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Abstract: In the site-specific fertilization based on a variable rate prescription, the application accuracy 

and distribution of the spreader are the key points when it comes to applying fertilizer with centrifugal disk 

spreaders. The application error occurs mainly due to inaccurate position, the delayed response of the 

spreader to rate changes and application width errors across the management zones. This study aims to 

evaluate the application error occurring due to rate changes at management zone boundaries across the 

application width of the spreader. Towards this aim, a variable rate fertilizer application was performed 

using a centrifugal spreader. The performed task data that included a spatial field application file in ISO 

XML format was recorded from a dedicated in-cab terminal to generate the “as-applied” point map. A 

two-dimensional (2D) matrix method based on a 2D triangular distribution was used to generate the as-

applied rate to examine if it results in more accuracy to assess the applied amount of fertilizer at 

intersections of the management zones. The resulted “as-applied” map, as well as the raw data one, were 

compared with the prescription map to extract absolute errors. Statistics of absolute error resulted from the 

comparison was assessed to examine the application accuracy. The mean value and standard deviation of 

the error for the distributed rate were 13.4 and 11 kg ha-1. These figures were equal to 17.5 and 12.7  

kg ha-1 for the error of the raw data “as-applied” map. Evaluation of covered area by the error in 

percentage also indicated a higher value for the raw data “as-applied” map than that for the distributed one. 
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1. INTRODUCTION 

Site-specific application of fertilizer based on a variable rate 

prescription map has shown significant potential to achieve a 

lower input and higher yield, in terms of using fertilizer 

efficiently and boosting economic benefit. By defining crop 

needs using advanced variable rate technologies (VRT) and 

online nitrogen sensors as well as taking soil specialty into 

consideration, the delivery of fertilizers as accurately as 

possible has been improved (Baillie et al., 2018; Muñoz-

Huerta et al., 2013; Lindblom et al., 2017; Basso et al., 2016). 

Nevertheless, the performance of the spreader, in terms of 

application accuracy affected by position, time response of the 

spreader to rate changes and wide working width, should be 

estimated.     

In recent years, precision agriculture for many types of crops 

has included variable rate application (VRA) of fertilizer, 

which could be map-based or sensor-based (Ess et al.,2001; 

Yule et al., 2013). Between these two methods, the map-based 

application is widely used by farmers. Many types of 

geographical information systems have been used to generate 

an application map, while there are also latest commercial 

farm-management systems and software architectures (e.g. 

FarmWorks1, Ag Leader SMS2, PDP Lite3 and so on) 

                                                 
1 agriculture.trimble.com/solutions/data-management 
2 https://www.agleader.com/farm-management/sms-software/ 
3 www.fairport.com/en/features-en 

available to do that. An application map contains specific 

tasks, in terms of application rates across the field and field 

constraints, together with geographical locations and field 

boundaries. The machine defines the location using a global 

navigation satellite system (GNSS) antenna to apply the 

prescribed rate at the specific locations on the field. 

Transferring the developed application map into the process 

could be done through control systems that use ISO 11783 

(designated as ISOBUS) standard. ISOBUS can offer the 

necessary communication infrastructure in agricultural 

machinery to control and receive feedback signals in a 

standardized manner (Paraforos et al., 2019). Therefore, it 

could be stated that the accuracy of the application is more 

related to the machine performance and other VRTs such as 

GNSS and variable-rate controllers than software performance 

(Fulton et al., 2003; Li et al., 2016; Abbou-ou-cherif et al., 

2017).  

Variable-rate treatments come with limitations if VRT cannot 

provide sufficient accuracy in applying fertilizer according to 

the corresponding prescription map (Chan et al., 2004). There 

have been many studies conducted on investigating the 

accuracy of map-based VRA of fertilization (Chan et al., 

2002; Chandel et al., 2016; Lindblom et al., 2017). Most of 

them have evaluated the application accuracy based on the 

position and response error resulted from the spreader 

performance. Griepentrog and Persson (2001) assessed the 

application accuracy of fertilization considering the positional 

lag of a spinner disc spreader. The effect of the distribution of 

spreading patterns, GNSS receiver latency, and offset 
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distances were thoroughly investigated by many researchers 

(Fulton et al., 2001; Fulton et al., 2013; Yang et al., 2018). In 

addition, Abbou-ou-Cherif et al. (2017a, b) carried out an 

enhanced simulation of the in-field performance of the 

centrifugal spreader by considering irregularity in field 

conditions. However, there have been very limited studies 

evaluating rate response of the spreader, in terms of 

application width, to changes at management zone 

boundaries. Thus, the first step would be to define differences 

between the applied and prescribed rates over critical areas 

where the management zone does not correspond to the 

position and application width of the spreader.        

This paper aims to evaluate the application errors attributable 

to the response of the mismatched working width of the 

spreader to the corresponding prescription map. A triangular 

distribution should be assumed to produce a surface layer of 

the applied rate. This assumption was carried out since the 

distribution pattern of the employed spreader is supposed to 

be defined in the next step of the research. An error map 

resulting from a comparison between the produced “as-

applied” map and the corresponding prescription map should 

be carried out to estimate the errors.  

2. MATERIALS AND METHODS 

2.1 Instrumentation 

A mounted centrifugal disk spreader (ZA-V, AMAZONEN-

Werke H. Dreyer GmbH & Co. KG, Hasbergen, Germany) 

with a capacity of 2 t and a working width of up to 36 m was 

used to perform the fertilization task (Fig. 1a).  

To achieve a desired degree of overlapping, 8 sections of the 

spreader were set along its working width. As the spreader 

was ISOBUS compatible, a dedicated CCI 100 in-cab 

terminal (Competence Center ISOBUS e.V., Germany) was 

responsible for the communication between the spreader, the 

tractor, and the operator, in terms of control and job 

management (Fig. 1b). The tractor’s GNSS antenna with sub-

meter accuracy (RTK-DGNSS, ±2 cm track to track accuracy 

and ±2 repeatable accuracy) was employed to provide location 

information for the tractor in-field position and the section-

border-boundary control of the spreader performance. The 

distance between the GNSS antenna and the center point of 

the spreader was taken into consideration in the settings of the 

dedicated in-cab terminal to determine the point locations of 

the applied rate.  

2.2 Application specifics 

All field experiments were carried out at the research farm 

“Ihinger hof” of the University of Hohenheim. A field with an 

area of 1.2 ha was selected to perform VRA of fertilization. 

The area of 1.2 ha was chosen in the field with an area of 3.6 

ha where geometrical singularities like non-parallel lines, the 

effect of start and end of lines on the dose rate and conditions 

on the application width can be avoided (Virin et al., 2006). 

The field was cultivated with winter wheat (Triticum aestivum 

L.). Multi-spectral imagery (Green, Red, RedEdge and Near 

Infrared) of the selected field was collected before the 

application. The NDVI (Normalized Difference Vegetation 

Index) map was created in Pix4D software (Pix4D, Ecublens, 

Switzerland) using the collected imagery. The farm’s 

agronomical advisor used historical yield data from the 

previous year and the obtained NDVI map to develop the 

prescription map of VRA (Fig. 2a).  

The prescription contained three management zones with an 

application rate of 120, 150, and 180 kg ha-1. KAS (Kalk-

Ammon-Salpeter) granular fertilizer (diameter of 3.2-3.9 mm) 

with a content of 27% nitrogen was chosen for the 

application. The operation speed of the tractor and working 

width for the application were set to 10 km h-1 and 24 m, 

respectively. The application width of the operation was 48 m.    

 

Figure 1. (a) The centrifugal spreader mounted on the tractor and (b) the displayed application map on the dedicated in-cab 

terminal. 
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Figure 2. (a) The prescription map for variable rate 

application of fertilization and (b) the generated “as-applied” 

point map. 

Based on the recommendation for the spreader settings for the 

different growth stages of the crop from the manufacturer, the 

distance between the wheat tips and the spreading disc was 

fixed at 0.25 m for the current growth stage. Considering the 

field shape and size, the border and section control functions 

were activated. The performed task data, in terms of spatial 

field application file in ISO XML format, was recorded from 

a dedicated in-cab terminal of the spreader to generate the “as-

applied” point map (Fig. 2b). Each point in the generated “as-

applied” map characterized the spatial information about the 

location of the sample, the applied rate, and the applied 

conditions. 

2.3 Distribution for spreading pattern and application errors 

A combination of triangular and rectangular spreading 

patterns could be assumed to achieve an even distribution 

under optimum conditions and to avoid some potential errors 

(‘Fertiliser box’, 2017). A 2D triangular distribution was 

applied on each point of the generated “as-applied” map. This 

was done over 24 m of throwing width for the side of 

spreading, where there was no condition applied. This was 

repeated for the other side of spreading with a rectangular 

distribution by considering the applied boundary conditions 

during the fertilization, as shown in Fig. 3. Increments of the 

applied distribution along the transversal distance were 6 m 

since the spreader had four sections activated on each side 

during the application.  

 

Figure 3. Two-dimensional view of the triangular distribution 

of spreading patterns at the three-application rate. 

The prescription map was re-polygonized based on a hexagon 

grid to generate sample points at the centroids of the hexagons 

using Quantum Geographic Information System (QGIS) 

software. 

The generated sample points of the prescription map as well 

as the recorded “as-applied” spatial data were defined in the 

ellipsoidal system (WGS 84) referenced as latitude, longitude, 

and height axes. To simplify the computations, conversion 

from WGS 84 to UTM (UniversalTtransverse Mercator) was 

carried out using MATLAB programming package. After the 

conversion of the “as-applied” map, the offset distance 

between the focal point of the spreading pattern and the 

reference point of the spinning disk (14.75 m) and geometrical 

dimensions of the tractor and spreader were considered to 

correct the location of the “as-applied” points. The converted 

prescription point map is shown in Fig. 4a. The “as-applied” 

point map was generated based on two cases. In the first case, 

only recorded applied data was linearly interpolated using 

griddata function in MATLAB (Fig. 4b). The second case 

used the distributed “as-applied” points to be interpolated. 

The resulted spreading patterns from applying the triangular 

distribution were overlaid on the interpolated application map 

(Fig. 4b and c). In both cases, the interpolation, in terms of 

scattering the data, was carried over the surface coordinates of 

the prescription map. 

The main aim of interpolating both the distributed and raw 

application points over the coordinates of the prescription map 

was to make them corresponding to each other to define the 
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absolute error. To estimate the produced error, its statistics 

based on the mean value, standard deviation, maximum and 

minimum values were carried out. In addition to this, the 

percentage of the covered area of the application map by an 

error occurring due to shifts in the management zones over the 

application width of the spreader was evaluated. 

3. RESULTS AND DISCUSSION 

Since both the recorded and distributed “as-applied” map 

corresponded to the prescription map, in terms of sample 

points with the same coordinates, the absolute error was 

defined by extracting the prescribed rate from the applied 
 

 

Figure 4. (a) The prescription map produced by applying 

hexagon gridding versus to (b) “as-applied” from ISOXML 

task file and (c) distributed “as-applied” map resulted from 

interpolation over the surface coordinates of the prescription 

map. 

 

Figure 5. Application error map for (a) recorded and (b) 

distributed applied rate. 

ones. The only absolute error without categorizing them as 

over and under-application errors since the selection of the 

geometrical field shape assisted to avoid non-parallel lines 

and constraints on the application width. Subsequently, the 

extracted values for the errors were interpolated to indicate as 

an error map. Fig. 5a and b demonstrate the application error 

map resulted from the recorded and distributed “as-applied” 

map, respectively. 

The statistics of the absolute error are shown in Table 1. The 

mean values of the errors resulted from both methods are 

below 10% of the application rate that could be defined as a 

threshold of the errors (Virin et al., 2006). From the 

agronomical point of view, farmer’s recommendation that was 

up to 8% of N content of the used fertilizer was considered. 

The mean value and standard deviation of the absolute error 

for the applied rate from ISOXML task file were higher than 

that for the distributed ones with the differences of 

approximately 4 and 1.8 kg ha-1. The maximum of the errors 

for the applied rate from the task file also indicated a 

significantly higher value with a discrepancy of 8.5 kg ha-1 

than the maximum error of the distributed one. The 

percentage of the “as-applied” map area covered by errors 

was higher with the value of 52.1% than the error covered 

area of the distributed one with 41.9%. In addition to the 

statistical analyses, the probability distribution of the absolute 

error was assessed to highlight the difference in the accuracy 

of the recorded and distributed maps, as illustrated in Fig. 6a 

and 6b. 
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Table 1. Statistics of the absolute error for the applied rate 

from the task file and distribution. 

Parameters “As-applied” 

rate 

Distributed “as-

applied” rate 

Mean value [kg ha-1] 17.5 13.4 

St. Deviation [kg ha-1] 12.7 11 

Minimum [kg ha-1] 1.42 1.42 

Maximum [kg ha-1] 41 32.5 

Error covered area [%] 52.1 41.6 

 

Figure 6. Histogram (blue) and probability distribution 

function (red) of the absolute errors resulted from the 

comparison between the prescription map and the generated 

“as applied” maps.    

The histograms for the variation in the absolute error of both 

the recorded and distributed applied rate were best fitted by 

the exponential distribution with mean value equal to 5.9 and 

7.8, respectively. It can be noticed that the 95th percentile of 

the applied rate from the task file was lower than 30  

kg ha-1. This figure for the distributed applied rate was equal 

to 26.1 kg ha-1.  

 

4. CONCLUSIONS 

Instrumentation and techniques for variable rate application of 

fertilization using a centrifugal spreader were presented. The 

“as-applied” map was generated by utilizing a triangular 

distribution that provided better accuracy to evaluate the 

application maps. The prescribed rate, according to the 

location of the spreader in the specified zone, was applied 

along the entire length of the application width that crossed 

the boundaries of the specified management zone. Therefore, 

the generated “as-applied” map for both raw and distributed 

rate indicated potential errors occurring at management zone 

boundaries, in terms of intersections of management zones, 

where the rate changes were supposed to happen based on the 

prescription map. 

By assessing the absolute error that was resulted by 

comparing the generated application maps with the 

prescription map, it was possible to quantify over- and 

underapplied areas of the specified field and to highlight the 

effect of the management zone dimension on the application 

spreading width. Besides, the application error map for the 

distributed applied rate showed a comparatively lower error 

with a mean value of 13.4 kg ha-1 than that for the recorded 

applied rate with a mean value of 17.5 kg ha-1. The same 

figures were observed for the other error statistics and the 

covered area by the absolute errors. This means that more 

accuracy for assessing the application map could be achieved 

by applying the distribution of the spreading pattern. The 

defined methodology would be the main principle in the 

future step of the research, where the distribution of the 

spreading pattern will be experimentally validated and 

implemented into the assessment of the spreader performance 

in a three-dimensional manner. This will also be performed by 

considering a more accurate positioning system (i.e. a total 

station) that has been examined in the past (Paraforos et al., 

2017) and the in-field dynamics of the spreader. 

ACKNOWLEDGEMENTS 

This work is financially supported by the German Federal 

Ministry of Food and Agriculture (BMEL) through the 

Federal Office for Agriculture and Food (BLE), grant number 

2817ERA09H with the project iFAROS. The authors are also 

very thankful to Arnd Kielhorn from AMAZONE-WERKE H. 

Dreyer GmbH & Co.KG (Osnabrück, Germany) for providing 

the spreader. 

REFERENCES 

Abbou-ou-cherif, E. M., Piron, E., Chateauneuf, A., Miclet, 

D., Lenain, R., & Koko, J. (2017a). On-the-field 

simulation of fertilizer spreading: Part 1 – Modeling. 

Computers and Electronics in Agriculture, 142, 235–

247. https://doi.org/10.1016/j.compag.2017.09.006 

Abbou-ou-cherif, E. M., Piron, E., Chateauneuf, A., Miclet, 

D., Lenain, R., & Koko, J. (2017b). On-the-field 

simulation of fertilizer spreading: Part 2 – Uniformity 

investigation. Computers and Electronics in 

Agriculture, 141, 118–130. https://doi.org/10.1016/j. 

compag.2017.07.004 

Baillie, C. P., Thomasson, J. A., Lobsey, C. R., McCarthy, C. 

Preprints of the 21st IFAC World Congress (Virtual)
Berlin, Germany, July 12-17, 2020

16017



 

 

     

 

L., & Antille, D. L. (2018). A review of the state of the 

art in agricultural automation. Part I: Sensing 

technologies for optimization of machine operation and 

farm inputs. Proceedings of the 2018 ASABE Annual 

International Meeting, July 29 - August 1, Detroit, 

Michigan. https://doi.org/10.13031/aim.201801589 

Basso, B., Fiorentino, C., Cammarano, D., & Schulthess, U. 

(2016). Variable rate nitrogen fertilizer response in 

wheat using remote sensing. Precision Agriculture, 

17(2), 168–182. https://doi.org/10.1007/s11119-015-

9414-9 

Chan, C. W., Schueller, J. K., Miller, W. M., Whitney, J. D., 

& Cornell, J. A. (2004). Error sources affecting variable 

rate application of nitrogen fertilizer. Precision 

Agriculture, 5(6), 601–616. https://doi.org/10.1007/s 

11119-004-6345-2 

Chan, C. W., Schueller, J. K., Miller, W. M., Whitney, J. D., 

Wheaton, T. A., & Cornell, J. A. (2002). Error sources 

on yield-based fertilizer variable rate application maps. 

Precision Agriculture, 3(1), 81–94. https://doi.org/10 

.1023/A:1013378321265 

Chandel, N. S., Mehta, C. R., Tewari, V. K., & Nare, B. 

(2016). Digital map-based site-specific granular 

fertilizer application system. Current Science, 111(7), 

1208–1213. https://doi.org/10.18520/cs/v111/i7/1208-

1213 

Ess, D. R., Morgan, M. T., & Parsons, S. D. (2001). 

Implementing site-specific management: map-versus 

sensor-based variable rate application. In The Precision 

Farming Guide for Agriculturists, John Deere 

Publishing (p. 117). Site-Specific Management Center, 

Purdue University. 

Fulton, J P, Shearer, S. A., Stombaugh, T. S., Anderson, M. 

E., Burks, T. F., & Higgins, S. F. (2003). Simulation of 

fixed– and variable–rate application of granular 

materials. ASAE, 46(5), 1311–1321. 

Fulton, John P., Shearer, S. A., Chabra, G., & Higgins, S. F. 

(2001). Performance assessment and model 

development of a variable-rate, spinner-disc fertilizer 

applicator. Transactions of the American Society of 

Agricultural Engineers, 44(5), 1071–1081. 

Fulton, John P., Shearer, S. A., Higgins, S. F., & McDonald, 

T. P. (2013). A method to generate and use as-applied 

surfaces to evaluate variable-rate fertilizer applications. 

Precision Agriculture, 14(2), 184–200. https://doi.org/ 

10.1007/s11119-012-9286-1 

Griepentrog, H. W., & Persson, K. (2001). A model to 

determine the positional lag for fertiliser spreaders. 3rd 

European Conference on Precision Agriculture, 

Montpellier, France, June, 271–276. 

Li, Y., Liu, C., Ma, T., & Wang, Y. (2016). Research and 

development of variable rate fertilization machinery. 

2016 American Society of Agricultural and Biological 

Engineers Annual International Meeting, ASABE 2016, 

1–10. https://doi.org/10.13031/aim.20162459617 

Lindblom, J., Lundström, C., Ljung, M., & Jonsson, A. 

(2017). Promoting sustainable intensification in 

precision agriculture: review of decision support 

systems development and strategies. Precision 

Agriculture, 18(3), 309–331. https://doi.org/10.1007/s 

11119-016-9491-4 

Muñoz-Huerta, R. F., Guevara-Gonzalez, R. G., Contreras-

Medina, L. M., Torres-Pacheco, I., Prado-Olivarez, J., 

& Ocampo-Velazquez, R. V. (2013). A Review of 

Methods for Sensing the Nitrogen Status in Plants: 

Advantages, Disadvantages and Recent Advances. 

Sensors, 13(8), 10823–10843. https://doi.org/10.3390 

/s130810823 

Paraforos, D. S., Reutemann, M., Sharipov, G. M., Werner, 

R., & Griepentrog, H. W. (2017). Total station data 

assessment using an industrial robotic arm for dynamic 

3D in-field positioning with sub-centimetre accuracy. 

Computers and Electronics in Agriculture, 136, 166–

175. https://doi.org/10.1016/j.compag.2017.03.009 

Paraforos, D. S., Sharipov, G. M., & Griepentrog, H. W. 

(2019). ISO 11783-compatible industrial sensor and 

control systems and related research: A review. 

Computers and Electronics in Agriculture, 163, 104863. 

https://doi.org/10.1016/j.compag.2019.104863 

Virin, T., Koko, J., Piron, E., Martinet, P., & Berducat, M. 

(2006). Application of optimization techniques for an 

optimal fertilization by centrifugal spreading. IEEE 

International Conference on Intelligent Robots and 

Systems, 4399–4404. https://doi.org/10.1109/IROS. 

2006.282018 

Yang, L., Chen, L., Zhang, J., Liu, H., Sun, Z., Sun, H., & 

Zheng, L. (2018). Fertilizer sowing simulation of a 

variable-rate fertilizer applicator based on EDEM. 

IFAC-PapersOnLine, 51(17), 418–423. https://doi 

.org/10.1016/j.ifacol.2018.08.185 

Yule, I. J., Grafton, M. C. E., North, P., & Zealand, N. (2013). 

New spreading technologies for improved accuracy and 

environmental compliance. Accurate and Efficient Use 

of Nutrients on Farms, 1–13. 

 

Preprints of the 21st IFAC World Congress (Virtual)
Berlin, Germany, July 12-17, 2020

16018


