Scientific Journal «ScienceRise:Biological Science»

Nel(22)2020

YK 581.14:58.035.3:633:34
DOI: 10.15587/2519-8025.2020.201416

INFLUENCE OF DIFFERENT PHOTOPERIODIC CONDITIONS ON THE
PROTEIN AND OIL CONTENT IN SOYBEAN SEEDS (GLYCINE MAX (L.) MERR.)
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Mema. 3’sicysamu énnug piznoi mpusanocmi ghomonepiody na emicm 6LIKa i MACAA y HACIHHI COPMIG COT, SIKI pi-
SHAMbCS 30 PEaKyiero Ha Gomonepioo.

Mamepianu ma memoou. Y oocnioax suxopucmati oomonepioouuno Heumpanvui copmu coi Annwywra, Am-
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awHO20 yHigepcumemy iveni B.H. Kapasina na dinankax 1 m° y mpupasosiii nosmopnocmi. Bio cxodie 0o mpe-
MbO20 CNPABIHCHLOSO JUCMKA 8CL COPMU POCIU 3a RPUPOOHO20 0062020 OHA (bu3bKko 16 200. Ha wiupomi m. Xa-
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HPOMSI2OM 8Cb020 Nepiody eecemayii Oyia UPOWEHA 8 YMOBAX NPUPOOH020 (pomonepiody. Buicm binka y na-
CIHHI 8U3HauaNU Ha iH@pavepsonomy ananizamopi Ingpaniom OT-10 (supobrux Jlomexc, PD), 3a memooukoio
supobHuxa, a macna — 3a Pywkoscokum. AHanisu npogedeni y 0860- mpupazosii nosmoprocmi. ¥ mabauysax na-
6€0eHl cepeOHi ma cmaHOapmHui GIOXUNEHHSL.

Pesynromamu. 3a ymos kopomkozo pomonepiody emicm OLIKA Y HACIHHI 3pOCMAB, 3HUNCYEABCs, abO He 3MIHIO-
6a6Cs, NOPIGHAHO 00 BMICMY HA NPUPOOHOMY 00820MY OHI, HE3ANENHCHO 8I0 Xapaxkmepy GomonepioOuyHoi peax-
yii docniodcenux copmis. Bumicm macna y nacinni pociun, sxi niooaganu 0ii kopomkozo gomonepiody, 0ys, sk
NPABUILO HUICUUM, HIJIC Y HACIHHI POCIUH, SIKI 8UPOWYSANU 304 NPUPOOHO20 0082020 OHs. Bmicm sk 6inky, max i
Macia eapireas y pizHux copmie ma 6 pisHi poku 0ocriodicenb. CmyniHb 11020 8apilo6anHs Y 00CTIONCYBAHUX
CcOpmig Pi3HUBCA.

Bucnoexu. Pizni pomonepioouuni ymosu ne 00HOHAYHO 8NIUBAIOMYb HA 6MICI OIIKA Y HACIHHI cOpmis coi 3 pi-
3HOI0 YOMONEPIOOUUHOI0 peakyicto, Xoua 8 OKpemi poKu Y O0CHIONCEHUX COPMIE NPOSIGIACMbCS MeEeHOeHYIs 00
11020 3pOCMAHHA 3a YMO8 KOpOMK020 pomonepiody. BipozioHo, 6in oemepMminyemovcs 2eHOmMunom copmy ma pi-
SHUMU MeMeopOL02iUHUMU YMO8AMU nepiody eecemayii. Bmicm onii' y nacinni docnioxcenux copmis coi 3a eniu-
8y KOPOMKO20 OHsl 3HUNCYEMBCS, NOPIGHAHO 00 8MICIY 8 YMOBAX 0082020 OHsl, HE3ANENHCHO 8I0 omonepioouy-
HOI peakyii copmis.

3minu emicmy 6inka i Macia 6 HACIHHI COpMIE COI 3a PI3HOI MPUBANOCMI OHSL He 3allexcanu 80 muny ix gpomone-
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1. Introduction

Soybean (Glycine max (L.) Merr.) is one of the
most valuable agricultural crops in the world for its di-
verse uses. First of all, this is determined by the bio-
chemical composition of its grain. Its most valuable in-
gredients are protein and oil. The protein content in soy-
bean grain reaches 40 % or more. At the same time, soy
protein is highly digestible by the human and animal or-
ganisms and contains almost all essential amino acids
[1]. The oil content in soybean grain ranges from 18 to
20 % and in some varieties reaches 28 %. In addition,
soybean grain contains biologically active compounds,
vitamins and minerals, which determine its high nutri-
tional properties [1-3]. The described properties of soy-
bean grain determine significant global cultivation areas
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(125.4 million hectares) and large volumes of production
(356.8 million tons). In Ukraine, soybean was sown in
2019 on 1.88 million hectares, and with a harvest of
2.58 t/ ha, its grain production amounted to 4.83 million
tons [4]. One of the main conditions for expanding soy-
bean crops in Ukraine and increasing yields is the crea-
tion of highly adaptive varieties to environmental factors.
One of the factors that limit the spread of soybeans in
growing areas and the formation of high grain yields with
the high quality is the duration of the photoperiod, since
soybean is a short-day crop by its biological nature [2, 5].

Therefore, the study of the influence of the dura-
tion of the photoperiod on the growth, development and
yield of soybean seeds is important for the identification
and use in the breeding process of the source material



Scientific Journal «ScienceRise:Biological Science»

Nel(22)2020

with a low photoperiodic sensitivity. We have shown that
a change in photoperiodic conditions leads to a signifi-
cant differentiation of soybean varieties and collection
samples in response to the photoperiod, as well as a
change in the nature of the manifestation of economically
valuable traits [6]. Among the large set of studied varie-
ties, those are selected that practically do not change the
pace of development under different photoperiodic con-
ditions, that is, they are photoperiodically neutral [5-7].

Despite the fact that the phenotypic manifestation
of the reaction to the duration of the photoperiod in soy-
bean varieties is fairly well studied [6], it has identified E
genes [8], which determine the photoperiod sensitivity
[9], and isogenic soy line genes [5], the effect of various
photoperiodic conditions on the content of protein and oil
in grain at this cost of culture has not been studied.

2. Literature review

Literature data on the influence of external condi-
tions on the protein and oil content in soybean seeds are
quite extensive. However, in most studies, as a rule, they
studied the influence of either growing conditions or the
genotype of the variety, as well as their interaction on
these characters. So, when studying the content of pro-
tein and oil in the grain of 524 soybean samples for the
period 1992-2014 year it was shown [10], that the pro-
tein content in the grain of the samples varies significant-
ly depending on which ripeness group the samples be-
long to. The oil content in the grain, depending on the
ripeness group of the samples, varied slightly. According
to the author, in each ripeness group, samples were iden-
tified with both low and high protein and oil, as well as
samples with a low level of variation of this trait. This
suggests a dependence of the soybean grain quality level
on the genotype of the variety.

Study [11] analyzed the dependence of the varia-
bility of protein and oil in the seeds of 1442 soybean
samples in the conditions of the Krasnodar Territory of
the Russian Federation, which were grown from 1987 to
2015 year due to changes in the temperature regime, as
well as the moisture regime for this period. A tendency
towards an increase in the protein content by 2.5 % over
10 years has been identified, which is associated with an
increase in the sum of effective temperatures and a slight
decrease in the amount of precipitation. No reliable de-
pendence of changes in the oil content on changes in
temperature and precipitation has been established. The
authors also showed that the oil and protein content is as-
sociated with the precocity of soybean samples. On aver-
age, the studied oil samples had the highest oil content
and the lowest protein content in mid-ripening samples,
while their content was relatively high in early ripe and
late ripening samples.

In experiments with 68 soybean varieties during
2011-2013 year, there was investigated the dependence
of the protein and oil content on the genotype of the vari-
ety and the maturation group, to which the variety be-
longs [12].

It was shown, that the protein content in the grain
of the studied varieties varied in the range of 32.2-46.9 %.
At the same time, there was a tendency to a decrease in
the protein content in varieties of medium and late ripen-
ing (I-II ripening groups) compared with the content in

varieties of ultra-early and early ripening groups
(00-0 ripening group). The same authors showed that the
fat content in the seeds of the varieties of the studied
population varied from 18.7 to 24.0 %. At the same time,
no reliable relationship was found between the fat con-
tent in seeds and the variety's belonging to a particular
ripening group. Although the average ripening group is 0
and [, its content was higher than that of varieties of other
ripening groups. At the same time, among the varieties of
all ripening groups, those were identified, whose protein
and fat content in the seeds was maximum not only for this
group, but for the entire studied population, which indi-
cates the genotypic determination of these characters [12].

In experiments with six soybean genotypes,
grown under different climatic conditions in years that
differed in weather conditions, a significant effect of the
genotype on the protein and oil content was shown. In
addition, a high dependence of the level of protein in the
grain on the level of tension of environmental factors -
temperature and humidity was fixed. No significant ef-
fect of environmental factors on the oil level in soybean
was revealed [13].

When studying the dependence of the protein and
oil content in soybean grain on the sowing dates and
sowing rates in different vegetation periods according to
weather conditions, it was shown, that the protein content
in the grain is higher, the later the sowing period. The oil
content, on the contrary, was higher in the early stages of
sowing, compared to the content in the later stages. Ac-
cording to the authors, the leading environmental factors
that affect the protein and oil content in soybean grain
are temperature and precipitation level [14].

The content of protein and oil in the seeds of
763 samples of soybeans that were grown in 2010-
2013 years in various regions of China was analyzed.
The results showed that the protein content in soybean
grain increased with increasing temperature depending
on the growing region and weather conditions. Accord-
ing to the oil content in the grain, an opposite depend-
ence was found on the weather conditions of cultivation
[3]. When studying the oil and protein content in grain of
14 soybean varieties of ripeness groups 0, I and II in
conditions of Southeast Europe (Croatia), a significant
dependence of the protein content on weather conditions
during the years of research is shown. Weather condi-
tions did not significantly affect the oil content [15].
Thus, the literature data show a significant dependence of
the protein and oil content on the influence of environ-
mental factors, primarily on temperature and level of
moisture, as well as on the genotype of the variety. De-
pendence on these factors is more characteristic for the
level of protein in soybean grain than for the level of oil
content in it.

The most important environmental factors that
significantly affect the growth, development and produc-
tivity of plants include the duration of the photoperiod.
Some of the above works show the dependence of the
protein and oil content on the growing region [13, 16]. It
is likely, that these regions could differ in the duration of
the photoperiod, which, to one degree or another, could
affect the protein and oil content in soybean seeds. How-
ever, the authors made no assumptions about this possi-
ble dependence. Never the less, the direct influence of
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the duration of the photoperiod on the protein and oil
content in soybean is practically not studied. Only one
work presents the results of such a study [17].

The authors studied the effect of an artificial short
day (12 hours) on the protein and oil content in the seeds
of two soybean varieties Lydia (early ripening) and Mar-
inat (late ripening). It was shown, that under the influ-
ence of a short photoperiod, the protein content in the
seeds of the Lydia cultivar did not change, while in the
changes of the Marinata cultivar it decreased. The oil
content under the conditions of a short photoperiod in the
seeds of the Lydia variety was lower, and in the seeds
of the Marinata variety, on the contrary, higher than un-
der the conditions of the natural long photoperiod. The
authors did not draw definite conclusions about the pos-
sible mechanisms that determine the accumulation of
protein and oil in soybean seeds under different photo-
periodic conditions. However, based on their data, it
can be assumed, that the effect of the duration of the
photoperiod on the level of protein and oil in the seeds
of the studied varieties may be associated with the gen-
otype of the variety.

3. The purpose and objectives of research

Based on the foregoing, the aim of this work was
to study the effect of different photoperiodic conditions
on the protein and oil content in the grain of soybean va-
rieties with different photoperiodic sensitivity.

The research objectives included:

1. determine the content of oil and protein in the
grain;

2. find out the possible relationship between the
accumulation of protein and oil in soybean grain with the
level of photoperiodic sensitivity of the studied varieties.

4. Materials and Methods

The plant material — four soybean varieties of
Ukrainian selection — Annushka, Ustya, Yatran and Kha-
dzhibey. According to the results of our previous studies
[18], these varieties differ in photoperiodic sensitivity.
Varieties Annushka, Ustia and Yatran under the influ-
ence of a short photoperiod did not change the timing of
the transition to flowering. Therefore, they were assigned
by us to the group of photoperiodically neutral plants.
Under the conditions of a short photoperiod, the Kha-
dzhibey variety earlier passed to flowering and ripening
than under the conditions of a natural long day, which
became the basis for classifying it as a group of short-day
plants [18]. The seeds of these varieties for research are
kindly provided by the National Center for Plant Genetic
Resources of Ukraine — V. Ya. Yuriev NAASU. The ex-
periments were conducted in the field conditions in
2016-2018 at the experimental site of the Department of
Physiology and Biochemistry of Plants and Microorgan-
isms of V. N. Karazin Kharkiv National University,
which is located on the territory of the University Botan-
ical Garden.

Seeds were sown at the optimum time — the
I-1I decade of May on plots of 1 m” in triplicate each
version of the experiment. Prior to the phase of the third
true leaf, all varieties were grown under conditions of a
natural long day (about 16 hours at the latitude of Khar-
kov — 50 ° N). In this phase, one part of the plants of
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each cultivar was exposed to an artificial short day
(9 hours), and the second was continued to grow on a
natural long day. A short day was created by darkening
the plants with opaque material from 17 to 9 hours. The
exposure to a short photoperiod continued for 14 days,
and then the plants were grown on a natural long day un-
til the end of the growing season.

The protein content in the seeds was determined
on an Infralum FT-10 infrared spectrometer (Lumex, RF,
spectral range 880-1160 nm) in accordance with the
manufacturer's recommendations, and the oils by the
gravimetric method according to Rushkovsky [19]. Ana-
lyzes were performed in triplicate.

The results were processed statistically [20]. The
significance of the influence of a short photoperiod on
the protein and oil content in soybean seeds was judged
by the Student criterion (t — test at P<0.05). The tables
show mean values and standard deviations.

5. Results and discussion

The data obtained showed (Table 1) that, under
natural day conditions, the protein content in the seeds of
the studied varieties depended on the genotype of the va-
riety, as well as on the conditions of the growing season
in different years of research. So, in different years of re-
search under natural photoperiodic conditions, the pro-
tein content in the seeds of the varieties Annushka,
Yatran and Ustya was, as a rule, lower than in the seeds
of the Khadzhibey variety. It is likely, that this depends
on the ripeness group of varieties. According to our data
[18], Annushka, Yatran and Ustya varieties had a shorter
growing season than Khadzhibey cultivar under natural
day conditions. It was shown [11], that in varieties of lat-
er maturity, the protein content was higher than in varie-
ties of earlier maturity.

In the experiments of other authors [12], an in-
verse relationship was found between the protein content
in soybean grain and the ripeness group of varieties. Alt-
hough these published data are contradictory, it can be
assumed, that the protein level in the grain of soybean
varieties of different ripeness groups varies, as our data
also indicate (Table 1). The analysis of the obtained data
also showed that, regardless of the genotype of the varie-
ty and photoperiodic conditions, the protein content in
the seeds of the studied soybean varieties in different
years was different. This is evidenced by the results of
determining the level of variation in the protein content
(Table 1). Under natural day conditions in all varieties,
the degree of variation in the protein content was higher
than under short day conditions. This indicator varied
differently in the studied varieties - in varieties Annushka
and Ustya, the variance and coefficient of variation were
higher than in varieties Annushka and Khadzhibey both
under natural day and short day conditions (Table 1). The
above suggests that the level of protein in the seeds of the
studied varieties in a natural day depends on the geno-
type of the variety and the conditions of the growing sea-
son, as well as on the genotype-environment interaction.
This assumption is confirmed by published data, which
show the dependence of the protein content in the grain
of many soybean varieties, grown in regions that differ in
temperature and moisture conditions during their grow-
ing season [3, 16].
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Table 1

The influence of the duration of the photoperiod on the protein content in the seeds of soybean varieties with different
photoperiodic reactions, %

. Protein content in years, % Average , Variation
Photoperiod 2016 2017 2018 X.% 6. % V. %
Annushka — photoperiodically neutral variety
16 hours* 31.4+0.1 38.4+0.1 32.5+0.5 314 3.76 11.9
9hours 30.5+0.3 36.9+0.2 34.3+0.2 33.9 3.22 94
Yatran — photoperiodically neutral variety
16 hours 31.4+0.2 41.6£0.4 37.4+0.2 36.8 5.12 13.9
9hours 30.4+0.2 35.6+0.5 39.3+0.5 35.1 4.47 12.7
Ustya — photoperiodically neutral variety
16 hours 29.5+0.2 36.7+0.3 39.7+0.4 353 5.24 14.8
9 hours 30.5+0.3 37.7+0.4 37.240.3 35.1 4.02 11.5
Khadzhibey — short day variety
16 hours 32.6+0.2 40.44+0.3 41.1+0.5 38.0 4.72 12.4
9hours 33.4+0.2 39.5+0.4 40.0+0.3 37.6 3.67 9.8

Notes: 1— *) — the duration of a natural day; 2 — differences in the protein content under the conditions of the 16-hour and 9-hour
photoperiods are not significant: the average difference between the options is d = 0.650; error of the average difference Sd=0.641;

tfact 0.05=1.01; t st 0.05=2.2 for n=12, v=11

The results of an analysis of the study of the effect
of a short photoperiod on the protein content in seeds of
soybean varieties showed the following (Table 1). In the
experiments of 2016 year on a short day, the protein con-
tent in the seeds of the varieties Annushka and Yatran was
lower, and in the seeds of the varieties Ustya and Kha-
dzhibey it was higher than under the conditions of a natu-
ral long day. In the experiments of 2017, this pattern for
the varieties Annushka, Yatran and Ustya was preserved.
At the same time, in the seeds of the Khadzhibey variety,
the protein content on the short day was lower than on the
long day this year. In the experiments of 2018 year, under
the conditions of a short photoperiod, the seeds of the vari-
eties Annushka and Yatran contained more protein, while
the seeds of the varieties Ustya and Khadzhibey, on the
contrary, were less than under the conditions of a natural
long day (Table 1). On average for 20162018 years, the
protein content in the seeds of the Annushka variety on a
short day was large, in the seeds of the Yatran and Kha-
dzhibey varieties - less, and in the variety Ustya - the same
as in natural day conditions (Table 1). This suggests that
the accumulation of protein in soybean seeds may be sub-

ject to photoperiodic control, but, apparently, this control
is modified by the genotype of the variety, as well as by
the conditions of the growing season. This assumption is
indirectly confirmed by the above literature data on the in-
fluence of environmental factors on the protein content in
soybean seeds, since the duration of the photoperiod is one
of the most important among those that determine the
productivity and quality of plant crops [6].

The second most important component of soybean
seeds is oil, the level of which is subject to the depend-
ence on environmental factors, although to a lesser extent
than the protein content [3, 11, 16]. It is possible, that the
accumulation of oil may be subject to photoperiodic reg-
ulation. Therefore, we studied the effect of the duration
of the photoperiod on the oil content in the seeds of soy-
bean varieties with a contrast photoperiodic reaction.

The results obtained showed (Table 2) that under
the conditions of a natural long day, the varieties studied
differed in the total level of oil content in the seeds. So,
in the Yatran and Ustya varieties its content during all
the years of research, with rare exceptions, was greater
than in the Annushka and Khadzhibey varieties.

Table 2

The influence of the duration of the photoperiod on the oil content in the seeds of soybean varieties with differ-
ent photoperiodic sensitivity, %

Photoperiod Oil content in years, % Average , Variation
2016 2017 2018 X, % 6, % V, %
Annushka — photoperiodically neutral variety
16 hours * 19.4+0.2 16.2+0.2 14.6+0.1 16.7 2.4 14.4
9 hours 19.240.5 15.740.1 15.0+0.2 16.6 23 13.9
Yatran — photoperiodically neutral variety
16 hours 19.04£0.3 19.0+0.4 17.1£0.3 18.4 1.1 6.0
9 hours 18.540.3 16.9+0.3 16.3+0.4 17.2 1.3 7.6
Ustya — photoperiodically neutral variety
16 hours 19.540.3 18.540.5 19.4+0.4 19.1 0.6 3.1
9 hours 19.5+0.1 16.7+0.3 17.9+0.2 18.0 1.4 7.8
Khadzhibey — short day variety
16 hours 18.540.3 16.2+0.2 18.0+0.3 17.6 1.2 6.8
9 hours 18.7+0.5 16.0+0.1 17.1+0.2 17.3 1.4 8.1

Notes: 1. *) — the duration of a natural day; 2 — differences in the oil content under the conditions of the 16-hour and 9-hour photo-
periods are significant: the average difference between the options is d=0.658; the error of the average difference Sd=0,229; t fact

0.05=2.8; t st 0.05=2.2 for n=12, v=11
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Only in the experiments of 2016 year in the seeds
of the variety Annushka the oil contained the same
amount as in the varieties Yatran and Ustya (Table 2). In
our opinion, this is due to the genotypic characteristics of
the studied varieties for the accumulation of oil in seeds.
Literary data also testify to the genotypic control of this
process in soybeans.

The data obtained also showed that in different
years of research, the oil content in the seeds of the stud-
ied varieties varied, regardless of the genotype of the va-
riety and photoperiodic conditions. Although this varia-
tion was insignificant (Table 2), nevertheless, it indicates
that the accumulation of oil in soybean seeds depends on
the level of tension of environmental factors, which var-
ied during the years of research.

Under the influence of a short photoperiod, the
oil content in the seeds of the studied varieties, as a
rule, significantly decreased in comparison with the
content under the conditions of a natural long day
(Table 2). Only in the experiments of 2016 year in the
seeds of the varieties Ustya and Khadzhibey under the
conditions of a short day the oil contained the same
amount as on a natural long day. In the experiments of
2018 year, there was more oil in the seeds of the An-
nushka variety on the short day than on the long day
(Table 2). Thus, a short photoperiod caused a decrease
in the oil content in the seeds of the studied soybean
varieties.

5. The discussion of the results

An analysis of the results showed that the protein
and oil content in the seeds is subject to photoperiodic
regulation. However, it necessarily changes the meteoro-
logical conditions during the growing years, as well as
the genotype of the variety.

The fact that the protein content in the seeds of
the researchers was different is probably due to the group
of their ripeness. It was established [18], that the photo-
periodically neutral varieties, used in our experiments,
ripened under natural conditions earlier than the short-
day variety. According to some literature data [11], the
higher protein content was in the early stages of matura-
tion, and according to others - in the late ripening stages
[12]. The probability is that the protein content in the
grain depends on the ripeness group.

According to the literature [3, 11, 16], the con-
tent of protein and oil in soybean grain significantly de-
pends on the level of temperature and moisture, as well
as on the genotype-environment interaction. Since we
conducted studies in different years with varieties, dif-
fering in maturity and the nature of the reaction to the
photoperiod, it is likely, that in our experiments these
effects on the level of protein and oil in soybean seeds
were also manifested.

The comparison of the data, obtained by us, and
the results of studies of other authors gives reason to be-
lieve that we supplemented the existing ideas about the
dependence of the accumulation of protein and oil in
soybean seeds on environmental factors in the sense that
we isolated from the complex of environmental factors,
acting on the plant, one of the most important - the influ-
ence of the duration of the photoperiod, which largely
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determines the spreading of plants by growing zones,
growth, development, and productivity [6].

The literature data, presented in the article on the
effect of the photoperiod on the protein and oil content in
soybean seeds, are limited to one work [17], since we did
not find such works in the literature, available to us. In
this work, authors used two soybean varieties with an
unknown photoperiodic reaction, which belong to differ-
ent ripeness groups. Probably, the authors relied on the
widespread notion that soybeans belong to short-day
plants. However, as shown by us [6], among soybean va-
rieties, many are photoperiodically neutral. These varie-
ties are capable of producing sufficiently high grain
yields in regions that vary in day length during the grow-
ing season of plants, which is important for promoting
soybean culture, in particular, in the more northern re-
gions of cultivation.

We have shown that under the influence of a
short photoperiod in soybean seeds, the oil content de-
creases, although its level varied in different years of
research and varied depending on the genotype of the
variety. This coincides with the literature data that the
oil level in the seeds of many soybean varieties is sig-
nificantly less variable, depending on environmental
factors than the protein level, but is more determined by
the genotype of the variety [3, 11, 16]. It is likely, that
the level of oil accumulation in soybean seeds is subject
to photoperiodic regulation to a greater extent than pro-
tein accumulation.

Research limitation. The proposed data cannot yet
be used to create soybean varieties with a stable level of
protein and oil in seeds for growing under different pho-
toperiodic conditions. Probably, further it is necessary to
identify the genetic control of these processes on the part
of the EE series genes in soy, which determine its photo-
periodic sensitivity.

Prospects for using research results. The results of
the experiments can be used to evaluate the source ma-
terial of soybeans in breeding programs for the creation
of varieties with a high adaptive potential to environ-
mental factors. The data obtained make a definite con-
tribution to the theoretical aspects of plant photoperiod-
ism and may be important for further deepening the ex-
isting ideas about the biological laws of the photoperi-
odic reaction of plants.

6. Conclusions

Thus, the obtained data showed that in the
seeds of soybean varieties with different photoperiod-
ic reactions under the influence of shortening the pho-
toperiod, the protein content does not change regular-
ly, although in some cases there was a tendency to in-
crease it in some years of research under these condi-
tions. At the same time, the oil content under the in-
fluence of a short photoperiod in almost all studied
varieties is significantly reduced. This suggests that
the accumulation of protein and oil may be subject to
photoperiodic control. We have not revealed any reg-
ular differences in the content of protein and oil under
different photoperiodic conditions in the seeds of
soybean varieties, which differ in the nature of the
photoperiodic reaction.
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The results also showed that the content of protein
and oil, regardless of photoperiodic conditions, is subject
to variation, depending on the genotype of the variety
and on meteorological environmental conditions during
the years of research.

In our opinion, for a deeper understanding of the
patterns of protein and oil accumulation in soybean
seeds, studies of the physiological and biochemical
mechanisms of these processes are necessary.
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