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Issue: Lack of irrigation water (1/2) 

Brackish groundwater coastal NL

Dry summers: need for irrigation water:

Fresh surface water availability under stress:



Issue: Lack of irrigation water (2/2) 

 Ralstonia solanacearum found in Dutch waterways ( ): 

Restricted irrigation

 Risk of plant disease (brownrot) NVWA, Rapport fytosanitaire signaleringen 2016



Collection 

& Storage: Use:

Collection

Aquifer Storage & Recovery as Solution?

Risk for groundwater pollution (pesticides, nutrients)? Re-use of nutrients? 
Improvements of surface water quality? Removal of plant pathogens? 



Research Approach: Water Quality

Regional scale (variation in hydrogeology, hydrogeochemistry, etc):
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Research Approach: Pathogen Risk

• Quantitative Microbial Risk Assessment (QMRA)

Clay layer

Aquifer

Pathogen removal:

Die-off in water/sediment; 

Attachment/Detachment;

Straining

Chance of pathogens in 

infiltration water?

(surface water in 

drainage system?)

Batch

(die-off)

Column

(removal)

Push 

Through

Is 1 pathogen in many 

m3 irrigation water still 

a risk?

Dosis-Response

Experiments

Simulation

Log removal?

Constant?

Design?



Selected bacterial pathogens

• Broad host range

• Survival in water and soil 

• Symptoms: brown rot, blackleg, soft rot

7

R. solanacearum

D. solani

P. carotovorum

1. Ralstonia solanacearum phylotype IIb (IPO1828rif)

2. Dickeya solani IPO2266 (strep)

3. Pectobacterium carotovorum IPO1990 (strep)



Batch: Bacterial survival in water 

Pathogen

3. Influence of temperature 

10 ⁰C                    25 ⁰C
Aquifer

1. Oxic 
Drainwater (DW)

2. Anoxic aquifer water
= mix: DW + natural aquifer

1. Influence of water type 

Pathogen die-off rates

Drainwater:      natural                 0,22 µm filtered                autoclaved

2. Influence of microbiota 

Anoxic aquifer water:      natural

Treatment of water before inoculation

present microbiota



Pathogen die-off rates



Pathogen die-off rates



Pathogen die-off rates

Competition with naturally present microbiota reduces pathogen survival



Oxic Anoxic  

Pathogen die-off rates

Unexpected result: longer survival in the anoxic aquifer – less competition?



Modeling die-off rates 

Model 1: 

Dickeya solani at 25 °C in drainwater

Model 2: 

Dickeya solani at 10 °C in anoxic aquifer water

Model 3: 

Dickeya solani at 10 °C in drainwater

ln(𝐶) = ln 𝐶0 − ln(𝐶𝑟𝑒𝑠) − ((𝑎 ∗ 𝑡)𝑏+ 𝐶𝑟𝑒𝑠)

ln(𝐶) = ln 𝐶0 − (𝑎 ∗ 𝑡)𝑏

ln(𝐶) = ln 𝐶0 − (𝑎 ∗ 𝑡)

First-order decay

α = inactivation parameter

Weibull model, non-linear decay

b = shaping parameter (< 1 | > 1)

Weibull model with tail

accounts for rest population, Cres, causing the tail 

(and risk)



MAR pilot



MAR pilot



MAR pilot

O2 NO3

PO4 NH4

Pesticides



Push-Pull Tests (PPTs)

For more: see poster #160 (poster session 3: Wednesday 13:20-14:05)
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Automated Monitoring System

Electromechanically 

operated valves

Another multi level well

Flow meter Pump

Outflow
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Automated Monitoring System

Electromechanically 

operated valves

Flow meter

Pump
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Automated Monitoring System

Time (minutes)



Summary & Outlook
Summary

 Die-off plant pathogens depends on natural microbiota and 

rarely follows first-order kinetics. Resistant part of the 

population caused enhanced risk.

 PPTs yield quantitative insights in biogeochemical processes 

controlling water quality changes.

Outlook

 MAR system starts infiltrating very soon (finally).

 High expectations of automated monitoring system to 

quantify redox reactions over time under dynamic conditions.

 RTM: improvements in design (residence times, travel 

distances) and operation? Expected variation in water 

treatment performance throughout the region?

 QMRA: will include RTM and complex die-off kinetics



Believe it or not: it works!

2018:

+ MAR irrigation

180 mm 

2018:

without irrigation
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Model Fits Survival Experiments


