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Abstract. The selection of plant species, their varieties, or hybrids and the establishment of their productivity is an
urgent necessity today due to the shortage of biofuel production at the world level. The purpose of the study was to
identify the influence of technological measures (row spacing width and plant density) on the formation of elements
of the crop structure of castor varieties. During 2020-2021, a study was conducted in the field to examine the influence
of plant density and row spacing on the elements of the crop structure of castor varieties Khortyts'ka 3 and Olesia in
the educational and scientific laboratory “Demonstration field of agricultural crops” of the National University of Life
and Environmental Sciences of Ukraine. The following methods were used: theoretical (statistical processing) and
practical (descriptive, comparative). The following indicators were evaluated: the weight of 1000 seeds, the number
of grains on the plant, and the mass of seeds per plant. The yield of castor seeds of the Khortyts'ka 3 variety was 1.27-
146 t/ha with a maximum standing density of 50 thousand plants/ha and a row spacing of 70 cm. The seed yield of
the Olesia variety was 1.34-142 t/ha with the allocation of two most productive options - an option with a row spacing
of 45 cm and 377 thousand plants/ha and an alternative with a row spacing of 70 cm and a density of 50 thousand
plants/ha. The seed productivity of one plant can almost double with a decrease in the density of standing from 50 to 25
thousand plants/ha, while simultaneously forming larger seeds. The weight of 1000 seeds of the Khortyts'ka 3 variety
ranged from 268 to 283 grams, and the Olesia variety was 294-316 grams. [t was identified that the correlation between
seed yield and seed productivity indicators is negative or absent at all, and with the density of standing is positive. The
results indicate a high compensatory ability of castor oil varieties Khortyts'’ka 3 and Olesia in the establishment of
productivity elements at a different density of standing and width of row spacing in the conditions of the Right-Bank
Forest-Steppe of Ukraine. This allows for conducting further studies on the influence of sowing parameters in a wider
range and using the results obtained for growing castor oil in atypical soil and climatic conditions.
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INTRODUCTION

Alternative sources of crop raw materials - an urgent
need today is due to the necessity of improving energy
efficiency and diversifying energy supply sources, pro-
ducing lubricants, preserving and enriching biodiver-
sity and the environment. Due to the shortage of bio-
fuel production at the world level, it became necessary
to find crops that could become alternative food crops,
which are now widely used for energy purposes. Along
with this, there are a number of issues related to climate
change and the need to examine the adaptability of crops

in this area for growing in atypical soil and climatic con-
ditions. In this regard, there is a revival of interest in the
production of castor oil in Ukraine (Ricinus communis L.),
which belongs to non-food industrial crops. However,
there are a number of questions that need to be investi-
gated and relate to identifying the influence of elements
of cultivation technology, in particular, the density of plant
standing and row spacing on the realisation of the genetic
potential of the crop in conditions that are atypical for the
growth and development of this crop.
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In the conditions of climate change, the range of
crops that were inherent in individual regions changes,
which makes it necessary to examine the features of the
establishment of productivity of these crops under the
influence of technological techniques for growing them
in atypical soil and climatic conditions. The examination
of the influence and selection of technological processes
that increase the productivity of castor varieties will al-
low growing crops in the conditions of the Right-Bank
Forest-Steppe of Ukraine

Castor oil is a non-food oil crop that originates
from tropical and subtropical regions and is well adapted
to temperate climates. Castor (Ricinus communis) can
grow up to 10-12 meters in tropical regions and is a pe-
rennial, but in temperate latitudes, it is grown as an an-
nual crop with a height of 1-3 m (Salihu et al,, 2014). Cas-
tor has been cultivated for centuries to produce the oil
from its seeds (Ribeiro et al., 2016). Castor seeds contain
40 to 60% fat, which consists of a mixture of triglycerides
of various saturated and unsaturated fatty acids, with a
substantial predominance of ricinoleic acid, the content
of which can reach 89% (Mallah & Sahito, 2020). Despite
its wide adaptability, global castor oil production is con-
centrated in only a few countries, among which India is
the undisputed leader, as according to FAO data for 2020,
almost 90% of world-produced castor seeds were grown
there (Food and Agriculture Organisation..., 2022).

The increase in castor oil production worldwide
over the past decade is a clear indication of the wide
range of applications of this oil and its derivatives in
various industries (Mubofu, 2016). Today, the oil is used
in agriculture, food processing, electronics, and for the
manufacture of textiles, paper, plastic, rubber, cosmet-
ics, perfumes, medicines, paints, inks, additives, lubri-
cants, and biofuels(Mallah & Sahito, 2020).

The productivity of castor crops in annual cultiva-
tion is limited. The yield of castor oil reaches 1.5-2.9 t/ha
with repeated fruit harvesting, and record yields (up to
5 t/ha) can be obtained by growing it as a perennial crop
(Koutroubas et al., 1999).

Castor oil is characterised by high adaptability to
weather and soil conditions. Although it is a long-day
plant, for which, increasing the duration of the light sea-
son by more than 12 hours contributes to the formation
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of female flowers, castor oil also grows well in regions
with a photoperiod of at least 9 hours and good lighting
(Salihu et al., 2014).

In tropical regions, castor oil is grown as a peren-
nial crop, but only annuals are suitable for mechanised
harvesting. In the Mediterranean region and moder-
ately warm zones, it is grown as a spring-summer crop,
mainly because of its heat-loving nature, especially
when sprouting and lowering temperatures in winter. In
these regions, castor oil is sown mainly in April, when the
soil temperature reaches 16-17°C. Low soil temperature
prolongs the process of germination and emergence
of seedlings, and frosts below -8°C lead to the death of
even the most cold-resistant genotypes in a few hours
(Zanetti et al., 2017).

The suitability for industrial cultivation of this
crop depends on the main climatic restrictions, i.e. the
temperature and duration of daylight hours, regardless
of the presence of moisture in the soil and the supply of
nutrients that can be provided in the future by the culti-
vation technology (Patané et al., 2019).

The purpose of the study - establish the influence
of plant density and row spacing on the elements of the
crop structure and castor productivity. The goal of the
study was to assess the influence of elements of cultivation
technology on the yield of the crop under study and to
choose the conditions for rational management of agro-
technological processes and measures for stable optimi-
sation of the productivity of alternative oilseeds.

MATERIALS AND METHODS

Field research was conducted in 2020-2021 in the edu-
cational-scientific laboratory of the Department of Crop
Growing “Demonstration field of agricultural crops” of the
National University of Life and Environmental Sciences of
Ukraine. According to the complex of weather-climatic
conditions, the research area can be attributed to the
Forest-Steppe agro-climatic zone.

Weather conditions on the territory of the
Forest-Steppe part of the Kyiv region during the research
period were characterised by increased average monthly
temperatures in summer compared to long-term indi-
cators and substantial deviations in monthly precipita-
tion in certain months (Fig. 1).
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Figure 1. Average monthly air temperature (A) and monthly precipitation (B) during the castor growing season
(April-October), 2020 and 2021

Note: pa - perennial value

Weather conditions in 2020 were motley, as the air
temperature in some months substantially exceeded the
perennial value, and in others, it was lower. The average
monthly temperature in April of this year exceeded the
perennial value by 1.5°C and was 9.9°C, which enabled the
beginning of sowing in the third decade of April. The av-
erage monthly temperature in May was 2.9°C lower than
the perennial value and was 12.4°C, that is, the growing
process of castor oil at the initial stage of development
slowed down. In the summer months, the air tempera-
ture was higher than perennial values because in June
the excess was 3.2°C, in July - 2.3°C, and in August - 1.2°C.
The air temperature was substantially higher in the au-
tumn months of the growing season, which contributed to
the ripening of castor fruits - in September it was 3.9°C
warmer, and in October - 4.7°C.

During the period from April to October 2020,
345 mm of precipitation fell, which is 64 mm less than
the perennial value for this period of time, but their dis-
tribution was heterogeneous - in May, almost twice the
normal amount fell, and in subsequent months there
was less precipitation. In August and September of this
year, 15 and 25 mm of precipitation fell, respectively,
which was 27-43% of the norm, that is, in combination
with a substantially higher air temperature during this
period, there could be a lack of moisture in castor crops.

The air temperature during the growing season
of castor in 2021 at the initial stages was close to the pe-
rennial value. In April, the average air temperature was
0.4°C below normal and was 8°C, in May it was lower by
only 1.0°C (14.3°C), and from June to August substantially
exceeded the perennial value. In June 2021, the average
monthly air temperature was 21.3°C (+2.8°C to norm),
in July - 24.6 (+5°C to the norm), and in August - 21.1°C

o

(+0.9°C to the norm). September was colder than usual,
as the air temperature averaged 13.5°C, which is 0.8°C
less than theperennial value , and in October it was 0.6°C
above the norm - 8.4°C.

The amount of precipitation for April-Octo-
ber 2021 was 300.6 mm, which is 108.4 mm lower than
the annual average, and their distribution during the
growing season was also heterogeneous. In the spring
months, precipitation was close to the perennial value
and in June only 24 mm fell, which is 50 mm less than
normal. In July and August, the amount of precipitation
was close to normal, but at high air temperatures, the
humidification regime could substantially differ from
the perennial value. The amount of precipitation in Sep-
tember (23 mm) was 35 mm lower than the perennial
value, and in October there was almost no effective pre-
cipitation (the amount of precipitation for the month
was 1.6 mm).

The air temperature and precipitation varied over
the years of research, but due to the biological charac-
teristics of castor, these conditions were acceptable and
favourable for growing this crop.

The soil of the experimental site is grey forest
coarse-dusty light-loamy in granulometric composition.
Humus content 2.54+0.18%, easily hydrolysed nitrogen
content 72+8 mg, mobile phosphorus 98+25 mg, ex-
change potassium 70+22 mg per 1kg of soil; pH, , 5.8-
6.1, the sum of the absorbed bases is 10-15 mgxeq/100 g
of soil. Soil density at steady state is 1.1-1.2 g/cm?, the hu-
midity of persistent wilting is 10.2%. The depth of ground
wateris 2-4 m.

The scheme of plant placement during sowing is
developed considering the sowing suitability of castor
seeds at the level of 95% (Table 1).
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Table 1. Field experiment scheme

Factor A Factor B Factor C
- c Plant placement scheme, cmxcm
. . . Standing density, thousands ’
Variety Row spacing width, cm of plants/ha
25.0 45x85
Bl.45cm 375 45x57
50.0 A5x42
Al Khortyts'’ka 3
250 70x55
B2.70 cm 375 70%x36
500 70%27
250 45x85
Bl.45cm 375 45x57
50.0 A5x42
A2.Olesia
250 70x55
B2.70 cm 375 70%x36
500 70%27

The predecessor is winter wheat. After harvesting
the predecessor, stubble peeling was conducted. Winter
ploughing was conducted in the I-1I decade of September
to a depth of 22-24 cm and fertilisers were applied in the
norm P, K, (superphosphate 18%, potassium chloride
60%). According to the physical ripeness of the soil (PV 55-
60%), moisture was closed in the spring using a light tooth
harrow (BZSL-1,0). On the day of sowing, disking was con-
ducted to the depth of sowing and N, was applied(ammo-
nium nitrate - 33.4%) in pre-sowing cultivation. Seeds were
treated with fundazole (benomyl) at a rate of 2.5 kg/t before
sowing. Seeds were sown to a depth of 6-8 cm at a soil tem-
perature of 10-12°C at 10 cm. The date of sowing in 2020 is
April 28, in 2021 - May 7. Sowing was conducted manually
atagiven standing density. Plant protection products were
not applied during the growing season. All elements of the
cultivation technology, with the exception of the subjects,
were the same throughout the experiment.

The repetition rate of the experiment is fourfold.
The total area of one plot is 31.5 m? (4.2 m x 7.5 m for row
spacing of 70 cm; 4.5 m x 7.0 m for row spacing of 45 cm),
accounting - 25.2 m2(4.2 m x 6.0 m for row spacing of
70 cm; 4.5 m x 5.6 m for row spacing of 45 cm).

Sampling and assessing of samples

In each variant, 10 plants were selected on the side
brushes during the full fruit ripeness phase. The results
obtained for each of the indicators were tested for nor-
mality according to the Shapiro-Wilk criterion (Razali &
Wah, 2011). In the case when the variational series did
not correspond to the normal distribution, the number
of samples was increased.
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The seed mass from each plant was determined
by collecting all the ripe castor fruits and removing the
shells. All ripe seeds from the plant were weighed with an
accuracy of 01 g, then the average value was determined.

The thousand seeds weight was determined by
weighing two samples of 500 seeds each, followed by
calculating the arithmetic mean. If the discrepancy be-
tween the mass of the samples and the arithmetic mean
exceeded 3%, the third sample was taken. It was deter-
mined with an accuracy of 0.1 g.

The number of fruits was determined by counting all
ripe fruits on the plant that contained at least one ripe seed.

The seed yield was determined by collecting all
seeds from the registered plot and converting the value
in t/ha to a basic seed humidity of 12%.

Statistical processing of the results was per-
formed using STATISTICA 13.0 software tools and the
built-in Microsoft Excel analysis package. A variance
analysis was performed, and the Fischer criterion of the
smallest substantial difference (HIP,,) was used to de-
termine the substantial difference between the options
and the influence of factors on performance elements.
Fisher’s LSD post-hoc analysis module for homogeneous
groups was used at a substantiality level of 0.05, and the
groups were assigned letters starting with a to assess the
difference (or similarity) between the variants. The em-
pirical results obtained correspond to the normal distri-
bution (Gaussian distribution).

Regression analysis was performed, linear and
polynomial models were developed, and Pearson coef-
ficients of determination and pairwise correlation were
determined to establish the dependences of seed mass
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and plant density. Pearson pair correlation coefficients
for pairs of performance elements were set by the Cor-
relation matrix software with the definition of p-values
for each indicator.

RESULTS AND DISCUSSION
The structure of castor yield is determined by such ele-
ments as the density of standing, the mass of seeds per

plant, the mass of 1000 seeds, and the number of seeds
per plant, which depends on the number of fruits on the
main and side brushes.

The results of the analysis of variance (ANOVA) of
crop structure indicators are presented in Table 2. The
factual standing density was additionally determined to
consider the influence of intraspecific competition on
the establishment of castor productivity elements.

Table 2. Dispersion analysis of elements of the castor crop structure

SWpP TSW FpP SDH SY
Main factors
Part!, % Part!, % Part!, % Part?, % Part!, %
Variety(V) * 09 o 90.5 o 39 ns 0.0 * 151
Row PIRSE width | 00 * 02 ns 00 ns 00 ns 06
Stand‘gg]ﬁemlty " 982 " 87 " 954 * 99.9 * 522
Interactions
VxRS ns 01 ns 0.0 ns 01 ns 0.0 ns 0.6
VxSD * 05 *x 03 ns 0.2 ns 0.0 x 193
RS x SD * 03 * 0.2 * 03 ns 0.0 o 11.8
VxRS xSD ns 0.0 ns 01 ns 0.0 * 0.05 ns 0.3

Note: Part! - the part of involvement in the establishment of variance due to factors and interactions; * - indicates a substantial
difference at the level of p<0.05; ** - indicates a substantial difference at the level of p<0.001; ns - there is no substantial difference
at the level of p = 0.05; SWpP - seed weight per plant; TSW - thousand seeds weight; FpP - fruits per plant; SDH - standing density

on harvest; SY - seed yield

The conducted variance analysis of the indica-
tor of standing density on harvest shows that the factor
of standing density is dominant (99.9% of the impact),
so the decrease or variation in the number of plants in
the field is due only to this factor, that is, the influence
of other factors is levelled. The results obtained allow for
linking the density of standing during germination (and,
accordingly, the quantitative seeding rate) with the den-
sity of standing at the time of harvesting.

The variety factor was dominant among the main
factors in the establishment of the thousand seeds
weight, while in the establishment of seed yield, the
number and seed weight per plant, its part of involve-
ment in the variation of productivity elements was in the
range of 0.9-151%, which sometimes (the seed weight per
plant) was at the level of statistically unreliable influence
(p-value was close to 0.05). The width of row spacing, as
an independent factor, contributed to an increase in the
thousand seeds weight (from 1 to 5 g), where its share
of influence was 0.2%, and in other cases, p-value ex-
ceeded 0.05, that is, this factor in the study did not affect
the mass of seeds from the plant, the number of fruits per
plant, and yield, but manifested itself in interaction with
the density of standing (RSxSD ratio in Table 2), especially

in the establishment of seed yield (11.8% of the effect). The
standing density factor had a dominant effect on the mass
of seeds per plant (98.2%), the number of fruits per plant
(954%), and the establishment of seed yield caused 52.2%
variability. The relationship of factors and their influence
on the establishment of individual productivity indicators
varied, but in total did not exceed 1-2% (with the exception
of yield), and the interaction of all factors at once was sta-
tistically unreliable in all elements of the crop structure,
except for the standing density on harvest, where its influ-
ence was limited to 0.05% variation.

The weight of castor seeds from one plant varied
from 281 to 544 g under the influence of factors of variety
and density of standing but did not depend at all on the
factor of row spacing width. Notably, the standing density
factor caused 981% of all variations in seed mass from the
plant, while the variety factor caused only 0.9%. About 0.3%
of substantial deviations were caused by the interaction
“row spacing width*standing density”, which was mani-
fested in a substantial difference between the variants of
standing density of 375 thousand units/ha in the Olesia
variety with row spacing of 45 and 70 cm, in favour of the
45 cm variant, where an average of 37.5 g of castor seeds were
formed on the plant, and on the 70 cm variant - 35.5 g (Fig. 2).

@ Plant and Soil Science (13) 3
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Figure 2. Seed weight (g) per plant
Note: The same letters indicate that there is no substantial difference between the values at the level of p=0.05, columns without
letters differ substantially from all other options, columns with different letters also differ substantially qt HIP

Based on the results of the analysis of variance
and subsequent evaluation according to the criterion
of HIP,, there are six groups of similarities (a-f) and one
separate variant, which differed in the value of the mass
of seeds from the plant and amounted to 375 g.

Notably, in the Khortyts'’ka 3 variety, there was
no statistically substantial difference between variants
with the same standing density, but different row spac-
ing widths (A < HIP,,), therefore, with a standing density
of 25 thousand plants/ha, this variety formed an average
of 51-52 g of seeds per plant, with a standing density of
375 thousand pcs./ha - 34-35 g, and the smallest at a
standing density of 50 thousand plants/ha - 28-30 g.
The Olesia variety on average formed 54 g of seeds with
a standing density of 25 thousand plants/ha, whichis 2 g
more than in the Khortyts'ka 3 variety on similar vari-
ants. With a standing density of 37.5 thousand plants/ha,
the Olesia variety formed 37.5 g of seeds with a row spac-
ing width of 45 cm and 2 g less seeds with a width of
70 cm, that is, the difference was substantial because it

exceeded HIP .. Therewith, with a standing density of 50
thousand plants/ha, the seed weight per plant was also
28 g, without a difference in the width of row spacing and
the Khortyts'ka 3 variety on similar variants.

The formation of castor fruits and seeds is a re-
sponse of sowing to the availability of life factors, so it
is possible to develop empirical models describing the
relationship between the mass of seeds from the plant
and the density of standing. According to the studies by
Cordeiro et al. (2019) and Fiorese et al. (2016), the regres-
sion equation is unique for each variety and may vary
depending on the growing conditions. Castor is a very
plastic plant, so in addition to the linear model, nonlin-
ear ones, in particular, the polynomial model, can also
be used to describe dependencies. The second-degree
polynomial relationship describes the relationship be-
tween the density of standing and the mass of seeds
from a plant substantially more accurately than the lin-
ear function, and the coefficient of determination (R?) in
this case, it is close to one (Table 3).

Table 3. Polynomial and linear model of the relationship between seed mass from a plant and standing density (x)

Variety Rx(/)vvivdiﬁ,aglilrllg Polyn(();l 1=all)m ol Linear model & f(;;géérllear
Khortyts'ka 3 45 cm y=0.0288x2 - 3.0732x + 109.79 y=-09111x + 72.256 0.9505
70 cm y=0.0478x? - 44935x +134.79 y=-09067x +72.516 0.8734
Olesia 45cm y=0.024x? - 2.8553x + 110.74 y=-10531x + 79.454 0.9436
70 cm y=0.0369x? - 3.7883x +125.79 y=-10233x + 77734 0.9367

Note: The variable x is represented as thousands of plants/ha

Therewith, the alternative linear model for each
class and row spacing width has a high coefficient of de-
termination (from 0.8734 to 0.9505), that is, the Pearson
correlation coefficient (modulo) is in the range of 0.935-
0.975, which is a strong relationship close to functional.

Plant and Soil Science (13) 3

The available data (standing density options) is not suf-
ficient for the unambiguous selection of the priority
model. The polynomial model accurately describes the
results obtained and allows identifying the most sim-
ilar data sets, for example, the equations for varieties
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Khortyts'ka 3 and Olesia with row spacing of 45 cm have
more in common than the option of 70 cm compared to
45 cm within the variety. The alternative linear model,
on the contrary, better describes the varietal features
of seed mass formation from a plant depending on the
density of plant standing, without considering the width
of row spacing (since the coefficient for variable and in-
dependent coefficient are similar within the variety).
This problem requires corrective studies with an exten-
sion of the range of standing densities and a reduction in
the step between options. Based on the results obtained
by Severino et al. (2017), there is generally no associa-
tion between row spacing and individual productivity
of castor plants in the temperate growing zone, where-
as, in conditions of unstable humidity, this is important.
Therewith, planting crops closer limits the availability of
life factors, especially moisture, so induced water stress
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W 37500 plants/ha

can cause a decrease in the mass of seeds from the plant,
both due to a decrease in the number of fruits per plant
and due to a decrease in the mass of 1000 seeds (Alves
et al., 2019; Mazurenko et al., 2020).

Mass of 1000 seeds (seed size)
The varieties investigated are characterised by different
masses of thousands of seeds. A thousand seeds weight
of the Khortyts'’ka 3 variety, depending on the seeding
rate and row spacing width, varied in the range of 268-
283 g, and in the Olesia variety - from 294 to 316 g (Fig. 3).
It was identified that all factors and their indi-
vidual interactions influenced the establishment of the
mass of 1000 seeds, in particular, it was the varietal fac-
tor that caused the highest variation - 90.5%, and the
density of standing - 8.7%, while the total influence of all
other factors was 0.8%.

e
e
I d d
I II I
45cm 70 cm

Olesia

50000 plants/ha

Figure 3. Weight of a thousand castor seeds (g)
Note: The same letters indicate that there is no substantial difference between the values at the level of p=0.05, columns without
letters differ substantially from all other options, columns with different letters also differ substantially at HIP

The mass of 1000 seeds in the Khortyts'ka 3 vari-
ety did not statistically differ in variants with a standing
density of 25 and 37.5 thousand plants/ha and different
standing densities, because it was 279-283 g, that is, the
variants belonged to the same similarity group (group c).
An increase in the density of standing up to 50 thousand
plants/ha led to a substantial decrease in the weight of
1000 seeds to 268-271 g - by an average of 4.2%, which
allowed distinguishing a block of variants into a group a.
In the variety Khortyts'ka 3, the difference in the aver-
age mass values of 1000 seeds with the same density of
standing, but different width of row spacing is within the
margin of error of the average, which indicates the iner-
tia of this variety to the spatial placement of plants in re-
lation to the reaction to seed size. Therewith, with a row
spacing of 70 cm, the seed 1-3 g larger is formed but this
is not a statistically substantial difference.

The Olesia variety had a similar tendency to form

o

a mass index of 1000 seeds, but the influence of stand-
ing density was more pronounced. The largest mass of
1000 seeds was formed at a standing density of 25 thou-
sand plants/ha and averaged 316 g with a row spacing of
45 cm and 314 g for 70 cm, however, the difference was
statistically insubstantial, so these two options belong
to the group e. On variants of standing density of 37.5
thousand plants/ha, a substantial decrease in the mass
of 1000 seeds was observed, but without a substantial
difference between the width of row spacing. On aver-
age, the Olesia variety with a standing density of 37.5
thousand plants/ha formed a mass of 1000 seeds at the
level of 309-310 g. According to the results of the pre-
liminary analysis of variance, it was identified that 0.2%
of the total variance is due to the factor of row spacing
width, so only in the Olesia variety with a standing den-
sity of 50 thousand plants/ha, there was a difference be-
tween variants with different row spacing widths. With a

Plant and Soil Science (13) 3
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row spacing of 45 cm, castor crops formed seeds with a
weight of 1000 seeds at the level of 294 g, and with a row
spacing of 70 cm, on average, 5 g heavier - 299 g.

The mass index of 1000 seeds is quite plastic, but
the model that describes the dependence of this indi-
cator on the density of standing will vary depending on
the variety and growing conditions. Usually, an increase
in the density of standing leads to a decrease in the mass
of 1000 seeds, that is, the relationship is inversely linear.
However, if there is a factor regulating the microclimate
in the ground layer (the presence of mulch, cover culture,
etc.), then this relationship can be polynomial and until
a certain indicator of standing density, the mass of 1000
seeds can grow (Cordeiro et al., 2019; Honchar et al., 2020).

The castor fruit is a three-seeded capsule, so it is
more expedient to indicate exactly the number of fruits

70
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as an element of the crop structure, and not the num-
ber of seeds. The seed inside the fruit develops syn-
chronously, so it is very rare for only one or two seeds
to form in the capsules. The number of fruits from one
plant has a clear dependence on the density of standing,
which causes 954% of the variation in this indicator.
About 3.9% of the variation in the number of fruits on
plants was caused by the variety factor and 0.3% by the
interaction of standing density and row spacing width,
while other factors and their interactions had a statis-
tically unreliable effect. Confirmation of the results of
the analysis of variance is graphically displayed (Fig. 4),
where it can be seen that in one variety with the same
density of standing and width of row spacing, there is
almost no difference in the number of fruits that ripen
and form seeds.

f f
e cd
I | I |
45cm 70 cm
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Figure 4. Number of fruits from the castor plant
Note: The same letters indicate that there is no substantial difference between the values at the level of p=0.05, columns without
letters differ substantially from all other options, columns with different letters also differ substantially at HIP

The influence of the variety factor was manifested
in an increase in the number of fruits in the Khortyts'ka
3 variety compared to the Olesia variety at the minimum
and maximum standing density. The Khortyts'ka 3 vari-
ety formed an average of 60-62 capsules with a standing
density of 25 thousand plants/ha, and when thickened to
50 thousand plants/ha, it reduced their number to 35-37
pieces. Therewith, about 57 and 32 fruits were formed in
the Olesia variety, respectively. This trend continued at
a density of 37.5 thousand plants/ha, but due to the high
variation in the number of fruits, there was almost no
statistically substantial difference between varieties and
row spacing.

Larger seeds of the Olesia variety (by weight of a
thousand seeds) are formed in a smaller number than in
the Khortyts'ka 3 variety, so the previously established
seed weight per plant in both varieties is similar with
the same parameters of row spacing width and density
of standing, the process of forming these indicators is a
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reflection of the compensatory ability in crop formation,
and both varieties vegetated on the verge of realising
the genetic potential in the given conditions. Given this
fact, the yield formation and its range were substantially
narrower than usual for agricultural crops. According to
the results received by (Cordeiro et al, 2019), the pres-
ence of additional vegetation, even from other ecological
niches leads to a substantial decrease in the number of
fruits per plant (a decrease of up to 18%), and in the case
of intraspecific competition in production crops, the de-
crease can reach 50%, that is, an increase in the density
of standing is levelled by a decrease in individual pro-
ductivity of the plant.

The yield of castor oil consists of all the consid-
ered elements of the crop structure. The variants of
standing density investigated in the experiment had a
negative correlation with other elements of productivity,
but to assess the influence of this factor, the total seed
yield should be analysed (Table 4).
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Table 4. Castor seed yield in 2020-2021 (average), t/ha

Variety Spacing width,cm | Standing density of thousands of plants/ha Yield, t/ha Similarity groups
250 1.29+0.02 ab
45cm 375 1.32+0.01 bed
500 143+0.02 fh
Khortyts'ka 3
250 1.31+0.02 abc
70 cm 375 127+0.01 a
50.0 146+0.02 h
25.0 1.35+0.01 cde
45cm 375 142+0.02 fh
50.0 1.39+002 ef
Olesia
250 1.36+0.01 de
70 cm 375 1.34+0.01 cd
50.0 142+0.01 fh
LSD,, = 0,04 t/ha

Note: The same letters indicate that there is no substantial difference between the values at the level of p=0.05, different letters indi-
cate a substantial difference at HIP . Similarity groups are marked by the yield from the lowest to the highest a - the lowest, h - the

most productive

During statistical processing of the yield of cas-
tor varieties, seven groups of similarity are determined
from a to h - from low-yielding to high-yielding options.
The most productive options (group h) in the variety
Khortyts'ka 3, there were combinations of row spacing
width of 70 cm and standing density of 50 thousand
plants/ha with a yield of 1.46 t/ha of seeds; and row spac-
ing width of 45 cm with the same standing density, where
an average of 143 t/ha of seeds was formed. Notably, this
variety with a standing density of 25 and 37.5 thousand
plants/ha formed substantially fewer seeds for both
variants of row spacing. On average, 1.27-1.32 t/ha was
formed on these variants, which allowed distinguishing
these variants into low-productive groups — a and b.

In the Olesia variety, two variants were also in-
cluded in the highly productive group h - a combination
of row spacing width of 70 cm and standing density of 50
thousand plants/ha with a yield of 142 t/ha and a variant
with row spacing width of 45 cm and standing density of
37.5 thousand plants/ha with the same yield. Notably, the
yield of this variety in the experiment varied less than
in the Khortyts'’ka 3, because the minimum value was

1.34 t/ha, and the maximum value was 142 t/ha. Most of
the combinations of the elements of the technology pro-
vided an acceptable level of yield and belonged to inter-
mediate groups d, e, and f.

The high yield of variants with a higher density
of standing (375 and 50 thousand plants/ha) and with
a small difference between these variants is a conse-
quence of the adaptation of plants to growing conditions
and the establishment of habit depending on the exist-
ing life factors. Many researchers confirm the thesis that
with certain parameters of standing density, the yield of
castor oil transfers into a so-called plateau, that is, fur-
ther compaction of crops does not lead to an increase or
decrease in yield, but this range is unique for each vari-
ety and soil and climatic conditions (Cordeiro et al., 2019;
Sampaio et al., 2019).

Correlation between elements of castor oil productivity
The data series describing the performance indicators
of the two varieties are similar, so they can be used in
the same array to determine Pearson correlation coeffi-
cients (Table 5).

Table 5. Paired Pearson correlation coefficients between elements of the castor crop structure

SWpP TSW FpP SD sy
SWpP 1 041* 098** -0,023 -0,001
TSW 1 0.217s -0.39* 0.007
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Table 5, Continued

SWpP TSW FpP SD sY
FpP 1 -095** -047**
SD 1 0.61**

Note: * - correlation between traits is statistically substantial at the level of 0.05<p>0.01; * * - correlation between traits is statistically
substantial at the level of p<0.01; ns - correlation between elements of the crop structure is statistically unreliable at the level of
p<0.05; SWpP - seed weight per plant; TSW - thousand seeds weight; FpP - fruits per plant; SD - standing density; SY - seed yield

The relationship between standing density and
castor productivity elements is negative, i.e. they decrease
with increasing density, but this does not apply to the re-
lationship with yield (r=0.61). Notably, the relationship
between standing density and yield has a greater impact
compared to other productivity elements, so increasing
standing density increases yield, despite the fact that the
seed weight per plant and the number of fruits decreases
(Angraeni & Purwati, 2022). The yield of castor seeds had a
negative correlation with the mass of seeds from the plant
and the number of fruits, and there was no correlation
with the mass index of a thousand seeds.

CONCLUSIONS
Varieties Khortyts'ka 3 and Olesia have many common
features in the establishment of productivity because
they are genetically approximate, so the establishment
of quantitative indicators of productivity (seed weight
per plant, number of fruits) is similar. The developed
polynomial and linear models of the dependence of seed
mass on standing density indicate similar mechanisms
of seed mass establishment from the same plant in the
investigated varieties. The main factor influencing the
variation in seed mass indicators from the plant, the
number of fruits per plant, was the density of stand-
ing since the share of this factor in these productivity

indicators exceeded 95.4%. Therewith, the influence of
standing density on yield was 52.2%, and a substantial
share was occupied by interactions of standing density
with the varietal factor and standing density, which was
not observed in individual productivity elements. In gen-
eral, varieties were characterised by similar parameters
of crop structure elements with the same combinations
of standing density and row spacing width, as evidenced
by multiple comparisons, but in some variants, the dif-
ference was substantial, so certain options were more
effective by a set of features. The maximum yield of cas-
tor seeds of the Khortyts'’ka 3 variety was 1.46 t/ha, and in
the Olesia variety - 142 t/ha. Notably, the yield variation
of the Olesia variety is much smaller, which indicates its
adaptability to a wide range of different growing con-
ditions, and the higher productivity of the Khortyts'ka
3 variety indicates the available unused yield potential.
Therefore, further research on optimising the parame-
ters of sowing and plant density is promising, given the
efficiency and low cost.

A promising area for future research will be the
adjustment of crop parameters with the development
of practical models for the establishment of productivity
indicators and their reduction to the level of a variety to
realise the biological potential of productivity in condi-
tions of a limited growing season of castor.
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borpaH OnekcaHgposuy MasypeHkKo, Jllo6os MukonaisHa FoHuyap,
Neca AHatoniiBHa Fap6ap, AHaToniit Bacunbosuu KOHUK

HauioHanbHMIN yHIBepCcUTET GiopecypciB i MpUPOOoKOPUCTYBaHHA YKpaiHu
03041, Byn. lepois O6opoHU, 15, M. K1iB, YKpaiHa

dopMyBaHHA NPOAYKTUBHOCTI PULIMHU 3a/1€)XKHO Bif, LULUPUHN MiXXPSAb
Ta ryCTOTU CTOSIHHSA

AHoTauig. [Tin6ip BuziB pocnuH, ix copTis uu ri6puis Ta $opMyBaHHH I TPOAYKTUBHOCTI € TOCTPOIO HEO6XIAHICTIO
CBOTOZIEHHS Y 3B'13KY 3 ZebinnToM BUpo6HUIITBA 6iollaivBa Ha CBiTOBOMY piBHi. MeTa po60TH IToJIsraa y BUABIEHH]
BIUIMBY TEXHOJIOTIYHUX 3axOfiB (IIMpuHa MUKPAALA Ta TYCTOTA CTOSHHS POCJIMH) HAa GOPMYBAHHS €JIEMEHTIB
CTPYKTYPU BPOXKAIO COPTIB PULIMHU. Bpomosxk 2020-2021 pp. y MOABOBUX YMOBaxX IIPOBOIUIU HNOCIIJ}KEHHS 3
BUBYEHHSA BIUIMBY I'YCTOTU CTOSIHHA DOCJIWH Ta LIMPUHU MDKpAOAA Ha eJleMeHTU CTPYKTYPU BPOXKAI0 PULIMHU
copriB Xopruiipka 3 Ta Ojiecsl B HaBYaIbHO-HayKOBIl TabopaTopii «leMOHCTpalifiHe [T0JIe CiTbCBKOTOCIIONAPCHKIX
KyneTyp» HYBIll VRpaiHu. BUKOPUCTOBYBaIM TaKi METOAM: TEOpPETHYHi (cTaTucThyHa 06po6Ka) Ta IMPaKTUYHI
(ommcoBi, mopiBHANBHI). TIPOBOAWIN OL[HKY HACTYIIHUX ITOKa3HMKIB: Maca 1000 HaCiHUH, KUTBKICTb TUIOAIB
Ha pOCJIMHI, Maca HACiHHA 3 pOCIHUHU. Vposkall HACiHHA pHULMHU COPTy XOPTHUIIBKA 3 CTaHOBUB 1,27-146 T/ra 3
MaKCHMYMOM IIpH I'yCTOTi CTOAHHSA 50 THCAY pocnuH/ra i muprHi MbKpanag 70 cM. VpoyRalHICTb HAciHHSA COPTY
Onecs craHoBuiA 1,34-1,42 T/ra 3 BUAIEHHAM IBOX HAMIIPOAYKTUBHIIINX BapiaHTIB — OILIifd 3 MIMPUHO MIKPAAb
451377 TUCSY POCIIVH/Ta Ta aJIbTEpHATHUBHA 3 IIUPUHOI0 MDKPAID 70 cM i rycTororo 50 Tucsd pocnuH/ra. HaciHHeBa
TIPONYKTUBHICTb OJHI€l pOCIMHN MOXKe 3pOCTaTU MalisKe BJBiUi ITpK 3HIDKEHHI I'YCTOTU CTOSHHSA 3 50 10 25 Thcsy
POCIIHH/Ta, 3 0MHOYACHUM GOPMyBaHHAIM KpyIIHinIoro HaciHHa. Maca 1000 HaciHMH copTy XOpTUIIbKA 3 CTAaHOBUIIA
BiZl 268 110 283 rpaM, a copTy Onecs ctaHOBUIA 294-316 . BCTaHOBIIEHO, 1110 KOPENAIlid MK YPOKalHICTIO HACIHHSA
Ta MMOKAa3HUKAMU HaCiHHEBOI NIPOAYKTUBHOCTI € HEraTMBHOIO, ab0 B3araji BiICYTHBOIO, & 3 I'YCTOTOI0 CTOSHHSA
TIO3UTUBHOIO. Pe3ynbTaTy AOCIiPKeHb BKa3yI0Th Ha BUCOKY KOMIIEHCALiMHY 3[aTHICTh pULIMHU COPTiB XOPTHUIIbKA
3 Ta Onecs nipy GopMyBaHHi elleMeHTiB ITPOAYKTUBHOCTI 33 Pi3HOI I'YCTOTH CTOSTHHS Ta IIMPUHU MDKDPSAb B YMOBaxX
[TIpaBo6epeskHoro JlicocTeny VkpaiHu. Lle [03BOJIsE MMPOBOAUTU ITOJAJIBINI JOCTIKEHHS 3 BUBYEHHS BIUIUBY
mapaMeTpiB ciB6u y GBI MKUPOKOMY Ziarta30Hi Ta BUKOPUCTOBYBAaTH OTPUMAHI pe3ylbTaTU 33 BUPOIIYBaHHSI
PUIIMHY Y HETUIIOBUX JJ1 Hel 'PYHTOBO-KIIIMaTUYHUX YMOBaX

KnouyoBi cnoBa: efleMeHTU CTPYKTYpPU BpO’KAl0, Maca TUCAYi HACIHWH, HAIliBKApJIMKOBI COPTH, YPOKAWHICTb
HacCiHHA
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