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Abstract. The paper presents results of research in the impact of selected construction parameters of the disc 

spreader on the mineral fertilizer spreading process. Tests were carried out in a closed room on a constructed 

measuring stand with the use of three mineral fertilizers (urea, nitrochalk and ammonium sulfate), the selection 

of which was made due to different physical properties (e.g. bulk density, coefficient of friction, size 

distribution) and wide application in agriculture. In order to present the impact of factors on the radius of mineral 

fertilizer spreading area, a four-factor experiment model was adopted, established by the method of complete 

randomization, in which the independent variables were: type of mineral fertilizer, level of rotational speed of 

the spreading disc, place of fertilizer application on the disc and angle of vanes on the disc. Results of variance 

analysis for the fixed model of the mean fertilizer spread radius showed that two independent variables (fertilizer 

type and disc rotational speed) explain the variance of dependent variable in 78.48 %. Results of variance 

analysis for the linear multiple regression model of the relationship between the mean fertilizer spread radius and 

studied features showed that 91.27 % of the variability of dependent variable is explained by the model. In the 

regression equation for the mean fertilizer spreading radius, independent variables include: vane angle (S), 

rotational speed of the disc (V), specific density of the fertilizer (G) and share of dust fractions (FP).  

Keywords: centrifugal spreading, mineral fertilizers, fertilization, optimization. 

Introduction 

Sustainable agriculture aims at promoting a sustainable farming system, rationally using nature 

resources, and limiting the negative impact of agriculture on the environment. Many issues related to 

this problem are associated with, among others, technology of cultivation and processing in plant 

production [1-7], its quality, storage and use of plant biomass for energy purposes [8-10] or obtaining 

the energy from renewable sources [11]. High production costs, occupational safety and continuous 

development in this field require specialization from machine operators, who will be able to meet not 

only the increase in production quality standards, but also challenges of international regulations [12].  

One of the most important factors affecting the size and quality of crops are correctly carried out 

agrotechnical treatments, among which mineral fertilization occupies a special place. The 

effectiveness of both mineral and liquid fertilization (digestate [7]) is determined by many factors, 

among which even distribution of a fertilizer over the surface and shape of the area, are important 

[13; 14]. It depends largely on the work quality of the machines used, atmospheric conditions and 

diligence of the procedure. Proper application of fertilization at the recommended doses taking into 

account the needs of plants and soil nutrient content allows for achieving high and full-quality crops 

and does not pose a threat to the environment. On the other hand, excessively high doses, incorrect 

proportions of nutrients or failure in utilizing a fertilizer by plants can lead to environmental pollution 

or its degradation [14]. Therefore, in order to avoid undesirable effects on the environment, machines 

are being studied using mathematical models to simulate and improve the performance of 

agrotechnical operations [13-18].  

Materials and methods 

Field tests were carried out in a closed room on the measuring stand shown in Figure 1. It 

consisted of 0.5 m × 0.5 m × 0.15 m trays made in accordance with PN-EN 13739-2 [19], which were 

arranged in sixteen rows and eleven columns (0.5 m distance between rows and columns). Center of 

the disc with coordinates (0;0) in the 0XY system was located at the distance of 0.7 m from the first 

edge of the first row of trays.  

Three mineral fertilizers (urea, nitrochalk and ammonium sulfate) were used in the research, the 

choice of which was made due to different physical properties. Relative humidity of air ranged from 

52 to 57.7 % and the temperature from 13 to 17 °C. The choice of rotational speed of the disc (400 and 
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600 rpm · min
-1

) was made on the basis of literature analysis and dimensional possibilities of the 

room, in which the tests were conducted. When choosing the place of fertilizer application on the disc, 

the solutions used in mass-produced spreaders and the need to obtain different distributions of the 

fertilizer spreading areas were guided. The angle between the OY half-axis from the second quarter of 

the Cartesian system and the half-line determined by the origin of the coordinate system and passing 

through vertical projection onto the disc of the appropriate center of the dosing orifice (A and B), was 

adopted as the parameter for the location of the filling place (Figure 2). 

 

Fig. 1. Scheme of measuring position in the coordinate 0XY system:  

1 – centrifugal spreader; 2 – trays 

 

Fig. 2. Location of the orifice centers dosing of fertilizer (A and B)  

on the surfaces of the disc and the setting of vanes in configuration L3 

In order to implement the assumed research program, two positions of vanes on the disc 

(independent variable necessary for the needs of regression analysis) were adopted (configuration L3 

according to the scale on the disc, Figure 2), which allowed for obtaining the fertilizer spreading areas 

of different shape and dimensions. Vanes 0.32 m and 0.22 m long were used for the tests.  

The test results obtained from the stand measurements were the basis for determining the 

parameters of the spatial distribution of the fertilizer distribution area in the polar coordinate system 

with the center located at the disc rotation point.  

The mean radius of the fertilizer spreading area (R̄) was calculated according to the following 

relationship [20]: 
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where fij − share of fertilizer mass in a tray from the i-th row and j-th column in relation to the 

sum of the fertilizer mass from all trays (from a given sample), g; 

 n − number of tray rows; 
 m − number of tray columns; 

rij − distance from the center of the tray from the i-th row and j-th column to the 

beginning of the system (radius length), m. 

The results of multivariate analysis of variance for the constant model of the mean radius of the 

fertilizer spreading area, developed in the SAS ‘Local’ system, XP_PRO (at the assumed significance 

level α = 0.05). The coefficient of determination R
2
 was adopted as a measure of explaining the 

variability of the dependent variable by the constant model. In order to assess the relationship between 

the examined features, multiple regression analysis was used. 

Results and discussion 

The results of the calculated values of mean radius of the spreading area for the three tested 

fertilizers with significantly different physical properties are presented in Figure 3. The information in 

Tables 1-3 concerns statistical development of results, which included an analysis of variance for a 

fixed model of the mean radius of the fertilizer spreading area based on quadruple classification 

(N × O × M × L) with three observations in each of the sub-classes, as well as variance analysis for the 

linear multiple regression model of the relationship between the mean fertilizer spread radius and 

studied features.  

Analyzing data referring to the mean spreading radius, it should be stated that the highest values 

of this parameter were recorded during saltpeter tests (Figure 3). The average value of this radius is up 

to 7.59 m for the conditions of the experiment: fertilizer feed point B, rotational speed of the disc 

600 rpm, position of vanes on the disc L3. The value given is almost three times greater than the mean 

spreading radius of ammonium sulphate for the following conditions: fertilizer feed point A, disc 

rotation speed 400 rpm, position of vanes on the disc L0.  

 

Fig. 3. Mean radius of field spread pattern for urea, nitrochalk and ammonium suflate 

Variance analysis for the fixed model of the mean fertilizer spread radius showed that 

independent variables included account the variance of dependent variable in 99.48 % (Table 1). It 

should be added, however, that among the main effects, only the fertilizer application point on the disc 

turned out to be irrelevant for explaining the variability of the mean fertilizer spreading radius. Its 

share in explaining the variance of dependent variable is only 0.008 %. The share of the other main 

effects (type of fertilizer, rotational speed of the disc, vane position) in explaining the variability of 

dependent variable is 91.74 %. Particularly noteworthy is the fact that only one effect of two-factor 

interaction (fertilizer × point of fertilizer feed on disc) turned out to be irrelevant in explaining the 

variability of mean fertilizer spreading radius.  
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Table 1 

Variance analysis for a fixed model of the mean radius of the fertilizer spreading area  

Source of variation 
Degrees of 

freedom 

Sum of 

squares 

Mean of 

squares 

Value of the 

F function 

Probt. > 

F 

Model  

Error 

Total 

14 

57 

71 

123.82 

0.64 

124.46 

8.84 

0.01 

783.26  < 0.0001 

R
2
 = 99.48 %; Average value of mean radius of the fertilizer spreading area 4.28 m;   

Standard estimation error 0.106; Coefficient of variation 2.48 % 

 N 2 63.44 31.72 2809.03  < 0.0001 

O 1 34.24 34.24 3032.2  <  0.0001 

M 1 0.01 0.01 0.94 0.337 

L 1 15.92 15.92 1409.65  <  0.0001 

N × O 2 6.16 3.08 272.55  <  0.0001 

N × M 2 0.05 0.025 2.16 0.1241 

N × L 2 3.02 1.51 133.76  <  0.0001 

O × M 1 0.05 0.05 4.21 0.0448 

O × L 1 0.89 0.89 79.54  <  0.0001 

M × L 1 0.05 0.05 4.12 0.0471 

N – fertilizer, O – rotational speed of the disc, M – fertilizer feed point, L – vane position 

Table 2 

Assessment of the parameters of the multiple regression model of the relationship between mean 

fertilizer spread radius and the examined features 

Source 

of 

variation 

Parameter 

evaluation 

Standard 

error 

Relative 

standard 

error 

Sum of 

squares 

Value of 

the test 

function 

Probt. > F 
Partial 

correlations 

Constant 0.81 0.48 59.26 0.47 2.84 0.097 - 

S -0.035 0.0035 10.00 0.00352 98.1  < 0.0001 0.13 

V 0.0069 0.00047 6.81 0.00047 211.01  < 0.0001 0.32 

G 1.66 0.23 13.86 0.23382 50.29  < 0.0001 0.0042 

FP -0.044 0.0022 0.50 0.0021 389.04  < 0.0001 0.85 

S -– vane angle, V – rotational speed of disc, G – specific density, FP – dusty fraction 

Table 3 

Variance analysis for the linear multiple regression model of the relationship between mean 

fertilizer spread radius and the examined features 

Source of variation 
Degrees of 

freedom 

Sum of 

squares 

Mean of 

squares 

Value of the 

F function 
Probt. > F 

Model  4 113.59 28.39 175.02  < 0.0001 

Error 67 10.87 0.16   

Total 71 124.46    

R
2
 = 91.27 % ; Average value of mean radius of the fertilizer spreading area 4.28 m; 

Coefficient of variation 9.42 % 

Based on the calculated values (Tables 2 and 3), the regression equation with the estimation errors 

can be written in the form:  

 106.044.066.10069.0035.081.0 ±−++−= FPGVSR  (2) 

                  (0.48)   (0.0035)  (0.00047)    (0.23)   (0.0022) 

The above dependence shows that the predicted (by estimated equation) values of dependent 

variable, mean fertilizer spread radius R̄, differ from empirical values by 0.106 m on average. Values 

given in brackets are average errors of estimation of relevant parameters. They are an estimate of the 
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average discrepancy between parameters of the model and its possible assessments. Therefore, it can 

be said that when estimating the directional coefficient at the level of -0.035, we make an error of 

0.0035 m on average. Similarly, when estimating the free term at the level of 0.81, we make an error 

of 0.48 m on average. Data in Table 2 show that the average errors of estimation related to values of 

the corresponding coefficients are very diverse. Estimation error for parameters: vane angle (S), 

rotational speed of the disc (V), content of dusty fractions in the fertilizer (FP), does not exceed 14 % 

(from 0.5 to 13.86 %). On the other hand, for free term, almost 60 % is the assessment error. Table 3 

shows that the variable share of dusty fractions in fertilizer has the highest partial correlation 

coefficient. It amounts to 0.85. This variable alone explains over 72.25 % (square of the partial 

correlation coefficient × 100 %) of the variance of dependent variable, after excluding the influence of 

other independent variables. Slightly over 10 % of variance of dependent variable is explained by 

variable rotational speed of the disc. However, the share of the other two independent variables (vane 

angle S, and specific density of the fertilizer G) does not exceed 1.7 % in explaining the variance of 

dependent variable. Particularly noteworthy is the fact that the variable has a negligible share of 

specific density of the fertilizer in explaining the variability of dependent variable: it is only 0.0018 %. 

It should be added, however, that the variable regression coefficient of the share of dusty fractions has 

a minus sign, which means that the increase in the independent variable corresponds to smaller value 

of the dependent variable (mean fertilizer spread radius R̄). Based on this relationship, it can be 

concluded that increasing the share of dusty fractions in mineral fertilizers reduces the working width. 

This is confirmed, among others, by the information contained in the spreading tables, without which 

the fertilizing process carried out with disc spreaders cannot be carried out properly.  

Conclusions 

1. Results of the variance analysis for the fixed model of the mean fertilizer spread radius showed 

that two independent variables (fertilizer type and disc rotational speed) explain the variance of 

dependent variable in 78.48 %. Another effect that makes a significant contribution to explaining 

the variability of the dependent variable is the position of vanes on the spreading disc. This share 

amounts to 12.79 %. The share of all double interaction effects in explaining variances of the 

mean fertilizer spread radius does not exceed 8.21 %. However, the fertilizer feed point on the 

disc turned out to be a parameter that did not affect the mean radius of the spreading area. 

2. Results of the variance analysis for the linear multiple regression model of the relationship 

between the mean fertilizer spread radius and the studied features showed that 91.27 % of the 

variability of dependent variable is explained by the model. In the regression equation for the 

mean fertilizer spreading radius, independent variables include: vane angle (S), rotational speed of 

the disc (V), specific density of the fertilizer (G) and the share of dust fractions (FP). Directional 

coefficient of variable fertilizer feed point on the disc (P) proved to be insignificant at the 

required level of significance. The average errors of estimation related to the values of the 

corresponding coefficients are very diverse. Estimation error for parameters: vane angle (S), 

rotational speed of the disc (V), content of dusty fractions in the fertilizer (FP) does not exceed 

14 % (from 0.5 to 13.86 %). On the other hand, for free term, almost 60 % is an assessment error. 

Variable share of dusty fractions (FP) alone explains over 72.25 % of the variance of dependent 

variable. The variable regression coefficient of dusty fractions share has a minus sign, which 

means that the increase in the independent variable corresponds to a smaller value of the 

dependent variable. 
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