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A B S T R A C T
The objective of this study was to evaluate the performance of a variable-rate fertilizer 
distribution system for coffee crop, simultaneously applying two products. Two types of 
tests were performed: transversal deposition and longitudinal deposition. The transversal 
deposition test, with tarps, aimed to quantify the variations between programmed and 
applied doses, using a completely randomized design (CRD), in a factorial scheme, and 
the Scott-Knott test at p < 0.05. The longitudinal deposition test aimed to determine the 
distribution characteristics of the equipment along the displacement line, based on relative 
frequency values. In addition, the application rates on both sides of the distribution system 
were analysed using a CRD and the Scott-Knott test at p < 0.05. The application variation in 
the transversal deposition test with tarps was 1.59%. The variable-rate distribution system 
remained stable regarding the longitudinal deposition, regardless of any interaction.

Desempenho de um sistema de distribuição
de fertilizantes de aplicação simultânea a taxa variável
R E S U M O
Objetivou-se, neste trabalho, avaliar o desempenho de um sistema de distribuição 
de fertilizantes a uma taxa variável para a cultura do café aplicando dois produtos 
simultaneamente. Realizaram-se dois tipos de ensaio: o de deposição transversal e de 
deposição longitudinal utilizando-se, nesses ensaios, delineamento inteiramente casualizado 
(DIC) em esquema fatorial sendo realizado o teste de Scott-Knott a 0,05 de probabilidade. 
Nos ensaios de deposição transversal objetivou-se quantificar as variações entre as doses 
programadas e aplicadas enquanto os ensaios de deposição longitudinal tiveram, como 
objetivo, a determinação das características de distribuição do equipamento ao longo da 
linha de deslocamento analisados através de valores de frequência relativa; outro fator 
analisado foi o comportamento de aplicação das doses nos dois lados de distribuição do 
sistema; observou-se que a variação de aplicação no ensaio de deposição transversal com 
lonas foi de -1,59%; o sistema de distribuição a uma taxa variável se manteve estável em 
relação à deposição longitudinal independente de qualquer interação.
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Introduction

From the 19th century, coffee became the main product in the 
agro-marketing scene, stimulating Brazilian industrialization 
in the beginning of the 20th century. Along this course of 
events, however, Brazilian coffee production has undergone 
relevant geographical and structural changes and, alternately, 
moments of crisis, always maintaining its relative importance 
for the development of the country (Vilela & Rufino, 2010).

One tool that can be used to increase management capacity 
is precision agriculture (PA). PA is a form of managing the 
variabilities from which one intends to benefit, optimizing the 
use of inputs and reducing costs in favor of the environment 
and the agricultural production. 

According to Bottega et al. (2013), the characterization of 
the spatial variability of soil chemical and physical attributes 
through sampling is essential because of its capacity to reduce 
environmental impacts caused by agricultural practices and 
optimize the production process. Researches on PA for coffee 
have shown substantial variability in soil and production 
attributes.

Silva et al. (2007; 2008) and Ferraz et al. (2012) characterized 
the spatial variability of soil chemical attributes in the coffee 
crop and the studied variables showed structure of spatial 
dependence; these authors also observed that, with great 
variation amplitude of chemical attributes, the differential and 
localized application of fertilizers in the coffee crop is justified.

Molin et al. (2010), in a study comparing applications 
at variable and fixed rates in the coffee crop, observed that 
the area where the fertilizers were applied in variable rates 
showed a 34% yield increase, in comparison to the area under 
the application of fixed rates. Ferraz et al. (2011) observed 
that manual application of variable rates of phosphorus 
and potassium was economically more advantageous, in 
comparison to the conventional application system.

In order to apply variable doses effectively, fertilizer 
distribution machines need to be adapted to the characteristics 
of each crop, since the performance of fertilizer and corrective 
distributors can be affected by various factors.

Serrano et al. (2007) performed static and dynamic 
tests using a centrifugal fertilizer distributor for precision 
agriculture and observed the capacity of the equipment to 
autoregulate according to the variations in the working velocity 
and in the applied doses as a function of the georeferenced 
position in the plots.

Garcia et al. (2012) modeled and simulated the dynamic 
behavior of an auger-type fertilizer applicator in order to use the 
variable-rate application and reduce the coefficient of variation 
(CV) of the application. The model allowed developing 
strategies for an effective action in order to reduce significantly 
the CV of the fertilizer application rate. Thus, there is the need 
for researches on the development of specific equipment and 
evaluation parameters for the coffee crop, because, although 
PA is already a reality in the cultivation of coffee, only a few 
studies were conducted using machines in this area. Therefore, 
this study aimed to evaluate the operational performance of a 
variable-rate fertilizer distribution system, which applies two 
products simultaneously, and create evaluation parameters 
for the coffee crop.

Material and Methods

Field tests were carried out at the Federal University of 
Lavras, in Lavras-MG, Brazil (21° 14’ S; 45° 00’’ W), with mean 
altitude of 918 m on a flat surface.

The machine used was a semi-mounted fertilizer distributor, 
which can apply two types of fertilizers simultaneously, at 
different rates. The machine is equipped with two independent 
tracks; two fertilizer tanks, dividing the machine into two 
equal parts; a volumetric metering mechanism with a variable 
opening and a centrifugal distributor with two horizontal 
discs, which direct the application to the planting row through 
lateral deflectors.

The fertilizer distributor had a load volume of 1.10 m3, i.e., 
0.55 m3 for each tank, total width of 1.50 m, length of 3.36 m, 
height of 1.40 m and axle track of 1.25 m. In all the tests, the 
distributor operated with half of its maximum load.

 The machine was equipped with an independent power 
transmission system, composed of a pump, two electric-
hydraulic flow control valves and two hydraulic motors, which 
did not require oil flow from the tractor. Through a controller, 
the system sent signals to the hydraulic valves allowing 
variation in the flow to the hydraulic motors, leading to the 
variation in the velocity of the feed track. This variation was 
based on the fertilizer dose to be applied or the velocity of the 
motor-mechanical set.

The controller used in the machine had a DGPS receiver 
with sub-metric accuracy, i.e., with errors of spatial positioning 
lower than 1.0 m. 

The agricultural tractor used was a BX6110 (Agrale®), with 
maximum power of 105 hp and hydraulic system with capacity 
for maximum pressure of 108 kgf cm-2 and flow rate of 51.5 L 
min-1 in the pump of the hydraulic system.

The tests were performed when the wind speed was less 
than 2 m s-1 and the relative air humidity below 80%.

The fertilizers applied in the tests were characterized for 
granulometry, angle of repose and density. Two commercial 
fertilizers were used, which are referred to as Product A, with 
20% of N and 20% of K2O in its formulation, and Product B, 
with 60% of CaO and 30% of MgO.

For granulometry, 76.41% of the sample of Product A 
retained in the mesh showed diameter equal to or higher than 
2.8 mm; for Product B, the highest amount of the product 
retained showed diameter equal to or higher than 4 mm, 
representing 74.59% of the sample. Thus, Product B has higher 
mean diameter of granules in comparison to Product A. The 
density, humidity and angle of repose of the fertilizers were 
also analysed. Product A showed density of 1.09 kg dm-3, 
humidity of 2.1% and angle of repose of 25.20°, while Product 
B showed density of 0.86 kg dm-3, humidity of 1.8% and angle 
of repose of 26.83°.

According to Mialhe (1996), materials with up to 40º of 
angle of repose have good flowing characteristics.

Through the transversal deposition test with tarps, two 
products, three doses and two different velocities were 
evaluated.

The doses were 400, 700, 1000 kg ha-1, and the velocities 
were 4.5 and 6.2 km h-1, referring to the B-low 2nd and B-low 
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3rd tractor gears, at motor rotation of 2,200 rpm with power 
takeoff in the rotation of 540 rpm.

A distance of 20 m between the collecting tarps was 
adopted for the stabilization of the system and each test had 
five replicates. After this process, the samples were numbered 
and weighed on an electronic scale with resolution of 0.01 g.

The test aimed to verify the effects of velocity variations 
between the programmed and applied doses, besides observing 
if the precision was altered according to the sides of application 
in the machine. Ultimately, the material was collected using 
a pair of 2-m-long tarps covering both distribution sides of 
the machine.

The difference between programmed and applied doses 
was evaluated through the percent variation, by collecting 
all the material deposited on the tarps and extrapolating the 
values to kg ha-1.

Based on the variation data, it was evaluated if these errors 
change depending on the product used, doses, velocities and 
application side. This analysis was performed using a completely 
randomized design (CRD), in a 2 x 3 x 2 factorial scheme, with 
5 replicates. Significant values were subjected to Scott-Knott 
test at 0.05 probability level using the computational program 
Sisvar® (Ferreira, 1999).

The longitudinal deposition test aimed to determine the 
system’s distribution characteristics along the displacement 
line and verify the doses on both distribution sides.

 Trays with dimensions of 0.5 x 0.5 m were arranged in 
single lines, along the machine displacement line, totaling 30 
trays on each side. The lines remained 0.7 m distant from the 
deflectors of the application system.

Five passings were performed at the doses of 400, 700 and 
1000 kg ha-1, at the velocity of 6.2 km h-1 using both products. 
After application, each sample was numbered and weighed, 
dividing the obtained value by the number of passings.

With the data obtained by weighing the material, the 
relative frequency (%) was calculated based on the highest 
value obtained (100%). The data were expressed as Cartesian 
graph, in which the Y-axis represented the percentage of the 
applied product in each point along the distance covered in 
the test.

For the verification of the doses with respect to the variation 
on both application sides, a CRD was used in a 3 x 2 factorial 
scheme, which consisted of 3 doses and 2 types of fertilizers, 
with 5 replicates. Significant values were subjected to the Scott-
Knott test at 0.05 probability level, using the computational 
program Sisvar® (Ferreira, 1999).

Results and Discussion

The analysis of variance for the transversal distribution of 
the applied product is shown in Table 1.

The interaction of Velocity x Doses x Products was not 
significant (p > 0.05); therefore, the effects of the variations in 
velocity, doses and products do not interfere with the errors 
in the application on the right and left sides of the machine.

Thus, regardless of the velocity, application doses and the 
product used, the system adjusts to the determined conditions 
and applies the dose required by the controller. Similar result 

was observed by Umezu & Capelli (2006), who developed a 
control mechanism to compensate the change in rotation of 
fertilizer dosers, at a variable rate, as a function of the change 
in the temperature of the hydraulic oil.

For all the studied variables, the variable-rate distribution 
system showed sub-dosage.

The highest and lowest mean errors of application were 
observed with Product B, which showed variation of -2.29% 
at the velocity of 6.2 km h-1 for the dose of 1000 kg ha-1 and 
-0.89% at the velocity of 4.5 km h-1 for the same dose.

The mean value for all the types of variation was -1.57%. 
Barros et al. (2015), in a similar study using a variable-rate 
fertilizer/corrective distribution machine, applying only 
one product, observed values from -0.74 to -3.70% and 
obtained mean variation of -2.67%. Thus, the variable-rate 
distribution system, applying two products simultaneously, 
can be considered as precise, because, despite having a higher 
minimum error, the mean of the observed error was lower 
than the compared value. 

This higher precision may be due to the independent 
hydraulic system, present in the variable-rate application 
system.

 Cerri & Balastreire (2003) developed a variable-rate 
fertilizer application system and observed similar and 
sometimes negative results, around -0.4% of error and mean of 
0.3%. The data in the present study were very similar to these 
values, showing that, in general, the system functioned well 
for the types of fertilizers.

The analysis of variance for longitudinal deposition tests 
of the applied products is shown in Table 3.

Table 1. Analysis of variance for the transversal deposition 
test on both application sides

nsNot significant; CV – Coefficient of variation; DF – Degrees of freedom

Table 2. Mean error of application (%) on the right and 
left sides of a variable-rate fertilizer distribution system 
using the Products A and B, according to the velocity (V) 
and the dose (D)
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Table 3. Analysis of variance for the longitudinal deposition 
test with two types of products, for the application doses 
of 400, 700 and 1000 kg ha-1 considering the right and left 
sides of the variable-rate distribution system

nsNot significant; CV – Coefficient of variation; DF – Degrees of freedom 

Figure 1.  Percent values of longitudinal applications at 
the doses of 400 kg ha-1 (A), 700 kg ha-1 (B) and 1000 kg 
ha-1 (C) for the Product A
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Figure 2.  Percent values of longitudinal applications at 
the doses of 400 kg ha-1 (A), 700 kg ha-1 (B) and 1000 kg 
ha-1 (C) for the Product B
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None of the interactions showed significant values (p 
> 0.05). Thus, regardless of the product, dose or side, the 
variable-rate distribution system remained stable with 
respect to longitudinal deposition. Werner et al. (2007), in a 
similar study but using a one-line applicator with centrifugal 
distributor, obtained coefficients of variation from 10 to 28%, 
i.e., much higher than those observed in the present study, 
which was 6.38%.

Figure 1 represents the variations occurred in the 
longitudinal application of the Product A, at the doses of 400 
(Figure 1A), 700 (Figure 1B) and 1000 kg ha-1 (Figure 1C).

Figure 2 represents the variations occurred in the 
longitudinal application of the Product B, at the doses of 
400 (Figure 2A), 700 (Figure 2B) and 1000 kg ha-1 (Figure 
2C).
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As observed in Figures 1 and 2, the variation of the 
application along the displacement line occurs between the 
collectors, with values every 0.5 m.

The highest variations occurred at the dose of 400 kg ha-1 for 
the Product B, which showed higher angle of repose compared 
with Product A, leading to a more difficult flow of the material 
in the distribution system (Mialhe, 1996). One factor that can 
be attributed to these variations is the different densities and 
particle sizes of the products. Molin et al. (2009) and Werner 
et al. (2007), in their studies, observed variation in application 
using centrifugal distribution machines, when the products 
showed variation in density or particle size. The latter also 
cites that such deviation or variation can be attributed to the 
granulometry of the product used, which interferes with its 
fluidity through the dosing system of the equipment.

Conclusions

1. Variations of doses, velocities and products did not 
interfere with the application precision of the system, validating 
the use of a controller under different field conditions.

2. The mean variation in the application between the 
programmed and the applied dose for the transversal 
distribution test with tarps was equal to -1.57%.

3. The variable-rate distribution system remained stable 
with respect to the longitudinal deposition, regardless of the 
variation in the doses, velocities, products and application 
side, showing maximum mean error of -7.99% and minimum 
of -3.76%.
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