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Abstract:

The article gives a mathematical justification of the results of years of research

on the selection of tree species biodiversity. On the basis of experimental data the purposed
mathematical model of expansion of the species diversity of tree species for the reconstruction
of gardening objects. It is a differential equation that allows you to prove mathematically the
number of species in the solution of the problem of increasing plant biodiversity.
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1. Introduction
Numerous data published in the literature [1] and [2] with varying degrees of
accuracy show the possibility of using linear functions. They are recommended
for the analysis of the dynamics of species diversity of woody plants in the
reconstruction of objects of gardening (planting, street, squares, parks) [3] and
[4].
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Due to the fact that the species composition of green space varies in space
and time, linear functions do not take into account the biological processes
that determine the development of plantations [5] and [6]. We propose a mathematical modeling method of differential equations, developed on the basis of
experimental data copyright [7] and [8]. Climatic exposure, age specificity and
edaphic conditions take into account the direction of the process of selection of
biodiversity species [9].
Mathematical justification of the selection of woody plant diversity held
for the reconstruction of gardening objects within the Volgograd agglomeration
(see Table 1).
Indicators

Year bookmarks
Area, acre
The number
of
species
of
woody
plants
(main
species)

Greening plantings
of limited use

of common
use

park
of
the
agrarian
University

schoolyard

plantings
of
the
hospital
complex

intraquater
landing

boulevard

1948

1975

1975

1948

1975

32
19

1,62
15

1,9
22

0,16
17

5,5
18

(Ulmus
pumila,
Robinia
pseudoacacia,
Fraxinus
pennsylvanica)

(Ulmus
pumila,
Populus
pyramidali,
Populus
deltoides)

(Pinus
sylvestris,
Betula
pendula,
Aesculus
hippocastanum)

(Fraxinus
pennsylvanica,
Ulmus
pumila,
Robinia
pseudoacacia)

(Ulmus
pumila,
Catalpa
bignonioides,
Populus
balsamifer)

Table 1: Characteristics of objects of research in 2016

2. Preliminaries
An analysis of the dynamics of species diversity was conducted at research
objects from 1950 to 2016 with the use of departmental materials and method
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of visual inspection of plant instances. In determining the plant age was used
special instruments [10], [11], [12], [13], [14], [15] and [6]. In order to identify
patterns of change in species composition of plants used differential growth
equation [16]:
dx
= a − bx2 ,
(1)
dt
where
γ
a
λ−β
; b=
; a > 0, b > 0, x2 < ;
(2)
a=
3δρ
3δρ
b
α, β, γ, δ – constants characterizing the quantitative variety of woody plants;
χ – the number of woody species in plantations;
t – age of the plantations;
ρ – the number of specimens of plants.

3. Results
From equation (1) we get dt =
t=

Z

dx
a−bx2

and after integrating the will have:

√
dx
1
a − x ab
√ + C,
= − √ ln
a − bx2
2 ab a + x ab

(3)

where C is constant of integration.
From equation (3) we get

or

√
√
a − x ab
√
−2 ab(t − C) = ln
a + x ab
√
√
a − x ab
−2 ab(t−C)
√ .
e
=
a + x ab

(4)

From equation (4) we have
x=

r

√

a 1 − e−2 ab(t−C)
√
.
b 1 + e−2 ab(t−C)

(5)

Change curves shown the number of species in the graph (see Figure 1).
On the basis of the curve obtained from experimental data of increasing
the number woody species on time defined three constants equations (5) a, b, c.
From the equation (5) the calculated curve was calculated and its received good
coincidence with the experimental curve in every intermediate points.
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Figure 1: Dynamics on the number of woody plants species in the age
aspect of gardening objects
However, an attempt to superimpose thus calculated curve to another curve
found not too good coincidence (Figure 1). In Figure 1, the curve drawn by a
solid line corresponds to experimental data. As seen, in a first half of the graph
calculated curve gives higher values of the number of plant species, in the second
half - a few understated. If the determination of the constants equations (5)
a, b and c select points on the part of the experimental curve, the calculation
yields relatively good coincidence theoretical and experimental curves.
Let us choose as a reference point points with coordinates (t, x1), (2t, x2),
(3t, x3).
Having substituted the coordinates of the selected points in the equation
(5), we obtain a system of transcendental equations for the unknown constants
a, b and c:
√
√
r
r
a 1 − e−2 ab(t−C)
a 1 − e−2 ab(2t−C)
√
√
·
,
x2 =
·
,
(6)
x1 =
b 1 + e−2 ab(t−C)
b 1 + e−2 ab(2t−C)
√
r
a 1 − e−2 ab(3t−C)
√
·
.
x3 =
b 1 + e−2 ab(3t−C)
Transforming the equation (6) as follows:
√

√

√

√

x1 =

r

a e2 abt − e2 abC
√
· √
,
b e2 abt + e2 abC

x2 =

r

a e4 abt − e2 abC
√
· √
,
b e4 abt + e2 abC

(7)
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√

√

a e6 abt − e2 abC
√
· √
.
b e6 abt + e2 abC

Introduce the notation
√

e2

abt

√

= s; e2

abC

= q,

(8)

After that the system (7) takes the form:
r
r
r
a s−q
a s2 − q
a s3 − q
x1 =
·
; x2 =
· 2
; x3 =
·
;
b s+q
b s +q
b s3 + q

(9)

By dividing left and right sides of the equations (9) of the first on the second
and the first on the third and introducing the notation
x1
x1
= η1 ;
= η2 ,
x2
x3
we get

(10)

(s − q)(s3 + q)
(s − q)(s2 + q)
;
η
=
;
2
(s + q)(s2 − q)
(s + q)(s3 − q)

(11)

(1 − η1 )s3 − (1 + η1 )(s2 − s)q − (1 − η1 )q 2 = 0,

(12)

η1 =

After a bit of transformations, having arranged the left side of equations in
powers of q, we will have
4

3

2

(1 − η2 )s − (1 + η2 )(s − s)q − (1 − η2 )q = 0.

We eliminate q from the system of equations (12) (using the determinant of
Sylvester) [16] and [17], we obtain the equation with respect to s:
(1 − η1 )s3 −(1 + η1 )(s2 − s)
−(1 − η1 )
0
0
(1 − η1 )s3
−(1 + η1 )(s2 − s) −(1 − η1 )
=0
(1 − η2 )s4 −(1 + η2 )(s3 − s)
−(1 − η2 )
0
0
(1 − η2 )s4
−(1 + η2 )(s3 − s) −(1 − η2 )

(13)

We rotate the determinant on the left side of the equation (13) and introduce
the notation
1 + η2
1 + η1
= m1 ;
= m2 ,
(14)
1 − η1
1 − η2
After some elementary transformations we obtain a quadratic equation with
respect to s:
(m2 − m1 )2 + m22 − 1
s + 1 = 0.
(15)
s2 +
m2 (m2 − m1 )
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Let us take value of the number of species in selected experimental curve
(Fig 1.) corresponding to the time t = 25, 50 and 75 years:
Age, years
, species
t = 25
9, 78(10species)
2t = 50
18, 5(19species)
3t = 75
20, 5(21species)
By substituting numeric values in the formula (10) and (14), and then
equation (15), shall solve this equation and shall find the two value of the
quantity s: s1 = 0, 17; s2 = 5, 95.
√
The first one found, we must discard the, as s = e2 abt and therefore, s > 1.
To find the values of the unknown quantity of q, we use one of the equations
(12), from which we get q1 = 2, 06; q2 = −95, 5.
A negative value of q discard for reasons similar to those that have been
taken at a choice the values s.
√
By equation (8), we find the value pab and c:
From the first equation (9) we get a/b = 20, 82.
To obtain of√the theoretical
curve, we substitute into the equation (5) the
p
obtained values ab, a/b and c and define a the value of the number of species
of woody plants x for the time values t = 15, 20, 25 . . . 75 years, after which put
the point with the corresponding coordinates on a graph (Fig. 1). The same
graph shows the experimental curve. As seen, the coincidence of the two curves
is quite good.

4. Conclusion
Thus, the work carried out demonstrates the prospect of analytical mathematical models in justifying the selection of tree species biodiversity for the
reconstruction of gardening objects. Discovered regularities can significantly
expand the information obtained by direct observation, extrapolation of the
observed processes in the past and the future and outline the direction of new
experiments.
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However, whether the species distribution of wood plant is random or follows ecological specialization among forests in different
disturbance regimes remains to be elucidated. In this study, four 1 hm2 (100 m Ã— 100 m) forest dynamic monitoring plots in different
disturbance regimes of forests were randomly selected in a temperate deciduous broad-leaved forest. We examined the specificity of
woody plants to forests through network analysis.Â Figure 4. Species richness and abundance of woody plants in the four communities.
Black lines indicate significant differences, as obtained using Kruskalâ€“Wallis method (p â‰¤ 0.05 level of significance). (A,B) are the
abundance and richness of overall species, respectively. The growth of woody plants is regulated by their heredity and environment
operating through their physiological processes as shown in the following diagram. Hereditary Potentialities The fields of genetics and
molecular biology Selection and breeding programs, biotechnology Potential rate of growth, size and longevity of trees Type of xylem,
canopy architecture, depth and extent of root systems. Environmental Factors The fields of ecology, soil science, biometeorology, etc.
Objects of investigation were 169 species of deciduous woody plants belonging to 61 gena: Acer â€” 6, Ailanthus â€” 1, Amygdalus â€”
1, Amorpha â€” 2, Armeniaca â€” 1, Amelanchier â€” 1, Berberis â€” 14, Celtis â€” 1, Catalpa â€” 2, Caragana â€” 3, Cerasus â€” 2,
Cersis â€” 1, Cladrastis â€” 1, Cotoneaster â€” 8, Cornus â€” 3, Colutea â€” 1, Crataegus â€” 14, Cydonia â€” 1, Elaeagnus â€” 2,
Euonymus â€” 4, Lonicera â€” 8, Ligustrum â€” 2, Juglans â€” 2, Forestiera â€” 1, Forsythia â€”.Â During observations of plant growth
and development in the conditions of the Mangyshlak Experimental Botanical Garden, it was established that the beginning of plant
vegetation depends on weather conditions. Palatable woody species can regenerate in the vicinity of thorny or poisonous forbs and
shrubs that protect them from browsing (Fig. 1D) (46 â‡“â€“48).Â Selective feeding of mastodons on spruce may have contributed to
the spruceâ€“pine transition in the US Great Lakes region in the Late Pleistocene (57). Furthermore, many extinct and extant
megaherbivores are avid fruit consumers and thus contributed strongly to the abundance of woody plants through dispersal of fruits, in
particular those that bear the megafaunal dispersal syndrome (67, 68). The paleoecological record provides evidence of
geomorphological engineering by mammoths, presumably digging for water and mineral-rich sediments, trail formation, and trampling,
similar to what elephants do today (69). 8. Semenyutina A.V., Podkovyrov I.Y., Huzhahmetova A.S., Semenyutina V.A., Podkovyrova
G.V., Mathematical justification of the selection of woody plants biodiversity in the reconstruction of objects of gardening, International
Journal of Pure and Applied Mathematics, 2016, V. 110, no. 2, pp. 361â€“368. The article considers the issues of fertility and silvicultural
properties of soils, on which the sludge storage pits were previously located.Â It was established that woody plants adapt well to growth
in the recultivated area. In the third year after planting, flowering and fruiting are noted at tamarix, chokeberry and rose. Wild black
cherry and rose form root stalks.

