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Abstract. By means of the studies of the influence of the method of sowing of winter wheat grains containing
germs oriented upwards, the increase of the wheat yields in comparison with the traditional horizontal position of
the sown grain was established. The mechanism of the physiological process of the promotion of growth of the
primary roots and wheat stems in the course of germination is revealed. Shou-Chen Ma studied the effect of the
sowing time and sowing rate on the yield components and winter wheat use efficiency. Bakhram Andzaryan was
engaged in determining the optimum date of sowing of wheat using the model CSM-CERES-Wheat. We are
investigating the increase in the wheat yield by oriented seeding of the grain. The experimental studies
confirmed the accelerated growth of the indicators of the weight and size of wheat, sown vertically with the
germs oriented up wards, in comparison both with the germs oriented downwards and by means of the horizontal
sowing method. The crucial influence of the methods of grain orientation in the soil on the background of the
optimum depth of the position of the germ, when the level of moisture of the soil is determined, both on the
process of vegetation and the yield, has been proved. Besides, it is established that due to the application of the
vertical sowing method, when germs are oriented upwards, and the advanced vegetation of all parts of the plant,
such as: the root system, stem, head and grain, the yield of winter wheat can be increased by 32 %, in
comparison with the control samples. We can state that the mechanism of wheat growth promotion and the
possibility for introducing it into an expanded classification of methods, used to enhance the germination activity
of plants, while applying a wide range of pre-cultivating methods of the sowing material, can be confirmed.
Thus, the obtained results show an advantage of the sowing method, when the germ is oriented upwards,
expressed in the increase in the yields, both quantitatively and qualitatively. The results also indicate the
attractiveness of such technical means for crops oriented specially.

Key words: winter wheat, germ, orientation, method of sowing, vegetation.

Introduction

The main international and national food crop is winter wheat. The effectiveness of wheat
cultivation depends on the biological, natural and agronomic factors, namely: cultivar, reproducibility,
vegetation conditions (temperature, water), nutrition, cultivation technologies.

According to [1], the maximum biological yield of the short-stemmed wheat is at 90 c-ha”. The
technologies of short-stemmed wheat growing, used in Ukraine, allow us to get the yield at a level of
53-55 c-ha™', which comprises 60 % of the biological yield.

The productivity of winter wheat depends on a number of key factors that should include the
weather conditions, biological potential of the sowing material and adherence to the agronomic
requirements for cultivation [2; 3]. The meteorological factors are quite changeable and cannot be
controlled; we can only predict them and adapt to. The application of irrigation allows us not only to
reduce the probability of the drought effect on winter wheat yield, but also to increase the cost of
cultivation significantly [4].

After germination of the winter wheat seedlings, a set of possible agricultural methods, aimed to
increase its yield, is very narrow [5; 6]. One of the main ways to increase the yield and quality of the
grain is the timely fertilization of plants with the necessary fertilizers and trace elements, but this
impact is quite limited and expensive [7; 8].

The effect of the sowing time and sowing rate on the yield components and winter wheat use
efficiency has been studied [24], determining the optimum date of sowing of wheat using the models
[25].

In the cultivation of winter wheat, the importance of performing the pre-sowing seed processing
operations and the implementation of the agricultural and technological crop operations as the sources
of the accelerated physiological vegetation of plants was noted [9; 10].

The pre-sowing seed preparation should be provided with the choice of the sowing material
selected according to the geometric parameters and germination to ensure the activation of the
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germinating capacity. Many studies are aimed at finding the activation tools, promoting the
acceleration of the germination and vegetation of the germ of the grain. The effect of the changes in
swelling [11] and drying of the sowing material and the influence of the ultraviolet irradiation and
solutions of the mineral salts on the physiological properties of wheat seeds and their germination
were studied in the investigations. The simultaneous cultivation of winter wheat grains by means of
the electromagnetic irradiation and growth promoter can significantly increase the seed germinating
capacity [12]. At present, the impact of the laser irradiation [13], the infrared irradiation of various
wavelength ranges [14], the electromagnetic and magnetic fields [15; 16] and the gas discharge in the
form of plasma [17] on the increase in the capacity of germination has been confirmed by the
scientific studies. Taking into account the required preparation volumes, it is necessary to underline
that the application of the methods, used for increasing the seed germination efficiency, mentioned
above, requires a substantial investment in the technological equipment. It should be noted that, along
with the positive effect of such a preparation, there is a significant risk of inhibition of the sowing
material caused by a rather severe exposure to irradiation, radiation, chemicals and mechanical
damage.

The analysis showed a variety of existing methods aimed to enhance the intensification of the
vegetation of the grain crops. But it should also be noted that these methods are limited and rather
expensive. In our opinion, one of the effective methods applied to enhance the growing efficiency of
the grain crops is to ensure the proper placement of the grain in the soil during sowing. The proper
placement should provide the grain with the most energy for the vegetation of the root system,
promote the vegetation of the plant and increase the qualitative and quantitative indices of yields.

The purpose of the research is to study the influence of the technological parameters and
geotropic factors both on the intensification of the vegetation stages of the plant and also on the
qualitative and quantitative indices of the yields of winter wheat during sowing.

To achieve the aim, the following tasks were solved:

e to investigate the influence of the geometric position of the “germ” of winter wheat in the soil
on the vegetation indices of the plant during sowing;

e to find out the peculiarities of the yields of winter wheat during the entire period of vegetation
in the field conditions, when applying the traditional horizontal and the vertical position of the
seeds, such as the downward and the upward orientation of the germ;

e to determine the influence of the direction of the grain seeds on the features of the elements of
the morphology of heads and grains of wheat, which determine the qualitative and quantitative
indices of the yields.

Materials and methods

To achieve this aim, laboratory and field studies of the effect of the non-standard vertical position
of grains, both with the downward and the upward orientation of the germ, at different depths of seed
placement, were performed on the magnitude of the expected positive effect of the germ.

In the laboratory of the Sumy National Agrarian University, the germination of such elite class
cultivar of winter wheat seeds with the grain weight of 0.054-0.056 grams as “Bogdana” was checked
and a two-factorial experiment aimed to study the influence of the orientation of the grain germ and
the depth of its placement on germination and growing capacity was conducted. For measure of the
herb a micrometer was used.

To verify the obtained laboratory data and to determine the influence of the geometric position of
the germ during winter wheat harvesting on the full vegetation and qualitative and quantitative indices
of yield, some field experiments were conducted. The grain of winter wheat “Bogdana” was used as
the sowing material without preliminary pre-planting preparation with a seeding density of 5 million
units per hectare. To carry out the directed sowing of the germ, an experimental sample of the seed
section with a disc-rolling coulter was used [18]. The experimental fields of the Faculty of
Agricultural Technologies and Nature Management of the SNAU, were characterized by a horizontal
position near the turning line and distance of 3 m northeast of the forest line. The plot was shaded in
summer from 12 pm till sunset. Thus, all crops were in unfavorable conditions of reduced insolation.
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The soil is black with medium loam. All the experiments and statistical summarizing of the results
were made according to the current techniques [19; 20].

Results and discussion

The formation of the root system is decisive for effective conduct of the entire vegetative process.
The water supply of the seedlings depends directly on the vegetation of the root system of the sprouted
grains, especially when there are no precipitations in the area. After the grain has been put into the soil
according to the appropriate heat-humidity regime, the wheat vegetation begins in the following order:
absorption of moisture, swelling, protrusion of the central root, protrusion of the pairs of lateral roots,
their lengthening, coleoptile growing, protrusion of the first leaf [21].

Due to the phenomenon of geotropism, the non-standard vertical position of grain with the
upward orientation of the germ enhances the complex biochemical transformations in the root
material. So, the primary roots begin to grow vertically upwards and then the orientation process is
activated. As is known from the literature, [22; 23], when there is a random inclination of the root
apex, located in the root cap, from the vertical position, the starch grains move to the lower surface of
the inclined root due to the gravity, and the molecules of the growth-promoting hormone pass to the
upper part.

Due to this hormone, the cells near the top of the surface of the root grow faster than the ones
located lower, and thus the root is inclined more, until it takes the position of the root apex oriented
downwards. As a result, we have an increased length of the active part of the root, which increases the
number of the additional lateral roots. It promotes the release of auxin, which then spreads inside the
plant. In the course of the laboratory experiments on the field seeds, the vegetation and productivity
parameters were investigated. It could be done taking into consideration the various possible positions
of the grain in the soil (Fig. 1)

T

Fig. 1. Scheme of position of wheat grains in soil when germs are placed at same depth: 1 — germ;
2 endosperms; 3 — line of a grain; 4 — surface of the soil; 5 — bottom of the seed drill; A — depth of the
seed dill in millimeters; a) germ oriented vertically upwards; b) germ oriented vertically downwards;

c) line oriented horizontally downwards; e) line oriented horizontally upwards

The depth of the placement of the top of the germ is taken as the basis of the research. To put the
seed with the germ oriented upwards in a given position during sowing, it is necessary to increase the
depth of the seed drill by 8 mm. The depth of sowing A was determined by the height of the placement
of the germ of the grain in four variants of seed position. The depth of sowing A had 4 values: 25; 30;
40; 50 mm. In the case of a) — the position of the grain germ directed upwards, the seed drill was
increased by 8 mm more than the given depth of the germ, that is: 33; 38; 48; 58 mm. When the grains
were put in the ground, the rows were tightened slightly. The visual observation of the yield was
carried out every 2 hours until the protrusion of the top of the germ took place (excluding nights).
Three days later, the height of the germs was fixed once a day. The number of plants that came up in
each batch was determined 9 days later. The experiments were stopped in the phase of the protrusion
of two true leaves. The plants were carefully put out of the soil. After the plants were washed and then
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dried in the open air, the height of each plant was measured and the average values were calculated.
After the separation of plants, the length of the herb and roots was also determined (Table 1).

The analysis of the results of Table 1 showed that the time spent on germination for grains with
germs oriented upwards is 1.5-2 times less than in other cases, and the germination is 10 % higher.

The measurement of the herb, carried out only for one depth of sowing A = 30 mm, was
performed nine days later after sowing. It showed the advanced growth of the wheat stem up to 30 mm
for grains with germs oriented downwards in comparison with the rest of the plants 9 days later.

Table 1
Composite parameters of the beginning of wheat vegetation
in different variants of placement of the seed grains
Average height of the stem, mm Length of the o
PP Germination,
Ne Day after germination roots 9 days %
12| 3 4 5 6 7 8 9 later, mm.
a | -]-121|35]69 | 8 | 102 | 142 | 169 66 98
b |-|-]| - 14 | 26 | 55 86 | 112 | 141 59 88
c |-1-1 - 11 | 24 | 52 80 | 109 | 133 52 85
d|-]-] - - 15 | 41 60 | 101 | 129 49 82

In the course of the full experiment, the simultaneous influence of two factors, such as the method
of orientation and depth of seeding, on the same parameters, namely, the plant height, the time of the
protrusion of seedlings and the germination of plants, was studied (Fig. 2).

H,cm.
16 +¥
— =
15 —¢

14 e

2.5 3.0 3.5 4.0 4.5 h ,cm
=&— germ up = germ down sprout up =~ sprout down

Fig. 2. Influence of depth of sowing and orientation of germ on height of seedlings

While increasing the depth of sowing up to 50 mm, we can observe an increase in the time,
necessary for the seedlings to come up, for all methods of direction up to 10-14 hours. The
germination is reduced for all four options by an average of 9 %.

The laboratory studies of the seed germination of winter wheat according to two variable
parameters, such as the method of orientation and depth of sowing, showed a positive result for grains
with the germs oriented upwards, which exceeds the other variants by more than 15 %, when the depth
of sowing varies from 25 mm to 50 mm, for all of the parameters, such as the time of the protrusion of
seedlings, germination, length of the root, stem and plant, as well as the corresponding parts. The best
results for all of the parameters can be noticed, when we orient the seed germ upwards, while the
depth of sowing is up to 25 mm. Such an increase of the biological parameters of the organogenesis of
winter wheat in the stage of germination is one of the proofs of the hypothesis of the stimulating
influence (activation) of the vegetation of the plant on a mild strain factor, namely, the inverse position
of the plant in the gravitation field at the time of germination. The conclusion as for the mild nature of
the activity is based on the fact that such a situation is possible under natural conditions. As a result,
the application of an additional mechanism, used to correlate the deviation of the roots from the usual
process of the geotropic orientation, promotes the velocity of the growth of the root system of the
winter wheat germ.

Taking into account the fact that the moisture of the soil in dry periods, when winter wheat was
sown at a small depth of 20-30 mm, was rather insufficient, we cultivated it at a depth of 35 mm. On
the experimental plot we applied the disk-taper drill, which provided us with the depth of drills of
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35 mm and 43 mm at additional load. For the entire period of vegetation, the crop nutrition was carried
out only once. The wintering is carried out in the first decade of October, actually, on the 4th of
October. The seedlings came up 6-9 days later after sowing. In the field, as well as in the laboratory,
there was a significant growth acceleration of plants in comparison with the seeds sown by the “germ
oriented upwards” method. At the end of October, when the temperature dropped below 0 °C, the
vegetation process stopped for the winter period until the middle of March 2017. Before wintering, the
difference in the plant height was as follows (in percentage): the largest in the “germ directed
vertically upwards” orientation 70 mm — 100 %; “germ directed vertically downwards” orientation 50
mm — 71,4 %; horizontally (randomly) 40 mm — 57.1 %. Before the harvest time, the difference in the
stem height significantly decreased — the largest 810 mm — 100 %; 750 mm — 92.6 %; 710 mm —
87.7 %.

The vegetation analysis of winter wheat germs sown at a depth of 35 mm characterized by various
orientation of the grains, in conditions of draught, showed the best results of vegetation for the seed
germs oriented vertically upwards. This method is characterized by more active germination and plant
growth at the very beginning of the process of vegetation, and this phenomenon was observed until the
harvesting of grain. The influence of the application of these technologies on the wheat yield can be
estimated by performing a statistical analysis of the quantitative and qualitative parameters of a sample
of 55 grain heads obtained by means of different methods of sowing (Table 2 and Table 3)

Table 2
Distribution of the amount of grains in the head at different sowing options
. .| Number of heads in a sample with the corresponding amount of grains
Amount of grains in . - . .
Germ oriented Germ oriented vertically | Random horizontal
the head . .
vertically up wards down wards sowing
22 1 1 1
26 1 6 6
30 4 14 14
34 11 7 4
36 7 13 2
38 13 5 12
40 7 2 5
42 5 4 8
44 6 3 3
Total amount of 2042 1874 1930
grains

As a result of the analysis of the distribution of the amount of grains in the head of a random
sample of 55 heads, during sowing with different orientations, two most quantitative indices of heads,
for the ““ germ oriented upwards”, when the number of seeds varies from 34 to 38 grains in the head,
are observed. For the “germ oriented downwards” we can also observe two most quantitative indices,

when the number of seeds varies from 30 to 36, respectively.

Table 3

Distribution of the grain weight in the heads at different sowing options

Number of heads in a sample with the corresponding weight
Weight of head, gr Germ oriented Germ oriented Random horizontal
vertically up wards vertically down wards sowing
0.8 1 9 9
1.0 2 19 12
1.2 18 6 20
1.4 14 4 3
1.6 11 11 6
1.8 7 4 3
2.0 1 1 1
2.6 1 1 1
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At a horizontal random position of the germ during sowing, there is an alignment of the total
number of grains with peaks of the ear, when the number of grains varies from 30 to 38. In all three
cases, there is a stratification between the largest and smallest grain content. The least can be observed
for the “germ oriented upwards”. As a result of the distribution of the number of heads with the
corresponding amount of grains, we can hold that there is an increase in the average number of grains
in the head, when sowing the seeds with the “germ oriented upwards”. It is evidenced by the
distribution of the total number of grains in some samples of the corresponding crop.

The analysis of the sample shows that while applying the sowing method, when germs are
oriented upwards, there is an increase in the number of heads weighing from 1.2 to 1.6, which is
significantly greater than the other ways of sowing. So, when using the random sowing method, the
basic weight of the heads varies from 1 to 1.2 gr. While applying the sowing method, when germs are
oriented vertically downwards, there are two most weight indices of the head varying from 1 to 1.6 gr.,
but the number of heads weighing 1.6 grams does not exceed the number of heads containing germs
oriented upwards. As a result of the distribution of the weight of the grains in the head, we can notice
an increase in the average weight of the head containing germs oriented upwards in comparison with
other options, which leads to an increase in the total yield.

The average values of the technical yield, along with the germination of the types of grain, are
given in Table 4. The best indicators for seed germs oriented upwards are also available in absolute
values.

Table 4
Average yield indicators of the germs placed in the soil at a depth of 35 mm

Germination Number of | Weight of | Weight of | Yields
Orientation of grain P ’ grains in | grains in the 1000 Tons
i the head head, gr. grains, gr. | per ha
Germ oriented 98 35.27 1.535 43.50 7.04
vertically up wards
Germ oriented 80 33.87 1.359 40.11 5.00
vertically down wards
Random horizontal 80 29.64 1.205 4068 | 531
sowing

The average yield indicators showed a significant increase of the yield mainly due to two factors,
namely, high germination and head fullness compared to the traditional method of sowing. The
statistical data of the distribution of the number of grains in the head point out the most quantitative
increase of grains in the heads, when germs are oriented upwards- up to 13 heads containing 38 grains,
when germs are oriented downwards- up to 14 heads containing 30 grains, by means of application of
the horizontal method — up to 12 heads containing 38 grains. But it should be noted that there is a
quantitative increase of grains of small heads. Hence, we can observe the most grain weight in the
heads varying from 1.2 to 1.3 gr. and the smallest amount of the immature heads in case of the
application of the sowing method when germs are oriented upwards. For two other options, more
heads have reduced weight varying from 0.8 to 1.1 gr. These data indicate the improvement of plant
vegetation, which entered the stage of formation and accumulation of nutrients in seeds, namely,
grains. The results show that the method of sowing the germ upwards is more preferable, which is
expressed in the increase in the yield, both in quantitative and qualitative evaluation, and indicate the
possibility to control the yield of grain of short-stemmed winter wheat and the necessity to create the
technical facilities for the process of sowing oriented specially.

Conclusions

1. The researches of the influence of the geometric orientation of the “germ” of winter wheat in the
soil during sowing showed the differences in the vegetation of the sprouts and root system at the
beginning of vegetation. It was established that when we orient the germ upwards, the growth of
the primary roots and sprouts increases, which causes the length promotion by 18.9 %, in
comparison with the samples placed randomly. It should be noted, that due to upward orientation
of the germ the germination is up to 98 %, which is 15 % more, compared to the control sample.
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2. During the period of vegetation in the field, when germs are oriented vertically upwards,
compared to the alternative, when germs are oriented vertically downwards, we can observe great
promotion of vegetation of all parts of the plant, such as: the root system, stem, head and grains.
The acceleration, in comparison with other control samples, varying from 28.6 % in autumn and
7.4 % in the period of harvesting, has been established.

3. There are 500 heads containing germs oriented vertically upwards per 1 square meter, there are
35.27 grains in one head in an average, their weight is 1.535 gr., and the weight of 1000 grains is
43.50 gr. There are 410 heads containing germs oriented vertically downwards per 1 square meter,
there are 33.87 grains in one head in an average, their weight is 1.359 gr., and the weight of 1000
grains is 40.11 gr. When applying the method of random sowing, there are 390 heads per 1 square
meter, there are 29.64 grains in one head in an average, their weight is 1.205 gr., the weight of
1000 grains is 40.68 gr. The application of the sowing method with the upward orientation of the
germ allowed us to increase the quantity of heads by 28 %. The average weight of the head was
increased by 18.9 % and the yield was raised by 32.6 %.
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