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Spatial variability of yields, why?
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1000 x lbs/acre

We would love to have high yields, 
uniformly distributed over the field, 
but! 

May be a complex function of:
•Soil properties variability
•Drainage and irrigation problems
•Soil profile evolution 
•Water table variability
•Genetic purity, etc…



Spatial variability 
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Spatial interpolation methods are required for analysing the effects of soil hydraulic

properties on irrigation management. This study was conducted to determine which

interpolation methods are best suited to map these properties. During the summer of 2012

we mapped the spatial variability of soil physical properties, soil matric potential, water

table depth and yield of two cranberry fields located near Quebec City, Canada. Three

spatial interpolation methods, inverse distance weighting (IDW), thin plate splines (TPS)

and kriging with external drift (KED), were compared by means of cross-validation. The

best interpolation method for a given property was used to produce maps and perform

HYDRUS 1D simulations for the purpose of irrigation management. Results show that even

in highly constructed fields, such as for cranberries, spatial patterns of soil hydraulic

properties exist. The TPS method was the best interpolation method based on the cross-

validation analyses and generated maps. Spatial variability of crop yield showed a strong

relationship with soil hydraulic properties and simulations suggest that irrigation can be

reduced by 75% when accounting for the spatial variability of soil hydraulic properties.

© 2014 IAgrE. Published by Elsevier Ltd. All rights reserved.

1. Introduction

The cranberry production industry has experienced a rapid
expansion in Canada, especially in the last two decades. In
1992 three growers in Qu!ebec owned around 105 ha of cran-
berry, while in 2011 about 92 growers cultivated 2872 ha
(MAPAQ and ISQ, 2012, p. 110). This rapid expansion weighs

heavily on the environment and therefore the responsible
management of water resources has become a priority. Un-
derstanding soil hydrodynamic properties in relation to
spatial variability of cranberry yield is a critical factor to
developing responsible and sustainable water management

practices. As precision irrigation management is a logical
approach to this issue, linking the spatial variability of soil
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Spatial Distribution Patterns of 
Soil Water Availability as a Tool for 
Precision Irrigation Management 
in Histosols: Characterization and 
Spatial Interpolation
Jonathan A. Lafond,* Silvio J. Gumiere, Dennis W. 
Hallema, Yann Périard, Sylvain Jutras, and Jean Caron
Lettuce (Lactuca sativa L.) production in organic soils is important in Quebec, 
Canada. Lettuce is highly sensitive to tip burn, a physiological disorder that 
FDQ�OHDG�WR�VLJQLÀFDQW�\LHOG�ORVVHV��7LS�EXUQ�ORVVHV�KDYH�EHHQ�OLQNHG�WR�YDULRXV� 
IDFWRUV��VXFK�DV�URRW�ZDWHU�XSWDNH�GHÀFLWV��$�SUHFLVLRQ�LUULJDWLRQ�DSSURDFK�
using local applications of water based on lettuce requirements and soil 
ZDWHU� DYDLODEOH� FDSDFLW\� �6:$&�� UHGXFHV� WKH� RFFXUUHQFH� RI� WLS� EXUQ� 
EXW�PD\�QHHG�PDSSHG� VSDWLDO� LQIRUPDWLRQ�RI� 6:$&� IRU� SURSHU� LUULJDWLRQ�
PDQDJHPHQW�� 7KH� REMHFWLYHV� RI� WKLV� VWXG\�ZHUH� �L�� WR� GHWHUPLQH� D� UDSLG��
HIÀFLHQW��DQG�UHOLDEOH�PHWKRG�IRU�LQWHUSRODWLQJ�6:$&�DQG��LL��WR�XVH�WKLV�LQWHU-
polation method in precision irrigation simulations in management zones to 
GHPRQVWUDWH�WKH�LPSRUWDQFH�RI�XVLQJ�6:$&�PDSV��7KH�PHWKRGV�IRU�6:$&�
interpolation used in this study were inverse distance weighting (IDW), thin 
SODWH�VSOLQHV��736��DQG�NULJLQJ�ZLWK�H[WHUQDO�GULIW��.('���7KH�VLPXODWLRQ�XVHG�
D� FDOFXODWLRQ� SURFHGXUH� IRU� PDVV� EDODQFH� WKDW� FRQWDLQHG� 6:$&� PDSV��
HYDSRWUDQVSLUDWLRQ��(7��DQG�SUHFLSLWDWLRQ��$�FRPSDULVRQ�RI�HDFK�LQWHUSROD-
WLRQ�PHWKRG�DQG�PXOWLSOH�VWDWLVWLFDO�FULWHULD�UHYHDOHG�WKDW�,':�DQG�.('�ZHUH�
the most precise methods, depending on the study site. Simulations of pre-
cision irrigation showed that in many cases, local irrigation management 
LQ�VHYHQ�WR�HLJKW�]RQHV�PXVW�DFFRXQW�IRU�WKH�VSDWLDO�GLVWULEXWLRQ�RI�6:$&�WR�
DWWDLQ�DQ�����LUULJDWLRQ�DGHTXDF\�IRU�OHWWXFH��+HQFH��XVLQJ�6:$&�PDSV�DV�
a tool for managing irrigation would allow growers to save water and to 
apply an accurate amount of water in appropriate areas.

$EEUHYLDWLRQV��(7��HYDSRWUDQVSLUDWLRQ��,':��LQYHUVH�GLVWDQFH�ZHLJKWLQJ��.('��NULJLQJ�ZLWK�
H[WHUQDO�GULIW��6:$&��VRLO�ZDWHU�DYDLODEOH�FDSDFLW\��736��WKLQ�SODWH�VSOLQHV�

Lettuce is an important crop produced in Canada, particularly in Quebec (an 
average of 58,092 t was produced annually between 2008 and 2011; MAPAQ and ISQ, 
2012). Approximately 2800 ha of Quebec land, mostly Histosols, are used for lettuce 
production each year. In the United States, lettuce production represent about 278,900 
acres and 90 million cwt of lettuce, with 53 million cwt head lettuce, 26 million cwt of 
Romaine lettuce and 11 million cwt of leaf lettuce (Lu et al., 2011; Mossler and Dunn, 
2014). In 2002, lettuce production on muck soil in Florida represented about 1% of US 
lettuce (head, leaf, or Romaine lettuce). "ese organic soils are known to have speci#c 
properties that modulate water storage and movement in the root zone layers (Schlotzhauer 
and Price, 1999; Brandyk et al., 2002; Lafond et al., 2014). Moreover, organic deposits are 
o$en spatially heterogeneous, as the nature of the material may vary dramatically both 
horizontally and with depth (Heathwaite and Göttlich, 1993). Hence, these variations can 
in%uence irrigation management practices (Périard et al., 2012). An understanding of the 
spatial variability in the soil water storage capacity at the #eld scale is therefore crucially 
important to improving irrigation management and saving water and energy.

Maps of soil water availability for 
plants are a tool for precision irri-
gation management, allowing the 
growers to save water and apply 
an accurate amount of water in 
appropriate areas.
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No more digging, please!!! 
We need an alternative !!!



GPR an alternative! 

• Non destructive geophysical 
method
• Based on electromagnetic waves 

interaction
• Subsurface characterization : 

stratigraphy, topography and 
hydrogeology
• Objects and discontinuities 

localization
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Methodology
• Drainage speed after 6h irrigation 
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tensiometers



Drainage after 6h irrigation
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Drainage problem

Normal drainage

60 h to drain 40 cm

30 h to drain 40 cm

40 cm in 24-48hThe norm is:
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75% with drainage problems

goodbad

> 0.8 cm/h

In 40 fields , 2013-2014



Methodology
• Drainage speed after 6h irrigation 
• Winter and summer surveys (40 fields) 
• Systematic sampling of soil cores
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tensi0meters



Calibration and validation in controlled conditions 
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Maxwell equations 
solution with FEM

water

soil

B̄ = µ · H̄

J̄ = � · Ē
D̄ = ✏ · Ē



Results: Objects and soil layers 
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Results: Objects and soil layers 
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Interface ßà pit

Mineral layer

drain



Results: Objects and soil layers 
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Ferric layer



Results: Temporal variability
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Results: 3D subsurface modeling
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Results: Hydrodynamic properties

NACREW-2015 15

Saturated hydraulic conductivity (cm/day)



Results: Compaction layer
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Figure 8 - Coupe transversale 6 (File 115 sur la Figure 2) 

 

 
Figure 9 – Photo de l’horizon de surface prise sur le site d’étude début juin 2015 

 
 
4. Travaux prévus  
Densification des relevés géoradar sur la région 
Il est prévu que durant l’été 2015, des relevés géoradar supplémentaire seront réalisés 
principalement près des zones attendues de résurgence sur la ferme partenaire. Ces données 
viendront compléter la caractérisation agro-géologique et hydrogéologique de cette portion de la 
ferme. 
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3. Résultats préliminaires  
La Figure 2 présente une vue tridimensionnelle des six lignes de passage du géoradar qui ont été 
réalisées le 13 février 2015. Chacune de ces lignes est présentée aux Figures 3 à 8 de manière à 
détecter plus facilement les patrons de dépôts des couches sédimentaires. L’hypothèse amenée 
par notre groupe de recherche est que l’angle de dépôt de ces couches aurait une forte influence 
sur la dynamique de l’eau souterraine de cette portion de la ferme.  
 

 
Figure 2 - vue 3D des relevés géoradar 

 
Nous pouvons constater à la Figure 3 un dépôt oblique (entre 100 et 200 m sur l’axe des x) au 
sens de l’écoulement souterrain probable (gauche vers la droite). Cette observation locale pourrait 
causer une divergence de flux d’eau souterrain pour cette portion de la ferme si ce genre de dépôt 
se remarque sur une bonne portion du terrain (ex. : figures 5 et 6). Nos observations sur le terrain 
au début juin 2015 vont en ce sens, mais il faudra intégrer les données du géoradar à la 
modélisation pour connaître la vraie nature des écoulements.  
 
Nous avons aussi noté une zone de faible réflexion au centre de certains radargrammes (Figures 
4, 5, 7 et 8). Il se pourrait, suivant certaines observations faites sur le terrain, qu’il s’agisse en 
réalité d’un sable contenant moins de fer que le matériel adjacent. Des analyses chimiques sur le 
contenu en fer de ces sols devront être réalisées pour confirmer cette hypothèse. 



Hydrological modeling assistance: impact on 
groundwater

NACREW-2015 17

GPS grid
+
GPR layer

feet
meters

2000
600

Rapport technique confidentiel – propriété de l’Université Laval – copie 1 de 1 pour Transport Gaston Nadeau 
 

Page 3 sur 7 

 
3. Résultats préliminaires  
La Figure 2 présente une vue tridimensionnelle des six lignes de passage du géoradar qui ont été 
réalisées le 13 février 2015. Chacune de ces lignes est présentée aux Figures 3 à 8 de manière à 
détecter plus facilement les patrons de dépôts des couches sédimentaires. L’hypothèse amenée 
par notre groupe de recherche est que l’angle de dépôt de ces couches aurait une forte influence 
sur la dynamique de l’eau souterraine de cette portion de la ferme.  
 

 
Figure 2 - vue 3D des relevés géoradar 

 
Nous pouvons constater à la Figure 3 un dépôt oblique (entre 100 et 200 m sur l’axe des x) au 
sens de l’écoulement souterrain probable (gauche vers la droite). Cette observation locale pourrait 
causer une divergence de flux d’eau souterrain pour cette portion de la ferme si ce genre de dépôt 
se remarque sur une bonne portion du terrain (ex. : figures 5 et 6). Nos observations sur le terrain 
au début juin 2015 vont en ce sens, mais il faudra intégrer les données du géoradar à la 
modélisation pour connaître la vraie nature des écoulements.  
 
Nous avons aussi noté une zone de faible réflexion au centre de certains radargrammes (Figures 
4, 5, 7 et 8). Il se pourrait, suivant certaines observations faites sur le terrain, qu’il s’agisse en 
réalité d’un sable contenant moins de fer que le matériel adjacent. Des analyses chimiques sur le 
contenu en fer de ces sols devront être réalisées pour confirmer cette hypothèse. 

CATHY model (Camporese et al., 2010)
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Conclusion

• 75% of cranberry fields with some drainage problem
•Most of fields present different layers with flux 

restrictions
• GPR could be used to indicate some hydrodynamic soil 

properties at the soil profile scale
• GPR also could be used for large scale farm stratigraphy, 

helping hydrological modelling setup.
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Canadian Journal of Soil Science
Special Issue
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Precision Agriculture and Soil-Water 
Management in Cranberry 
Production:
• Irrigation and drainage
• Environmental impact
• Water management
• Fertilization
• Precision agriculture techniques

Special(issue(of(the(Canadian(Journal(of(Soil(Science:(Precision)Irriga-on)and)Water)
Management)in)Cranberry)Produc-on.(

Guest&editors&:(Silvio(José(Gumiere((Laval(University),(Steeve(Pepin((Laval(University),(William(
Bland((Wisconsin(University),(Casey(Kennedy((USDAFMASS)(and(Peter(Oudemans((Rutgers(
University).(

Suggested&.meline&
Call(for(papers:(August(1st,(2015(
Deadline(for(manuscript(submission:(January(15th,(2016(
1st(round(of(review(completed:(March(15th,(2016(
2nd(round(of(review(completed:(May(15th,(2016(
PublicaRon:(July–August(2016(

Introduc.on&and&relevance&of&such&a&special&issue&(Gumiere&&&Pepin):&&
More than 98% of the cranberries are produced in North America. Massachusetts was the 

world leader in cranberry production until the 1990s, when the state of Wisconsin, USA, became 
the largest cranberry producing area. In 2014, the province of Québec, Canada, was the second 
most important cranberry producer with 110,000 tons for a cultivated area of 3450 ha. This 
increase in productivity is partially due to a better understanding of hydrological processes and 
fertilization needs and to the application of related recommendations to water management in 
cranberry farms. Recent work has demonstrated that cranberry vines are very sensitive to water 
stress, thus requiring better farm water management and new technologies for real-time control 
of soil water availability, frost control and solute transport in order to further increase yields and 
reduce the environmental impacts associated with cranberry production. Because of the  
increasing importance of this crop and of the particularity of cranberry water management, 
fertilization and the local environmental impact, researchers, growers, and agronomists would 
take advantage of a special issue consigning the knowledge and know-how about the hydrology, 
irrigation, drainage, water management and fertilization developed in the last few years in North 
America. We would be pleased/honoured to act as guest editors for such a special issue in the 
Canadian Journal of Soil Science. 

Some)papers)proposi-ons :)1

1. Tile drainage simulation with)DRAINMOD  (Vincent Pelletier) 
2. Soil profile evolution under drainage conditions (Yann Périard) 
3. Solute transport in cranberry fields (Jonathan Lafond) 
4. Farm-scale hydrology modelling (Cintia Racine) 
5. Drainage diagnostic (Diane Bulot) 

 Only the first author is listed1

�1

2014 Impact Factor : 1.0

Contact: silvio-jose.gumiere@fsaa.ulaval.ca

mailto:silvio-jose.gumiere@fsaa.ulaval.ca
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Questions???

“Data! Data! Data!” he cried impatiently. “I can't 
make bricks without clay.”

Sherlock Holmes


