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Abstract 
In this study, under conditions of enclosed soil, experiments were conducted 
on the dependence of the yield (weight of green mass) of alfalfa (Medicago) 
on plant density and diet. The experiments were carried out in five variants, in 
different values of the integrated density of plants and lasted 89 days. As a 
feed, specially prepared bio fertilizer was used and added with the calculation 
of 1 kg per 1 m2 of area. In the corresponding control variants, bio fertilizer 
was not used. Analysis of the experimental results showed that the feeding re-
gime made it possible to obtain a maximum yield at higher integral density. 
At the same time, the increase in the weight of green mass when using bio fer-
tilizers was about 36%. 
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1. Introduction 

Yield dependence (in some cases the weight of green mass) of the plant popula-
tion has been widely discussed in the classical papers [1]-[6]. However, there is a 
view that the yield on the equivalent of one plant tends to a constant value. 

Y aW
bρ ρ

= =
+

                            (1) 

where W—the yield on the equivalent of one plant; a and b—predetermined 
constant; ρ—density of scalar plants. The desire for a constant value of the para-
meter W is connected that, when a relatively small plant density is no competition 
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between plants. It is necessary to think, however that the resulted statement if 
А-M2—the area of the food for one plant that 

1A
ρ

=                                 (2) 

and replacement of ρ in the equation gives 

1
aAW

BA
=

+
                              (3) 

This equation allows us to make the following conclusions. For large values of 
A (small competition) coming mass in average per plant it is substantially con-
stant. On the other hand the 

d
d
D k
T
=                                (4) 

yield depends on the rate of development of plants. Under the development rate 
is understood the rate at which varies D—quantitative measure development. 

At each stage of the parameter D perceives its index eats 

;  ;  ;  G V R SD D D D D→                        (5) 

where G—the process of germination; V—vegetative growth; R—reproductive 
growth; S—aging. 

Attempts to establish a direct link between the growth of culture and its yield, 
on the one hand, and the various aspects of climate, weather and environment, 
on the other hand made repeatedly. In this case, the following objectives: explain 
fluctuations in yields, to identify factors that have these fluctuations the most 
noticeable effect, and finally armed with the said information, choose a form of 
management that would allow to manage those factors that can be either raised 
productivity, or to reduce the total cost. 

All of these factors (managed and controlled) play an important role in the 
formation of productivity. One of the most important control parameters di-
rectly related to the productivity of the plant is the average density (number of 
plants per 1 m2). 

The yield depends strongly on the competition saying precisely the competi-
tive survival between plants. 

The results confirm that, the size of the role of plants in the competition is this 
relatively large that species suffer from high density mortality. A deeper analysis 
of intraspecific plant growth depending on the density of standing is linked to 
the development of the theory of plant competition [7] [8]. 

Large species itself sufficient to lower densities than smaller species and 
smaller species are very capable to invade toward the unused space [9]. 

The ability to inhibit the growth of its neighbors, and the ability to resist the 
inhibition of growth are widely regarded as two forms of competition: competi-
tive effect and competitive response [10]. 
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Elaborating on the above we can see the dependence of crop yields on certain 
parameters which are divided into two groups—both managed and unmanaged 

( ), , , ,  , ,Y Y P T g h Rρ υ=                     (6) 

where P nutrient regime which is characterized by several interrelated parame-
ters; 

ρ—density of standing scalar; 
T—temperature averaged over short intervals of time of observation; 
v—wind velocity directed perpendicular to the direction of the series; 
g—frequency precipitation averaged over short intervals direction; 
h—level rainfall averaged over short intervals of observation; 
R—soil type which is characterized by several interrelated parameters. 
In the simplest case we can consider the function 

( ),x yY Y M P K ρ=  

Then the task is reduced such a density of standing that will allow you to get 
the maximum yield with the possible minimum costs for agro technical activities 
[11] [12]. 

2. Subjects and Methods 
2.1. Experimental Procedure 

The experiments were conducted in a greenhouse. Closed soil conditions allow 
you to clearly regulate the impact of external factors such as temperature, solar 
radiation, wind, etc. 

Lucerne (Medicágo) plant was chosen for the experiment—Plants alfalfa ge-
nus of annual and perennial grasses and dwarf shrubs of the legume family (Fa-
baceae). The root system is powerful. The importance of this plant is that it is 
used in agriculture as a livestock feed. Another important characteristic of this 
plant is that it is equivalent to the green mass yield. 

Experiments were carried out in five embodiments have the following mean-
ings plant density: I variant—S1 (the average distance between two neighboring 
plants in one row) 10 cm; S2 (the average distance between rows) 10 sm; II S1 = 
8.3 sm embodiment; S2 = 8.3 sm; III variant of S1 = 6.25 sm; S2 = 6.25 sm; IV va-
riant S1 = 5 sm; S2 = 5 sm; V S1 = 4 sm embodiment; S2 = 4 sm. 

Simultaneous change of S1 and S2 in the direction of the increase is due to the 
fact that the increase characteristic area A plant belonging to one and showing 
the limits of its competition with the neighboring four plants. Each option cor-
responds to a control under the option. Location plant and the characteristic 
distance between them in the control sub-embodiment was taken as a basically 
identical to the embodiment. Location experimental sites located in the 
glass-covered ground are shown in this schematic. It should be noted that each 
“mini” experimental platform to provide “micro” drainage system. The drainage 
system of each site was connected to the total drainage of the experimental site. 
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The total area of all areas amounted to the next value 
Width = 2.0 m × 2 + 0.5 m = 4.5 m  
Length = 2.0 m × 5 + 0.5 m × 4 = 12.0 m 
In order to achieve an identical condition for all the “mini” experimental sites, 

the soil of the experimental site to a depth of 30 cm was buried and imported 
outside some distances from the greenhouse construction. For the litter of the 
general experimental site, special soil was prepared, very similar in its parame-
ters, to soil characteristic of the given terrain. Homogeneously prepared soil for 
the background had a composition of nutrients; Humus 1.0% - 1.5%; Nitrogen 
compound—20 mg/kg; Phosphorus—8 mg/kg; Potassium—6 mg/kg. The size of 
the total experimental area was equal to 

24.5 m 12.0 m 54 mS = × =  

Adding specially prepared biofertilizer before planting seeds for all five va-
riants were the same and the calculation of 10 tons per 1 hectare (for one embo-
diment 4 kg per 1 m2 - 1 kg) 

In this case, the control options are the same. The regime of irrigation and 
care within the established agro technical measures for all options was identical. 
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The process of growth of alfalfa plants (Medicágo) in all variants lasted 89 
days (March 2—start of the experiment, 29 May—conclusion of the experi-
ment). In the process of growth, the height of the plant was repeatedly measured 
and this index was averaged. At the end of the experiment in the control variant 
plant height reached maximum 58 - 60 sm. The maximum height of the plants 
with the use of bio-fertilizer reaches 65 - 67 cm. 

Given that, in this experiment, the “yield” is regarded as the green mass of all 
the one with each 1 m2—square individually, i.e. for each option for weighing 
four stacks have been prepared. To collect the green mass produced cut the stem 
of each plant at a height of 5 - 6 cm from the surface of the soil. Then each pile 
(total stack 4) are weighed separately and defined “experimental” density of 
plants according to the following formula. 

4

1

4

i
i
ρ

ρ ==
∑

                                (7) 

2.2. Methods of Determining the Density of Plants 

Methods of determining the density of the plants was as follows. If the length of 
the pilot section is equal to L, the width of the land area L2 would be equal to 
L1 × L2 = sm2. If the number of planted trees on a plot of equal N, then 

1 2

N N
S L L
=                                (8) 

Integral density of plants that is the number of a plant per 1 m2 will be equal 
to 

int
1 2

N
L L

ρ =                               (9) 

Here intρ —the integrated density of the plants. To more accurately determine 
the density of the plants, between integral and differential averaged densities of 
plants taken averaged average density.  

int

2
авρ

ρ
ρ+

=                            (10) 

where авρ —averaged differential density; ρ —average mean density. 
The average differential density is determined by the following procedure. The 

participation of various experimental field (different plots is determined by ran-
dom sampling) is selected small areas with a size of 1 m2 and is considered the 
number of plants in these little squares. 

To ensure minimum statistical sample number of small squares should life 
between 6 and 10 (i = 6 - 10; ρ = ρi). 

Plant density is determined for each randomly selected section with dimen-
sions of 1 m2 ρi plants called differential density is determined by the following 
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formula: 

1

n

i
i

ав n

ρ
ρ ==

∑
                             (11) 

where n—number of selected small areas on the total area. At the same time 
planting the plants must comply with the following scheme. 
 

 
 

As seen from this scheme L1 = K1S1; L2 = K2S2 
Here 
S1—the average distance between two adjacent plants in the same row. 
S2—the average distance between rows. 
K1—the number of plants in the same row. 
K2—the number of rows in the experimental field. 
If the total number of plants in the selected field is equal to the N 

1 2N K K= ×                            (12) 

If we write the formula for the intρ  

1 2
int

1 2 1 1 2 2

K KN
L L K S K S

ρ
⋅

= =
⋅

                     (13) 

Then the density ρ  is described in this model will take the following form 

1 2

1

2

ii
S S

ρ
ρ

+
=

∑
                       (14) 

2.3. Systematization and Processing of Experimental Data 

In experimental and control variants (5 variants with application of biofertilizer, 
5 variants of control), the density of planting is taken as follows (see Table 1). 

For each variant (variant + control) after collection determined weight green 
mass. 

The average weight of the collected green mass in relative units is shown in 
Table 2. It should be noted that the transition to relative ones to dimensionless 
units at the first approximation for the ordinate of the OY axis increases the in-
formative and generalization of the results obtained. 
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Table 1. Density of planting in experimental and control variants. 

Options S1 (m) S2 (m) S1∙S2 (m2) 2
1 2

1 числорастенииP
S S м

 =  ⋅  
 

I 0.1 0.1 0.01 100 

II 0.083 0.083*) 0.0069 144 

III 0.0625 0.0625 0.0039 256 

IV 0.05 0.05 0.0025 400 

V 0.04 0.04 0.0016 625 

*) In each embodiment (+control) the distance between the plants in one row and the distance between 
rows was taken equally, i.e. change in the same way and touched S1 and S2; *)) Since the current division in 
this embodiment is not turned, leaving a very small amount of the free area. 

 
Table 2. Averaged the entire green mass. 

Options ρ (1/m2) 
M1 (experiment  

control) 
M2 (experiment  

with biofertilizer) 

I 100 26 55 

II 144 45 75 

III 256 81 106 

IV 400 64 127 

V 625 48 74 

 
The results are presented in graphical form in Figure 1, Figure 2. 
As seen from Table 2 and presented drawings maximum by weight green 

mass when making bio-fertilizer shifted value of about 256 ρ = (S1 = S2 = 6.25 
sm) k ρ = 400 (S1 = S2 = 5 cm). 

This situation is related to the fact that, with a relative increase of nutrients 
reduce competition between nearest neighbors. 

Simultaneously, as shown in Table 2 and Figure 1, Figure 2, increase in yield 
is the weight of the green mass, which is (ratio between the maximum values) 
(127 − 81): 27% = 36%. 

3. Results and Discussion 

Ensuring the growth and maintenance of the yield of cultivated plants using en-
vironmentally friendly bio-fertilizer is today an important issue solution that will 
ensure food security. It is necessary to note the fact that, when making mineral 
fertilizers the soil side mastered Male about 50% nitrogen, 20% - 25% Male 
phosphorous and 30% potassium Male. Residue remaining in place (nitrogen) 
remains in the soil, mixed with water or vaporizes as ammonia gas Phosphorus 
and Kalium remains stable form in the soil. Complex fertilizer contains at only 
48% of nutrients. And the remaining 52% is the ballast remains in soluble form 
in the soil and contaminate it. It should be noted that, the plant takes from one 
hectare of soil cover each year for 70 - 80 kg of nitrogen; 25 - 30 kg of phospho-
rus, 60 - 70 kg of potassium and this impoverishes the soil. 
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Figure 1. Results of the experiment: control option. 

 

 
Figure 2. Results of the experiment: the use of biofertilizers. 

 
In this paper the example supplied with alfalfa experiment under greenhouse 

traced two directions: biofertilizer with yield increase (green mass of 1 m2 area) 
and achieve additional gain factor yields via finding optimum plant stand be-
tween plants. 

It is necessary to consider that finding the optimum plant density for each 
cultivated plants in large arable fields under external soil climatic conditions and 
at specified resource capabilities (with the exclusion of parameters S1 and S2 
which will involve a change in the number of seeds or seedlings) can play an 
important role in the increase yield and thereby can enhance the economic via-
bility of agricultural production. 

The data obtained figures that finding the optimum plant stand of plants cul-
tivated on a large arable field, conducting appropriate agro-technical measures, 
taking into account this factor may provide a significant economic effect. 

4. Conclusions 

1) For scalar value, alfalfa plant density was determined in the control variant 
standing weight maximum which corresponds to the collected green mass. In 
control embodiment fertilizer was not applied, specially prepared soil nutrients 
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had a composition: 1.0% - 1.5% humus; nitrogen compound—20 mg/kg; phos-
phorus—8 mg/kg; potassium—6 mg/kg. 

2) Leaving standing thickness the same as the respective embodiments, the 
control application as a result of a specially prepared biofertilizer with calcula-
tion of 1 kg per 1 m2, and simultaneously increased weight green mass and plant 
density integrated maximum shifted to right side to increase the integral density 
ρ. This is due to the fact that the increase in the proportion of nutrients reduced 
the degree of competition between the neighbors. Yield increase vs eating weight 
increase of green mass in the application of biofertilizer was approximately 36% 
(calculation done for maximum points). 
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