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Abstract 

Currently, soil nutrient analysis involves two separate 

processes for soil sampling and nutrient analysis: 1. field 

soil sampling and 2. laboratory analysis. These two - 

separate - main work processes are combined and 

conceptualised for a mobile field laboratory so that soil 

sampling and analysis can be carried out simultaneously in 

the field. The module-based field laboratory "soil2data" 

can carry out these two main work processes in parallel 

and consists of 5 different task-specific modules that build 

on each other: app2field, field2soil, app2liquid, 

liquid2data and data2app. The individual modules were 

designed and built for the sub-process steps and adapted to 

the special features of the mobile field laboratory 

"soil2data". The biggest advantage is that the analysis 

results are available immediately, and a fertiliser 

recommendation can be generated instantly. For further 

analyses, the results are stored in the data cloud. The soil 

material remains in the field. In the ongoing project 

"Prototypes4soil2data", the mobile field laboratory 

soil2data is being further developed into a prototype with 

a modular structure. 
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1. Introduction 

For optimised and effective fertiliser management in 

crop production, information on the - site-specific - soil 

nutrient status is an important calculation parameter, along 

with other decision variables such as the site-specific yield 

potential or the soil texture (Hinck et al. 2022, Hinck et al. 

2013, Lorenz & Münchhoff, 2015). Currently, several 

weeks can elapse between soil sampling and the 

availability of the analysis result, i.e. the results are not 

available promptly.  
 

2. Materials and Methods 

In order to be able to carry out soil nutrient analysis 

directly on the field, a concept has been developed (Hinck 

et al. 2022). The individual process steps of the two main 

work processes 1. collect soil samples on the field and 2. 

nutrient analysis in the laboratory have been analysed and 

divided into sub-process steps. The necessary sub-process 

steps from both main work processes were adopted and 

further developed into a new main concept (Tsukor et al. 

2019). As a result, a demonstrator of the mobile field 

laboratory "soil2data" was built (see fig. 1). In the current 

project "Prototypes4soil2data", the individual necessary 

sub-process steps are being optimised and designed as a 

modular structure. This has the advantage that changes or 

extensions in the sequence of a sub-process only affect the 

relevant sub-process and not the entire process sequence. 

All modules together in combination make up the mobile 

field laboratory. The modular design has the additional 

advantage that the modules can also be used as 

independent modules for the specific sub-process.  

  
Figure 1. The mobile field laboratory “soil2data” 

 

3. Results and Discussion 

From the 1st main process "Collecting soil samples in 

the field", the sub-process steps: "Soil sample planning" 

and "Collecting soil samples" are developed into separate 

modules for the mobile field laboratory "soil2data". The 

module "app2field" contains the planning of soil sampling. 
Soil sampling planning is very important for the use of a 

mobile field laboratory because the analysis data have to 

be assigned to the fields or part fields. This is done 

automatically in the following process sequence when the 

fertiliser recommendation is generated, so an appropriate 

database is an important prerequisite. Furthermore, the 
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planning data helps the driver to navigate to the field and 

gives an orientation within the field where to sample. In 

the module "field2soil" the collection of a mixed soil 

sample is implemented. A representative soil sample is 

taken to a depth of 30 cm using a commercially available 

and adapted soil sampling device. The transport of the soil 

sample material to the laboratory is not necessary and is 

omitted. From the 2nd main process "nutrient analysis in 

the laboratory", the sub-process steps: "soil preparation", 

"analysis" and "documentation and “providing of results" 

were developed as the modules "soil2liquid" for the 

preparation of the soil sample, "liquid2data" for the 

analysis of the soil sample and "data2app" for data 

management. The soil sample material remains on the field 

after analysis. The 5 individual modules together form the 

mobile field laboratory "soil2data" (s. fig. 2). Each module 

can also be used as a stand-alone application. 

 

Figure 2. soil2data app concept: The mobile field 

laboratory "soil2data" includes 5 combined modules 

 

In particular, the soil preparation needed to be adapted, 

so the preparation time in the field is much shorter 

compared to the laboratory and the preparation can be 

done in two stages (see fig. 3). For this purpose, spatially 

developed extraction conditions (short time, little liquid, 

ideally all target nutrients in one soil sample) are adapted 

to the in-field method for express wet chemical extraction 

of plant-available nutrients (NO3
-, H2PO4

- and K+) and pH 

for subsequent direct measurement using ISFET 

measuring technology (Najdenko et al. 2023). The two-

stage preparation makes the soil preparation process very 

flexible. If necessary, changes can be made in the sub-

process flow or in the choice of extraction agents. The 

soil2liquid module provides mechanical and chemical 

processing of the collected soil sample material. 

Figure 3. "soil2data" 2 stages soil nutrient extraction 

procedure (Source: Tsukor et al. 2019) 

 

The soil preparation is based on the standard of 

VDLUFA (German Association of Agricultural Analysis 

and Research Institutes) valid in Germany. If the soil has 

been prepared in accordance with this standard, then the 

appropriate regional LUFA fertiliser recommendation can 

be used. Once soil sampling has been completed in a field, 

the analysis results are sent to the cloud via data2app, 

fused with other external data (e.g. cultivated crop, soil 

texture) and a fertiliser recommendation is automatically 

generated. 

An innovative key component for direct analysis on the 

field is the NUTRISTAT analysis module with ISFET 

measuring technology (lab-on-chip) (see fig. 4). The pH 

value and the nutrients NO3
-, H2PO4

-, K+ as well as the 

electrical conductivity are measured. Good measurement 

dynamics and reproducibility have been demonstrated in 

numerous laboratory tests (Tsukor et al. 2019) (see fig. 5). 
 

Figure 4. NUTRISTAT analysis module with ISFET 

measuring technology (lab-on-chip) to measure NO3
-, K+ 

and H2PO4
- as well as pH and electrical conductivity 
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Figure 5. Measurement results (V) at different 

solution concentrations (log[mMol/l]) measured with 

NUTRISTAT analysis module with ISFET measuring 

technology, exemplarily shown for H2PO4
-, the coloured 

lines indicate the measurement repetitions 

 

For reliable operation of the NUTRISTAT analysis 

module, specified control and readout electronics have 

been developed as part of the project. The control and 

readout electronics are designed for rugged field use on 

vehicles or carrier platforms. The NUTRISTAT analysis 

module with ISFET measurement technology has 4 ISFET 

modules and 1 reference electrode which has been taken 

into account in the circuit design. 

 

4. Conclusions 

The two main processes "soil sampling" and "soil 

analysis" are combined and carried out directly on the 

field. The individual process steps run in parallel and 

automatically. The main advantage is that the fertiliser 

recommendation can be generated automatically. Once the 

soil sampling has been completed, the result with a 

fertilizer recommendation for each field is available to the 

farmer in less than a minute. The mobile field laboratory 

"soil2data" digitalises the soil sampling. 
Further advantages are immediate availability of 

results, in case of unclear results, the sampling and 

analysis can be repeated immediately, or a dynamic 

adjustment of the sampling density can be made. 
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