
square grid

CClluusstteerreedd  ppooiinntt  llooccaa��oonn  ddaattaa::
TTeexxttuurree  aanndd  OOMM  ccoonntteenntt  in 
24,000 soil samples at 544 
farms: 1 sample / 3 ha

PPoollyyggoonn  ddaattaa
FFiieelldd  bboouunnddaarriieess  and field 
classifica�ons 





Covariates 

Elevation --------------------------------Relative 
elevation----------------------------------------- 

Quaternary deposit  map 

1:50 000 
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Gamma	radia�on	data		

Th,	airborne	
60	m	height	
200	m	spacing	

Th,	airborne	
30	m	height	
100	m	spacing	

Th,	proximal	
0.2	m	height	
24	m	spacing	



MMaappppiinngg  ssttrraatteeggyy

Gridded	
	point	data	and	

raster	data	

Clustered		
point	data	

Raster	data	

Valida�on	
measures	

DSMS	
Primary	raster	

layers	

Model		
Equa�on	

Model	deployment	

Model	calibra�on	

Model	valida�on	

1

2

3



MMaappppiinngg  ssttrraatteeggyy

Gridded	
	point	data	and	

raster	data	

Clustered		
point	data	

Raster	data	

Valida�on	
measures	

DSMS	
Primary	raster	

layers	

Model		
Equa�on	

Model	deployment	

Model	calibra�on	

Model	valida�on	

3

Model: 
Multivariate 

adaptive 
regression 

splines 
(MARSplines) 

1

2



DDSSMMSS
SSeeccoonnddaarryy  

rraasstteerr  llaayyeerrss
AAppppllyyiinngg  ppeeddoottrraannssffeerr  ffuunncc��oonnss4

MMaappppiinngg  ssttrraatteeggyy

-Buffering	capacity	
-Target	pH	
etc….	



DDSSMMSSSSooiill  ssaammpplleess  oonnllyy  
11  ssaammppllee//33  hhaa

PPrrooxxiimmaall  sseennssiinngg
””tthhee  ttrruutthh””

Clay content at one 55 ha farm…

5%

35%



Detailed	local		
soil	maps	derived	by	
proximal	sensing	
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Foto:	Chris�na	Öhman,	SLU	

640	:-	/
st	

Lab	analyses	are:		
 More	expensive	
  Less	uncertain	

Proximal	sensor	
measurements	in	situ	are:	
  Less	expensive	
 More	uncertain	



Gamma	spectrometry	

RReeggiisstteerrss::  
  Natural gamma radia�on of 

40K, 238U och232Th in the topsoil  

CCaann  bbee  rreellaatteedd  ttoo::
  Soil parent material
  Soil texture
  Cadmium content in some areas

Excellent	for	
topsoil	clay	
content	



Electromagne�c	
induc�on	sensor	
RReeggiisstteerrss::  
  Apparent electrical conduc�vity 

and magne�c suscep�biliy over 
mul�ple depth 

CCaann  ee..gg..  bbee  rreellaatteedd  ttoo::
  Soil texture
  Moisture content
  Salinity
  Organic ma�er content

Any rela�onships are site-specific

Measures	
over	mul�ple	

depths	



Hydraulic	probe	

RReeggiisstteerrss  ::  
  Apparent electrical conduc�vity
  Inser�on force
  visNIR reflectance spectra

CCaann  bbee  rreellaatteedd  ttoo::
  Soil texture
  Moisture content
  Salinity
  Organic ma�er content

Registers	
depth	

profiles!	



Vis-NIR/MIR	spectroscopy	
Suitable	for	
small	plots	

RReeggiisstteerrss  ::  
  visNIR reflectance spectra

CCaann  bbee  rreellaatteedd  ttoo::
  Soil texture
  Moisture content
  Organic ma�er content
  Other proper�es…..(?)



PXRF	

RReeggiisstteerrss  ::  
  X-ray fluorescence of elements 

from Mg à

Direct	
measure-
ments	

CCaann  bbee  rreellaatteedd  ttoo::
  Total concentra�on of many 

elements



Proximal	
sensor	data	 Digital	

eleva�on	
model	

Lab	analyses	
of	soil	

samples	

Digital	Soil	
Mapping	



Organic	ma�er	content	0-20	cm	
Example:		
  Watershed	of	800	ha	
  50	soil	samples	*	3	
depths	

  800	000	registra�ons	
of	ECa	and	gamma	
radia�on	

  Digital	eleva�on	model	
from	RTK-GPS	

  Mul�variate	predic�on	
modelling	



Clay	content				0-20	cm	



Clay	content		20-50	cm	



Clay	content	50-80	cm	



  DSMS	is	a	free	map	of	topsoil	texture	with	
50	x	50	m	spa�al	resolu�on.	

  Markdata.se	is	one	example	of	an	
applica�on	that	transfers	soil	data	to	
useful	informa�on	available	for	public	use.		

  More	detailed	spa�al	soil	informa�on	and	
informa�on	on	subsoil	proper�es	can	be	
produced	by	proximal	sensing.	

Summary	

More	info:	kris�n.piikki@slu.se	or	mats.soderstrom@slu.se	

Bit.ly/SLU_clay	
free	clay	m

ap	in	

your	sm
artphone	


