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Abstract
Biological farming throughout the world is becoming a necessity for the production of
safe products, and the preservation of fertility and biodiversity. In this direction, there is
a significant interest of the scientific community in the perennial culture – cup plant. The
cup plant has a wide range of uses in economic activities and due to its high resistance
to diseases and pests, the long-term use of its plantations without replanting, and the
accumulation of a significant mass of organic matter in the soil, it can be used to expand
the species diversity of perennial grasses in the biological farming system. The aim of
the study was to examine the influence of the seeding method and seeding rate on
photosynthetic activity and dry matter productivity of the cup plant in the forest-steppe
conditions of Western Siberia. It was found that with an ordinary method of sowing at
a seeding rate of 4 million pcs/ha, the grass stand in the first cut had the highest rates
of photosynthetic activity on average over the years of research: the leaf area was 14.8
m2/m2, the photosynthetic potential was 4.0 million m2 day/ha and the net productivity
of photosynthesis was 2.0 g/m2 ⋅ day. In the second cut, the figures were 8.4 m2/m2, 1.9
million m2 day/ha and 2.8 g/m2 ⋅ day, respectively. The optimal density of herbage and
active photosynthetic activity in the cup plant using this method of sowing contributed
to a significant yield of dry matter of 12.6 t/ha with a high level of PAR absorption of 2.9%.
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1. Introduction

Agriculture in the modern world should develop towards the biologization and greening
of all its processes, which is due to the right of every person to biologically complete
products and a safe living environment [1]. On the basis of this approach to the develop-
ment of the agricultural sector, agriculture should be based on the widespread use of
technologies that save resources and energy, on reducing the level of use of chemicals,
on maintaining and increasing soil fertility by activating the cycle of substances (organic
fertilizers, symbiotic nitrogen fixation, siderats) and on the expansion of the species and
varietal diversity of cultivated ecologically sustainable crops [2, 3].
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In the farming system aimed at biologization, the role of perennial grasses, their impor-
tance and proportion in crop rotations will increase, which means that the requirements
for cultivated species and varieties will increase [4]. Therefore, they should not only
have high ecological plasticity and productivity (including in a changing climate), but
also be able to play a soil protective, phytosanitary and phytomeliorative role [2].

Currently, in the world, and in particular in the Russian Federation, there is a significant
scientific and industrial interest in the perennial culture of cup plant (Silphia perfoliatum
L.). This is largely due to the wide range of its uses. In Europe and North America,
cup plant, or silphia, is mainly used as a bioenergy crop for biogas production and is
considered a good alternative to corn [5–7]. In Russia, this crop is cultivated mainly as
a fodder plant for early and late green fodder and for harvesting silage [8]. Silphia is
recognized all over the world as a valuable plant for the production of high-quality honey
by bees. The advantage of using this crop as a melliferous crop is its long flowering
from July to September, when the food supply for bees is no longer distinguished by
a great variety of species [8, 9]. Long-term studies of silphia have shown that various
parts of this plant are rich in biologically active substances (essential oils, phenolic
acids, saponins, flavonoids, etc.), which indicates the great potential of using this culture
as a raw material for pharmaceutical industry [5]. Triterpene glycosides (sylphiosides)
extracted from silphia leaves are recommended for use as growth regulators in cereals
and horticultural crops [10].

Silphia forms a significant volume (100 t/ha) of greenmass during the growing season,
fights weeds perfectly, has a high degree of resistance to diseases and pests, is
distinguished by longevity (10-20 years) of industrial use of plantations with possible
accumulation in the soil up to 10 t/ha of organic matter [5, 8]. Due to the powerfully
developed root system, which penetrates into the deep layers of the soil, silphia, when
grown for a long time on drained soils, leads to a decrease in the level of groundwater
and an acceleration of drainage at the site [11]. Thus, according to the above features,
Silphia has a high ecological efficiency of cultivation and can expand the species
diversity of perennial crops in fodder production and in other areas of economic activity
in the harsh climatic conditions of Western Siberia. The productivity of agrophytocenosis
is largely determined by its photosynthetic activity, which in turn depends on the size
of the leaf surface of plants and the ecological conditions of the external environment.
The process of photosynthesis of plants can to some extent be controlled, creating
optimal conditions for their growth and development through the elements of cultivation
technology, including through the formation of optimal plant density. When assessing
the effect of agricultural technology elements on the productivity of agrophytocenosis,
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it is necessary to use the following main parameters characterizing the process of pho-
tosynthesis: leaf area, net productivity of photosynthesis (NPP), photosynthetic potential
(PP), and efficiency of photosynthesis [12].

The aim of the study is to reveal the influence of the sowing method and the seeding
rate on the photosynthetic activity and productivity of the sup plant in the conditions of
the forest-steppe of Western Siberia

2. Methods and Equipment

The study was carried out on the experimental field of the Omsk Agrarian University,
the city of Omsk, located in the forest-steppe zone of Western Siberia (54.94 ° north
latitude and 73.36 ° east longitude, 90 m above sea level). The zone is characterized by
a continental climate with an average annual rainfall of 400 mm and an average annual
air temperature of 1.7 °С. The soil type is meadow chernozem with neutral acidity (pH
6.7–7.4), a humus content of 3.4% and following content of nutrients: 12 m of

N-NO3, 284 mg of P2O5 and 225 mg of K2O per 1 kg of soil. During the years of
research, the meteorological conditions for the warmth and moisture supply during the
growing season of the silphia were favorable for its growth and the formation of the
green mass yield.

The experiment was carried out on black fallow in 4-fold repetitionwith the accounting
area of the plots of 25 m2. Silphia sowing was carried out in early May in three ways:
ordinary, with a row spacing of 15 cm; wide-row with the spacing of 45, 70 and 90 cm;
and square-nested with the dimensions of 70x70 cm. All agrotechnical activities in the
experiment were carried out according to the general recommendations for this zone.
In the first year of herbage life, the green mass of silphia was mown once in the phase
of a rosette of leaves. In subsequent years of using the grass stand, the first cut was
carried out in the phase of the beginning of flowering, the second was in the phase of
stalking.

In the first three years of the crop life during its growing season, in the first and second
cut, the leaf area was determined by the method of cutting, the yield of green mass was
defined by the continuous method and the output of dry matter was determined at the
Center for Collective Use “Agrarian and Technological Research” [13]. The photosyn-
thetic potential, net productivity of photosynthesis, and the efficiency of photosynthesis
(PAR efficiency) of silphia crops were determined by the calculation method [14]. The
experimental data were subjected to dispersion and correlation analysis [15].
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3. Results

According to the data obtained, in the first year of herbage life during the growing
season of 110 days, with the ordinary method of sowing, silphia formed the largest leaf
area of 6.9-7.4 m2/m2 depending on the seeding rate, while with square-nesting (70x70
cm) sowing this value was minimal and did not exceed 4.8-5.3 m2/m2 (Figure 1). In the
second year of life in the first cut, the area of leaves on silphia crops with all studied
sowing methods increased 2.5-3.2 times compared to the first year. Such a significant
increase in the area of the assimilation apparatus is due to the peculiarity of the culture
in the first year of life to form only a rosette of 6-18 leaves, depending on the method
of sowing, and from the second and subsequent years, to form a full-fledged herbage
from the shoots. At the same time, in this year, silphia had the largest leaf area during
row sowing both in the first (17.9-18.3 m2/m2) and in the second cut (7.8-8.5 m2/m2) due
to the increased herbage density.

Figure 1: Area of the leaves of cup plant depending on the method of sowing and sowing rate, m2/m2

In the third year of life, in the first cut, a tendency to leveling the area of leaves of silphia
was observed depending on the sowing method and the seeding rate, which varied
from 18.2 to 19.1 m2/m2, while in the second cut, the largest photosynthetic apparatus
(9.1-9.3 m2/m2) was formed on crops with a row spacing of 70 and 90 cm at a seeding
rate of 0.6-1.0 million pcs./ha. Moreover, the leaf area in this year of use with these
sowing methods and seeding rates increased by 14-15% in the first cut and by 30-58%
in the second cut compared to the previous year. The area of the leaf surface of the
silphia in the second mowing during the years of research was 2-3 times less than in the
first mowing, which is associated with a significant decrease in the rate of development
of grass leaves during the aftergrowth formation.

The photosynthetic work of agrophytocenosis by the size and duration of the work
of the assimilatory apparatus is assessed by the photosynthetic potential. In the first
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year of the life of the silphia grass stand, the highest photosynthetic potential during
the growing season was formed with the row sowing method (1.8-2.1 million m2 day/ha),
while as the row-spacing increased, this indicator decreased 1.4-3.5 times (Figure 2).

 

Figure 2: Photosynthetic potential (PP) of cup plant depending on the sowing method and seeding rate,
million m2 ⋅ day/ha

In the second year of life, the advantage in the value of the photosynthetic potential
both in the first (4.2-4.4 million m2 day/ha) and in the second (1.8-1.9 million m2 day/ha)
mowing was in silphia crops with a width row spacing 15 cm. Increasing the row spacing
up to 90 cm and the square-nest sowing method reduced this indicator by 20-36%. In
the third year of life in the first cut, insignificant changes in the photosynthetic potential
were observed depending on the sowing method (5.2-5.7 million m2 day/ha), which is
due to the equalization of the density of the grass stand with wide-row and square-nest
sowing methods due to good shoot-forming ability of silphia. However, in the second
cut with wide-row crops (70 and 90 cm), due to more optimal conditions for growth
and development, the silphia formed a more powerful assimilation apparatus, which
determined the high photosynthetic potential of its herbage (2.2-2.3 million m2 day/ha).

The quality of the assimilation apparatus was assessed by the indicator net produc-
tivity of photosynthesis, the maximum value of which in the first year of life was noted
on the variants with the smallest leaf area and photosynthetic potential, namely, on
square-nested and wide-row sowing methods at minimum seeding rates (1.1-1.3 g/m2

day) (Figure 3).

In subsequent years, an annual increase in the net productivity of photosynthesis
of silphia crops was observed, which was manifested to a greater extent with the row
sowing method, where, due to the compaction of the herbage, the main part of the
leaves was located in the upper tier with less shading. Thus, the net productivity of
photosynthesis in the first mowing in the second year increased by 1.2–2.9 times, and
by the third, by 1.2–1.5 times compared to the first year. In the second year of life, the
smallest NPP was on the square-nesting 70x70 cm method of sowing in the first cut
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(1.61-1.63) while in the second cur it was 1.36-1.64 g/m2 ⋅ day, which is 11-38% inferior to
other methods of sowing. In the third year of life, the tendency for a decrease in the
net productivity of photosynthesis of sowing with an increase in the row spacing also
persisted in the first cut by 7-36%, in the second it increased by 21-30%.

Figure 3: Net productivity of photosynthesis (NPP) of cup plant, depending on the sowing method and the
seeding rate, g/m2 ⋅ ha

In the first year of life, the yield of dry matter from silphia crops was not high and
varied from 0.8-1.0 t/ha with a square-nest sowing method to 1.4-1.6 t/ha with an ordinary
one (Figure 4). An increase in the productivity of the silphia grass stand was observed
in the second and third years of life. For example, in the second year of life, the yield of
dry matter per unit area increased 5-10 times, in the third year it increased 14-22 times
compared to the first year of life. The best options were with row and wide-row sowing
methods at increased seeding rates, where the dry matter productivity in the second
year of life was 10.2-13.7 t/ha, and in the third year it was 21.1-22.4 t/ha.

Figure 4: Productivity of cup plant, depending on the sowing method and seeding rate, t/ha

The efficiency of the assimilation apparatus of the silphia crops, depending on the
sowing method and the seeding rate, was assessed by the efficiency of photosynthesis,
which for grass stand with an average level of PAR assimilation should be within 1.5-
3.0%, and 3-5% at its high level [14]. Already in the second year of the life of the silphia
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stand, with row and wide-row sowing methods (45 and 70 cm) at seeding rates of 1.0-4.0
million pcs/ha, the average value of PAR assimilation reached 1.5-1.8% (Figure 5).

 

Figure 5: PAR use efficiency of silphia crops depending on the sowing method, seeding rate and year of
life, %

By the third year of life, this indicator increased by another 1.7-2.3 times in all variants
of the experiment, and the most effective use of PAR was noted on crops with the
highest seeding rate.

4. Discussion

In the course of assessing the degree of the influence of photosynthetic parameters on
the yield of dry matter of silphia, depending on the method of sowing and the seeding
rate, a correlation analysis was used. A strong correlation was revealed between the
productivity of the herbage and the leaf area (r = 0.93±0.1), the photosynthetic potential
(r = 0.9±0.11), and the net productivity of photosynthesis (r = 0.82±0.15).

5. Conclusion

The study of the photosynthetic activity of cup plant with various sowing methods in
the forest-steppe conditions of Western Siberia showed that on a row sowing of silphia
with a seeding rate of 4 million units/ha, an optimal density of herbage was formed,
which contributed to the formation of a powerful assimilation apparatus with a high
photosynthetic potential. These indicators on average over the years of research were,
respectively, 14.8 m2/m2 and 4.0 million m2 day/ha in the first cut and 8.4 m2/m2 and
1.9 million m2 ⋅ day/ha in the second cut. This sowing method was also distinguished
by the more productive work of the assimilation apparatus of the grass stand, which is
confirmed by the high average values of the net productivity of crops on this variant
of the experiment in the first (2.0 g/m2 day) and in the second (2.8 g/m2⋅ day) cutting.
Significant indices of photosynthetic activity of silphia crops during drill sowing with
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a seeding rate of 4 million pcs/ha determined the high yield of dry matter, which on
average over the years of research and for two cuts was 12.6 t/ha. The photosynthetic
activity of silphia crops noticeably increased with the age of the grass stand, which was
especially evident in an increase in the efficiency of PAR by 10-14 times by the third
year of life of the grass stand as compared to the first one, and with a row sowing and a
seeding rate of 4 million pcs./ha, a high level of PAR assimilation was achieved (2.9%).
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