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Abstract
Raw materials for the production of solid biofuels are waste from the woodworking industry (sawdust, woodchips), straw of
cereals and legumes, sunflower husk and so on. The production of such raw materials is unstable and seasonal, which
adversely affects the efficiency of the biofuel factories. Therefore, special attention is paid to the direction related to the
stable provision of raw materials for the production of solid biofuels through the cultivation of new types of high-yielding
perennial plants. One such plant is the miscanthus giant (Miscanthus giganteus). Due to the high yield of dry biomass (up
to 25 t ha-1), high calorific value (5 kW/h/kg or 18 MJ/kg), low natural stem moisture at harvest time (up to 15%), miscanthus
is the most effective plant compared to other crops for the production of solid biofuels. The results of studies of photosynthetic
miscanthus productivity, depending on the date of planting rhizomes, are highlighted in the article. The maximum leaf surface
area of the plant and the net productivity of photosynthesis are observed during the second term of planting rhizomes. The
maximum yield of dry biomass of miscanthus plants was obtained by planting rhizomes in the second decade of April and for
the third year of vegetation is 15.3 t ha-1.
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Introduction
Environmental stresses caused by climate change

and unstable irrigation will affect crop productivity and
reduce farmland on 2-9% worldwide and on 11-17%
across Europe (Zhang and Cai, 2011). The increasing
impact of climate change on the production and demand
of crop products creates problems for the use of existing
agricultural lands. One of the solutions may be to use
unsuitable land for growing crops. Perennial crops are
second-generation biomass, resistant to environmental
stress, contributing to reducing CO2 emissions, limiting
competition with food production (Popp et al., 2014; Goetz
M. Richter et al., 2016).

Miscanthus (Miscanthusgiganteus) is one of the
most promising industrial crops in the world, mainly due
to its high resource efficiency and biomass yield.
However, the scale of cultivation of this crop in Europe
still far from its real potential. The major limiting factors
are high initial costs and poor biomass productivity during
the harvest period, especially in the first year (Moritz
von Cossel et al., 2019).

Miscanthus is considered to be a promising candidate
for second generation energy crops (Clifton Brown et
al., 2004, 2007; Karp and Shield, 2008; Oliver et al.,
2009). As a C4 perennial grass capable of producing high
biomass in cool climates, miscanthus is especially suitable
for growing in the temperate regions of the world (Beale
and Long, 1995; Beale et al., 1996; Naidu et al., 2003;
Wang et al., 2008).

A growing body of evidence indicates that second
generation energy crops can play an important role in the
development of renewable energy and the mitigation of
climate change. However, dedicated energy crops have
yet to be domesticated in order to fully realize their
productive potential under unfavorable soil and climatic
conditions (Yan J. et al., 2011).

The European Agricultural Development Policy has
provisions aiming at the sustainable development of a
maximum of 30% of potentially available biomass that
can be used for energy production. Miscanthus as a
feedstock for biofuel production has good qualities for
burning (Tomi et al., 2011; Daraban et al., 2015).



Due to the appearance many species and varieties
of giant miscanthus are used as ornamental plants in
landscape design for greening ponds, flower beds,
gardens. However, today it is widely used in various
sectors of the economy, most of all - in bioenergy. Yes, it
can be used directly for burning or for the production of
solid biofuels and bioenergy (Jerome J. Maleski David et
al., 2019; D.J. Krol et al., 2019; F. Morandi et al., 2019;
Szulczewski et al., 2018).

The most important task for the effective use of
biomass is to develop projects that combine the cultivation
of bioenergy crops on marginal lands and use them as
raw materials for the production of solid biofuels (Juriši
et al., 2014).

Miscanthus is a perennial bushy herbaceous plant
with C4 type of photosynthesis, capable of develop active
leaf growth even at 6°C, which exceeds that of C3 type
crops (Dafu Wang et al., 2008; Mitchell et al., 2014).

According to Pidlisnyuk et al., (2014), dates of
planting by years may vary depending on the soil condition.
The vegetation period of thermophilic crops is limited by
the transitions of the average daily air temperature over
+ 10°C and the period of the most active vegetation – by
transitions of the temperature over +15°C.

Other scientists consider that the optimal dates of
miscanthus planting occurs when the soil temperature at
a depth of 5 cm reaches 10... 12ºC and air – 15ºC, with
the physical maturity of the soil. That is, it can be from
mid-April to mid-May. Earlier planting is more risky with
spring frosts and later – with droughts (Zinchenko, 2008;
Frühwirth P. et al., 2005).

However, there are studies showing that the optimal
planting period is March - April, which is associated with
the use of spring moisture in the soil and provides better
plant growth and development. This is important because
rapid growth and development leads to a greater
accumulation of nutrients in the rhizomes and also allows
crops to better tolerate drought and frost (Kvak, 2014).

Therefore, in the conditions of the Right-bank Forest
Steppe of Ukraine, the optimal dates of miscanthus
planting is one of the important investigated factors
influencing the formation of photosynthetic plant
productivity.

The purpose of the research is to determine the
photosynthetic productivity of miscanthus, depending on
the dates of planting rhizomes, as raw materials for biofuel
production in the conditions of the Forest Steppe of Ukraine.

Materials and Methods
The researches were conducted in 2017-2019 in the
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conditions of Scientific and Production Center of
BilaTerkva National Agrarian University (zone of unstable
moistening). The soil of the study area is typical
chernozem. Agrochemical characteristics of the soil:
humus content is 2.7-3.2%, nitrogen - 90-120 mg/kg,
mobile phosphorus - 130-160 mg/kg and exchangeable
potassium - 120-130 mg/kg. The climate of the region is
moderate continental with average precipitation 538 mm,
average annual temperature 8°C, average annual relative
humidity about 77%.

The experiment studied different terms of planting
rhizomes (in the first decade of April - soil temperature
at a depth of 5 cm was 4-6°C; in the second decade of
April soil temperature was 7-9°C; the third decade of
April - soil temperature - 10-12°C; the first decade of
May - the soil temperature 13-15°C).

The experiment was based on the method of
systematic repetitions: in each repetition, the variants of
the experiment were placed on the plots sequentially.
Repetitions of the experiment are four times. Phosphorus-
potassium fertilizers (background) were applied during
the autumn plowing, nitrogen fertilizers were applied in
the spring. Planting of rhizomes weighing 30-60 g was
carried out to a depth of 6-10 cm with a row spacing of
70 cm. The area of the plot is 50 m2, accounting area -
25 m2.

Field studies were conducted using conventional and
special agronomic methods. The dynamics of increment
of leaf surface area was determined by the method of
“cutting” for field researches. The net productivity of
photosynthesis of miscanthus plants was determined by
the method of A.A. Nichiporovich. The yield of dry leaf
and stem mass was determined by continuous mowing,
weighing and counting per unit area.

Results and Discussion
The formation of the photosynthetic apparatus of

Fig. 1: Miscanthus in the experiment.
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plants is a complex process. As a result of consistent
formation, leaves of different ages are formed on the
plant: newly formed, young growing, adult productive
leaves and dying old leaves.

In the early stages of plant growth and development,
the processes of leaf growth predominate, in the later
stages – the processes of dying associated with enhanced
nutrient transport from the dying leaves to the storage
and reproductive organs.

Miscanthus refers to light-loving crops (Fig. 1). It uses
much more solar power than other plants of the cereal family.

Miscanthus requires intense sunlight during the
growing season to form the optimum leaf area and
accumulate sufficient organic matter. Under insufficient
light, plants are getting long and yellow and their
photosynthesis intensity and number of assimilants are
significantly reduced (Kvak, 2014). One of the main
conditions for the high productivity of miscanthus is the
intensity of absorption and use of solar radiation by leaves.
To enhance the photosynthetic activity of miscanthus
plants, it is important to keep the plants warm and moist.

The results of studies have shown that during the
growing season up to 18-20 leaves can be formed in
miscanthus plants. At different dates of planting rhizomes,
the area of the leaf surface of the plants changed during
the growing season (Table 1).

On average, during the years of research, the
maximum leaf surface area (5.67 thousand m2/ha) of
miscanthus plants was formed in September for planting
rhizomes in the second decade of April. At an earlier and
later date, the area of leaf surface area was smaller and
accordingly amounted to 4.78 thousand m2/ha, 4.28 and
3.01 thousand m2/ha.

It should be noted that in all variants
of the experiment there is an increase
in leaf surface from June to September,
where the area of leaf surface reaches
a maximum. After this their drying and
dying occurs, which leads to a decrease
in this indicator.

The most important process in plant

Table 1: Dynamics of growth of leaf surface area depending on the dates of
planting rhizomes, thousand m2/ha (average for 2017-2019).

Planting Date of accounting
time June July August September October

I decade of April 0.22 1.30 2.70 4.78 3.15
II decade of April 0.27 1.41 3.26 5.67 3.75
III decade of April 0.19 1.10 2.44 4.28 3.03
I decade of May 0.11 0.49 1.95 3.01 2.21

Table 2:  Net productivity of photosynthesis of miscanthus plants, depending on
the dates of planting rhizomes, g/m2 per day (average for 2017–2019).

Planting Date of accounting
time June June June June June

I decade of April 1.07 3.10 4.53 6.15 5.48
II decade of April 1.12 4.23 5.81 6.81 5.78
III decade of April 0.93 2.94 4.40 5.98 4.43
I decade of May 0.40 2.90 4.13 5.23 4.01

It should be noted that the increase
in the net productivity of photosynthesis
in miscanthus was facilitated by earlier
dates of planting rhizomes. In
September, for the first and second
planting period, net productivity was
6.15 and 6.81 g/m2 per day, respectively,
for the third and fourth planting periods,

life is the process of photosynthesis. As it goes, the growth
and development of the plants and their final productivity
depends. By changing the dates of planting, you can adjust
the photosynthetic potential of plants and the amount of
used photosynthetically active radiation. The size and
spatial structure of the leaves depends on the amount of
light energy absorbed by the plantations, the intensity of
organic matter production and the total transpiration.
Therefore, the productivity of photosynthesis in plants is
determined by two main indicators – the total area of
leaves (assimilating surface) and the intensity of
photosynthetic processes per unit area of leaves.

Analyzing the net productivity of photosynthesis of
miscanthus plants, we observe that its intensity during
the growing season initially increased and then decreased
(Table 2). Since the planting rhizomes in the II decade of
April, net productivity of miscanthus was the highest in
the experiment at all stages of plant growth and
development.

In June, for all sowing periods, the net productivity
of photosynthesis was the lowest and was in the range
of 0.40… 1.12 g/m2 per day, in July respectively 2.90…
4.23 g/m2 per day, in August - 4.13 … 5.81 g/m2 per day.
In September, the maximum values 5.23… 6.81 g/m2 per
day were obtained. However, in October the net
productivity of photosynthesis declines and fluctuates from
4.01 to 5.78 g/m2 per day, depending on the dates of
planting rhizomes.

This is due to the fact that at the beginning of the
growing season miscanthus plants have a poorly
developed assimilation apparatus, so photosynthetic
productivity is low. However, in September it reaches its
maximum and in October it is reduced by the dying of
the lower leaves.



4.43 and 4.01 g/m2, respectively, due to the increase in
the growing season. At late planting times, the plants
reduced the length of the growing season, developed a
smaller leaf apparatus and quickly transitioned to the
reproductive phase.

Early rhizomes’ planting allows plants to make better
use of light, moisture, which creates favorable soil and
climatic conditions in the first half of the growing season.
As a result, the productivity and quality of raw materials
are increased.

The maximum yield of dry biomass of miscanthus
plants is observed for planting rhizomes in the second
decade of April and is 1.6 t ha-1 in the first year of
vegetation, 9.5 t ha-1 in the second vegetation year and
15.3 t ha-1 in the third year (Fig. 2).

late term to 10.45 t ha-1 in the second
planting period. The highest output of
biofuels was observed in the third year
of vegetation throughout the experiment,
but in the second term it was maximum
equal to 16.83 t ha-1.

The highest energy output 286.11 GJ
ha-1 from the biomass of the third year
of vegetation was obtained during the
second period (II decade of April) of
planting rhizomes (Fig. 4). For planting
rhizomes in the first and third decades
of April, as well as in the first decade of
May, the energy output decreased
accordanly to 263.67 and 258.06GJ ha-

1, as well as to 237.49 GJ ha-1.
Although final yield of crops

depends on the amount of
photosynthesis achieved during the
growing season, studies which have
focused on rates of single leaf
photosynthesis have not been successful
in the identification of more productive
genotypes of crop plants to be used in
the field (Lawlor, 1995).

Leaves must expand to intercept
radiation for photosynthesis and it is
possible that the rate of leaf growth is
more important as a selective
characteristic than photosynthesis when
trying to evaluate the potential
production of different genotypes.
Indeed, it has been suggested that, in
temperate climates, temperature is likely
to limit leaf growth of field crops to a

Fig. 4: Energy output depending on the dates of planting rhizomes, GJ ha-1 (average
for 2017-2019).

Fig. 2: The yield of dry mass miscanthus depending on the dates of planting
rhizomes, t ha-1 (average for 2017-2019).

Fig. 3: The output of solid biofuels, depending on the dates of planting rhizomes,
t ha-1 (average for 2017-2019).

For planting rhizomes in the first decade of April, the
yield was slightly lower and amounted to 1.4 t ha-1 in the
first year, 8.9 t ha-1 in the second and 14.1 t ha-1 in the
third year of vegetation.

The dry mass yield for planting rhizomes of
miscanthus in the third decade of April and the first decade
of May was lower than the yield, obtained during the
optimal planting period (second decade of April).

In line with the increase in biomass yields, the output
of biofuels and energy per unit area increased (Fig. 3).

The output of biofuels in the first year of vegetation
was very low and depending on the dates of planting
rhizomes of miscanthus was 1.1-1.76 t ha-1. In the second
year of the growing season, the estimated output of solid
fuel was slightly higher and ranged from 8.69 t ha-1 in the
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greater extent than it limits photosynthesis (Monteith and
Elston, 1972).

Zub et al. (2012) in their studies indicate that more
developed plants (6 or 7-leaf stage) were less frost
tolerant than those at the 3 or 5-leaf stage. The leaf-
stage of the plant is linked to apex height and this appeared
to play a role in frost tolerance. Moreover, the differences
in frost tolerance were negatively correlated (r = -0.94)
with the mean leaf surface area of clones at the time of
frost exposure.Therefore, the study of the elements of
growing technology is promising and needs further
research.

Conclusions
Thus, it has been established that the dates of planting

rhizomes of miscanthus influences the formation of the
assimilation surface of the leaves, the net productivity of
photosynthesis and the yield of dry biomass.

The highest rates of photosynthetic activity of the
miscanthus leaf apparatus were obtained by planting
rhizomes in the second decade of April. The maximum
leaf surface area 5.67 thousand m2/ha of plants was
formed in September. It was determined that miscanthus
plants formed the highest net productivity of
photosynthesis - 6.81 g/m2 per day during the same
planting period.

The maximum yield of dry biomass of miscanthus
plants is observed for planting rhizomes in the second
decade of April and for the third year of vegetation is
15.3 tha-1. Accordingly, the estimated output of solid
biofuels (16.83 tha-1) and energy (286.11 GJ ha-1) were
the highest. Therefore, this period of miscanthus planting
is optimal and recommended in the zone of the Forest
Steppe of Ukraine.
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