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Abstract. Growing planting material in containers is the most optimal way
to produce plants in nurseries. At the same time, there are factors limiting
the use of containers in the forestry practice. The temperature regime plays
an essential role in this case. High temperature is the main limiting factor
affecting the vital processes intensity in a plant. The introduction of modern
technologies of the closed root system planting material cultivation is one of
the ways to reduce the destructive impact. This article conducts an analytical
study of the Thuja occidentalis "Smaragd" root system density distribution,
depending on the depth and angle of orientation in 5 | containers using 7.5 1,
10 I and 15 1 pots as screens, as well as without shielding, to establish the
influence of this technology element on the cultivated ornamental plants
growth activity and quality. Based on optical recognition of several
photographs and neural network combining of the results, cartograms and
graphs of the root density distribution were obtained. Research has shown
that 51in 10 1 and 5 1 in 15 I are the optimal combinations of containers, as
they provide uniform root growth on all sides of the container and high root
density.

1 Introduction

The growing interest in landscaping and the increasing reforestation area dictates the rise in
demand for high-quality trees and shrubs planting material [1,2]. Since the middle of the XX
century, the closed root system plants production has become widespread in the nursery
practice [3,4,5,6,7,8,9].

Currently, domestic and foreign nurseries produce up to 50% of their plants in containers
and cassettes of various sizes [10]. Container cultivation has gained particular popularity, as
it has a lot of advantages, which many researchers note in their works [11,12,13]:

1. Exclusion of possible injury to the plant’s root system during transplantation;

2. Shortening the planting material growing time;

3. The possibility of planting during the entire growing season [14,15,16];

4. 100% survival rate of seedlings due to a well-formed root system;

5. Saving water, fertilizers and labor resources on care and excavation [17,18,19,20];
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6. More efficient use of the area, including greenhouse buildings;

7. Logistical advantages due to lower weight, convenient container shape and better plant
preservation [21];

8. The possibility of standardization of products in pots, convenience of packaging and
accounting, which increases its consumer and market value among buyers.

It should be noted that for the new technologies application in the practice of forestry,
there are a number of restrictions related to the technical and technological features of closed
root system planting material growing [22,23].

Firstly, it is the rapid substrate drying in containers, which leads to an increase in the need
for watering and continuous humidity control during the period of active plant growth [24].

Secondly, the sprinkler systems use for watering containerized seedlings causes not only
water overconsumption, but also leads to the mineral salts and iron oxides deposition of on
the leaves, increasing the fungal infection risk [25,26,27,28,29].

Thirdly, when watering by sprinkling, it becomes necessary to drain excess irrigation
water with dissolved residues of mineral fertilizers and substrate particles leached from
containers [25].

Fourth, for the normal planting material growth in a container limited volume, it is
necessary to use leaf and root fertilizing more intensive compared to the ground plants
growing technology [30,31].

Fifth, winter maintenance of plants is an important aspect for most middle zone container
nurseries, as well as those located in the northern and eastern regions of Russia. The most
effective way to preserve planting material from low temperatures and winter drought is
greenhouses maintenance, laying plants on their sides and sheltering with special materials,
strewing container beds with peat, sawdust, straw [32,33,34,35].

Sixth, the root system overheating in the container provokes plant growth inhibition
[36,37].

Thus, the cultivation of seedlings with a closed root system has technological
disadvantages, the solution of which will contribute to the technology mass application in
forestry practice and landscape architecture.

The container plant aboveground part and root system growth depends on a number of
factors. Among the numerous abiotic factors, the temperature plays a special role
[38,39,40,41,42]. During the growth process, plant roots are less adapted to the extreme
temperature effects and their daily fluctuations. The following depend on the substrate
heating: the moisture availability, the nutrients assimilation, the most important biochemical
processes in the plant body course, etc.

Considering the container plant root clump, three main zones should be distinguished: the
upper part, which is in direct contact with air and is directly exposed to sunlight (20%), the
middle part, which is enclosed in the walls of the pot and the lateral roots grow in it (60%),
and the lower part (20%), in which the maximum number of roots is concentrated.

The main temperature load falls on the upper and middle parts of the root ball, which
causes temperature stress, which suppresses the root system, slows down growth, causes the
death of mycorrhiza, etc.

One of the ways to overcome the suboptimal temperatures impact on the plant root system
in technological containers in the summer is the use of containers of the same or larger
volume as screens [43]. The above ground pot technology, which is based on placing a
container with a plant in another technological pot, is widely used in western nurseries
located in southern latitudes. In our country, where many progressive methods in forest
nurseries are just beginning to be applied, the production and economic effect of above
ground pot technology has not been sufficiently studied, and there are no clear
recommendations to manufacturers on the use of this technological technique in the Central
forest-steppe conditions.
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The aim of the study was to establish the influence of elements of the above ground pot
technology on the ornamental plants growth activity and quality, as well as the root system
growth and distribution computer models creation.

2 Objects and methods

To establish the effect of using different volume pots as screens designed to reduce the
temperature load on the root system, which will stimulate the growth and productivity of
plants in plastic containers, an experimental site with containerized seedlings of Thuja
occidentalis "Smaragd" was studied for three seasons 2011-2013. Black containers of various
sizes were used as screens. The following container pairs were selected in the experiment: a
5lin5L51in7.51,51in 101, 51in 15 1 (Figure 1).

X

51 51in51 51in7,51 51in101 51in151

Fig. 1. Variants of experiment using different volume pots as screens.

As a control, 5 1 container without shielding was used, according to classical technology.
When placing containers on the experimental site, the randomization method was used. Two-
year-old rooted cuttings of Thuja occidentalis "Smaragd" were taken from p 9 pots and placed
in 5-liter containers filled with floodplain sediments aged in burts. As a result of experiment,
measurements of biometric parameters were carried out — the height and diameter of the root
neck of seedlings, as well as measurements of the length of the root system in each of the
variants. An analytical study of the root system density distribution in containers of various
designs, depending on the depth and angle of orientation, was also carried out, according to
a photo for each of the experimental variants from the north to the north, south, west, east.
The optical recognition method was used to obtain the root density distribution function
p(h,p) at the contact boundary with the container. Four photographs of the root balls (from
the north, east, south, and west sides) were previously obtained.

Such a set of photos was obtained for all variants of the experience. The optical
measurement of the function p(h,p) was performed using a specially developed program in
the Object Pascal language in the Borland Delphi programming environment. Before the
software processing, the photos were prepared: in a graphic editor, the "red" and "yellow"
channels were highlighted in the image, then the images were converted to black and white
mode. As a result, it became possible to measure the density of the root system in relation to
the area of the white fragments of the photograph to the area of the window in the shape of a
quadrangle, moving which along the image, it was possible to measure the density of the root
system at different container heights and at different angular positions, that is, to obtain the
function p(h, ¢).

Such neural networks, according to their mathematical operation principle, are close to
the human memory mechanisms and are widely used in artificial intelligence systems [44,
45, 46].
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The radial neural network basic principle is to determine the conditional distance r; (or
"radius", hence the name "radial") from the target point (h, @) to each reference point (h;, ¢;)
and calculating the weight coefficient wi(r;). The first ("input") neurons layer directly reads
the point coordinates (h, @) at which it is necessary to determine the roots density, that is
similar to biological receptors. There is one neuron in the neurons output layer that calculates
a linear combination of the root density p; with the weight coefficients wi.

The sets obtained optically are used as standards: hi, @i, pi, where i = 1...n is the number
of the reference point; n is the quantity of reference points. The density of the roots at a given
point is calculated by averaging with certain weights p; corresponding to the distance r; from
a given point. A radial neural network was used to connect four separate functions p(h,¢) into
one common function, as well as to smooth the common function (Figure 2).

3 Results and discussions

Based on the results of the seedlings aboveground parts biometric parameters measurement
data dispersion analysis — height and diameter, table 1 was compiled.

Considering the biometric characteristics of the aboveground part of the plant, it can be
concluded that the best height growth is observed in the 5 1in 15 1 variant, which is 11.5 %
higher than the control. Good results were demonstrated by seedlings grown in 5 I pots placed
in 7.5 1 and 10 1 containers, which are 10 % and 10.3% higher than the control respectively.
Using a screen of the same volume slightly stimulated growth in height, the excess over the
control was 5 %. The analysis of the data of diametrical growth shows that the plants in the
variants: 51in 7.51,51in 10 land 5 L in 15 L are 12.3 %, 14.2 % and 17.4 %, higher than the
control respectively.

Table 1. Biometric indicators of Thuja occidentalis "Smaragd" seedlings, at the age of 5 years.

Variants of Height. cm Root neck diameter. mm

experiment Mzmwy Cv. % Mzmy Cv. %
Control (5 1 container) 67.0£1.4 7.9 25.3+0.9 10.2
51in51 70.4+1.4 7.3 24.5+0.9 11.7
51in7.51 73.7£2.4 124 28.4+0.8 8.9
51in101 73.9+2.1 10.8 28.9+0.7 9.4
51lin151 74.7£2.1 11.1 29.740.6 6.7
LSDo.0s 5.6 2.7

Measurements of the length of the seedlings peripheral root system were carried out. To
establish the regularity of the distribution and density of roots in the area adjacent to the walls
of the container, we analyzed the projections of the root ball according to their orientation
from the cardinal directions. A grid was applied to each photo reduced to the same scale in a
graphic editor, which made it possible to calculate the length of the roots in one cell and,
summing up the results, obtain the total length of the roots for each variant (Table 2).

Table 2. The seedlings roots length dependence on the container volume and the shielding.

. . Length. cm
Variants of experiment MEmo Cv. % vin ax
Control (5 I container) 647.8+22.5 13.5 623 715
5lin51 726.9+1.9 14.1 712 836
51in7.51 829.1+2.0 14.6 746 871
51in101 863+3.5 15.6 786 893
51in151 996.7+3.2 14.5 962 1023
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The best growth of the root system is observed in the variant - 5 liters in 15 liters, the
length of the roots exceeded the control by 53.9%. The dominance of other variants was also
significantly: 51in 101-by 33.2%,51in7.51-by 27.9% and 51in 51 - by 12.2%.

The degree of influence of the "Screen" factor on the average length of the root system in
containers, in comparison with the control, is high — 96% (1n°x =0.96).

Based on experimental data using traditional container technology and the above ground
pot system, using containers of various volumes as screens, mathematical modeling was
carried out, revealing the essence of the temperature distribution process in the container
when the substrate is heated.

Pr:
arb. unit

" 7 om -0 h.cm -80
a (north) b (east)

: A cm -80 A cm -80
¢ (south) d (west)

Fig. 2. The roots distribution functions pk(h, @) in depth h and azimuth ¢ obtained for photographs
from four sides.

Using the method of measuring the root density distribution in a container, based on
optical recognition and neural network integration of the results of several photographs,
graphs (Figure 3) and cartograms (Figure 4) of the root density distribution in containers were
obtained. The graphs of p(¢) (Figure 3) are constructed by averaging the dependencies of
p(¢,h) over the height of h. For containers with a small wall thickness (5 I and 5 1in 5 1), the
root density changes significantly with a change in ¢. However, for containers with a large
gap between the walls (5in 7.51,51in 10 1, 5 in 15 1), the root density weakly depends on the
azimuth ¢, varying from 0.26 to 0.39. In the experiment, the highest root density - 0.39, was
found in container 5 1in 10 1 in the north, west, south directions.
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Fig. 3. The dependence of the root density p(¢) on the azimuth ¢ for containers of various types,
reconstructed using a neural network combining information from four separate photographs.
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Fig. 4. The dependence of the root density p on the azimuth ¢ and depth h, reconstructed using a
neural network combining information from four separate photos for containers: a) 51in 51,b) 51in
101
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On the cartogram (Figure 4), the color areas clearly demonstrate that in the control and in
the 5 1in 5 1 variant double container with a small thickness of the air layer between the walls,
the distribution of root density along the angle ¢ is uneven. Ina 5 in 5 | container on the north
side, the density of roots in the central part is 0.30-0.35 (red area), while on the south side of
the container there are practically no roots: the density is less than 0.05-0.1 (purple and blue
areas). In the 5 1 in 10 1 variant, the root density exceeds 0.20-0.25 over the entire outer
surface of the root ball. On the northern side, the density is mainly 0.3-0.35, and on the most
problematic sides (West and South), where the maximum inhibition of root growth occurs in
unshielded containers, the density reaches more than 0.35.

Thus, in nurseries located in regions with hot summers, it is advisable to use the simplest
screens, such as a larger volume container (compared to the one in which the plant is grown).

4 Conclusions

1. As a result of an experiment conducted on the basis of a comparative analysis of the
temperature distribution in a single and double container, it was found that in a double
container the root system is in more stable and uniform conditions compared to a single
container.

2. Variants 5 1in 15 1 and 5 11in 10 | and demonstrated better results in the rate of root
growth due to the fact that the root system in the samples was in more comfortable conditions
compared to the control, which is confirmed by data from the analysis of biometric
parameters (the height of the experimental variants exceeds the control by 11.5% and 10.3%;
diameter by 17.4 % and 14.2 %; root system length by 53.9 % and 33.2 % ).

3. Double containers 51in 7.51,51in 10 1, 5 1 in 15 1 ensure almost uniform root growth
on all sides of the container. The optimal combination of containers is 5 I in 10 liters, as it
provides uniform root growth on all sides of the container, high root density, with small
dimensions and the cost of an external container.

4. The larger the volume of the container used as a screen and the larger the air gap
between the walls of the containers, the more comfortable the conditions for the growth of
the root system of containerized seedlings are. This principle works up to a certain limit. If
the air gap between the containers is too large (more than 5 cm), the outer container loses the
function of a screen for the inner one.

5. Based on the conducted research, screening technology can be considered promising
for growing containerized seedlings in the Central forest-steppe conditions and requiring
further development.

6. The developed mathematical model of the root system growth, using neural network
programming technology, allows us to obtain a picture of the distribution of root density in
technological pots with screens of different volumes, and based on the data, optimize the
conditions for growing closed root system planting material in nurseries.
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