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Abstract. During field experiments, we studied the dynamics of accumulation of various forms of carbohydrates in the seeds of four 
varieties of cultural soybeans, which differed in the level of photoperiodic sensitivity. Plants grew under the conditions of a natural 
long day (16 hours at the latitude of Kharkiv City, 500 N) and under the conditions of an artificial short day (9 hours). The 
carbohydrate content was determined at the stage of seed formation. Among all the varieties, regardless of their photoperiodic 
sensitivity, a short photoperiod stimulated the accumulation of carbohydrates in comparison with the accumulation in a natural long 
day. It is assumed that the process of formation of a set of carbohydrates in soybean seeds is subject to photoperiodic control. 
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Introduction. Soya bean is one of the most valuable 
food, feed and technical crops in the world [1-3,16]. The 
value of this crop lies in that its seeds contain a significant 
amount of protein, oil, biologically active substances, 
antioxidants [1-3,16], determining the versatile 
application of soybean seeds for the production of highly 
nutritious foods as well as animal feed. This requires 
high-yielding soybean varieties with a high content of 
primarily protein and oil in the seeds, as well as other 
substances that pre-determine the biological value of 
soybean [1-3,9,16]. 

Different forms of carbohydrates are very important 
storage compounds of soybean seeds, which also stand for 
their nutritional value [14,15,17]. Reference data show 
that the content of different forms of carbohydrates in 
soybean seeds depends on environmental factors, variety 
genotype, as well as genotype × medium interaction. 

Thus, the study of the content of oligosaccharides in 
the seeds of 148 soybean genotypes showed a more 
significant genotypic variation of the sucrose content than 
that of raffinose and stachyose. It is also shown that the 
level of sucrose content in the seven varieties studied 
from different geographical locations is higher in 
conditions with a cooler climate [13]. In experiments with 
vegetable soybean variety BRS 267, it has been found that 
the seeds at the R6 stage had a lower sucrose content, but 
higher levels of starch, glucose, fructose and stachyose, 
than at the R8 stage [15]. 

It is shown that the need to improve the composition of 
soybean seeds to increase the sucrose content and reduce 
the raffinose family oligosaccharides (RFO) content. The 
outcomes of experiments with soybean lines that carry the 
raffinose synthase gene (RS2) showed that they had a 
similar carbohydrate profile. The authors believe that 
further research is required to investigate into the 
environmental stability of the carbohydrate profiles of 
soybean seeds, depending on the environmental factors 
[11]. 

The content of starch in the soybean seeds affects the 
taste and technological properties of soy products. In 169 
recombinant inbred lines (RIL) obtained from crossing in 
Williams 82 and PI 366121, quantitative trait loci (QTL) 
for soybean starch were identified. Nine significant QTLs 
were identified to be used for soybean breeding [10,16]. 
Raffinose and stachyose (raffinose family 

oligosaccharides, RFO) are among the main anti-
nutritional factors in soybean seeds [17]. Therefore, 
studies are conducted to identify genotypes with low 
levels of their content. With 59 soybean genotypes (19 
varieties, 11 germ plasmas, and 29 breeding lines), the 
raffinose and stachyose content depended on the genotype 
of the sample studied.  

When studying the content of carbohydrates in the 
seeds of commercial varieties and pre- commercial lines 
in Brazil under different growing conditions, the 
significant environmental impact on the level of 
carbohydrates of the RFO group was shown. Samples 
with a low and stable level of RFOs in different 
environmental conditions, which can be a valuable 
material for breeding, were isolated [14]. 

Thus, the data show that carbohydrates in soybean 
seeds are important components that determine their 
nutritional value. The dependence of the content of 
different forms of carbohydrates on environmental 
factors, genotype and genotype × environment 
interactions is shown. In addition, raffinose family 
oligosaccharides (RFO) are one of the anti-nutritional 
factors, thus setting the task of creating varieties with 
their low content. 

When breeding such varieties, the fact should be 
considered that among the environmental factors, 
determining productivity, crop quality and plant 
prevalence by growing zones, the photoperiod duration is 
the most important [4,5]. Soybean, by its biological 
nature, belongs to short-day plants, which, with an 
increase in the photoperiod duration of up to 16–17 hours 
in the daily cycle, slow down the transition to the 
generative state and late maturation [4,5,12]. 

From this point of view, the initial material with low 
photoperiodic sensitivity should be used in breeding for 
high carbohydrate content in seeds. However, reference 
materials contain no data on the impact of the photoperiod 
on the process of formation of a complex of 
carbohydrates in soybean seeds. The effect of the 
photoperiod on the protein and oil content in the seeds of 
two soybean varieties is shown [6]. 

The purpose of research. With due regard to the 
foregoing, the task of our research included the study of 
the dynamics of carbohydrate accumulation in soybean 
seeds during their formation in photoperiodic induction. 
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Materials and methods. Plant material. Four soybean 
varieties with different ripening terms are used in the 
experiments. The Annushka variety is an early ripe type 
with the growing season of 95-100 days; the Yatran 
variety is a medium early ripe type with the growing 
season of 100-110 days; the Ustia variety is an ultra-early 
ripe type with the growing season of 85-90 days. The 
Khadjibey variety is featured by late ripening, where the 
growing season is 120-130 days. The seeds of the studied 
varieties for conducting experiments were kindly 
provided by the grain legumes and cereals genetic 
resources laboratory of the National Center for Plant 
Genetic Resources of Ukraine - V. Ya. Yuriev, the 
National Academy of Agrarian Sciences of Ukraine. 

Conditions of growing plants. Field experiments were 
held during the growing season of 2015-2017. on the 
experimental site of the Plant Physiology and 
Biochemistry Department, V. N. Karazin Kharkiv 
National University. The site is located in the territory of 
the Botanical Garden of the University. The soil of the 
plot is heavy-loam podzolized black soil. 

Seeds were sowed at the optimum time for the eastern 
forest-steppe of Ukraine from May 10th till May 20th, on 
the plots with an area of 1 sq. m. in triplicates for each 
version studied. 

After sprouting and before the three true leaves unfold 
phase, all the plants grew in the conditions of a natural 
long day (about 16 hours at the latitude of Kharkiv City, 
500 N). In the three true leaves unfold phase, a half of the 
plants of each variety were exposed to a short 9-hour 
photoperiod. To do so, they were dimmed by opaque 
cabins from 18:00 till 21:00 hours. The exposure to a 
short photoperiod continued for 14 days (photoperiodic 
induction). At the end of this period, the plants continued 
to grow in a natural long day before maturation. 

Biochemical analyses. To determine the dynamics of 
carbohydrate accumulation in the seeds during the process 
of their formation, beans were picked simultaneously on a 
long and short day from 15-20 plants. The selection was 
carried out a week after the start of the formation of beans 
and then twice after 10 days. The material was exposed 
for 30 minutes at 120 ° C in a drying chamber; the beans 
were dried and divided into shells and seeds, the content 
of water-soluble carbohydrates — monosaccharides and 
oligosaccharides— was determined in seeds [8]. The 
results are processed statistically; the figures show the 
average and standard deviations. 

Results and discussions. In our previous studies [5], it 
was shown that under the influence of photoperiodic 
induction with a short photoperiod, the varieties of 
Annushka, Ustia and Yatran did not show changes in the 
duration of the sprouting & flowering and sprouting & 
maturing period. With the Khadjibey variety, the duration 
of these periods was significantly reduced (by 10–15 
days) under the influence of induction by a short day 
compared to its duration in a natural long day. 
Consequently, the varieties of Annushka, Yatran and Ustia 
are not sensitive to the duration of the photoperiod, that is, 
they are photoperiodically neutral. The Khadjibey variety 
showed high photoperiodic sensitivity, representing a 
short-day type of photoperiodic reaction. 

As predetermined by the purpose of this paper, we 
studied the effect of photoperiodic induction by a short 
photoperiod on the accumulation of water-soluble 

carbohydrates in the seeds of the varieties studied in the 
process of their formation. The results of studying the 
dynamics of accumulation of monosaccharides in the 
seeds of the varieties studied are shown in Figure 1.  

The results showed that all the studied varieties 
accumulated monosaccharides in the seed formation 
process both in plants grown under the conditions of a 
natural long day and those exposed to a short photoperiod 
(Fig. 1). 

Moreover, the dynamics of the accumulation of 
monosaccharides in seeds depended on the photoperiodic 
sensitivity of the variety and the photoperiodic conditions 
in which the plants were grown. Thus, in the 
photoperiodically neutral varieties Annushka, Yatran and 
Ustia, saccharides began to accumulate almost 
simultaneously under the conditions of both a long and 
short photoperiod. However, in seeds of plants grown 
under the conditions of a short photoperiod, they 
accumulated more intensively, as evidenced by their 
greater content in each sampling period (Fig. 1). 

 

Timing of sampling 
Fig. 1 The effect of the photoperiod duration on the dynamics of 
the content of monosaccharides in the seeds of soybean varieties 

in the process of formation. 
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Timing of sampling 

Fig. 2 The effect of the photoperiod duration on the dynamics of 
the content of oligosaccharides in the seeds of soybean varieties 

in the process of formation. 
 

In the short-day variety Khadjibey, in contrast to the 
photoperiodically neutral varieties, the accumulation of 
monosaccharides in the seeds of plants grown with a short 
day began much earlier and occurred more intensively 
than in the seeds of plants grown under the conditions of a 
natural long day (Fig. 1). 

We have also studied the process of accumulation of 
oligosaccharides by the emerging seeds of the studied 
soybean varieties, depending on the photoperiod duration. 
The results are shown in Figure 2. They evidenced that 
the dynamics of the content of these forms of 
carbohydrates was similar to that found for the 
accumulation of monosaccharides. 

Thus, in the Annushka, Yatran and Ustia varieties, 
showing a neutral photoperiodic reaction, the 
accumulation of oligosaccharides in the seeds began 
almost simultaneously both in the plants grown on a long 
day and in the plants exposed to a short photoperiod 
(photoperiodic induction). In the short-day Khadjibey 
variety, the accumulation of oligosaccharides in the seeds 
of plants grown under the conditions of photoperiodic 
induction with a short photoperiod began much earlier 
than in the seeds of plants grown under conditions of a 
natural long day (Fig. 2). In all the varieties studied, the 
accumulation of oligosaccharides in the plants exposed to 
photoperiodic induction by a short photoperiod occurred 
more intensively than in the plants grown under the 
conditions of a natural long day. 

The dynamics of the accumulation of saccharides in all 
varieties both in the long and short day period are similar, 
that is, as the seeds were formed, the carbohydrate content 
increased, although some fluctuation occurred. Probably, 
it may be explained by the genotypic characteristics of the 
varieties studied according to the mechanisms of 
formation of reserve carbohydrates in the seed. 

Thus, in all the studied varieties, photoperiodic 
induction with a short photoperiod led to an 
intensification of the process of accumulation of water-
soluble carbohydrates by seeds. Nevertheless, the short-
day variety differed from photoperiodically neutral 
varieties in the intensity of the dynamics of the 
accumulation of carbohydrates by seeds exposed to 
photoperiodic induction. 

In our opinion, the identified features of the 
accumulation of carbohydrates in soybean seeds exposed 
to a short photoperiod are associated with the process of 
accumulation and outflow of carbohydrates in the leaves 
of soybean plants. It is shown that with a reduction in the 
photoperiod, the intensity of carbohydrate accumulation 
in the leaves of short-day and photoperiodically neutral 
soybean genotypes increases in comparison with the 
intensity in a natural long day. In this case, the intensity of 
their outflow to the forming meristems increases [4, 5]. 
Fruits and seeds in the process of their formation are the 
main artaging centers of assimilates in plants. For this 
reason, carbohydrates outflow to the emerging soybean 
seeds with a short-day photoperiodic induction under the 
conditions of a short photoperiod more intensively than 
under the conditions of a natural long day. This suggests 
that the process of seed formation and, in particular, the 
accumulation of carbohydrates in seeds in the soybean 
varieties studied is subject to photoperiodic regulation. 
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