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In order to increase the cost-effectiveness of blueberry (Vaccinium) cultivation in blueberry plantations, all of its technological
operations should be automatized. It is reasonable to start the automation of blueberry cultivation from the technological operation of
fertilising the blueberries as the main purpose of this operation is to dose a prescribed amount of fertiliser under the plant’s crown.
When a new blueberry plantation is established on depleted peat milling fields, then the plants are set at pre-determined steps into
parallel rows. Fertilisation of the plants in the first years of growth must be performed individually, i.e. each plant is fertilised
separately. This is called precision fertilisation. In order to design the technological devices for blueberry cultivation, including the
fertiliser robot, it is important to know the location of plants on the field or, more precisely, their position in the row. The goal of this
study is to determine the position of blueberry plants in the plantation. In order to meet the goal, measurements were performed in the
blueberry plantation and the position of plants in randomly chosen row was measured. It became clear from the study that plants are
not positioned regularly at equal intervals in a straight line; therefore, the fertiliser robot to be designed must include the functions of
plant identification and control of fertiliser jet to ensure individual or precision fertilisation of plants.
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INTRODUCTION

According to sources (Olt et al., 2013; Starast et al., 2002; Retamales, Hancock, 2018; Zydlik et al., 2016), the
blueberry (Vaccinium) cultivation system contains the following technological operations: 1) soil preparation, 2) planting
of the plants, 3) maintenance of the plantation, 4) fertilisation of plants, 5) plant protection, 6) improvement of soil
properties with vaccines 7) harvesting, 8) post-harvesting processing and 9) cutting back the plants or rejuvenation
pruning. These technological operations can be performed either manually or using a machine (Olt et al., 2013; Scherm
et al., 2010), whereat the latter method of cultivating the blueberries is more productive and efficient than the former
(Kais, Olt, 2010; Takeda et al., 2017). Blueberry plantations have been established on mineral soils, but also on depleted
peat milling fields (Peatland Ecology..., 2009). Machines have been developed for performing all of the technological
operations in blueberry plantations established on mineral soils.

Peat milling fields have a pH level and moisture regime that is suitable for blueberry cultivation (Noormets et al.,
2003; Smagula et al., 2003; Arak et al., 2018); however, their ground has a low load bearing capacity and, therefore,
machines with very low special pressure can be used here and, unfortunately, these have not been in the centre of attention
of larger machine-building companies. A few smaller companies have produced machines and devices that can potentially
be used in plantations established on peat milling fields (Olt et al., 2013).

One of the possibilities of reducing the unit cost of blueberry cultivation is by implementing machines. The use of
machines in blueberry cultivation sets specific requirements to the plantation, namely the following: 1) the use of
machines is possible in continuously maintenanced and pruned plantations; 2) in order to ensure the normal operation of
servicing and harvesting machines, the ground of the plantation must be level and it should remain level during
exploitation; 3) service or technical roads must be established; 40 machine harvesting requires the periodic pruning of old
branches; the first rejuvenation pruning is performed from the 8" to 10" year, thereafter every 3-4 years.

The efficiency of machine cultivation of berries, including blueberries, can be further increased by using the
methods of precision cultivation (Chang et al., 2012) and by robotizing the performance of its technological operations.
It is reasonable to start the robotization of blueberry cultivation from the fertilisation of the plantation by modelling a
fertiliser robot. It must be taken into account that the availability of nutrients in the soil affects significantly the
productivity of the plants (Farooque et al., 2012); greater fertilisation norms (nitrogen up to 150 kg ha™) improve
significantly the growth of the plants and improve yield (Ehret at al., 2014), especially on soils low in nutrients (Starast
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et al., 2007; Paal et al., 2011). A strong positive relation has been found between the availability of nutrients and the
vegetative parameters of the blueberry plant: the plant’s height and area of the leaves (Leit, 2017; Vainura, 2018).

However, fertilisation depends on the properties of a specific soil and the plant’s age, which results in a specific
norm for each fertiliser. From the point of view of the plant’s age, it should be kept in mind that the root grows each year
and this results in a larger area to be fertilised. In the first year, the fertiliser should be spread to a smaller area of about
20 x 20 cm around the plant; at the age of 6-8 years, the area of plant’s roots has achieved maximum dimensions (about
100 x 100 cm); this also depends on the density of plantation: if the distance between plants in a row is 150 cm, then the
area to be fertilised is 150 x 150 cm).

The following main and specific functions need to be defined to design a fertiliser robot for blueberry plants: 1)
the blueberry plants in the plantation have been placed at certain intervals (1, 1.5 and 2.0 m) in a row and, therefore, the
fertiliser robot must move in a straight line on the field along the plant row; 2) fertiliser must be spread around the plant
under its crown (Hart et al., 2006); 3) blueberry plants must be fertilised 2—3 times per season by dosing 30-80 g plant*
(less in the first years, more in the later years (Hart et al., 2006), which means that the dosing unit of the fertiliser robot
must be adjustable for dosing predetermined amounts of fertiliser. It is not possible to use overall fertilisation in a
blueberry plantation as this will result in the thriving of weeds and this would raise the maintenance costs unexpectedly.

If the blueberry plants would be located in one row and at fixed intervals, then the designing of the fertiliser robot
would be relatively easy. However, the plant rows are usually not straight, because the plants are not located in distinct
rows and the distance between them varies; therefore, the fertiliser robot must be equipped with the functions of
identifying the blueberry plant and controlling the fertiliser jet. Thus, the goal of this study is to define the position of
blueberry plants in plant rows in established blueberry plantations.

MATERIALS AND METHODS

Studies were carried out in June 2018 in the in Toomas Jaadla’s Marjasoo farm blueberry plantation in Rannu
municipality in Tartu County (Estonia) (Fig. 1).

Figure 1. Top view of the Marjasoo farm’s blueberry plantation (photo A. Arula, Droon Phantom Advanced)

A random plant row with plants 1 (Fig. 2) of two years of age was chosen in a young blueberry (Vaccinium
angustifolium Ait.) plantation for determining the position of blueberry plants.

Figure 2. Fragment of a headland in the Marjasoo farm: 1 — plants, 2 — technical road, 3 — measuring rod (1 m) (photo A. Arula,
Droon Phantom Advanced)

In order to determine the position of plants 1 (Fig. 3) in rows, rope 2 was placed 400 mm from the first and last plant
of the row (on the side next to the technical road) and measuring tape was used to measure using the accuracy of 5 mm.
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Figure 3. Scheme for determining the parameters of a blueberry plant row: parameters of the plant row (A) and geometrical parameters
of the plant (B): 1 — plants, 2 — base rope, a — distance of a plant from the base (measuring) rope, b — length of the edge perpendicular
to the measuring line of the blueberry bush’s projection, ¢ — length of the edge parallel to the measuring line of the blueberry bush’s
projection, d — distance between the plants, h — height of the plant

A crater for planting had been formed around the plant using hand tools and the plant is located in the centre of
this crater (Fig. 4) with the following parameters: outer diameter of the planting crater D, = 935 mm, inner diameter of
the planting crater Ds = 340 mm and height of the planting crater h, = 93 mm.

Figure 4. Parameters of the crater around the blueberry plant: Dy is the outer diameter of the crater, Ds — its inner diameter, 2 — base rope.

RESULTS AND DISCUSSION

One plant row planted in 2016 in Toomas Jaadla’s Marjasoo farm’s blueberry plantation was chosen for measuring.
The characteristic technological parameters of this row were the following: 1) total length of the row of blueberry plants
is 177 m; 2) distance between plant rows is 2.7 m; 3) a technical road of 1.5 m was located between the rows; 4) the
number of plants in the row is 130, including 15 plants that have dried and 2 planting craters hold 2 plants each.

It became evident during the positioning of blueberry plants in the row (Fig. 5) that the deviation of plants from
the central axis remained in the range of —295 mm to 365 mm.
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Figure 5. Position of blueberry plants in a row
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It became evident from data analysis (MS Excel) that the average distance of plants from the central axis of the
plant row is relatively small (only 1.8 mm); however, as the plants are located on both sides of the central axis and they
have a wide range (660 mm), then the standard deviation is a high £162 mm. The asymmetry multiplier (skewness) and
excess (kurtosis) of the position of the plants are 0.35 and —0.86, respectively. It can be claimed using this information
that the majority of the plants are positioned to the left of the plant row and distances have concentrated away from the
mean value towards the negative values. The distribution of plant positions is described in Figure 6.
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Figure 6. Histogram of the upper limits of the distance of blueberry plants to the central axis of the plant row

The mean distance of blueberry plants in the row described in Figure 2 including standard deviation, is 1372 +
166 mm, with the minimum and maximum distance between the plants being 915 and 1800 mm, respectively. The
asymmetry multiplier (skewness) and excess (kurtosis) of the distance between the plants are —0.17 and 0.26, respectively;
this can used to claim that the majority of the distances are greater than the mean value. The distance between the plants
in a plant row has been described in Figure 7.
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Figure 7. Histogram of the upper limits of the distance between the plants

From the point of view of modelling the fertiliser robot, it is necessary to know the dimensions of the projection
of the blueberry plant’s leaves. This study treats the shape of a blueberry plant as a rectangle with side’s mean length,
including standard deviation, being 180 £ 84 mm and 189 + 87 mm. The perpendicular (b) and longitudinal (c) length of

the projection of leafage varies greatly: b = 50...480 mm and ¢ = 40...440 mm. The measurement results have been given
in Table 1 and illustrated in Figures 8 and 9.

Table 1. Parameters of blueberry plant’s leafage and height

Parameter b, mm c, mm d, mm
Mean 179.8 188.7 219.7
Standard deviation 83.7 86.9 57.9
Kurtosis 1.2 -0.1 0.6
Skewness 1.1 0.7 0.3
Range 430 400 330
Minimum 50 40 60
Maximum 480 440 390
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Figure 8. Histogram of the upper limits of the projection of the width of the leafage of blueberry plants
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Figure 9. Histogram of the upper limits of the projection of the length of the leafage of blueberry plants

The height of the blueberry bush must be known to determine the machine’s clearance. The measurement results
of the heights of blueberry bushes have been illustrated in Figure 10 and statistical data has been presented Table 1.
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Figure 10. Histogram of the upper limits of the height of blueberry plants

Table 1 shows that the height of plants varies greatly (330 mm), which also gives an input for modelling the
parameters of the fertiliser robot.

This study is one of the first steps in defining the technology of blueberry plantations established on depleted peat
milling fields. The obtained results can be used for modelling technological machines and continuing research. Results
show that manually planted plants may not be located in a straight line; the deviations from the central axis of the plant
row in this study were —295 up to 365 mm. At the same time, the distance between the plants or their interval was not
homogenous and remained in the range of 915 to 1800 mm. The values of the perpendicular and longitudinal projections
of leafage vary greatly, 50...480 and 40...440 mm, respectively. The mean height of two-year-old plants was 220 mm, but
this value also varies greatly in the range of 60 to 390 mm.

The numerical values obtained in this study can be used to determine the overall machine-building dimensions
(like the working range of the fertiliser unit, clearance of the machine) of the prototype of the fertiliser robot to be
designed. The functions of an autonomous fertiliser robot must include the identification of a blueberry plant and control
over the fertiliser jet in addition to the precise dosing of the fertiliser.

CONCLUSION

This study is one of the first studies to define a blueberry plantation on depleted peatland fields. The results are the
basis for further research. The results shows that the manually planted plants do not lie in one narrow row, but the plants
are located on both sides of the central axis in a wide range (660 mm). Also, the distance between plants in a row varies
greatly (915...1800 mm).

Consequently, the fertilizer robot to be designed must be equipped with a blueberry crop detection device and a
fertilizer application control.
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