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Innovation in life sciences 
 

In-soil Nitrate Sensors 
 

Low cost in-situ electrode for detecting nitrate 
 and other soil nutrients 

 

Also for rapid on-site assays, environmental monitoring 
and measuring plant nitrate levels 

 

Inorganic fertilisers, in particular nitrogen-based fertilisers, have revolutionised 

agriculture.  However, effective management of the amount of fertiliser used on 

land is becoming ever more important for many reasons including economic 

efficiency, and for sustainable agricultural practices to preserve and enhance crop 

yields and avoid damage to the environment and to human health.  In Europe, 

legislation applying to “Nitrate Vulnerable Zones” requires farmers to deal with 

nitrate loss from their land.  Existing methods for measuring nitrate levels in soil 

rely on taking samples of soil (or sometimes soil water) to a laboratory and waiting 

days or weeks for the data.  Moreover, such sampling is fraught with complications 

as nitrate levels vary with place and time, depending on environmental conditions 

especially water, soil type and temperature. 

 

Although electrode-based sensors for in-soil measurement of nitrates over time (eg during a growing season) have been described 

and are commercially available, these are relatively costly and impractical to use except in highly specialised research settings.  

However, Tony Miller and his team at John Innes Centre have now developed a new robust sensor system which can be very 

cheaply constructed and can measure in-soil nitrate levels over prolonged periods.  The new design overcomes the problems of 

using electrode-based apparatus in the complex physical and chemical environment that soil represents.  In addition, the same 

device can be customised to measure other important soil nutrient components such as ammonium, phosphate, potassium, 

calcium, pH, and sodium. 

 

As well as in-soil measurements, the JIC team has also demonstrated several other useful applications of the sensor.  It can be 

used to easily and quickly measure nitrate in drainage water, or soil samples extracted into water on site, for example at a field 

location.  The sensor can be used to measure the available nitrate in manures, both animal and green.  It can be used to measure 

leaf nitrate levels, based on a simple leaf extract, avoiding time-consuming, less accurate colorimetric methods.  And they have used 

the sensor to test the ability of different plant varieties to take up nitrate.  In one study, the JIC team showed that one commercial 

variety of tomato is about ten times more effective than another variety at acquiring nitrate from the substrate on which it is growing. 

 

Features include: 

• Rapid, real-time in situ measuring of soil nutrients, over time 

• Also measures drainage water, manures and tissue extracts 

• Low costs allow better field sampling 

• Simple to operate 

• Device is not damaged by soil dehydration and will function correctly upon rehydration of soil 

• Wireless data collection being prototyped 

 

Applications: 

• Decision making technology for growers of agricultural and horticultural crops 

• Part of Integrated Crop Management packages 

• Environmental monitoring for meeting and enforcing legal requirements on nitrate pollution (NVZ’s) 

• Research technology for aiding the development of new crop varieties with enhanced fertilizer use properties 

• Measuring levels of nitrate in plant tissue samples 

 

PBL is seeking a partner(s) to develop the significant opportunity that this innovation represents, to implement manufacturing of the 

sensor devices on a large scale and to deliver as part of a grower information system for precision agriculture, and environmental 

monitoring, worldwide, as well as an assay device for agricultural and related investigative research and screening. 

Evaluation and Licensing 
Opportunities 
 

For further information on this 
technology and evaluation / 
licensing opportunities please 
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Dr Lars von Borcke 
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