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Abstract: The number of plants per unit area has a great influence on soybean yield. The achieved
composition depends primarily on the quality of the seeds, but also on the quality of soil
preparation, meteorological conditions, the correctness of the seeder and the depth of sowing. In
soybean production, it often happens that the pre-sowing preparation is done immediately before
sowing, the sowing layer of the soil does not settle enough, and the sowing is done at a greater
depth than optimal. Due to too deep sowing, germination and germination of soybean plants is
difficult, the composition is thinned, and the achieved yield is reduced. Too shallow sowing also
often occurs due to inadequate tillage or sowing to uneven depths. If the surface layer of the soil
dries out after sowing, the seedlings will deteriorate, the composition will thin out and the
soybean yield will decrease. The aim of this research is to consider the optimal, shallow, and deep
sowing of soybean seeds on the number of plants per unit area, as a condition for achieving
maximum soybean yield. By sowing to a depth of 3 to 5 cm in 2017 and 3 to 6 cm in 2017, a set of
plants over 400,000 ha' was achieved, while with increasing or decreasing sowing depth, the
number of sprouted plants significantly decreased.
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1. Introduction

Sowing is a very important agrotechnical measure that has a direct and indirect impact on the
growth and development of soybean plants. Depth of soybean seed sowing affects the time of
germination and germination, the achieved set of plants on the plot, which results in the impact on
soybean yield. Optimum seeding depth is viewed as a desired goal for all crop establishment
systems [1]. The ideal sowing depth depends on the mechanical composition of the soil [3] and the
climatic conditions of the region in which the production takes place. The optimal depth of soybean
sowing on chernozem soil for the conditions of Serbia is 4-5 cm. On lighter, sandy soils, in
conditions of lack of water in the sowing layer, as well as in later sowing, the sowing depth is about
5 cm, and on land where there is enough water and in soils of heavier mechanical composition,
with favorable pre-sowing preparation is 4 cm [4]. Sowing depth can greatly influence soybeans
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ability to emerge and establish a uniform stand [5]. Uniform seed spacing and depth result in better
germination and emergence and increase yield by minimizing competition between plants for
available light, water, and nutrients [1]. Soybean seeds have high energy and if sown to the
optimum depth, there are usually no problems for germination, however, in some years the
formation of hard and powerful bark may occur due to heavy rainfall and sudden drying of the
topsoil, usually on non-structural soils and on heavier soils without sufficient organic matter. In
such conditions, the stem vinegar may break under the cotyledon leaves during germination and
the plant assembly may thin out [6]. Seeds buried at different depth may experience varying
environmental conditions such as change in oxygen and carbon dioxide concentration, temperature,
water and nutrient availability whose changes can affect germination, emergence, growth and
development. Too shallow sowing depths results in poor germination due to in adequate soil
moisture [7]. In years with a lack of precipitation and water in the soil after sowing, the germination
period is prolonged, and a smaller set of plants is established [8]. Sowing with 6.0 cm depth
reduced and delayed the emergence due to the greater physical impediment provided by the soil to
the seedlings [9]. Therefore, when the soybean seeds are sown deeper, there is more energy
expenditure for the hypocotyl to break the layer above the seed [10]. Excessive depths affect the
germination, emergence, and development of the plant, mainly due to the decrease in temperature
and the availability of Oz and, consequently, higher accumulation of CO2 [2, 3]. The plants that
emerge first tend to grow more and get more biomass due to photosynthesis in the early stages of
growth, except under stressful conditions [13].

The aim of this research was to evaluate the germination of soybean seeds and to achieve a
certain composition depending on the depth of sowing.

2. Materials and Methods

In order to assess the impact of sowing depth on the achieved set of plants, a two-year
experiment was set up during 2016 and 2017, on land of lighter mechanical composition in the
vicinity of Backa Topola. The experiment was performed in three replications, and the size of the
basic plot was 10 m? (4 rows of soybeans with a row spacing of 50 cm and a row length of 5 m).
Depth of sowing was 1 cm, 2 cm, 3 cm, 4 cm, 5 cm, 6 cm, 7 cm, 8 cm, 9 cm and 10 cm, and sowing
was done manually on marked plots, opening the furrows to a certain depth. The experiment was
performed with a medium - aged soybean variety, the first ripening group, Sava. At the beginning
of the sprouting of plants, the plants were counted, and the achieved composition was determined,
and during the emergence, the rate of emergence of sinkholes on the surface of the earth was
recorded. The results were processed by analyzing the variance of one-factor experiment for each
examined year in the program "Statistica 10", and the significance of the differences was tested by
LSD test. The results are presented in tables and graphs.

3. Results

The study of the influence of soybean seed depth on the achieved set of plants was performed
in two different years, i.e. 2016, which was favorable for soybean production, and 2017, with less
favorable meteorological parameters at the time of soybean germination and sprouting. Soybean
sowing in 2016 was performed on April 12, and the first sprouts were observed on May 2, i.e. the
period from sowing to germination was 19 days, while sowing in 2017 was performed on April 9th,
and the first sprouts were recorded on 5th May, i.e. after 26 days. Decade average values for
temperatures and precipitation are shown in Table 1.
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Table 1. Average temperature (°C) and precipitation (mm) in the period April - May in 2016
and 2017 years.

Year Month Decade temperature (°C)
I II 111 Average
April 15.9 16.0 10.9 14.2
2016

May 14.3 15.2 20.9 16.9
2017 April 12.5 9.9 11.8 11.4
May 14.7 19.1 18.9 17.6
Average April 10.7 10.8 13.5 11.7
1964-2015 May 15.9 17.2 17.9 17.0

Decade precipitation (Im?)

I I 11 Total
2016 April 9.5 35.0 30.0 74.5
May 27.1 43.1 14.8 85.0
2017 April 2.1 41.1 13.8 57.0
May 28.7 52 49.0 82.9
Average April 11.6 19.1 16.2 46.9
1964-2015 May 20.0 19.2 27.8 67,1

The period from sowing to soybean sprouting in 2016 is characterized by higher temperatures
in the second decade of April by 5.2 °C, by 2.6 °C lower temperatures in the third decade of April
and by 1.6 °C lower temperatures in the first decade of May in relative to the multi-year average.
Precipitation was higher in the second decade of April by 15.9 Im*, in the third decade of April by
13.8 Im? and in the first decade of May by 7.1 Im? compared to the multi-year average. In 2017,
lower mean temperatures were recorded in the second decade of April by 0.9 °C, in the third
decade of April by 1.7 °C and in the first decade of May by 1.2 °C compared to the multi-year
average, which affected extension of the period from sowing to soybean sprouting. Precipitation
was higher in the second decade of April by 22.0 Im?, in the third decade of April less by 2.4 Im
and in the first decade of May by 8.7 Im?2 more than the multi-year average. In the first decade of
April, 2017, there were 4, and in the third decade 6 windy days, which led to a sudden drying of the
surface sowing layer of the soil and difficult germination of soybean seeds sown to a small depth.
The recommended number of plants per hectare for medium - growing soybean varieties is 450,000,
and the realized number of plants per individual sowing depth is shown in Table 2.

Table 2. Influence of sowing depth on the number of sprouted soybean plants.

Depth of sowing Number of sprouted plants
2016 2017
1 215.67 198.33
2 338.00 301.67
3 427.67 408.67
4 445.00 449.00
5 432.33 448.67
6 397.67 449.00
7 368.67 365.67
8 327.00 322.00
9 243.33 236.67
10 154.33 127.00
LSD 1% 24.37 10.64

LSD 5% 17.79 7.77
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The highest value for the number of plants per plot in 2016 was achieved at a sowing depth of
4 cm (445.00), 5 cm (432.33) and 3 cm (427.67), which are statistically very significantly higher
values compared to sowing depths of 6 cm ( 397.67), 7 cm (368.67), 2 cm (338.00), 8 cm (327.00), 9 cm
(243.33), 1 cm (215.67) and 10 cm (154.33). In 2017, the highest value for the number of nickel plants
was recorded at a sowing depth of 4 cm and 6 cm (449.00), as well as 5 cm (448.67), which are
statistically very significantly higher values compared to sowing depths of 3 cm (408.67 ), 7 cm
(365.67), 8 cm (322.00), 2 cm (301.67), 9 cm (236.67), 1 cm (198.33) and 10 cm (127.00).

In order to better understand the obtained results, Table 3 shows the number of nickel plants
per hectare and the percentage value in relation to the planned set.

Table 3. Influence of sowing depth on the number of sprouted soybean plants per hectare and
percentage value in relation to the planned set.

. number of plants ha! % sprouting number of plants ha-
Sowing depth (cm) 2016 2017 2016 017
1 215667 198333 47.93 44.07
2 338000 301667 75.11 67.04
3 427667 408667 95.04 90.81
4 445000 449000 98.89 99.78
5 432333 448667 96.07 99.70
6 397667 449000 88.37 99.78
7 368667 365667 81.93 81.26
8 327000 322000 72.67 71.56
9 343333 236667 54.07 52.59
10 154333 127000 34.30 28.22
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Figure 1. Influence of sowing depth on soybean germination rate and realization of
planned set in (a) 2016; (b) 2017.

By sowing at a depth of 3 cm, 4 cm and 5 cm in 2016 and by sowing at a depth of 3 cm, 4 cm, 5
cm and 6 cm in 2017, plant assemblies per unit area of more than 90% were achieved in relation to
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planned number of plants, and by increasing or decreasing the sowing depth, the number of
sprouted plants per unit area decreases.

In 2016, the onset of sprouted was recorded 18 days after sowing, and in 2017 24 days after
soybean sowing (Figure 1, 2). The fastest soybean sprouting in both studied years was when sowing
soybeans at a depth of 3-5 cm (three days in 2016 at sowing depths of 3 cm and 5 cm and four days
when sowing at a depth of 4 cm, i.e. three days in 2017 when sowing soybeans to a depth of 3 cm
and 4 cm and four days when sowing to a depth of 5 cm). By increasing or decreasing the sowing
depth, the number of days from the appearance of the first shoots to the end of sprouting increased
in both years. By sowing at a greater depth, the beginning of sprouting occurred later and the
sprouting period was prolonged, while very shallow sowing also prolonged the sprouting period of
soybeans. In 2016, the longest germination period was recorded by sowing to a depth of 1 cm (10
days), while in 2017, the longest sprouting period was recorded when sowing at 9 cm and 10 cm (10
days). Sowing to a depth of more than 7 cm in 2016 and greater than 6 cm in 2017 led to the later
appearance of sinkholes on the surface of the earth. In 2016, sowing to a depth of 8 cm delayed the
start of sprouting of plants for one day, and the sprouting period was seven days, sowing at a depth
of 9 cm delayed the beginning of sprouting plants by three days, sowing at a depth of 10 cm by four
days, and the sprouting period at sowing at a depth of 9 cm and 10 cm was eight of the day. In
2017, sowing at a depth of 7 cm and 8 cm postponed the start of sprouting for one day, with the
period of sprouting lasting five days for sowing to a depth of 7 cm, and seven days for sowing to a
depth of 8 cm. The period of sprouting soybeans when sowing to a depth of 9 cm and 10 cm lasted
10 days, with the fact that when sowing to a depth of 9 cm the beginning of sprouting was delayed
by two days, and when sowing to a depth of 10 cm the beginning of sprouting was delayed by three
days. When setting up the experiment, manual sowing was performed, opening the furrows with a
hoe to a certain depth, laying the seeds at the planned distance in a row and burying the furrows,
which led to greater aeration of the surface layer of the soil compared to machine sowing. During
machine sowing of soybeans, the surface layer of the soil is not disturbed, so the duration of
germination would be extended, and the percentage of sprouted plants would be even lower.

4. Discussion

One of the basic conditions for achieving high yields is sowing quality seed [14]. In field
conditions germination and germination energy these indicators determine the number of plants
per unit area — one of the three basic yield components [15]. In production technology, there are
various methods that can improve the germination of soybean seeds [16, 17, 18]. In addition to
various methods for obtaining the optimal set of plants, it is necessary to respect all agro-technical
measures, and one of them is sowing. It is important to plant accurately in order to achieve good
germination, emergence and high plant population [18]. Too shallow sowing results in thin
germination due to inadequate soil moisture at the top soil layer [2]. Superficial seeding
predisposes seeds to environmental variations, such as water or thermal excess or deficiency, which
may culminate in small and less vigorous seedlings [11]. On the other hand, deep sowing (e.g.
beyond 6 cm) can significantly affect crop emergence and yield [20, 21, 22]. Seeding depth of 3.8 cm
is generally adequate for soybeans but never deeper than 6.4 cm [23]. The ideal soybean sowing
depth for best emergence is 2.5 to 3.8 cm under most conditions and never deeper than 5 cm
because at deeper levels emergence is delayed, seedling vigour is reduced, and it is harder for a
soybean seedling to break through a crust that may have formed [24, 25]. A sowing depth deeper
than 5 cm may decrease the emergence, mainly in sandy soils [26]. The final yield of a crop is
directly linked to sowing and the adequate formation of stands, and the depth of seed
deposition is a factor that is directly related to the success of this process [27]. Significant effect of
specific study years was also observed on soybean seed germination. The better results were
obtained under more favourable agroecological conditions or in years with rainfall above average
[17].
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5. Conclusions

Based on these two-year research, the following conclusions can be drawn:

The optimal depth of soybean sowing on sandy soil in the northern part of Serbia is 4-6 cm and
at this sowing depth the best set of plants per unit area and the shortest seed germination time is
achieved. By increasing the depth of sowing, the beginning of germination occurs later, the
sprouting period is extended and a statistically very significantly smaller number of plants per unit
area is achieved. Sowing soybean seeds to a shallower depth prolongs the period of plant sprouting
and the number of sprouted plants is statistically very significantly lower in relation to the optimal
sowing depth.
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