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Abstract - Legumes are considered the second most |. INTRODUCTION
important food source after cereals. One of high protein . . .
legume — soybeans is new species for growing in Latvia. Soybean seed is one of the most important protein
Biochemical composition of soybeans is variable dependent sources for human and livestock all over the world. In the
on varieties, and highly affected by environmental factors, EU this crop is produced mainly in Italy (33%), Romania
including fertilisation and the presence of Rhizobium (18%), Croatia (14%), Austria, Hungary and France (all
bacteria. Therefore, the present study was conducted to 9%) [1].
evaluate a chemical composition of soya (Glycine max L)
differently fertilized and grown in different places in Latvia. Safety and sustainability of the food system can be
In this study was evaluated protein, fat, fibre content and guaranteed by increasing the locally grown raw material
yield of soybean variety ’Laulema’ grown at different (F1- and thus allowing to reduce the amount of imported soy
F6) fertilisation background in Stende and Vilani. Overall products (which is not always GMO free). Soybean

result_s of a three-year analysis (2018-2020) showed that the adaptation in Baltic / Nordic region is a new opportunity
protein content of soybean ‘Laulema’ ranged from 31.0 to and challenge resulting from climate change. This is

38.9%, values of total crude fat ranged from 19.4 to 22.4, but . . . .
evidenced by the increase in soybean sown areas in recent

crude fibre 10.5-13.7%. Significant difference was observed A ; . .
among fertilisation background, year and climatic years in Lithuania to 2,100 and in Latvia - 298 ha [2]. The

conditions. Soybean productivity depends to a large extent ~ EU green policy emphasizes the efficient and sustainable
on climatic conditions. Providing favourable conditions for use of plant genetic resources to reduce soybean imports
the development of Rhizobium bacteria and the availability and increase the self-sufficiency of this crop. Currently,

of balanced nutrients for plants, soybean yield can reach 2 - EU countries produce only 5-7% of total soy protein
3tha?also in Latvia consumption [3]. There is a great demand for GMO-free
soy, especially soy that is grown using organic farming
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Several factors influence the chemical composition
present in soybean seeds, such as climatic changes,
genetics, and soil fertility [4],[5]. Next to the climatic
factors, adverse soil conditions are major constraints for
soybean production. Board and Kahlon [6] suggested thad
recent yield gains in the USA are 50% due to cultivar
genetic improvement and 50% to improve cultural
practices.

Therefore aim of this study was evaluate different
cultivation technologies for improwing soybean yield and
quality.

The field trials were set up at the Research Center of
the Institute of Agricultural Resources and Economics in
Stende (57°1120"N, 22°33'43"E) and at the Latgale
Agricultural Research Center Ltd. in Vilani (56°34'10"N,
26 °58'01"E) from 2018 to 2020 year.

Experimental design and treatments. Two soybean
cultivars were used in the experiment (corresponding to
000 group by vegetation period) - 'Laulema’ (Estonia) and
‘Lajma’ (Poland). Field experiments were carried out using
a block design with four replicates and plot size was 20m?,
The sowing rate used was 50 germinating seeds per m2,
row party distance 25 cm. The seeds were treated with
Rhizobium bacterial product HiStick® before sowing.

MATERIALS AND METHODS

The soil type and characteristic of experimental fields
assumed in table 1.

TABLE 1 THE SOIL TYPE AND CHARACTERISTIC IN EXPERIMENTAL
FIELDS IN STENDE AND VIANI

Vilani

soil type —loam
B IS G e P
2018 6.6 41 112 83
2019 6.5 2.6 104 56
2020 6.1 35 94 51

Stende

soil type — clay sand
TR A R P i
2018 5.6 31 216 166
2019 6.3 28 244 125
2020 7.0 2.2 151 361

The conditions for growing soybeans were more
favourable in Vilani - the soils have a significantly higher
organic matter content, cly structure and optimal soil
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acidity. In Stende, soils have a lower content of organic
matter, clay sand structure, soil acidity varies from year to
year, 2018 - significantly below optimal.

Evaluation of soybeans yield and quality was made at
four different fertilization backgrounds: Control - without
additional fertilization, PK - basic fertilizer NPK 0- 45-75
(without nitrogen), NPK - basic fertilizer NPK 15-45-75,
NPK+N20 - basic fertilizer NPK 15-45-75 and additional
fertilizer N20 pure kg ha. The fertilizer is applied to the
soil before sowing by cultivating the soil.

Climate data

Sum of monthly precipitation showed in table 2. and
temperature at both locations during the growing season
showed in Figure 1.

TABLE 2 MONTHLY PRECIPITATION DURING THE GROWING SEASON AT
THE EXPERIMENTAL SITES FROM 2018 T0 2020

S
8
- 5| 5
5 o& & oz 3| &
Year < = a a < n
Sites 2018
Stende 47.7 14 285 | 326 94.1 52.8
Vilani 275 | 13.6 | 423 | 354 93.0 29.4
2019
Stende 8.4 30.7 | 521 117 211 50.7
Vilani 0.0 69.8 | 484 | 929 1054 63.2
2020
Stende 20.3 | 37.3 | 427 | 60.2 33.9 324
Vilani 271 | 847 | 731 | 66.3 60.0 433
Long term date
Stende 36 50 71 89 88 62
Vilani 32 52 75 81 71 62

In all three vegetation seasons, the sum of active
temperatures was similar - close to 2000°C, however, for
example, in 2018 this amount was reached in 117 days,
and in 2019 - in 135 days.

In 2018, soybean productivity was adversely affected
by the lack of precipitation (in Stende, the amount of
precipitation during the growing season reaches only 157
mm). In 2019, the development of soybeans was limited
by temperatures, which were significantly below the norm
in several periods of soybean development (especially
during germination and flowering). Several later soybean
varieties suffered from autumn frosts before ripening.

Very low air temperatures were observed in May of
2020, which hindered the development of soybeans, and
some of the soybean seedlings died. The growing season
from August to October was favourable for the
development of soybeans..
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Fig. 1. Mean air temperature (2m above ground level) in the experimental sites.

The vegetation period from sowing to maturity in
Stende varied from 108 days (‘Laulema’, 2018) to 142
days (‘Lajma’, 2019) and from 120 days (‘Laulema’,
2018) to 161 days (‘Lajma’, 2019). The sum of active
temperatures of vegetation period assumed from 1889°C
(‘Laulema’, 2018) to 2173°C (‘Lajma’, 2018) in Stende
and from 2003°C (‘Laulema’, 2020) to 2231°C (‘Lajma’,
2018) in Vilani. The sum of precipitation from sowing to
maturity in Stende varied 156mm (‘Laulema’, 2018) to
263 mm (‘Lajma’, 2019) and from 186 mm (‘Laulema’,
2018) to 426 mm (‘Lajma’, 2019) in Vilani.

Soybeans was harvested at the GS90-99, using
compact gain harvester Wintersteiger, then dried and
cleaned using MiniPetkus equipment, determined
humidity. Yield was calculated as t ha® at humidity 14%
and 100% purity. Impact of cultivation technologies was
evaluated comparing yield, thousand grain weight, number
of pods per plant, number of plants per 1m?, and chemical
composition of seeds based on average values of both
cultivars. Number of pods per plant was determined as
average of 20 plants from each replications. Indicators of
productivity was measured for each of 4 replications and
mean value was calculated.

For quality traits 0.5kg soybean seeds was complected.
Test weight, protein, fat and fibre of harvested soybeans
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were made in duplicate. Measures of quality traits are
given in dry matter.

The chemical analyses were carried out at the
Laboratory of Cereal Technology and Agricultural
Chemistry of the Institute of Agricultural Resources and
Economics. Collected soybean seed samples of each
replicates were dried at 60°C, ground in mill with a 1.0
mm sieve and collected for further analysis. Protein
content was determined by the Kjeldahl method, and
conversion factor 6.25 was used to convert total nitrogen
to crude protein. Fat was extracted with petroleum ether
(boiling range of 40-60°C) by the Soxhlet extraction
method and determined gravimetrically. Content of fibre
was determined by ISO 5498:1981[7].

Statistical analysis. The obtained results were
statistically processed using methods of descriptive
statistics (sample mean and standard deviation) and factor
analysis (Anova: Two-Factor Without Replication and
General Linear Model — Univariate) at MS Excell IBM
SPSS 20 programs. Statistical significance was declared at
p <0.05.

I1l. RESULTS

The results of study confirms that climatic conditions
significantly affected amount and productivity of soya
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bean yield. According to most of studies [8], [9], [10] the
site conditions primarily the amount and distribution of
rainfall significantly modify harvested quantity and
quality of soybeans. Among other factors including
cultivation technology, these climatic conditions are the
most difficult to control and they are greater limiting
factors in the maximum vyield [8].

Yield of harvested soybeans from all trials in Vilani in
different years are showed in Figure 2, but in Stende in
Figure 3.
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Fig. 2. Yield of soybeans of experimental site Vilani

The soil of experimental fields in Vilani characterized
with higher level of organic matter, therefore fertilizers do
not have an effect on productivity. Significant increase of
soybean yield was obtained from variant PK (2.32 t hal)
in 2018 year when was relatively few precipitation,
providing plants with phosphorus and potassium
fertilizers. Additional increase of nitrogen NKP+N20
resulted in the increase of yield (2.32 t ha*) in comparison
with control (2.06 t hal) but not with yield from fields
where fertilizer background was PK (without additional
nitrogen).

Climatic conditions in 2019 — rainfall prior maturity
and early autumn frosts - significantly effected harvesting
of soybeans and caused additional crop losses, as a result
insignificant differences among variants were calculated
(p>0.05), although trends were the same as in 2018,
described above. The results of year 2020 showed
significant difference of yield from control fields (1.97 t
ha't) and variant NPK+N20 (2.27 t ha%).

Summarizing the above - additional nitrogen not
always is important in fields with high content of organic
matter (as in Vilani). It is important to evaluate provision
of other nutrients and additional provision of soil with
phosphorus and potassium fertilizers also could give
significant increase of yield.

Many field data showed that the total amount of N
assimilated in a plant shoot is highly correlated with the
soybean seed yield [10], [11]. Morshead et. al. concluded
that nitrogen application progressively and significantly
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increased the yield of soybean up to the N rate of 26.45 kg
ha't where the highest seed yield of soybeans was obtained
[11]. Fertilizing with 30 kg N/ha was the optimal rate both
in terms of quality and quantity of the yield, as well as
economically. The varieties of 'Aligator' and 'Lissabon’
proved the best suited to the climate and environment of

Glubczyce region, regarding significant LSD coefficients
[10].
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Fig. 3. Yield of soybeans of experimental site Stende

Experimental fields in Stende organized in fields with
soil characterized with relatively low content of organic
matter, but relatively high content of phosphorus and
potassium. Additional nitrogen amount could significantly
increase soybean yield especially in less fertile soils [11],
[12] and especially in the early stages of plant
development when on roots were not developed
Rhizobium bacteria.

Soil type - clay sand, like in Stende, characterized with
relatively low soil pH (5.6 - 6.3). Weakly acidic soil
reaction, low soil temperatures or drought were main
factors negatively affected operation of Rhizobium
bacteria. Additional nitrogen in this kind of conditions
showed significant impact on soyabean yield. The results
of field trials in Stende in 2018 and 2020 showed
significantly higher yield of soybeans in variants NPK
(1.03 t hatin 2018 and 0.83 t ha* in 2020) and NPK+N20
(1.20 t halin 2018 and 0.92 t ha'*in 2020) in comparison
with control where yield was 0.93 t ha in 2018 and 0.72 t
hal in 2020, respectively. Evaluation of yield in 2019
showed significant difference just in variant NPK+N20
(1.19 t ha't) in comparison with control (1.06 t ha™2).

Summarizing the results in Stende - additional
nitrogen dose has been useful if environmental conditions
are not favorable for development of nodules on the
soybean roots, but additional phosphorus and potassium in
soil rich with them was not effected yield significantly.

Since crop productivity indicators determines TGM,
number of pods per plant and number of plants per 1m?,
these parameters of soya bean harvested in this study
showed in table 3.
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TABLE 3 SOYBEAN PRODUCTIVITY INDICATORS AGAINST THE
BACKGROUND OF DIFFERENT FERTILIZER RATES

;;t?)il:s Variant s 2018 2019 2020 Mean
Stende, LD 0.05=5.9 g

Control 1583 | 1720 | 1628 | 1647

PK 1565 | 1737 | 1605 | 164.2

NPK 1655 | 1741 | 1630 | 1675

ToM, g | NPK#N20 | 1719 | 1811 | 1639 | 1723

Vilani, LD 005=5.4 g

Control 1541 | 1594 | 1582 | 157.3

PK 1631 | 1660 | 1572 | 162.1

NPK 169.2 | 1667 | 1626 | 166.1

NPK+N20 | 1661 | 1729 | 166.2 | 1684
Stende, LD 0.05=6.2 plants

Control 23.1 44.9 20.4 29.5

PK 24.9 42.9 20.2 29.4

NPK 265 47.3 24.0 32.6

’;‘?g‘ot(’jesr NPK+N20 | 26.8 57.1 23.0 35.7
per plant Vilani, LD o.0s5= 3.7 pods

Control 22.6 30.5 27.8 27.0

PK 217 313 276 26.8

NPK 21.0 316 338 28.8

NPK+N20 | 233 31.0 29.7 28.0
Stende, LD 0.05=2.4 plants

Control 258 154 30.5 23.9

PK 28.1 154 29.6 24.4

NPK 26.0 17.3 31.0 24.7

(')\'f”p”;‘a%et; NPK+N20 | 25.9 14.4 315 23.9
per 1 m? Vilani, LD 0.05=5.2 plants

Control 495 435 39.5 44.2

PK 475 46.5 415 45.2

NPK 425 415 43.0 423

NPK+N20 | 495 44.0 39.5 44.3

The sowing rate was 50 germinating seeds per m2.
Number of productive plants per m? among years differed.
It was significantly affected by climatic conditions. After
sowing in the 2018 prolonged drought, in 2019 and 2020
years prolonged low temperatures of air and soil. The
lowest germination was in Stende, for example in 2019 it
was 31% of planned — average 15.6 plants per m?.

Next indicator characterized a productivity of soya
beans are number of seeds per pod and 1000 grain weight.
An increase of nitrogen amount was not significantly
affected number of pods per plant. The number of pods,
along with increasing fertilizer rate was increased in
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Stende from 29.4 (PK) to 35.7 (NPK+N20) and from 26.8
(PK) to 28.8 (NPK) in Vilani, but analysis of variance
showed that critical value is higher than differences among
variants. This indicator was significantly affected by
climatic conditions of year — determination coefficients in
Stende R? = 92%, in Vilani R? = 79%. Variation of years
in Stende was average from 21.9 (2018) to 48.1 (2019) and
in Vilani from 22.1 (2018) to 31.1 (2019).

Similar data obtained evaluating average number of
seeds per pod. It was significantly affected by year
(number of seeds per pod in Stende varied from 2.82 to
3.4, determination coefficients in Stende R?=79%, in
Vilani it was lower and varied from 1.38 t01.53, R>=69%)
but differed insignificantly by fertilizer rates (p>0.05).

Increase of fertilizer rate was significantly increased
TGM of soybeans in both sites. TGM was obtained
significantly higher (p<0.05) in Vilani in all years in
variants NPK (169.2g, 166.7g and 162.6g) and NPK+N20
(166.1g, 172.9g and 166.2g) in comparison with control
fields — 154.1g, 159.4g and 158.2g, respectively. This
indicator was significantly higher also in 2018 (163.1g)
and 2019 (166.0g) in samples of fields where fertilizer rate
was PK (without surplus nitrogen) in comparison with
control, but then it was insignificantly differed from
averages of samples from fields with mentioned fertilizer
rates with using of addition nitrogen.

TGM was determined significantly higher — 171.9g,
181.1g and 163.9g in samples of fields with the highest
fertilizer rate NPK+N20 (15+20 kg N hal) (p<0.05) in
comparison with control — 158.3g, 172.0g, 162.8g
relatively. The average TGM obtained in Stende was
higher as obtained in Vilani, but total yield of harvested
soybeans was not higher because significantly smaller
number of plants per m2?. From other side smaller
competition among plants in Stende give higher number of
pods per plant and higher TGM, but it was not compensate
decrease of yield caused by unsprouting plants.

Our results of variant with higher nitrogen fertilizer
rate (NPK+N20) were in line with results of Morshed
et.al., who concluded from a pot experiment that nitrogen
application progressively and significantly increased the
yield of soybean [11]. Bobrecka-Jamro et. al. study also
observed that plants from the control treatment (without
nitrogen fertilizer) were characterized by smallest number
of pods and TGW [12].

The chemical composition of soybeans significantly
differed (p<0.05) among years at both experimental sites,
but impact of cultivation technologies was not expressed.
The same conclusion was reported by Vollmann et.al.,
after evaluation of 60 soybean genotypes of early maturity
groups — average to high protein content (range 399-476 g
kg?) was found in years with high air temperature and
moderate rates of rainfall during the seed filling period,
whereas seed protein content was drastically reduced
(range 265-347 g kg!) in seasons of insufficient nitrogen
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fixation or higher amount of precipitation during seed
filling [13].

Protein content of soybeans harvested at Stende and
Vilani showed at figure 4.
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Fig.4. Protein content of soybeans grown in Stende and Vilani from 2018
to 2020 year.

There was observed tendency when protein content of
samples from fields with fertilization background
NPK+N20 was higher than protein content of soybeans
from control group. Significant difference among fertilizer
rates was determined at Stende (p-=0.04<0.05), but not in
Vilani (p=0.90>0.05). The results in Stende was
significant in 2018 when protein content of samples from
fields with additional nitrogen dose determined 34.04% in
comparison with control 30.05% (p<0.05) (13% higher)
and in 2020 when protein content determined 36.9% and
33.31% (p<0.05) (11% higher as control), respectively.
Same tendency was observed in Vilani just in 2020 where
protein content of control group samples determined
32.29% but protein content of samples from fertilization
background NPK +N20 with additional nitrogen (35 kg
per ha) — 35.63% (10% higher) and this difference was
significant (p<0.05).

These results regarding on protein content was in line
with investigation of Bobrecka-Jamro et.al., where
concluded that high doses of nitrogen increased the
content of total protein in seeds and decreased the content
of crude fat, as well as causing a significant decrease in the
content of ash and fibre in seeds [12]. Obtained protein
content of control group (additional nitrogen N= 0 kg ha-
1) soybean seeds in mentioned study was 35.42%, but
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protein content of experimental groups 36.3% (N= 30 kg
ha') and 36.96% (N= 60 kg ha). Difference of protein
content in control group soybeans and experimental group
was 2-4% in the study of Bobrecka-Jamro et.al. Morshed
et al. concluded that nutrient uptake and protein content in
seeds increased with increasing levels of N (up to rate
26.45 kg N ha)[8]. In contrast, results of Ferreira et.al.,
showed that fertilization with nitrogen no effect and
Valinejad et.al. studies finded insignificant effect on total
protein and crude fat in soya beans [14], [15]. The results
of soybeans fat and fibre content of our study assumed in
table 4.

TABLE 4 THE FAT AND FIBRE CONTENT OF SOYBEAN GROWED IN
STENDE AND VIANI

(:I:t(cjjir_s Variant s 2018 2019 2020 Mean
Stende

Control 23.11 19.08 20.33 20.84

PK 22.73 18.89 20.64 20.75

NPK 21.58 19.00 20.97 20.51

Fat, % NPK+N20 21.74 16.79 20.92 19.82
Vilani

Control 20.18 17.28 19.14 18.87

PK 20.71 17.18 18.81 18.90

NPK 20.36 17.23 19.54 19.04

NPK+N20 20.48 17.96 19.42 19.29
Stende

Control 12.68 10.76 10.83 11.42

PK 12.59 11.15 10.72 11.49

NPK 12.93 11.16 10.91 11.67

Fibre, % NPK+N20 10.87 13.25 10.78 11.63
Vilani

Control 11.52 11.33 9.68 10.85

PK 11.39 11.54 9.94 10.96

NPK 11.23 11.64 7.94 10.27

NPK+N20 11.25 11.75 9.13 10.71

Evaluation of soybean fat and fibre content in both
experimental sites showed that there is not significant
difference among fertilizer rates in our study. Regarding
fat content observed tendency when fat content decrease
with increasing nitrogen fertilizer in samples of Stende,
similar with results of other studies [8], [12], [13]. This
tendency was more pronounced in 2018 year when fat
content of control determined 23.11%, but fat content of
soybean samples from variant NPK+N20 — 21.74% (6%
lower than control). The impact of year on fat content of
soybeans was significant (p<0.05) as in Stende, same as in
Vilani. Vollmann et.al., reported that fat content in years
with high protein content varied from 17.44% to 19.67% ,
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but in years with lower protein content from 21.13% to
24.84% [13].

The results of soybeans fibre content significantly
differed (p<0.05) among years, but did not show any
tendency. Average fibre content in Stende for all
fertilization backgrounds were 11.42%, 11.49%, 11.67%
and 11.63%. There are few reports regarding fibre content
of soybean seeds and factors affected it, but data
mentioned in USDA data base reported average fibre
content 9.7% [16]. Bobrecka-Jamro et.al., reported, that
fibre content decreased from 5.81% to 5.49% if nitrogen
fertilizer increased from 0 (control) to N=60 kg ha') [12].
Our conclusion is that fibre content is much stronger
affected by other factors, for example precipitation and
humidity of soil than nitrogen content.

IV. CONCLUSIONS

The results of study confirms that soybean productivity
is significantly affected by meteorological conditions
during the growing season, soil fertility and cultivation
technology. Additional nitrogen fertilizers (up to 30 kg N
ha'?) significantly affected soybean yield if the soil is low
in organic matter content, or environmental conditions are
not favourable for the activity of Rhizobium bacteria.

The application of additional fertilizer significantly
affected the increase of soybean 1000 seed weight (TGM),
but did not affect such plant productivity indicators as the
number of pods per plant, the number of seeds per pod.

The addition of fertilizer had a positive effect on the
protein content of soybeans in less fertile soils, but did not
have a significant effect in the soybean trial, which was set
up in soils with high organic matter content in Vilani. The
fat and fibre content of soybeans was not affected by
applied fertilizer rates.
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