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SUMMARY 
The quality of field application of solid fertilizers depends upon their physical and 

mechanical properties. Dynamic strength of fertilizers and their particle size distribution are 
considered as important properties affecting the quality of field application. With this 
motivation in mind, the authors conducted a study of the relationship between the dynamic 
strength of fertilizer particles, their size distribution, and acting air pressure during 
laboratory tests. These tests have been conducted according to the national standard STN 
65 4827 - Method for determination of fertilizer dynamic strength. For the two selected 
granular fertilizer types a series of laboratory measurements of the mechanical damages of 
the fertilizer particles were conducted under conditions of variable air pressure. Before the 
experiments each fertilizer sample was sieved to obtain specific fractions. After the 
experiments, the results were subjected to analysis of variance, ANOVA. According to 
obtained results it is possible to determine the estimated level of fertilizer particle damage 
due to impact of dynamic forces in the application mechanism of the fertilizer spreader.         

Key words: granular fertilizer, dynamic strength, air pressure, fertilizer particle size 
distribution  

1. INTRODUCTION 
Due to the changes in proprietary relations and ownership rights in our countries, 

important restructuring in the field of agriculture has taken place. Martinov et al, (2007) 
report on an establishment of a new farm structure. These changes have also created new 
environment for utilization of agricultural machinery. Malinović et al, (2005) maintain that 
despite traditional negligence, nowadays the issues of long term sustainability and 
production effectiveness have gained new importance and significance. With this in mind, 
it is very important to know the factors which impact the effectiveness of the cropping 
systems. From the point of farm machinery management it is very important to correctly 
select the machine for the tractor and therefore Mileusnić et al, (2008) optimized the set of 
machines for the soil tillage operations.  Malinović et al, (2001) analyzed in detail the 
operational quality and energy indicators of machines for wheat seeding. The working 
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quality of machines used in crop production is significantly effected by the technical 
progress of machine design. Therefore, Malinović (2003) dealt with advances in the area of 
machines for field crops seeding and the effects on the crop stand establishment. Significant 
advances can be observed in the area of machines for pest control. Đukić and Sedlar (2003), 
state the examples of technical advances in design of sprayers which are oriented towards 
higher quality and better uniformity of spraying. Finally, it allows to obtain higher 
economical effectiveness of cropping system. Very intensive technical progress can be 
observed in the area of combine harvesters design and ting quality according to Marković 
and Simonović (2008) there is an ever increasing use of electronic and automatic systems. 
Malinović and Meši (2008) stress out that agricultural production should not only meet 
criteria of economical effectiveness but also the ecological ones. Martinov and Veselinov 
(2009) present examples of technical innovations used on modern machines with the design 
that meets both economical and ecological requirements and criteria. Fulfillment of such 
criteria must positively effect the quality of machine work. One of the areas where the 
operational quality of machines effects both the final results of field crops growth and 
ecology is the application of fertilizers. Fiala and Oberti (1999);  Balsari (1999); Srinivsan, 
et al, (2006)  and Srivastava et al, (2006) claim that operational quality of fertilizer 
spreaders depends in many respects on the physical and mechanical properties of fertilizers. 
This is especially true in the case of site-specific application of fertilizers within the system 
of precision farming. With the aim to study in detail the relationship between function and 
capacity, Fulton, et al, (1999) developed the model which allowed to simulate the capacity 
of centrifugal fertilizer spreader during application of fertilizer with variable-rate. Hofstee, 
et al, (1999) and Fulton et al, (2003) reviewed different designs of fertilizer spreaders based 
on the design of their functional mechanisms. The above authors pointed out that modern 
fertilizer spreaders require a fertilizer with uniform physical and mechanical properties. 
Only such kind of fertilizers can assure the uniformity of application. Parish (2002) studied 
the rate setting effects on fertilizer spreader distribution patterns in transversal and 
longitudinal directions. Srivastava et al, (2006) assessed the functional processes of 
granular fertilizers applications from the point of uniformity of fertilizers. Smith et al, 
(2004) studied the uniformity of granular fertilizer applications with a spinner truck. It is 
possible to agree with the opinion of Turan and Kosovac (2008), that the working quality of 
fertilizer spreaders impacts the effectiveness of utilization of applied nutrition and therefore 
they predefine the economic performance of a cropping system. In relation to the above 
review, we recognize the importance of knowing physical and mechanical properties of 
fertilizers. In our research we have focused our attention to a very important property of 
fertilizers – dynamic strength of particles for the selected types of fertilizers. Dynamic 
strength of particles effects the action of fertilizers during their application in field 
conditions.  

2. MATERIALS AND METHODS 
In this paper we have focused on the effects that the fertilizer particle size distribution 

and acting air pressure exert on the dynamic strength of fertilizers. Air pressure represented 
the dynamic force which acted on fertilizer particles during their impact on hard surface. 
Individual fractions of particle size distribution represented the size changes of incident 
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particles in concrete type of fertilizer. During the test of dynamic strength, which was 
conducted in laboratory conditions, we proceeded according to the national standard STN 
65 4827 – Method for determination of dynamic strength of fertilizers.  

The measurements were made for two types of fertilizers (prilled fertilizer and granular 
fertilizer) (Table 1). Before the experiments each fertilizer was sieved by the sieving 
machine to generate fractions of particular size. Fertilizer fractioning was done according to 
the national standard STN 65 4823 – Method for determination of granular size 
distribution.  

2.1. Test procedure 
Each fraction of fertilizer was represented by a 50g sample (accuracy ± 0,01g). Air 

pressure was gradualy varied on a manometer which was used for measurement of dynamic 
strength. Air flow was transporting fertilizer particle sample from the hopper and they 
impacted on the shield (crash screen) (Fig. 1), where they were destroyed. Subsequently the 
fertilizer particles sample was weighed on the sieve with the 2 mm hole diameter (Note: for 
the prilled fertilizers Ammonium nitrate, and Urea, a sieve with hole diameter 1 mm was 
used due to high share of small fractions). According to the national standard STN 65 4823 
the time of sieving was 1 min. The weight of the oversize fraction was determined 
beforehand, and the percentage share was then calculated from the fertilizer sample 
difference before and after the test. This value represented the extent of damage to a 
particular fertilizer fraction for the current air pressure.  

In order to obtain objective results the experiments were repeated three times for each 
value of air pressure and each type of fertilizer. Two-factor analysis of variance (ANOVA) 
was used for evaluation of final results. Analysis was performed using statistical module for 
MS Office Excel. 

 
Fig. 1 Equipment for measurement of dynamic strength (STN 65 4827) 

Sl. 1. Oprema za merenje dinamičke čvrstoće  (STN 65 4827) 
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Tab. 1. Characteristics of fertilizers used in experiments 
Tab. 1. Karakteristike mineralnih hraniva korišćenih u eksperimentu 

Fertilizer brand Fertilizer type Importer  
AMMONIUM NITRATE PRILLED SLOVAGRA S.R.O. 

Nutrient content of fertilizer Fertilizer particle size distribution 
Total nitrogen: 34% More than 4 mm 1,93% 

  1 – 4 mm 98,05% 
  Less than 1 mm 0,02% 

Fertilizer brand Fertilizer type Producer 
DUSLOFERT EXTRA 14-10-

20-7S GRANULAR DUSLO, A.S.  
Nutrient content of fertilizer Fertilizer particle size distribution 

Total nitrogen: 14% More than 10 mm 0% 

Total phosphorus: 10% 2 – 5 mm 
min. 90 

% 
Total potassium: 20% Less than 1 mm max. 1 % 
Sulphur: 7%   
Calcium: 2,10%   
Magnesium: 1,20%   

3. RESULTS AND DISCUSSION 
Based on experiments it is possible to state that the effect of air pressure and fertilizer 

particle size distribution on the fertilizer particles damage (dynamic strength test) can be 
successfully approximated by the least squares method. According to the values of 
coefficient of determination (R2) the linear regression model best describes the given 
relations. 

In Fig. 2 and Fig. 3 linear dependence between the fertilizer particle damage  and acting 
air pressure is obvious. The amount of the damaged fertilizer particles was directly 
proportional to the increasing air pressure. The highest value of particle dynamic strength 
was recorded for fertilizer Duslofert EXTRA, which for the pressure 300 kPa had only 
l3,5% – 9% of damaged particles. For the prilled fertilizers the share of damaged particles 
was 2-3-times higher  compared with the granular fertilizers. This was caused by different 
structure of the individual particles due to applied manufacturing technology.    

Presented images reveal that fertilizer particle damage depends not only on the increase 
of air pressure, but also on the size of individual fertilizer fractions. Small fertilizer 
particles have smaller dynamic strength when compared with larger-diameter fertilizer 
particles.    

For the analysis of significance of both factors and their order of precedence (fertilizer 
particle size distribution, air pressure – representing the dynamic force acting on fertilizer 
particle) two-factor analysis of variance was used.     

In Table 2 presented are the results of the two-factor analysis of variance for each 
fertilizer. The aim was to find out which variability factor (fertilizer particle size or acting 
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air pressure) has stronger influence on the destruction of fertilizer particles during test of 
dynamic strength. Within the two-factor analysis of variance we tested (using of F-test) the 
compared files of values by verifying the statistical hypothesis H0. This hypothesis 
presupposes the consistency of tested files meaning that the studied factor has no effect on 
the dynamic strength of fertilizer particles in case that condition F < Fkrit. is satisfied. In our 
case, the condition F > F krit. → zero was satisfied and the hypothesis was dismissed. For 
that reason it is possible to accept the idea about the significant effect of individual 
variability factors on the parameter we have studied. “Variability” data of individual factors 
(Table 2) represent the intensity of the effect of individual factors on destruction of 
fertilizer particles. The lines marked by term "Interaction“ are expressing the simultaneous  
(concurrent) effect of both factors on the studied feature. 

The term "Within “ represents the values of the so called residual (not found) variability, 
which affects the tested file of data. Individual two-factors analysis was performed with α = 
0,05 significance elevel. 

From the results obtained, it is possible to state in the case of both types of fertilizers that 
factor “air pressure” has the strongest influence on the destruction of fertilizer particles. For 
the fertilizer Ammonium nitrate it is 79,91% and for the fertilizer Duslofert EXTRA it is 
66,04%. This factor expresses  the dynamic force of the impact of the fertilizer particle on 
the crash screen.  

The effect of variable particle size on the dynamic strength was also confirmed but its 
effect is not so significant when compared with the factor “Air pressure”. Concurrent 
interaction of both factors and residual variability have reached only minimal values.  

 
Fig. 2 Damage to fertilizer Ammonium Nitrate particles 

Sl. 2. Oštećenja granula amonijum nitratnih  mineralnog hraniva 
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Fig. 3 Damage to fertilizer Duslofert EXTRA particles 

Sl. 3. Oštećenja granula mineralnog hraniva Duslofert EXTRA 
 
Tab. 2 Table of results - Analysis of Variance 
Tab. 2. Rezultati – Analiza varijanse 

ANOVA Ammonium nitrate - prilled 
Source of 
Variation SS PSV MS F P F krit Variability, % 

Particle size 116,2 1 116,2 43,6 2,523.10-05 4,7 10,06 
Air pressure 923,2 2 461,6 173,2 1,408.10-09 3,9 79,91 
Interaction 83,9 2 41,9 15,7 0,00044253 3,9 7,26 

Within 32,0 12 2,7    2,77 
Total 1155,3 17     100,00 

 
ANOVA 
Source of 
Variation 

Duslofert EXTRA 14-10-20-7S - granular 

SS PSV MS F P F krit Variability, % 

Particle size 52,5 2 26,3 343,3 2,202.10-18 3,4 22,38 
Air pressure 155,0 3 51,7 675,4 2,652.10-23 3,0 66,04 
Interaction 25,3 6 4,2 55,2 7,247.10-13 2,5 10,79 

Within 1,8 24 0,1    0,78 
Total 234,7 35     100,00 

Description of abbreviations: SS – sum of squares, MS - Mean Sum, F – testing criterion of 
F-test, P - significance level, F krit – critical value of Fisher-Snedecor distribution 
The measurements were conducted in laboratory conditions: air temperature 21° C, relative 
air humidity 70%. 
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4. CONCLUSION 
Fertilization and supply of soil with nutritional elements belong to the most important 

factors of precision farming system as they affect yield in crop production and economic 
effectiveness of farming in general. Proper and accurate application of fertilizers is affected 
not only by machine parameters, and natural conditions, but also by the properties of 
applied fertilizers. Among such properties, dynamic strength of fertilizer particles must be 
included as an important  part of its physical and mechanical properties.  

The aim of this paper was to point out the effect of selected factors which predefine the 
strength of fertilizer particles during material handling, manipulation and field application. 
It should be noted that in the process of mixing fertilizers (mechanical mixing of one-
component fertilizers) it is important to take into account not only their chemical 
composition but also the dynamic strength of their particles. Fertilizer particles with 
insufficient dynamic strength are very easily destroyed. This results in nutritional losses, as 
well as to inaccurate and non-uniform field application.  
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SAŽETAK 
Kvalitet poljske aplikacije čvrstih veštačkih hraniva u velikoj meri zavisi od njihovih 

fizičko-mehaničkih osobina. Među ovim osobinama značajno mesto zauzimaju 
granulometrijski sastav mineralnih hraniva i njihova dinamička čvrstoća. Iz navedenih 
razloga ispitivanjem je obuhvaćeno određivanje dinamičke čvrstoće i granulometrijskog 
sastava u zavisnosti od veličine pritiska vazduha prilikom laboratorijskih ispitivanja. Ova 
ispitivanja izvedena su prema standardu STN 65 4827 (Metod određivanja dinamičke 
čvrstoće veštačkih hraniva). Na izabranim uzorcima dva tipa granulisanih veštačkih hraniva 
izvedena je serija laboratorijskih merenja mehaničkog oštećenja čestica (granula) hraniva 
za različite vrednosti pritiska vazduha. Oba tipa hraniva pre ispitivanja razdeljena su 
pomoću sita prema dimenzijama. Rezultati merenja obrađeni su pomoću dvojfaktorijalne 
analize varijanse (ANOVA). Na osovu izmerenih rezultata moguće je pretpostaviti stepen 
oštećenja hraniva delovanjem dinamičkih sila koje nastaju u uređaju za aplikaciju (rasipaču 
veštačkih mineralnih hraniva) prilikom aplikacije u poljskim uslovima. 

Ključne reči: granulisano veštačko hranivo, dinamička čvrstoća hraniva, pritisak 
vazduha, granulometrijski sastav 
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