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1. Background 
The aim of this EIP project is to use 'Internet of Things' (IoT) technology to improve slurry management 

on farms. Three dairy farms with LoRaWAN gateways have leased and installed a range of compatible 

field based IoT sensors that record and monitor soil and weather-related conditions. The real-time 

information gathered by the sensors could help farmers make better decisions on when to and when 

not to apply slurry on their fields to minimise the risk of run-off losses and make the best use of a 

nutrient rich resource on their farms. 

The project is a step-by-step process of trialling the technology, developing the application, and 

monitoring the attitude of the users to create learning outcomes. If successful, this process could then 

be used as a template for trialling other forms of technology within the farming industry. 

The Smart Slurry EIP has been run on three farms in North Wales with the aim of assessing the 

capabilities of a range of LoRaWAN sensors. The sensors were placed in marked fields and in the slurry 

tanks on each farm. The data recorded by the sensors was fed into a data visualisation tool which 

advises the farmer whether field conditions are suitable for applying slurry. 

Each farm has had a LoRaWAN gateway installed on them, which made this project possible. Details on 
each farm and their location can be found below. This information has been gathered from the Farming 
Connect website which details activity on Demonstration Farms (Farming Connect, 2023). 
 

Glynllifon Farm 
Glynllifon agricultural college, including the woodland, extends to 300 hectares. It is the 
first Digital Playground in North Wales, which offers opportunities to experiment with 
the IoT in a rural setting. 

 
Erw Fawr Farm 
Erw Fawr is a Farming Connect Demonstration Farm. It is a 192-hectare holding farmed 
ōȅ /ŜǊŜŘƛƎ ŀƴŘ {ŀǊŀ 9Ǿŀƴǎ ƛƴ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ /ŜǊŜŘƛƎΩǎ ǇŀǊŜƴǘǎΣ LŦŀƴΣ ŀƴŘ !ƴƴΦ The 
family produces milk from a high yielding pedigree Holstein herd, run on an all-year 
round calving system. The Branwen herd was established in 1980 when the farm 
converted from beef and sheep to dairy. 

 
Hen DȈ Farm 
Hen 5Ȉ near Caernarfon is farmed by Aled, an eighth-generation dairy farmer, and his 
son Osian. They run a herd of 340 Holstein cows and sell their Ƴƛƭƪ ǘƻ ¢ƻƳƭƛƴǎƻƴΩǎ 
Dairies in Wrexham. Aled is always striving to improve standards for farm management 
whilst taking care of the environment. 
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Map showing farm locations. Farms are numbered above on the map. 

The project is the first example of a multi-sensor IoT system used by farmers in Wales. The project has 

brought together farmers, regulatory authorities, digital software engineers and soil scientists to 

establish, trial and refine the system over a 2-year period. They have also been involved in ǘƘŜ ǇǊƻƧŜŎǘΩǎ 

focus group that assess progress four times during the work to provide a feedback loop to ensure the 

technology is used to its ōŜǎǘ ŎŀǇŀŎƛǘȅ ŀƴŘ ǊŜŦƛƴŜŘ ǘƻ ƳŜŜǘ ǘƘŜ ŦŀǊƳŜǊǎΩ ƴŜŜŘǎ.  

The following five different sensor types were installed on each of the three farms: 

- Soil Moisture sensor  

- Soil Temperature sensor 

- Air Temperature sensor 
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- Rain gauge sensor 

- Tank Depth Sensor 

IoT technology can provide farmers with logged evidence to show the data that were used when making 

slurry application decisions on farm, as part of a self-auditing system. 

This information could prove to be particularly useful considering the new regulatory measures to 

protect water quality from agricultural pollution currently being implemented from 2021 to 2024. 

The project design was split into four separate phases over two years. The phases are as follow: 

PHASE 1 ς Farm assessment, Soil Survey and Planning Sensor Positioning 

- Each farm was surveyed to identify the best positions to deploy a LoRaWAN gateway.  

- Desktop assessment was conducted as accurately as possible to identify site specific challenges 

and minimise time delays during installation. 

- ¦ǎƛƴƎ ΨwC /ƭƻǳŘΩ ς a LoRaWAN planning tool software ς the project commissioned a software 

engineer to generate an individual topographical plan of the signal coverage for each farm and 

the surrounding area.  

- Develop a detailed understanding of the soil characteristics of the fields that were used for the 

project.  

- Each farm to offer two or three fields as possibilities.  

- Commission a soil survey on fields from all three participant farms using the latest soil scanning 

technology.  

- Demonstrate soil scanning technology used and considered in September 2019 at Henfaes 

Research Centre that is part of Bangor University. With this data, a soil scientist, such as 

Professor Davey Jones of Bangor University, advised the OG on where the best areas are for 

locating the sensors in each field.  

- OG to organise the lease of the LoRaWAN gateway and the sensors needed for the work. 

Installed project specific gateway ŀǘ IŜƴ 5Ȉ ŀƴŘ ŎƘŜŎk existing gateways for maintenance and 

compatibility.  

- Open call for interested individuals and organisations to sit on the focus group that was used 

throughout the project.  

PHASE 2 ς Hardware integration and configuration 

- Integrated, configured, and decoded the sensors to the gateways.  

- The OG purchased and assessed varied brands/models of each type of sensor at Glynllifon, with 

the support of specialists, to de-risk the project. 

PHASE 3ς Midway Analysis & Review 

- Reviewed learning points from the first two phases and adapted the plan, before deploying 

sensors on the other two project farms.  
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- The focus group to review the project so far.  

- Analysis of the OG and focus group attitude to the technology. 

- SŜƴǎƻǊǎ ƭŜŀǎŜŘ ŀƴŘ ŘŜǇƭƻȅŜŘ ŀǘ IŜƴ 5Ȉ ŀƴŘ 9Ǌǿ CŀǿǊ ǊŜŀŘȅ ŦƻǊ ƴŜȄǘ ǇƘŀǎŜΦ 

PHASE 4 ς Project roll-out and trial 

- Autumn 2020 sensors ŘŜǇƭƻȅŜŘ ŀƴŘ ǊŜŀŘȅ ŀǘ IŜƴ 5Ȉ ŀƴŘ 9Ǌǿ CŀǿǊΦ  

- Data collection during the winter months when slurry storage pressures are at their highest. The 

sensors were monitored for a full 12 months. 

- The farmers took readings from the sensors into consideration and kept a weekly log of whether 

they agree or not with ǘƘŜ ǎȅǎǘŜƳΩǎ ƻǳǘǇǳǘ ƻƴ ƭŀƴŘ ǎǳƛǘŀōƛƭƛǘȅ ŦƻǊ ǎƭǳǊǊȅ ŀǇǇƭƛŎŀǘƛƻƴ. They noted 

down the reason if they did not agree. 

- The OG collaborated with specialists to integrate a predictive element to the management 

model by tracking 48 hours weather forecasts.  

- Four and eight months into phase 4 the focus group  provided ŦŜŜŘōŀŎƪ ƻƴ ǘƘŜ ΨtŜǘƘŀǳΩ ōŀǎŜŘ 

visualisation tool and the project in general. A final focus group meeting occurred at the end of 

this phase. 

- Feedback from farmers and college students involved in the trial was used to make 

improvements to the configuration and decoding. Once the feedback had been collated a 

solution was created and applied to allow the OG to view the changes over the visualisation 

interface. The project continued to be operational, and the OG assessed how effective the new 

improvements were.  

- 3 months was allocated at end of project to provide contingency and time to evaluate and 

prepare final report.  

The challenge is to use sensors to improve slurry management. Rather than just switching on the 

sensors and seeing if they work, there is a step-by-step process of trialling the technology, developing 

the application, and monitoring the attitude of the users. The project has reviewed the sensors to see 

which is best, but simply taking a soil moisture reading, for example, would not provide a solution to the 

challenge. Therefore, the purpose of the project is to develop and application to improve slurry 

management and create learning outcomes from the approach used. 

This second-year report has been commissioned by the operational group OG and had considered 

whether the project is keeping to the plan, is on track and make observations and recommendations 

based on this. Geraint Hughes, the appointed EIP broker, worked with the OG to submit an EIP 

application for financial support and additional specialist knowledge for this project. Updates and 

relevant outputs about the work were provided by Geraint Hughes for this report.  

2. The research of the project 
The sensors were first deployed in April & May 2021 and in most circumstances are still producing data. 

Nevertheless, for this study, we look at the 6-month period from 1st October 2021 through to 30th June 

2022. In some items of analysis, where winter is in focus, we look at a slightly shorter period running to 
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the end of April. The initial brief is to expose some of the environmental characteristics that dictate (or 

at least guide) the application of slurry, or other fertilisers, with the aim of minimising water course 

pollution from surface run-off. These characteristics are as follows:  

ω Temperature  

ω {ƻƛƭ aƻƛǎǘǳǊŜΦ  

ω wŀƛƴŦŀƭƭΦ  

ω T-Sum 200. Seasonal temperature analysis.  

We take these characteristics into consideration in the subsequent sections as we investigate each 

metric recorded in detail. 

Temperature 

- Typically, the changes in the soil temperatures (observed at 50mm under the surface) closely 

follow the air temperature. Things appear to change around the start of April where grass 

growth has an effect in locking-in warmth.  

 

Figure 1: Lowest Soil Temperatures. Source - Rob Shepherd, Report: Study of data gathered from LoRaWAN Instruments on three 
farms across North Wales 

- It is also evident that the 8ς10-degree threshold is not crossed until mid-March. (Apart from an 

unseasonably warm spell as the year changed).  

- It is apparent that the three sites have a remarkably similar soil temperature seasonal profile. 

They are all however situated in quite similar settings: coastal, low altitude. 

- No sensor in ANY field recorded freezing soil temperatures over the study period. (Sheperd, 

2022) 
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Figure 2: Lowest Air Temperatures. Source - Rob Shepherd, Report: Study of data gathered from LoRaWAN Instruments on three 
farms across North Wales 

- Whilst the air temperature did drop below zero (as shown in Figure 2) these were not sustained 

periods nor cold enough to permeate the soil (as demonstrated above in Figure 1) 

- The three farms show similar temperature patterns, and it is noted they are all coastal sites 

(Sheperd, 2022). 

Soil Moisture  

- Erw Fawr 2, North and South - Despite being the same field, 350m apart, have different soil 

moisture properties. This was evident during sensor placement: South being very wet with more 

clay-like consistency and North being very sandy.  

- In general terms, the soil moisture has less variability and remains consistently higher over the 

winter period in contrast to late autumn and spring where there is much more variability in soil 

moisture with a trending decline in moisture throughout springtime.  

- By inspection of the charts, we can see that there are no periods of low soil moisture (<30%) 

- It is rare to find a 48-hour period where soil moisture is less than e.g., 34% (Sheperd, 2022) 

 

Figure 3: Soil Moisture Ranges. Source - Rob Shepherd, Report: Study of data gathered from LoRaWAN Instruments on three 
farms across North Wales 
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Rainfall.  

- The rain gauges at site provide a reasonably accurate observation of the quantity of moisture 

introduced to the soil. 

- Glynllifon had the highest maximum daily/weekly & monthly amount of rainfall, but the lowest 

rainfall in total over the period. 

- Lack of rain is an equally important characteristic. Table 5 shows the number of days in the 6-

month (Oct-Apr) study period (a total of 212 days) - where no rain fell, on each farm. 

Interestingly for Glynllifon this is almost 50% (1 in 2). Farm Days with no rain. (Erw Fawr 95, 

Glynllifon 99, IŜƴ 5Ȉ 85). 

- A single rain free day (I.e., in between days with rain) is the most common, but periods of at 

least 3 days with no rain are common (Sheperd, 2022). 

 

Figure 4: Maximum Rainfall Recorded. Source - Rob Shepherd, Report: Study of data gathered from LoRaWAN Instruments on 
three farms across North Wales 

T-Sum 200 

The T-SUM 200 is a method to determine when to make the first application of nitrogen fertilizer in 

spring. This is done by adding up the average daily air temperatures (discounting values below zero) 

since 1st Jan and waiting for the date at which this sum reaches a total of 200. 9ŀŎƘ ƻŦ ǘƘŜ ŦŀǊƳΩǎ 

progressions towards the accumulation of 200 is shown in figure. 
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Figure 5: T-Sum 200 for 2022. Source - Rob Shepherd, Report: Study of data gathered from LoRaWAN Instruments on three 
farms across North Wales 

3. Sensor Specific Information 
There were three brands of gateways that were considered for use in this project - MultiTech, RAK 

Wireless and Lorix One. 

MultiTech is the most widely trusted amongst industry consultants and experts due to its durability and 

reliability. It is a carrier industry grade product and was chosen by Microsoft as the gateway to be 

installed at M-Sparc Science Park in Gaerwen earlier in 2019. 
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Each of the three farms deployed the following sensors:  

¶ 1x Rain Gauge 

¶ 1x Air Temperature & Humidity Gauge 

¶ 3x Soil Temperature & Moisture Probes 

¶ 1x Ultrasonic Distance Sensor 

All the sensors transmit via LoRaWAN wireless messaging, a low-power long-range wireless network 

technology suitable for remote monitoring with high battery endurance. The farms were equipped with 

a web-based data dashboard to review real-time data as it was relayed from the site and can inspect the 

historical data that is permanently stored.  

  A wide range of sensors were evaluated for this project. This evaluation included the following criteria:  

¶ Product Availability 

¶ Build quality. 

¶ Suitability for deployment in an agricultural setting 

¶ Product cost 

Figure 6: ! Ψaǳƭǘƛ¢ŜŎƘΩ ƎŀǘŜǿŀȅ ƛƴǎǘŀƭƭŜŘ ƻƴ ǘƘŜ ǊƻƻŦ ƻŦ ǘƘŜ a-SParc Science Park near Gaerwen on Ynys Môn. 
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¶ Value for money 
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5ŀǘŀ/ȅƳǊǳΩǎ findings of the sensor analysis are found in the table below,  

  Image Type 
and Cost 

Comments 

{ƻƛƭ 

  

{Ŝƴǎƻ¢ŜǊǊŀ 
 

tǊƻǎΥ 
π 9ŀǎȅ ǘƻ ǎŜǘǳǇ ǿƛǘƘ ƛǘǎ ƻǿƴ ŘŀǎƘōƻŀǊŘ 
π {ŜŀƭŜŘ ŀƴŘ ŘǳǊŀōƭŜ ǇǊƻŘǳŎǘ 

ϻннл /ƻƴǎΥ 
π CƛȄŜŘ оπȅŜŀǊ ƭƛŦŜǎǇŀƴ ƻƴ ǇǊƻŘǳŎǘ ς ƴƻƴπ
ǊŜǇƭŀŎŜŀōƭŜ ōŀǘǘŜǊȅΦ 
π bƻ ǘŜƳǇŜǊŀǘǳǊŜ ǎŜƴǎƻǊ 
π ²Ŝ ŎƻǳƭŘ ƴƻǘ ŎƻƴŎƭǳŘŜ ǘƘŜ ǎŀƳŜ 
ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǎ ǊŜǇƻǊǘŜŘ ōȅ ǘƘŜ ŘŜǾƛŎŜ ƻƴ 
{Ŝƴǎƻ¢ŜǊǊŀΩǎ ŘŀǎƘōƻŀǊŘΦ 

 

aŜǘŜǊ млI{ 
 
Coupled 
with Elsys 
ELT 

tǊƻǎΥ 
π tǊƻǾŜƴ ǊŜŎƻǊŘ ƛƴ ǎƻƛƭ ƳƻƛǎǘǳǊŜ ƳŜǘŜǊƛƴƎΦ  
π LƴŘǳǎǘǊȅ ǎǘŀƴŘŀǊŘ 
π ±ŜǊȅ ƘƛƎƘπǉǳŀƭƛǘȅ ƻǳǘǇǳǘΦ aƻƛǎǘǳǊŜ ǊŜǎǳƭǘǎ 
ǿŜǊŜ ŀŎŎǳǊŀǘŜ ŀƴŘ ǊŜǇŜŀǘŀōƭŜΦ 
 

ϻмрл Ҍ ϻмлл /ƻƴǎΥ 
π bŜŜŘǎ ǘǊŀƴǎƳƛǘǘŜǊ 
π bƻ ǘŜƳǇŜǊŀǘǳǊŜ ǎŜƴǎƻǊ 

¢ƛƴƻǾƛ  
PM-10-5-SM 

tǊƻǎΥ 
π ±ŜǊȅ Ŏƻǎǘ ŜŦŦŜŎǘƛǾŜ 
π /ƻƳōƛƴŜŘ ƳƻƛǎǘǳǊŜ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ 
π wŜŎƘŀǊƎŜŀōƭŜ ōŀǘǘŜǊȅ 
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ϻтн 
 
ōŀǘǘŜǊȅΥ ϻмл 

/ƻƴǎΥ 
π tƻƻǊ ǉǳŀƭƛǘȅ ǎƻƛƭ ƳƻƛǎǘǳǊŜ ǊŜŀŘƛƴƎǎ ǘƘŀǘ ǿŜǊŜ 
ƴƻǘ ǊŜǇŜŀǘŀōƭŜΦ 
π ¦ǎŜǎ ŀ ǾŜǊȅ ǎǇŜŎƛŦƛŎ ōŀǘǘŜǊȅ ǘƘŀǘ ǿŜ ƘŀŘ ǘƻ 
ǎƻǳǊŎŜ ǎŜǇŀǊŀǘŜƭȅΦ 
π wŜǇƻǊǘǎ ƻŦ ǘƘŜ ǇǊƻōŜ ŎƻǊǊƻŘƛƴƎ ǉǳƛŎƪƭȅΦ 
 

 

¢ŜƪǘŜƭƛŎ 
Clover 

tǊƻǎΥ 
π /ƻǎǘ ŜŦŦŜŎǘƛǾŜ 
π /ƻƳōƛƴŜŘ ǎƻƛƭ ƳƻƛǎǘǳǊŜ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ 

ϻмнл 
 

/ƻƴǎΥ 
π bƻ ŘŜŎŜƴǘ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ Ƙƻǿ ǘƻ ŎƻƴǾŜǊǘ 
ǘƘŜ ŜƭŜŎǘǊƛŎŀƭ ǊŜŀŘƛƴƎǎ ǘƻ ǎƻƛƭ ƳƻƛǎǘǳǊŜΦ ¢ƘŜ 
ƳŀƴǳŦŀŎǘǳǊŜǊ ǿŀǎ ƴƻǘ ŀōƭŜ ǘƻ ŀǎǎƛǎǘ ŀƴŘ 
ǎǳƎƎŜǎǘŜŘ ŀ ŎŀƭƛōǊŀǘƛƻƴ ǇŜǊπŦƛŜƭŘΣ ŎǊŜŀǘŜǎ ŀ 
ōŀǊǊƛŜǊ ŦƻǊ ŦǳǘǳǊŜ ŘŜǇƭƻȅƳŜƴǘǎΦ 

 

5ŜŎŜƴǘ[ŀō 
DL-TRS11 

tǊƻǎΥ 
π ±ŜǊȅ ƘƛƎƘπǉǳŀƭƛǘȅ ǇǊƻōŜ ŀƴŘ ǘǊŀƴǎƳƛǘǘŜǊ 
π /ƻƳōƛƴŜŘ ǎƻƛƭ ƳƻƛǎǘǳǊŜ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ 
π {ŜƭŦ ŎŀƭƛōǊŀǘƛƴƎΦ 
 
 

ϻспрΦлл /ƻƴǎΥ 
π 9ȄǇŜƴǎƛǾŜ 
π 5ƛŦŦƛŎǳƭǘ ǘƻ ǎƻǳǊŎŜ 

[ƛōŜƭƛǳƳ  
Smart 
Agriculture 
Pro 

tǊƻǎΥ 
π /ƻƳōƛƴŜŘ ǎƻƛƭ ŀƴŘ ǿŜŀǘƘŜǊ ƛƴ ƻƴŜ ǇŀŎƪŀƎŜ 
π {ƻƭŀǊ ǇŀƴŜƭ ǇƻǿŜǊŜŘ ŦƻǊ ƭƻƴƎ ŜƴŘǳǊŀƴŎŜ 
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ϻфот Ҍ ϻнрл /ƻƴǎΥ 
π tƻƻǊ ǉǳŀƭƛǘȅ ǿƛƴŘ ϧ Ǌŀƛƴ ƛƴǎǘǊǳƳŜƴǘǎ ŘƛŘ ƴƻǘ 
ƭŀǎǘ ƭƻƴƎΦ 
π bŜŜŘŜŘ ŀƴ ŜȄǘǊŀ ϻнрл ŦƻǊ ŀƴ ŀƴƴǳŀƭ 
ǇǊƻƎǊŀƳƳƛƴƎ ƭƛŎŜƴǎŜ 
π bƻǘπǘǊƛǾƛŀƭ ǘƻ ǎŜǘǳǇ ŀƴŘ ƴŜŜŘŜŘ 
ǇǊƻƎǊŀƳƳƛƴƎ 
π 9ȄǇŜƴǎƛǾŜ 

 

aŜǘŜǊ ¢ŜǊƻǎ 
мм 
ŎƻǳǇƭŜŘ ǿƛǘƘ  
9ƭǎȅǎ 9[¢ 
and 
integration 
components. 

tǊƻǎΥ 
π ±ŜǊȅ ƘƛƎƘπǉǳŀƭƛǘȅ ƛƴǎǘǊǳƳŜƴǘ ǘƘŀǘ ŘƻŜǎ ƴƻǘ 
ƴŜŜŘ ŎŀƭƛōǊŀǘƛƴƎ 
π /ƻƳōƛƴŜŘ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǎƻƛƭ ƳƻƛǎǘǳǊŜ 
 
 

ϻмул Ҍ ϻмлл 
Ҍ ϻмр 

/ƻƴǎΥ 
π {ƭƻǿ ǘƻ ƛƴǘŜƎǊŀǘŜ ǘƘŜ ǘǿƻ ǇŀǊǘǎ ǘƻƎŜǘƘŜǊ 
 

  wŀƛƴ 

 

tǊƻƴŀƳƛŎ 
tǊƻŦŜǎǎƛƻƴŀƭ 
 
With Elsys 
ELT 
transmitter 

tǊƻǎΥ  
π /ƻƳŜǎ ǿƛǘƘ ƭŜŀŦ ƎǊƛŘ ŀƴŘ ōƛǊŘ ǎǇƛƪŜǎ ǘƻ 
ǇǊŜǾŜƴǘ ŘŜōǊƛǎ ƎŀǘƘŜǊƛƴƎ ƛƴ ǘƘŜ ǾŜǎǎŜƭΦ 
π DƻƻŘ ƳƻǳƴǘƛƴƎ ƻǇǘƛƻƴǎΦ 
π !ŎŎǳǊŀǘŜ 
π 9ŀǎƛƭȅ ŘŜǇƭƻȅŜŘ 
 
 

ϻмрл 
Ҍ  
ϻмлл 

/ƻƴǎΥ  
π 5ƻŜǎ ƴƻǘ ǊŜŎƻǊŘ ǎƴƻǿκƘŀƛƭΣ ŀƴŘ ǘƘŜ 
ƳŜŎƘŀƴƛǎƳ Ŏŀƴ ŦǊŜŜȊŜ ƛƴ ŎƻƭŘ ǿŜŀǘƘŜǊΦ 

tǊƻƴŀƳƛŎ 
¢ƻǿŜǊ 
 

tǊƻǎΥ  
π [ƻǿ /ƻǎǘ 
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With Netvox 
R718 

ϻур 
Ҍ 
ϻрл 
 

/ƻƴǎΥ  
π tƻƻǊ ƳƻǳƴǘƛƴƎ ƻǇǘƛƻƴǎ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ 
tǊƻƴŀƳƛŎ tǊƻŦŜǎǎƛƻƴŀƭ όŀōƻǾŜύ 
π {ǳǎŎŜǇǘƛōƭŜ ǘƻ ǿƛƴǘǊȅ ǿŜŀǘƘŜǊ ŜŦŦŜŎǘǎΦ 
π wтму ŘƛŦŦƛŎǳƭǘ ǘƻ ŎƻƳƳƛǎǎƛƻƴ ŀƴŘ ƴƻǘ 
ŘǳǊŀōƭŜΦ 

!ƛǊ ¢ŜƳǇŜǊŀǘǳǊŜ 

 

Ursalink 
UC11-T1 

tǊƻǎΥ 
π 5ǳǊŀōƭŜ 
π Ŝŀǎȅ ǘƻ ŎƻƴŦƛƎǳǊŜ 
 

£100 /ƻƴǎΥ 
π 5ƛŘ ƴƻǘ ƭŀǎǘ мн ƳƻƴǘƘǎ ōŜŦƻǊŜ ŦŀƛƭƛƴƎ ŘǳŜ ǘƻ 
ŦǊƻǎǘ ŀƴŘκƻǊ ¦± ŘŀƳŀƎŜ  
π bƻ ƭƻƴƎŜǊ ƻƴ ǘƘŜ ƳŀǊƪŜǘ 

 

Synetica 
Senstick & 
Screen 

tǊƻǎΥ 
π [ƻǿ /ƻǎǘ 
π DƻƻŘ ǎŎǊŜŜƴ 
 
 

£120 /ƻƴǎΥ 
π tƻƻǊ ōǳƛƭŘ ǉǳŀƭƛǘȅ 

 

Milesight 
EM300-TH 
 

tǊƻǎΥ  
π DƻƻŘ ōǳƛƭŘ ǉǳŀƭƛǘȅ 
π [ƻǿ Ŏƻǎǘ 
(This unit replaced the Ursalink UC11-T1 
above when it failed) 
 

£70 /ƻƴǎΥ 
π bƻƴŜ 

Netvox R712 tǊƻǎΥ 
π 9ȄŎŜƭƭŜƴǘ ǎŎǊŜŜƴ 
π 5ǳǊŀōƭŜ ƳƻǳƴǘΦ 
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£90 /ƻƴǎΥ  
π bƻǘ ŀƴ ƻǳǘŘƻƻǊ ƎǊŀŘŜ ǎŜƴǎƻǊ ŎƻƴǘŀƛƴŜŘ 
ǿƛǘƘƛƴΦ 
π ¦ƴƭƛƪŜƭȅ ǘƻ ƻǇŜǊŀǘŜ ƛƴ ƘŀǊǎƘ ƻǳǘŘƻƻǊ 
ŎƻƴŘƛǘƛƻƴǎ 

{ƭǳǊǊȅ {ǘƻǊŀƎŜ 

 

Elsys ELT 
ultrasonic 

tǊƻǎ 
π DƻƻŘ ōǳƛƭŘ ǉǳŀƭƛǘȅ 
π 9ŀǎȅ ǘƻ ŎƻƴŦƛƎǳǊŜ 
π wŜŀǎƻƴŀōƭȅ ŀŎŎǳǊŀǘŜ 
 
 

£250 /ƻƴǎ 
π bŜŜŘǎ ǊŜƎǳƭŀǊ ƳŀƛƴǘŜƴŀƴŎŜ ǘƻ ŜƴǎǳǊŜ ǘƘŜ 
ǎŜƴǎƻǊ ŀǇŜǊǘǳǊŜ ƛǎ ŎƭŜŀǊΦ  
π /ŀƴ Ŧŀƛƭ ǘƻ ǿƻǊƪ ƻƴ ǎǳǊŦŀŎŜ ŎǊǳǎǘǎ 
 

 

[aYоун 
ŦǊƻƳ .5 
{ŜƴǎƻǊǎ 
²ƛǘƘ  
Elsys ELT 
transmitter 

tǊƻǎΥ 
π {ǳōƳŜǊǎƛōƭŜ ŀƴŘ ǾŜǊȅ ŀŎŎǳǊŀǘŜ 
π 5ŜǎƛƎƴŜŘ ŦƻǊ ŘŜǇƭƻȅƳŜƴǘ ƛƴ ǎƭǳǊǊȅΦ 
π /ŀƭƛōǊŀǘŜŘ ŦƻǊ ǎƭǳǊǊȅκŜŦŦƭǳŜƴǘΦ 
 

£575 /ƻƴǎΥ 
π 9ȄǇŜƴǎƛǾŜ 
- Needs extensive mounting apparatus. 

 

Soil Sensors 

The quality of the soil moisture readings is a high priority for criteria selection. All the products that 

were tested for durability and battery life were found to be suitable for an agricultural setting. From the 

analysis, the Metre Terror 11 probe coupled with the Elsys ELT transmitter were selected for the project 

due to having the highest accuracy on the tests and the probe also claims not to require calibration 

between different soil types. This would be a good benefit to the project as it would be a task that the 

farmers would not have to undertake. This unit and the battery proved a viable choice because it's 
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widely available and it also has an external antenna which can help wireless communication in location 

with poor signa coverage. 

 

Figure 7: Diagram to show Soil Temperature & Moisture Probes set up. 
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Figure 8: Image of the soil sensor (left) and air and rainfall sensors (right) 

Figure 8 shows the probe in-situ about to be pushed into sidewall of pit and the transmitter in an 

elevated position with protective pipe leading to pit 5-10 meters away.  

Rain Gauges 

DataCymru had previously worked with the Pronamic range of rain gauges and found the Professional 

model to be good quality and worked well with transmitters such as the Elsys ELT. Therefore, this set up 

was chosen for the project. The Pronamic Tower module was tested with a low-cost transmitter but 

these were lacking in quality and durability with limited mounting options which led them is being ruled 

out for this project. The rain gauge as part of the Smart Agricultural Pro unit from Libelium was also 

considered but the quality of the parts were poor which did not provide a cost effective option given the 

high cost of the Libelium SAP set up. 

The main issue with most of the rain gauge sensors is that they are susceptible to cold weather. For 

example, the tipping bucket can become frozen, or accumulates with snow. There are more expensive 

heated vessels available for use with high grade meteorological sites but the cost of these are well 

above justifying it in an agricultural setting. 

Air Sensors 

The Ursalink UC11-T1 and the Senstick from Synetica were chosen as the best option for this project, 

partially due to the limited availability of other outdoor grade temperature sensors. Unfortunately, this 

model failed over winter at IŜƴ 5Ȉ due to frost damage and/or UV degradation. This unit was then 

replaced with an M300-TH from Milesite. The Senstick survived two winters at Glynllifon working well 

for the duration. 
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Slurry Storage Sensors 

The LMK382 and the ultrasonic unit from Elsys were tested at Glynllifon. The LM382 was accurate but 

difficult to mount. The Elsys unit worked well once mounted on a wooden bracket. Due to mounting 

challenges, the slurry storage sensors were not mounted at the other farms.  

 

Figure 9: Ultrasonic Distance Sensor on slurry store diagram 

4. Strategic relevance 
The project aims to further build on the cooperation between the farming community and technology 

experts to solve common problems and bring about a smarter way of working.  

This trial is already helping the farming community learn more about the capabilities of LoRaWAN 

technology, and if it is successful as a slurry management tool, it will help with decision making to 

reduce the risk of water pollution. Additionally, linking this technology with agriculture and legislation 

enforcement has the potential to help both stakeholders successfully work together for the benefit of 

their local communities. With the current legislation on nutrient management and further legislation 

due to come in, this work is truly relevant, and this tech could play a significant role now and in the 

future. 
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The door has been opened for other farmers and family members to diversify by incorporating more 

technology on farms. The knowledge that is gathered from this project will be shared with the farming 

community in Wales and will develop a skills base in agriculture that is fit for purpose for the future 

world. This could increase the number of jobs available within agricultural technology sectors 

encouraging those with an entrepreneurial flair to venture into this market to create further solutions 

for current agricultural challenges. 

5. Collaborations 
This trial is bringing people from a variety of backgrounds to collaboratively trial a solution which could 

help shape the way slurry and other farm processes are managed in the future. These stakeholders have 

been collaborating with each other during the project forging lasting relationships between agriculture, 

technology, and governance to solve common agricultural challenges beyond slurry management. This 

collaboration of knowledge and combined skills of the Operational Group benefits the project. 

6. Attitude Analysis 
The methodology for the attitudinal study comprises a longitudinal mixed methods approach. Data was 

collected through two primary sources namely four focus groups and a standardised questionnaire 

completed several times across the life of the project by the three farm managers. 

 

Figure 10: Graph plotting the four focus group transcripts combined and individually against sentiment/ attitude of the sentence 
content. Source: Wyn Owen, Report - Using IOT technology to improve slurry management on farms Monitoring Attitude 




























