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Abstract. The main mechanism for the formation of yield is the process 
of transpiration, the driving force of which is the radiation balance and 
photosynthetically active radiation (PAR). The larger the area of the plant 
surface that receives the luminous flux of solar energy, the more active the 
action of the photosynthetic process. The formation of organic matter 
depends on the formed aboveground phytomass of plants. The aim of the 
study is to find the optimal ratio between the emitted flux of solar energy 
and the area of the assimilation apparatus for further determining the 
phytoproductivity of plants. The object is located in the steppe zone of the 
central part of the Volgograd region (southern part of the Volga Upland, 
48°38′52″ N, 44°26′14″ E). Modern methods of mathematical processing 
of experimental data were applied. The duration of the growing season of 
plants and the amount of light exposure affect the optical density 
coefficient (Kod). As a result, the coefficient (KPAR) should be close to 1 
unit for use 2.5% sunlight radiation (PAR). 

1 Introduction 
The phytoproductivity of vegetation depends on many factors, including the properties of 
the nutrient medium, weather conditions, moisture reserves in the soil, taking into account 
its consumption during the growing season [1-4]. Solar radiation is one of the factors that 
affects it during the growing season [5]. This activity is not only an energy resource. It has 
a strong regulatory (signaling) effect on plants. For example, sunlight determines such 
phenomena as photoperiodism, phototropisms, photomorphogenesis, etc. The indicator of 
solar radiation changes with the depth of penetration into the canopy of plantations [6-7]. 
The luminous flux density decreases with distance [8-9]. The vectors of change in the light 
load and the area of the sheet apparatus are polar. This fact assumes the presence of an 
optimum in the ratio of sunlight and leaf surface for maximum plant productivity and the 
simultaneous influence of these vectors. The activity of the photosynthesis process depends 
on the intensity of the light flux [10].  
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2 Materials and methods 

Observational materials on the study of the effect of sunlight on the phytoproductivity of 
sown cenoses, obtained on the territory of the dry steppe of the Volgograd region 
(48°38′52″ N, 44°26′14″ E) were used and processed. Plant phytoproductivity is calculated 
as the increase in plant mass per unit area. The calculation of the optimal ratio of factors 
influencing the formation of the herbage was carried out. The dependence of the productive 
component on the coefficient of optical density of the plant community (Kod) was 
established. The average values of the radiation balance and PAR on the example of winter 
wheat and the dependence of its yield (t/ha) on the coefficient of optical density of the plant 
screen (Kod) were determined. he phases of plant vegetation were taken into account. At the 
beginning of the growing season, the leaf apparatus is underdeveloped and soil moisture is 
released into the atmosphere through physical evaporation. The transpiration moisture 
exchange begins with an increase in the leaf area. It determines the phytoproductivity of 
plants. The physical evaporation due to an increase in the density of the vegetation screen 
to decrease [11-12].  

3 Results and discussion 
The coefficient of optical density of the plant community (Kod) depends on the duration of 
the growing season and on the total light load. There are two values of the coefficient of 
optical density (Kod): at the beginning and at the end of the growing season. At the 
beginning of the growing season, there is enough sunlight for the plants to absorb, but the 
receiving surface is not enough. At the end of the growing season, plant development is 
suspended due to weak sunlight activity. We get two vectors of the biological process. The 
coefficient of optical density varies from 0.01 to 0.33 for the Volgograd region. 

The deeper the light flux penetrates into the plant canopy, the more it changes. When 
determining the light load in the plant community, it is allowed to use the average point 
values of the light load. The vegetation space is considered anisotropic, the coefficient of 
optical density does not depend on spatial coordinates. The change in the light load in the 
vegetation screen is considered proportional to the transparency of the screen. 

There are two options for defining the transparency of the vegetation screen. This main 
one: 
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              (1) 

φ – a transparency of the vegetable screen (in shares); 
Х – a depth of penetration of sunlight into the vegetation screen, cm; 
B – a coefficient for the plant screen (1 unit). 
The second option has a dependency: 

KXeφ −=                         (2) 

K – a density factor of the vegetation screen; 
Light load in the plant screen: 
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I0 – a density of the luminous flux on the way to the plant screen, during the growing 
season; 

h – a grass stand height, cm; 
Kod – a coefficient of optical density of the vegetation screen. 
The equation and taking into account the conditions are solved: 

0
11 ln( 1) 1a od

hI I K h
h

 +  = − + −    
             (4) 

Ia – an average value of light load in a plant community with a herbage height (h), cm. 
The component influencing the plant phytoproductivity has been determined. It is 

necessary to determine the value that perceives this light load by the aboveground 
phytomass. It is related to the coefficient of optical density of the plant screen and depends 
on the properties of the plant community and on the light load of the region and the 
growing conditions of the herbage. Kod must be disclosed. The productive component is 
equal to: 

p a odq I K= ⋅              (5) 

qp – а biomass formed in the plant community, c/ha. 
A similar scheme is used to calculate the phytoproductivity of cereals, only instead of 

Kod, the coefficient of use of light load is calculated – KPAR: 
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Kc  – a calorie content of 1 kg of plants, cal/ha; 
KPAR – an absorption coefficient of sunlight. 
In this dependence, KPAR is 2.5%. This indicator depends on the conditions of the place 

and the year of plant growth. Ia value depends on the transparency of the vegetation screen. 
Improving the dependence by introducing Ia and the coefficient Nc: 
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  (7) 

Nc – a rate coefficient; 
∆T, ∆W – a deviation of air temperature and moisture reserves in the soil from optimal 

values – ∆Topt and ∆Wopt; 
N, P, K – a the actual content of nitrogen, phosphorus and potassium in the soil; 
Nopt, Popt, Kopt – an optimal content of nitrogen, phosphorus and potassium. 
The problem boils down to finding values for the Nc coefficient by years. 
It is necessary to have three Kod and grass heights to express the role of sunlight. Based 

on the allometric growth law: 

1
oddK

dh
ψ=        (8) 
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ψ1 – a proportionality coefficient. 
This equation becomes a dependence: 

0,004odK h= ⋅  and 250 odh K= ⋅           (9) 

The coefficient (Kod) is 0.1; 0.15 and 0.2. The height of the stand (h) is 25; 37.5; 50 cm. 
The biomass formed in the plant community (qp) will be respectively equal to 0.079 I0; 
0.088 I0 and 0.079 I0. If the coefficient Kod = 0 and Kod = 0.34, qp = 0. In the first case, 
because of Kod = 0, in the second, because of I0 = 0. There is a dependence of the 
productive component on the light load in the plant community, the graph in Figure 1has a 
parabolic character and one maximum.  

 
Fig. 1. The dependence of the productive component on the coefficient of optical density of the plant 
community (Kod). Ia – a light load for the growing season in the Volgograd region. 

In Table 1 the photosynthetically active radiation (PAR) is located within 0.72-0.75 cal / 
cm2 ∙ min in the Volgograd region. The radiation balance (B) is 1.24-1.26 cal / cm2 ∙ min.  
The direct radiation (S) reaches 1.22 cal / sm2 ∙ min, the scattered radiation (D) – 0.34-0.39 
cal / sm2 ∙ min, the reflected radiation (Rk) – 0.32-0.36 cal / sm2 ∙ min.  

Table 1. The average values of solar radiation balance and photosynthetically active solar radiationon 
the example of sowing winter wheat. 

Index Distance from the forest strip, Н 
1,5Н 5Н 10Н 3Н 

B, cal/sm2·min 1.25 1.26 1.25 1.24 
S, cal/sm2·min 1.22 1.21 1.22 1.22 
D, cal/sm2·min 0.39 0.37 0.34 0.34 
Rk, cal/sm2·min 0.36 0.32 0.33 0.32 

PAR, cal/sm2·min 0.74 0.74 0.72 0.75 

In Figure 2 the data processing showed a slight difference between the calculated and 
experimental data. 
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Fig. 2. The dependence of the crop yield of winter wheat (t/ha) on the coefficient of optical density of 
the plant screen, Kod. 

The investigated object has a continuous vegetation screen. The vegetation cover of 
natural phytocenoses has a curtain character. Therefore, the degree of projective cover 
should be considered. The difference in the calculation shifts the phytoproductivity value. 
In this case, the optical density coefficient will be lower: 

.od n pc cK K K= ⋅        (10) 

Kod.n, Kc – an optical density coefficients of natural phytocenoses; 
Kpc – a cover ratio (in shares, 1 unit); 
K – a curtains of natural phytocenoses. 

4 Conclusion 
The solar activity affects the formation of plant biomass. It directly depends on the 
penetration of the light flux through the inside of the vegetation cover. The intensity of the 
formation of organic matter depends on the area of the assimilation apparatus of plants 
(aboveground phytomass). Optimal climatic conditions for plant growth are not always a 
positive factor. Highly compacted crops can have a negative role in biomass development. 
Therefore, it is necessary to strive for the optimum ratio of the light load and the area of its 
reception. 

The radiation maximum in the dry steppe conditions of the Volgograd region reaches 
1.26 cal / cm2 ∙ min., the photosynthetically active radiation (PAR) is located within 0.72-
0.75 cal / cm2 ∙ min. The scattered radiation reaches 0.34-0.39 cal / cm2 ∙ min. The reflected 
radiation is 0.32-0.36 cal / cm2 ∙ min. The radiation reduction factor, taking into account the 
curvature of the coating, should be no more than 0.25. The coefficient Kod should be close 
to one. As a result, the sunllight radiation (PAR) will reach about 2.5%. 
 
The authors want to thank Yuri Vasiliev for the scientific and technical assistance provided 
throughout all the experiment. 
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