
Developing in-situ and real-time methods of soil 
and plant nitrogen determination

¢ǊȅƛƴƎ ǘƻ ƳƛǊǊƻǊ ǿƘŀǘ ǘƘŜ Ǉƭŀƴǘ ǎŜŜǎΧΧΦ



Sensor technologies for the crop

Visual diagnostics Drones/UAVs

Tractor mounted devices Hand-held devices

Soil sensors



Key goals of soil N sensors

Add fertiliser before deficiency 
symptoms start

5ƻƴΩǘ ŀŘŘ ŦŜǊǘƛƭƛǎŜǊ ǿƘŜƴ ǘƘŜ ǎƻƛƭ 
has sufficient N avaiable





Keynotes
Paul Hallett: Management of soil structure to improve nutrient use efficiency
Davey Jones: Evaluating soil sensors to inform fertiliser rates, using a nitrogen case study



The objectives of the study were to

1. Develop a rapid and inexpensive membrane based ion-
selective electrode (ISE) for real-time sensing of soil NO3

-

2. Explore electrode sensitivity to environmental variables 
including temperature and soil moisture content

3. Mapping spatial variability of soil NO3
-



Old ISE design



New ISE design



Testing nitrate sensors in 
the field



2018 Field trial with maize 
as the test crop

Treatments
0 kg N/ha
100 kg N/ha
200 kg N ha

Soil measurements
Soil N sensors
Soil moisture 
Soil temperature
N2O fluxes 
CO2 fluxes
Soil N extracts

Canopy measurements 
SPADmeter
Colour chart
NDVI
UAV
Foliar N

Bangor University farm



bƻǘ ŀ ƎƻƻŘ ŦƛŜƭŘ ǘǊƛŀƭ ȅŜŀǊΧΧΦ

Ammonia burn

Drought

Storms
Before              After

No fertiliser added
No N2O emissions
.ǳǘΧ
No yield penalty
100% NUE



Maize growth (n = 12) 

2.3 m

harvest



Canopy SPAD reading                    GreenseekerNDVI

No signs of N deficiency with the foliar sensors



Soil respiration 

Soil moisture content

No fertiliser = little N2O
No CO2 and N2O flush on rewetting



Membrane-based Prototype ISE  assembly line
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Calibrationgraphfor the NO3
- ISEsin different concentrationof nitrate solution.

Theslopeis the mVresponseper decadeNO3
- concentrationchange

(- log10 [NO3
- ]). (SDshownfor 12sensorsin a batch). 6 batch=72sensors.

Linear range from 0.1 M to 10-4  M  




