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Soil & Water as major spheres of the
environment
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The Soil & Water Systems as a key to
understand the functionning

State of Natural N g Which policies?
Resources?

Sustainability of activities?



Our research themes
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Soil survey, soil mapping &
pedometrics
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Our questions
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Sustainable agriculture
- nutrients needs

- limitations

= - environ. functions

2l - sensibility
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Our questions
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Two divergent aspects

Nitrogen, Phosphorus, pesticides



Our questions

Uncontaminated soils

arable land gardens Marketing gardens activies Calaminary sites

Belgium, China, Congo

ontaminatior
Soil - legume
transfers

edogeochemica
background

Metallic trace elements




Our guestions

Heavily contaminated sites and areas affected
by atmospheric fallouts
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What is the fate of trace elements in contaminated soils ?
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Introduction

What is soil quality ?

Figure 2-1. The Feekes scale of wheat development.
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The agronomist point of view

Soil suitability for agronomic productions : limitations




Introduction
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Mutrient management
The agronomist point of view

Analysis aims at determining what to apply and
when in order to... maximize yield




Introduction

Aims of soil analysis

HYIELD

o winter wheat
il » spring barley
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Mg deficiency

The agronomist point of view
Soil characteristics determine production function.
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Aims of soil analysis
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The agronomist point of view
First limitation to use of fertilizer : the price !
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Introduction

Aims of soil analysis
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The agronomist point of view
Second limitation to use of fertilizer : the environment : NO3, P




Introduction

Aims of soil analysis

CONSTITUENTS OF WELL-BEING

ECOSYSTEM SERVICES Security
e = PERSONAL SAFETY
Provisioning = SECURE RESOURCE ACCESS
FOOD = SECURITY FROM DISASTERS
FRESH WATER
WOOD AND FIBER
FUEL : .
Basic material
for good life Freedom
” “ ADEQUATE LIVELIHOODS of choice
Supporting Regulating * SUFFICIENT NUTRITIOUS FOOD and action
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. WATER PURIFICATION VALUES DOING
Health
AND BEING
» STRENGTH
: FEELING WELL
Cultural = ACCESS TO CLEAN AIR
AESTHETIC | e
SPIRITUAL |
EDUCATIONAL
RECREATIONAL Good social relations
- SOCIAL COHESION
MUTUAL RESPECT

“ ABILITY TO HELP OTHERS

LIFE ON EARTH - BIODIVERSITY

Source: Millennium Ecosystem Assessment
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Now : soil quality and ecosystemic services... includes social
consideration = Multipurpose surveys = Indicators



Introduction

What is a Reference System about soil quality ?

Reference System about soils

. 3 -, ; .'..
8 el
- - s 5o
k.
F Py
i . oyl

Soil Information System

Geographical Information System
about soils - Spatial distribution
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Introduction

What is a Soil Information System ? INFORMATION ORGANIZATION
IN THE SOIL GEOGRAPHICAL DATABASE OF EUROPE
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Introduction

Questions to answer with a SIS :
~ The pH measured in my field is 6.4. Is that good for

maize cropping ?

- What is the « normal » value for Mg content in one
given area ?

. What is the percentage of soils with contaminations
in pesticides in that county?

.Can | extrapolate field trial results to my research

area ?




Introduction

Soil analysis is a crucial tool to support decision regarding both agronomic
and environmental issues. However, quality of procedures is not restricted to
the work within the laboratory but should apply to the whole chain from soil
sampling to decision taking.
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organization




REQUASUD

Created in 1989

A network of laboratories for (soil) analyses .
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OBJECTIVES:

" Harmonization of analyses between the different
laboratories (methods and results)

® Harmonization of fertilization advices

.
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" Tools for sampling




REQUASUD

Steps from sampling to fertilization advice

The information
collected during
the sampling
influence the
interpretation of
the analysis and
hence advices

500 g sample
represent 4,000
— 5,000 T of soail
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Importance of error on the final result




Sampling




Divide fields into similar management
____ zones, typically less than 20 acres

e

Avold sampling
near f ng
areas and trees
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Sampling



Sampling strategy

Sampling strategy

The choice of the sampling strategy comes from the farmer.

How many samples ?

- Choice 1:The same
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Sampling strategy

Sampling strategy

The choice of the sampling strategy comes from the farmer.

How many samples ?

- Choice 1:The same

number of sampling sites.

~ Choice 2 : samples in the
major sampling sites.
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Sampling strategy

Sampling strategy

The choice of the sampling strategy comes from the farmer.

Comm

How many samples ?

- Choice 1:The same
number of samples than the |
number of sampling sites.

~ Choice 2 : samples in the
major sampling sites.

_ Choice 3 : Sampling without
taking into account
sampling sites.
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Sampling strategy

Sampling strategy

Sampling strateqy into the sampling site

_ Circle in the center of the
zone (au centre de la zone de
prélevement (about 15 m in
diameter)

_  The zigzag strategy
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Sampling strategy

Minimum 14-16 increments.

Adapt the material to the quantity that is necessary.

Samples have to be homogenized and separated to obtain
between 300 and 500 g.

4 Precision finale du resaltant (%)

i

304

Roebroeck, 2009
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1 B 12 16 24 42
Nombre de prélivements réalisés

Schartz



Mapping tool : REQUACARTO

History of land use

Pedological criteria
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‘< Concept of sampling site

Micro-climate criteria

Field management
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Mapping tool : REQUACARTO

Tool for support decision developped by REQUASUD : REQUACARTO

l'f:"‘.'
Particuliers - Laboratoires U S'identifier ( IT
] plans Laboratoires: [ i I’

Localiser la ou les parcellas qua™s Elaborez

vous souhaitez faire analyser et d'echantillonnage, preparer vos
demandez a wun laboratoire analyses en wuE d'une = tilsabeur :
agréé du réseau REQUASUD de fertilisation adaptée des

: Mot da
faire le préldvement et [analyse parcelles agneoaoles... passe :
de vos terres... Identinez vous.

LAIQUEZ i

" .
traw http://requacarto.cra.wallonie.be



Mapping tool : REQUACARTO

Objectives

O Help the sampler to define homogeneous sampling sites.

O Use the information of the sampling sites to interpretation analyzes
results.

Tools used

O Orthophotoplans

o SIGEC

O Digital Soil Map of Wallonia.
O Soil database of REQUASUD




Mapping tool : REQUACARTO

Public access

REQmUD

Zones de prélevement homogeénes

e (S FErTE e

Particuliers -

: —
Localiser la ou les parcelles que e
vous souhaitez faire analyser et
demander a wun laboratore
agrég du réseau REQUASUD de
faire le prélevement et l'analyse
de vOs TeImes...

Chauez 1.

e

Wallonie

LONES DE PRELEVEMENTS AU SEIM DE LA PARCELLE

ST

" alk L&

Jones de prélevements homogenes dentifiées par REQUACARTO.

Laboratoires S'identifier | ]1'

pla r.fu

d'échantillonnage, préparer vos

Elaborer VOS5 Laboratores:

analyses an vue d'une

“Utihsateur :

fertiksation adaptee des

parcelles agncoles... *Mot de passe :

Se connecter

maot de passa oublié

http://requacarto.cra.wallonie.be
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Demande danalyse de terme x

Information sur la demande
Identifiant da la parcells * Latitude * Lhigitude *

S734207-4 50.184373136183 4.536837081 9091
Commentaire

1 @ & W

Laboratoire *
Sélectionnez un laboratoire

Information sur le demandeur
Mom * Adresse

Priéénam *
Tébphone *

Courriel *

Tous les champs avec * doivent étre remplis

T L




Mapping tool : REQUACARTO

[Saf] a0 Mg 5 Identifiant de |a parcelle * Latitude * Longitude *
ST34207-A 50.184373136183 4.556837081909
Commentaire

Laboratoire * -
Sélectionnez un laboratoire |:I

Information sur le femandeur
Mom * Adresse

Prénom *
Téléphone *

Courrial *

Tous les champs avec |* doivent #tre remplis

RE

— Echete = 174K | Demande d'ananlyse Demande de devis Fermer n

L » Chosen laboratory




Mapping tool : REQUACARTO

Private access for samplers and laboratories

REQmUD wﬁ

Zones de prélévement homogénes 3 h .....

nre des renseigner

sentatif de la parcelle studide au risgue o

aEEan

”.._
Particuliers - Laboratoires u S'identifier [l
plans

Localiser la ou les parcelles que "% Elaborer VOS5 Laboratores: A II

vous souhaitez faire analyser et d'échantillonnage, préparer vos

demander a wun laboratore analyses &n e d'una =Utilisabeur :
agrée du réseau REQUASUD de fertilisation adaptee des

faire la préléevement et I'analyse parcelles agncoles... “Mot de passe .

de vos terres... Se connecler
Chquaz .

mot de passe cubligé




Parcelle n 26082107
Bl (province : Liege)
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Mapping tool : REQUACARTO

RECHIACARTEY - Rapguon Beborni Mommige- ASALREQUASUD - bipel i Verauscan i s allome beBohuilhonoge V00 2_9 105130, REQUACARTD - Rigrjon Eehuaillormsge- ASAL REQUASUD - hrps  hitpedvequec srm s swdlonic. bafEe i oo W01 2_9 1551 Hkges. .

i gl calloubbioe moyanng suf ki parceie | 2%
Chaepe moyTere de % = I3 Chamgs mopsnne de 10 = IR Chasge moyeme da 0% = G7% Chage mapenns do T = 7
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Mapping tool : REQUACARTO

. GeolD

FicHE REQUACARTO POUR
] e
REQ&JD L'ECHANTILLONNAGE
Wallonie
Référence : 26062107-A
Laboratoire REQUASLID (m.renneson)
Date - mardi 27 novemnbre 2012 17:35:27

1. DONNEES RELATIVES A LA PARCELLE

Geéo-ldentifiant parcelle 26062107-A

Province : LiA ge

Année de référence du parcellaire : 2007

Superficie de la parcalle 1.67 ha

Coordonnées du centroide de la parcelle

{projection Lambert Belge 72) (WGES84)

X=203313m Longitude = 05.118237 degrés
¥ =136 465 m Latitude = 50.536007 degrés

District de l'espace rural :
District des sols imoneux ou limone-cailloutews: du Sillon sambro-masan




. Mapping tool : REQUACARTO
= . GeolD

’_ . . Informations concerning the plot

Ei Coordonnées du centroide de la parcelle

5 (projection Lambert Belge 72) (WGS84)

H X = 203313 m Longitude = 05.118237 degrés
. Y = 136 465 m Latitude = 50.536007 degrés
5

ﬁ

.

5}




Mapping tool : REQUACARTO

. GeolD

. Information concerning the plot

. Soil information

3. INFORMATION PEDOLOGIQUE DE LA PARCELLE

Information relating to the Digital Soil
Map of Wallonia.

Presentation of information related to
soil type as a table directly usable by
samplers.

Serie | Occupation Texture Charge Substrat Drainage Aptitude
Prof. |Prof
(%a) Nature Nature | (%) Nature Prof. Nature oxyd. | réd. Classe
{aGhB2 44.1 sols imong-caillouteux | gravier | 15 - 50% | fortement altéré | 40-80 | sols non glayifiés | = 125 .
GbBt2 23.1 sols imono-caillouteux | gravier | 15 - 50% . 40-80 | sols non gleyifies | = 125
bbpie) 17 _sols imonaux - = 5% . | sols non glayifies | = 125
13 5ls sabloyx | _<5% : : solssecs 901

Charge cailioubeuse moyenne sur la pamcelie - 20%
Charge moyenne e 0% = 30% Charge mayernae de | 0% = 0% Change moyenne de 30% = 7% Gharge mayenne de 709 = 0%

Classes daplilude du aal ;
Cladsd 1 = 100% Clagie 2 = 105 Chiass 3 = S0P G randermen] eapand Classs 0« S50 inaroprd




Mapping tool : REQUACARTO

. GeolD

. Informations concerning the plot
. Soil information

. Information concerning sampling sites

Matching soils to provide a mapping of homogeneous sampling areas on the
parcel.

No samples in areas representing less than 5% of the plot.

1 sampling area = 1 fertilization advice



Mapping tool : REQUACARTO

& GPS
= XML
& Carte agrandie
Label| Geo-D |OccupationTexture| Drainage Charge Substrat Divers g
Centroide
(%) Nature |AbondanceMNaturel "o X (m) | ¥ (m)
A 26062107-A 100 - - - - - - Parcelle 203313 | 136465
Excessif 3 Gravier ou
B 26062107-B 672 - imparfait o 15 - 50% - =40 cm - 203302 | 136443
. Excessif a Alluvion ou
C 2E062107-C 17 Limaon imparfait - = 5% - =40 cm il 203292 | 136523
Excessifa Alluvion ou
D 26062107-D 13 Sable imparfait - < 5% - =40 cm R 203351 | 136528




Mapping tool : REQUACARTO
REQ&UD Portail cartngraphlqueda fsqunsun

Q B a «|

2| F = B




Mapping tool : REQUACARTO
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Pour un échantillonnage et un conseil agronomique
ransonné, les outils d7aide & la décision

Valdrie Geneg ', Deninique Buffer ', Xavier Legrain ', Mane-Julie CGeoffaux ™,
Thabaun Cugnon ', Kober Oper ', Laarest Bock ' Gilles Coliner '™
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Soil analyses




Soil analyses

" Harmonization of soil analyses in the different laboratories
= Development of new protocols:

Example: DIP « Disponible immédiat de prédiction » =
available in water

*
' ﬁ D.I.P
5 Solution of soil Usual analyses
g
k| _l..r.: |
Example Solution of soil CEC Total
unit / ha DIP exchangeable Not available
P205 0-50 500 5.000
K20 0 - 100 500 50.000




Precision and Accuracy in soil analysis




Organization of Interlaboratory
comparisons



& Organization of Interlaboratory testing
& schemes

" 23 parameters;

= 3 testing schemes in the year according to a standardized
procedure :

¥ ot ¥

i | + I |t
- . " v
L

Distribution — Analysis — Statistical analysis — Reporting

il - ' T
=l T BN EN__EN
! ' et
=] '

6 samples * 2 repet / 6-8 laboratories
Every step is precisely scheduled in time, forms are unified.
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& Organization of Interlaboratory testing

schemes
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h Organization of Interlaboratory testing
= schemes

LABORATOIRE N°1:
graphique des z-scores - pHKCI1N

Z-score
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& Organization of Interlaboratory testing
schemes

Valeurs des laboratoires

EIL 13-1 Mn disp. (mg/kg TS)

Etude de la justesse sur le domaine des analyses
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Labo 03 : pente de la droite
Labo 06 : pente de la droite
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Near Infrared Spectroscopy




Near Infrared Spectroscopy
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Near Infrared Spectroscopy

Elaborating a predictive model — based on a “local approach”

global approach




i Near Infrared Spectroscopy
-

® Dried soils




Near Infrared Spectroscopy

® Dried soils

Division of the database :

Predicted parameters: CEC, TOC, NT, % d’argile, pH and humidity

Cultures
Pastures
Gardens
CEC Argile COT_SK COT_WB N_Kj pHH20 pHKCIN pHKCIO1N HUM
Unité cmol+/kg % g/100g g/100g g/kg - - - %
SECV (global) 3.30 5.05 0.32 0.32 0.34 0.43 0.51 0.32 0.50
SEP (local)
RPD (SEP) 2.5 2.1 3.5 4.7 3.6 2.6 2.7 2.0 2.2




Near Infrared Spectroscopy

® Dried soils

Predicted parameters: CEC, TOC, NT, % d’argile, pH and humidity

Division of the database :
Cultures
Pastures
Gardens

= Wet soils

Predicted parameters: % humidity, TOC and clay content

Humidity (%): 3057 samples
. min: 6.6 %
max: 35.5 %
mean: 19 %

quality of prediction: 95% of samples are predicted
SEP =0.7%




Fertilization advices




Fertilization advices
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Fertilization advices

Analysis

Extrapolation -

S
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Fertilization advices

For phosphorus : definition of the soil offer

Texture
PH,, <55 =55 <55 =55 <55 =55
Elevé Img P/100 gl =90 = 10,0 > 6,0 =75 > 4.5 > 4,0
Bon (mg P/100 g) JEEEREEET) 6,6 - 10,0 3,0% - 6,0 h&*— 75 2,6%— 45 3,6% - 6,0
Bas [mg P/100 gl <5,1 < bb <3,0 <26 <36

Sols legers Sols moyens Sols lourds

*Valeur pivot l l

Clay content : measufed or estimated

A 4

pH Dapp : measured or estimated P
% Stone : measured or estimated




Fertilization advices

‘ I | Estimated
o :
i Calculated

Laboratory expertise



Fertilization advices

UN CONSEIL DE FUMURE
RAISONNE

Genot et al., 2011
http://www.requasud.be/img/page/p
ublication/Cr2451_Requasud_LD.pdf




Fertilization advices

" (Ca, Mg, K : concept of ideal Basic cation saturation ratio
(Bear and Toth, 1940s)
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= Acidity
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Fertilization advices
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Example of a dedicated soil
Information System :

The REQUASUD survey about
fertility of Walloon soils




Fertility of Walloon soils
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Fertility

of Walloon soils

Parameters:
pH

COoT
Available elg
P

K
Mg
Ca
Cu

100,000 samples during 2003-2008

7

ments : "“//@3
T

400
40000 —7  ue

Occupation
Sum of Fields

G} 2.800
Culture
|:\ Prairie
\j Prairie temp.
\:’ Autre

In cultures and

s A
| {
-
— )
\, {
: @ ‘
i
e -
y
e 3 F
B
Y
{ 9
A
-
{
-~

pastures




Spatialisation by
REGIONAL
TYPOLOGICAL
SOIL UNITS

Combination of GPS and administrative georeferences




Fertility of Walloon soils

pH in cultures

pH in pastures

-
We75-7
W65-675
N6,25-6,5
6-6,25
5.75-6
1 55-575
W525-55
Bs5-525
Biis-5
B

Non cartographié




Fertility of Walloon soils

requasol.requasud.be

REQUASUD #

Etat des sols agricoles de Wallonie
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Etats de fertilité des terres en Wallonie
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Fertility of Walloon soils

3 levels of zoom :

Portail cartographique de REQUASUD
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Fertility of Walloon soils

Statistics of the soil

RE(&LD Portail cartographique de REQUASUD
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Conclusion

The REQUASUD project allowed to develop
regional tools for different end-users
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