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EFFECTS OF E-GENES AND PHOTOPERIOD DURATION ON ASSIMILATION
PROCESSES IN ISOGENIC LINES OF SOYBEAN

Yulia Yukhno, Vasyl Zhmurko

The aim of the research. To reveal the patterns of genetic control of assimilation processes in isogenic by E-genes lines
of soybean conditions of different photoperiod duration.

Materials and methods. The plant material — 5 isolines of soybean (Glycine max (L.) Merr.) Cv. Clark: short-day (SD)
lines (genotypes E1E2E3, Ele2e3) and neutral-day (ND) lines (genotypes elE2e3, ele2E3, ele2e3). From the third
true leaf stage, one part of the plants was grown on a natural day (16 hours), and the other was exposed to a short day
(9 hours). On the day of the start of the experiment, after 7 and 14 days, the dry weight of leaves and stems, the number
and area of leaves were measured, based on which assimilation indices were calculated — RGR, NAR, LAR, SLA, LWR.
Results. During the studied ontogenetic period (two weeks) in all isolines, regardless of the genotype by E-genes and
the duration of the photoperiod, the assimilation processes increased. The RGR and NAR under the short day decreased
in the first week and then increased in the second week of the experiment. The degree of change in the indices varied
depending on the isoline genotype by E-genes. The LAR and LWR were lower under the short day in SD lines. These in-
dices were the same in the ND lines under short and long day. Under the short photoperiod the SLA in SD lines was
higher, and in ND lines it was practically the same for both photoperiods.

Conclusions. The assimilation processes in the studied isogenic lines during the experience (two weeks) increase, but
less intensively under short-day conditions. The studied lines, differed in the nature and intensity of assimilation pro-
cesses, depending on the genotype by E-genes. Assimilation processes in the studied soybean lines are probably deter-
mined by the interaction of E-genes and the duration of the photoperiod, which is one of the important conditions for
the adaptation of soybean to the environmental factors
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1. Introduction

Cultivated soybean (Glycine max (L.) Merr.) is
the most important food, industrial and fodder crop in the
world. Its grain contains a complex of nutrients and bio-
logically active substances, which determines such a va-
riety of its use [1]. This crop is widely cultivated in
Ukraine [2], but the highest yields of soybeans are ob-
tained in the southern and southwestern regions of the
country. This is due to the fact that cultivated soybeans
are, by their biological nature, a thermophilic short-day
plant [1, 3]. For this reason, many of its highly produc-
tive varieties, when grown in regions with a photoperiod
of more than 15-16 hours, has significantly slow down
development. As a result, they form fruits and seeds late
and, ultimately, ripen late or do not even reach full ma-
turity, which significantly reduces the production effi-
ciency of this valuable crop.

The basis of the production process of plants is
their photosynthetic activity, which provides the basic
physiological processes (growth, morphogenesis, for-
mation of fruits and seeds) with plastic and energetic ma-
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terial [4]. The efficiency of this process is largely deter-
mined by the assimilation surface of the plant, which is
formed during ontogenesis. Its formation depends on the
interaction of the plant genotype and environmental fac-
tors. Among the environmental factors that determine the
prevalence of plants in the growing zones, their adapta-
bility, productivity and yield quality, the most important
is the duration of the photoperiod [5, 6]. This factor is
most critical in relation to the growth, development and
productivity of short-day plants, including cultivated
soybeans.

To create new adaptive soybean varieties, it is
very important to know about the patterns of assimilation
processes, their possible genetic control under conditions
of different photoperiod durations, since they ultimately
determine the productivity of plants.

Previous studies with many soybean varieties
have shown their diversity in response to the duration of
the photoperiod [5]. Were identified varieties that practi-
cally did not change the rate of growth and development
with a change in the duration of the photoperiod from 8
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to 16 hours and even up to round-the-clock light-
ing [5, 7]. However, these experiments did not study the
patterns of assimilation processes in soybeans. In addi-
tion, the use of soybean varieties makes it possible to
state the presence of the effect of the genotype as a whole
on the manifestation of the reaction to the duration of the
photoperiod, but not of the specific genes that determine
this reaction. In soybean, such genes (E-series) have been
identified and almost isogenic lines have been created,
which differ in the state of the E genes (domi-
nant/recessive) with the same general genotype of the
cultivar in the genophone of which they were created [8].
The allelic state of these genes determines the rate of de-
velopment of soybeans under different photoperiodic
conditions and determines its photoperiodic sensitivi-
ty [9]. The use of these lines as models makes it possible
to reveal the possible effects of photoperiodic sensitivity
genes on assimilation processes under conditions of dif-
ferent photoperiod duration.

2. Literature review

Plants respond to the duration of the photoperiod
not only by changing the rate of development and the in-
tensity of linear growth, but also by regulating the distri-
bution of biomass between different organs, as well as by
changing the structural and functional state of the assimi-
lation apparatus [10, 11].

Soybeans by origin have a short-day photoperiod-
ic reaction, however, varieties have been developed that
have a neutral reaction to the duration of the photoperi-
od [12]. In the literature, there is a significant amount of
data on the effect of the photoperiod on the duration of
the growing season and the productivity of various soy-
bean varieties. However, the overwhelming majority of
the research has been aimed at studying the processes
that occur during flowering [13] and are associated with
the formation of the crop [14]. The main goal of these
studies was to isolate genotypes with a weak response to
the photoperiod in order to create varieties adaptive to
this factor with high productivity of both seeds and vege-
tative mass. The growth parameters of various soybean
varieties, based on assimilation indices, were also inves-
tigated during different phenophases [15]. However, the
physiological aspects of the relationship between the du-
ration of the vegetative phase, the process of distribution
of biomass between different organs and the structural
and functional state of the assimilation apparatus of soy-
beans with different duration of the photoperiod have not
been sufficiently studied.

It has been shown that the adaptive plasticity of
soybeans to different photoperiodic conditions is due to
the allelic state of the E genes in the genotype, which to
varying degrees determine the photoperiodic reaction of
soybeans [9]. The main phenotypic manifestations of the
effects of these genes on the duration of the phases of
soybean ontogenesis, mainly flowering, were revealed, as
well as some effects of these genes on certain economi-
cally important traits under conditions of different pho-
toperiod durations [13, 16]. At the same time, the ef-
fects of E-genes on the assimilation parameters of soy-
bean plants, which characterize the strategy of adapta-
tion to different duration of the photoperiod, have not
been studied.

3. The aim and objectives of the study

The aim of the study was to reveal the patterns of
genetic control of assimilation processes in soybean lines
isogenic for E genes under conditions of different photo-
period duration.

Research objectives:

1. To establish the nature of changes in assimila-
tion processes in the vegetative phase of ontogenesis of
isolines under conditions of different photoperiods.

2. To reveal the influence of the duration of the
photoperiod on the formation of assimilation processes
(by assimilation indices).

3. To establish the relationship between the geno-
type of soybean lines isogenic for genes E with the
course of assimilation processes under conditions of dif-
ferent duration of the photoperiod.

4. Materials and methods

The research material was the soybean lines (Gly-
cine max (L.) Merr.) of the Clark variety, isogenic for the
E genes, kindly provided by the National Center for Plant
Genetic Resources of Ukraine. These lines have a com-
mon genotype of the Clark cultivar, but differ in the allel-
ic state of the E-genes: El/el, E2/e2, and E3/e3. These
genes determine the photoperiodic sensitivity of the
lines [17]. The experiment used short-day (SD) lines with
genotypes ELE2E3, Ele2e3 and neutral-day lines (ND)
with genotypes elE2E3, ele2e3. According to the results
of our previous studies, under the influence of a short
photoperiod, SD lines significantly shorten, and ND lines
practically do not change the timing of the transition to
flowering [18].

Plants were grown on the experimental site of the
Department of Physiology and Biochemistry of Plants
and Microorganisms of V.N. Karazin Kharkiv National
University during the growing seasons of 2009-2012.
Sowing was carried out manually in triplicate for each
variant of the experiment at the optimal time for soy-
beans (third decade of April — first decade of May). The
area of the accounting plot was 1 m?. At the stage of the
third true leaf, some of the experimental plants were arti-
ficially darkened, reducing the length of the day to 9
hours (darkened from 18 to 9 hours with light-tight
chambers). The second part of the plants was grown un-
der natural long day conditions (about 16 hours at the lat-
itude of Kharkov) during the entire experiment.

To study the assimilation process, we used assimi-
lation indices, which reflect the effectiveness of the
structural organization and functioning of the assimila-
tion apparatus of plants, as well as the accumulation and
distribution of organic matter between organs [19, 20].
By the nature of the change in these indices during the
growing season or at its individual stages, one can judge,
on the one hand, about the nature of the production pro-
cess, and on the other, about the adaptability of plants to
environmental factors.

To determine the assimilation indices on the day
of the beginning of the reduction of the photoperiod, as
well as after 7 and 14 days, the dry mass of aboveground
plant organs, the number of leaves per plant, and leaf ar-
ea were measured. The calculation of the leaf area was
carried out by scanning it and processing the scanned
copies using the “PhotoM 1.21” program. Based on these
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indicators, assimilation indices were calculated according
to [21]:

— RGR (relative growth rate) — the relative growth
rate is calculated by the formula: RGR (mg per day) =
=(InW2- InW1) / (t2—-t1), where W1 and W2 are the dry
weight of the plant at times t1 and t2.

— NAR (net assimilation rate) — the net assimila-
tion rate is calculated by the formula: NAR (g/m* per
day) = (1/LA) x (dW/dt), where LA is the leaf area (m?),
and dW/dt is the change in dry weight of the plant (g) per
unit of time (day).

— LAR (leaf area ratio) — productivity of the leaf
area is calculated by the formula: LAR (m%kg) =
=(dLA/dt) / (dW/dt), where dLA/dt — change in leaf area
(LA) by plant (m?) for a certain period of time (day), and
dwi/dt is the change in dry weight of the plant (kg) for
the same period of time (day).

— SLA (specific leaf area) — the specific leaf area
is calculated as the ratio of the total area of all leaves
(m?) to the total dry mass of leaves from one plant (kg).

— LWR (leaf weight ratio) — the mass fraction of
leaves is calculated as the mass fraction of leaves from
the total mass of the plant (mg/g).

Statistical data processing was performed by one-
way analysis of variance using the Microsoft Office Ex-
cel 2003 program. The significance of the differences
was assessed by the least significant difference (LSDg gs).
Since the patterns in the dynamics of the indicators of the
studied processes in the years of research were similar,

the figures show the average data (for 2010-2012) and
their standard deviations.

5. Research results

An integral indicator of the response of plants to
changing environmental conditions, including photoper-
iodic conditions, is the RGR index - relative growth
rate. This indicator characterizes the relative rate of ac-
cumulation of organic matter per unit of time, and, in
fact, is a criterion for the relative rate of increase in bi-
omass [21].

The data of the RGR determination showed that
the ontogenetic changes of this indicator did not depend
on the length of the day and the genotype of the lines.
Thus, for all lines, both at the 16-hour and at the 9-hour
photoperiod, there was an increase in the relative growth
rate by the end of the experiment. However, the level of
this indicator differed in the investigated isolines and de-
pended on the duration of the photoperiod (Fig. 1).

Thus, for the first week of the experiment under
the conditions of a long day, the RGR was higher for all
lines than on a short day. At the same time, the greatest
decrease in RGR under the influence of a short day was
observed in two SD lines ELE2E3 and Ele2e3 — 2.1 and
4.5 times, respectively (LSDgs=9.16 mg/day). Only in
ND line ele2E3 the RGR indices under different photo-
periodic  conditions practically did not differ
(LSDg¢5=18.43 mg/day) and were the highest among all
isolines (Fig. 1).
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Fig. 1. Relative growth rate (RGR) of soybean lines isogenic for E-genes under conditions
of different photoperiod duration

Over the next week of the experiment, in all lines, re-
gardless of genotype and photoperiodic conditions, RGR
significantly increased compared to its level in the first week
of the experiment (LSDq¢s=67.94 mg/day). However, a de-
crease in the photoperiod to 9 hours during this period led to
a more significant increase in RGR, compared with an in-
crease in this indices on a long day (LSDg5=50.34 mg/day),
in lines with E1 and/or E3 in the genotype (Fig. 1). The larg-
est difference in parameters was observed in ND line
ele2E3, this difference was less in SD lines (E1E2E3 and
Ele2e3). At the same time, two ND lines ele2e3 and espe-
cially e1lE2e3 were characterized by a high level of RGR
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both on long and short days equally (LSDg¢s=28.68 mg/day).
A high level of relative growth rate, according to some pub-
lished data, can characterize a slowdown in the growth of the
stem in length, compared with its growth in thickness [22].
This is consistent with our earlier results regarding the slow-
ing down of linear growth in the studied soybean lines with a
reduction in the photoperiod [18].

Differences in RGR levels can be explained by
different ratios of the components of this indicator,
namely, the assimilation component — NAR (net assimi-
lation rate), and the morphological component — LAR
(leaf area ratio) [20].
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The value of net assimilation ratio (NAR) is an
important element of the production process and char-
acterizes the rate of accumulation of dry organic mat-
ter per unit of plant leaf surface per unit of time [23].
The results of NAR changes during the experiment are
shown in Fig. 2, a.
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Fig. 2. Indicators of net assimilation rate (NAR) and
productivity of leaf area (LAR) of soybean lines isogenic
for E-genes under conditions of different photoperiod du-

ration: a— NAR; b — LAR

Based on our data, the level of the NAR index,
which characterizes the physiological activity per unit of
leaf area, depended on the duration of the photoperiod. In
general, we can say that the trend of NAR variation dur-
ing the experiment was the same as that of RGR, that is,
during the first week of the experiment, regardless of
photoperiodic conditions, this indicator increased for all
isolines (Fig. 2, a).

However, it should be noted that the NAR index
for the first week of the experiment was lower for all iso-

lines on a short day (Fig. 2, a). The SD lines ELE2E3 and
Ele2e3 had NAR on a short day the least of all, respec-
tively 2.5 and 8.5 times less than on a long day (LSDggs=
=0.68 g/(m*<day)). ND lines were characterized by a
slight decrease in this indicator under the influence of a
short photoperiod (LSDqs=0.93 g/(m?xday)). For line
elE2e3, no differences in NAR were observed on long
and short days, which indicates the same rate of biomass
accumulation in this isoline, regardless of the duration of
the photoperiod (Fig. 2, a).

As shown above, in the second week of the experi-
ment, all isolines showed an increase in NAR, regardless of
photoperiodic conditions, but its degree was largely deter-
mined by the response of the genotype to photoperiodic
conditions and the allelic state of the E-genes. Thus, in SD
lines with the E1 gene in the genotype (E1E2E3, Ele2e3),
the rate of net assimilation was higher on a long day
(LSDy5=0.82 g/(m?<day)). In ND line e1e2E3, on the con-
trary, NAR was higher under short day conditions, while
short day had little effect on the NAR level of ND lines
elE2e3 and ele2e3 (LSDggs=0.7 g/(mZXday)). At the same
time, the e1E2e3 line was characterized by the highest NAR
values, and the ele2e3 line, on the contrary, has the lowest
NAR among all the lines (Fig. 2, a).

The NAR index mainly characterizes the net in-
crease in carbon assimilated during photosynthesis, and
carbon losses (for respiration, excretion) per unit leaf ar-
ea [19]. Therefore, high NAR values are determined by
an increase in the rate of photosynthesis, which can occur
due to the redistribution of assimilates in favor of the
photosynthetic apparatus.

The LAR index level characterizes the productivi-
ty of the leaf apparatus, and, therefore, it can show its
dependence on photosynthesis [23].

The obtained results showed that at the 16-hour
photoperiod the LAR index for all lines for the first week
of the experiment was lower than at the 9-hour photoper-
iod (LSDgs=1.65 mzlkg). This may indicate a more effi-
cient work of the plant's photosynthetic apparatus under
conditions of a long day (Fig. 2, b). Such differences in
the LAR level were especially clearly observed in SD
lines, in which this index on the long day was on average
11-14 mZ/kg less than on the short one (LSDggs=
=2.01 m%Kkg). This is due to the fact that the lower the
LAR, the more organic matter is produced per unit of its
leaf surface [19]. At the same time, ND lines, especially
elE2e3, practically did not reduce the LAR level during
the first week of the experiment with a reduction in the
photoperiod to 9 hours (LSD05=1.67 m?/kg). This can be
explained by the fact that these lines probably use their
photosynthetic resources with the same efficiency both
on short and long days.

During the second week of the experiment, LAR
decreases for all lines, regardless of photoperiodic condi-
tions (Fig. 2, b). However, this decline was still more
pronounced in the conditions of a long day. It should be
noted that both for the first week of the experiment and
for the second, the LAR index on the long day was high-
er for ND lines (LSDg0s=1.3 m?kg), and on the short
day, on the contrary, was higher for SD lines
(LSDgs=1.19 m?/kg). This difference in the dynamics of
the LAR index in SD and ND soybean lines is due to the
fact that they probably have different strategies in adapt-
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ing their photosynthetic apparatus to certain light condi-
tions. This is determined by the fact that the productivity
of the assimilation apparatus (LAR), in turn, is deter-
mined by two indicators: the specific leaf area (SLA) and
the leaf weight ratio (LWR) [20].

The SLA index is the photosynthetic surface area
that is formed per unit dry mass of plant leaves and
demonstrates the efficiency with which the plant uses its
photosynthetic resources [24].

According to our data for the first week of the ex-
periment, the SLA index was higher under conditions of
a short 9-hour photoperiod (Fig. 3, a), which confirms
the literature data on an increase in SLA at low light in-
tensity [11, 25-27]. However, this pattern was typical on-
ly for SD lines with genotypes E1E2E3 and Ele2e3
(LSDg5=3.27 m%kg). All studied ND soybean lines had
almost the same values of this indicator in the first week
of the experiment, both on long and short days
(LSDy05=3.45 m?/kg). This is most likely due to the fact
that the formation of the assimilation apparatus of thees
lines is largely determined by internal factors than by
light conditions.

Further influence of both long and short photoper-
iods (the second week of the experiment) leads to a de-
crease in the SLA index for SD lines, but to a greater ex-
tent on a short day than on a long one (LSDggs=
=1.67 m?/kg). In ND lines, a slight decrease in SLA
over this period of the experiment is observed only on
the long day, and on the short day it remains at the
level of the first week of the experiment
(LSDyg 05=3.52 m?/kg).

Consequently, longer exposure to the 16-hour pho-
toperiod (two weeks) resulted in a more significant de-
crease in SLA for all lines (LSDg05=1.35 m?/kg). This re-
sult is consistent with the conclusions of some
authors [11, 25], which indicate that the availability of
light is the main factor determining the level of the SLA
index. However, as for the SD lines, their lack of light un-
der the conditions of the 9-hour photoperiod was most
likely compensated for by the high rate of photosynthesis.

The LWR indicates the fraction of total plant
weight allocated to the leaves [24].

The results showed that for the first week of the
experiment, the LWR index (Fig. 3, b) on a long day was
higher in SD lines with genotypes E1E2E3 and Ele2e3
(LSDg5=35.28 mg/g) and almost the same in ND lines,
compared to the level on the short day (LSDggs=
=51.52 mg/qg).

The LWR index shows what part of the assimi-
lates is spent on the creation of leaf biomass relative to
the total plant biomass. Based on this, it can be as-
sumed that, in the SD lines, with a reduction of the
photoperiod in the first week, this proportion greatly
decreases (almost 2 times) in comparison with the in-
dicator on a long day. Accordingly, in ND lines, the
proportion of assimilates spent on the creation of leaf
biomass is approximately the same for both long and
short photoperiods.
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Fig. 3. Specific leaves area (SLA) and leaves weight ratio
(LWR) of soybean lines isogenic for E-genes under con-
ditions of different photoperiod duration:
a—-SLA;b-LWR

Over the next period of the experiment, the LWR
changed significantly only under the influence of the short
photoperiod to 9 hours (Fig. 3, b). Moreover, in SD lines,
LWR increased (approximately 1.5-1.7 times) compared
with the first week of the experiment (LSDg ¢s=46.15 mg/g),
while in ND lines, on the contrary, it decreased, but less sig-
nificantly (LSDg0s=37.67 mg/g). The effect of the 16-hour
photoperiod practically did not lead to a change in LWR in
all studied soybean lines during the second week of the ex-
periment (LSDg05=53.60 mg/g).

As a result of such changes, the values of the LWR
index in the studied lines under various photoperiodic condi-
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tions practically leveled off, with the exception of the ND
line e1E2e3, in which this indicator was lower on a short day
than on a long day (Fig. 3, b). In addition, during the second
week of the experiment, the SD lines on the short day had a
higher LWR than the ND lines (LSD0.05=53.60 mg/g), es-
pecially in the Ele2e3 line (Fig. 3, b).

This character of changes in the SLA and LWR
indices under contrasting photoperiodic conditions in
soybean isolines is probably associated with the for-
mation of a different strategy in their adaptation of the
photosynthetic apparatus to certain light conditions.
Moreover, this strategy is most likely determined by the
photoperiodic reaction of the studied lines, which is con-
trolled by the E genes.

6. Discussion

The analysis of the obtained results showed that
during the studied ontogenetic period (two weeks) in the
lines, regardless of the genotype according to the allelic
state of the E genes and the duration of the photoperiod,
the assimilation processes increased. This is probably
due to an increase in the intensity of photosynthetic pro-
cesses with the growth and development of plants. How-
ever, a reduction in the photoperiod had a modifying ef-
fect on assimilation processes. Thus, it was shown that
the RGR index, which characterizes the relative rate of
accumulation of organic matter per unit time, under the
influence of a short photoperiod decreased in the lines in
the first week of the experiment, and increased in the se-
cond week. The degree of change in this index was dif-
ferent depending on the genotype of the line by E genes.
A high level of the relative growth rate, according to
some literature data, may characterize a slowdown in the
growth of the stem in length, compared with its growth in
thickness [22]. This is consistent with our earlier results
regarding the slowing down of linear growth in the stud-
ied soybean lines with a reduction in the photoperi-
od [18]. Differences in the RGR indicators can be ex-
plained by the different ratio of the components of this
indicator, namely the assimilation component, the net as-
similation rate (NAR), and the morphological compo-
nent, the productivity of the leaf area (LAR) [20].

Based on our data, the trend in NAR changes,
which characterizes the physiological activity per unit
leaf area, during the experiment was the same as the
RGR. That is, during the experiment, the NAR index in-
creased in all isolines, but the degree of increase was
largely determined by the allelic state of the E-genes in
the isoline genotype. Thus, in lines with E1 in the geno-
type (SD lines), NAR was higher on a long day than on a
short one. And in lines with el in the genotype (ND line),
this indicator was the same on long and short days. Ac-
cording to the literature, the NAR mainly characterizes
the net result of carbon gain in the photosynthesis and
carbon losses (for respiration, excretion) expressed per
unit leaf area [19]. Therefore, high NAR values in lines
can be associated with an increase in the rate of photo-
synthesis, which can occur due to the redistribution of
assimilates in favor of the photosynthetic apparatus.

We have shown that under conditions of a long
day, a more efficient work of the photosynthetic appa-
ratus is observed in all lines. This is confirmed by lower
LAR values under long day conditions, both in the first

and second weeks of the experiment. According to our
earlier data, this may be the result of a more intense in-
crease in the number of leaves and their area in the stud-
ied lines on a long day than on a short one [18]. Many
authors have shown that the change in the productivity of
the area of the leaf apparatus is inversely related to the
change in the light intensity [20, 24]. Due to the fact that
a reduction in the photoperiod leads to a decrease in the
period of photosynthesis, less assimilates are formed.
However, based on our data, this pattern was typical only
for SD lines. In ND lines, a reduction in the photoperiod
did not lead to an increase in LAR and, therefore, to a
decrease in the intensity of organic matter formation per
unit of leaf area.

The obtained results made it possible to assume
that the studied soybean isolines, depending on their pho-
toperiodic response, have a different strategy for the for-
mation and functioning of the assimilation apparatus un-
der conditions of a short (9 hours) photoperiod. Perhaps,
in SD lines, this strategy manifests itself in the formation
of a thinner leaf lamina, or a decrease in the mesophyll
density, or both, which is reflected in an increase of the
SLA index on a short day. This is most likely due to the
fact that leaves form less biomass per unit area, which is
reflected in a decrease of LWR under these photoperiod-
ic conditions. In ND lines, the values of SLA and LWR
indices on long and short days are approximately the
same, which most likely indicates a rearrangement of the
leaf mesostructure already in the first week of the exper-
iment. According to the literature, such changes can lead
to an increase in the number of mesophyll cells per unit
leaf area in these lines and contribute to maintaining the
rate of photosynthesis at approximately the same level as
under conditions of a long day [23, 25].

The obtained results for the first time reveal some
important aspects of the functioning of the assimilation
apparatus under the genetic control of genes of soybean
photoperiodic sensitivity under conditions of different
duration of the photoperiod. They greatly expand the ex-
isting understanding of the assimilation processes in
plants when environmental conditions change. Neverthe-
less, to deepen the understanding of the effect of differ-
ent photoperiodic conditions on the assimilation process-
es of plants and, in particular, in soybeans, data on their
effect on the formation of photosynthetic pigments, the
formation of leaf mesostructure, and the intensity and
productivity of photosynthesis are important.

Since assimilation processes largely reflect the
course of the production process, the obtained results can
be useful in substantiating methods for increasing the
productivity of soybean plants, as well as in breeding
when creating varieties of this crop with an increased
level of adaptability to environmental factors.

Study limitations. The obtained results cannot
fully characterize all the features of assimilation process-
es in soybean lines isogenic for E genes under the influ-
ence of different duration of the photoperiod.

Prospects for further research. In the future, to
expand the understanding of the patterns of assimilation
processes in soybeans, it may make sense to study the
content of photosynthetic pigments, the accumulation
and distribution of carbohydrates in these isolines under
contrasting photoperiodic conditions.
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7. Conclusions

1. Assimilation processes in the studied isogenic
lines during the experiment (two weeks) increase, regard-
less of the photoperiodic conditions and the genotype of
the lines by genes E. This is due to ontogenetic processes
of formation of the assimilation surface.

2. A reduction in the duration of the photoperiod
leads, as a rule, to a decrease in the assimilation indices,
which is associated with a decrease in the duration of
photosynthesis under these conditions.

3. The studied lines, depending on the genotype
for the E genes, differed in the nature and intensity of
assimilation processes. In lines with a short-day reac-
tion (genotypes ELE2E3 and Ele2e3), changes in these
processes are more pronounced than in neutral-day lines
(genotypes elE2e3, ele2E3, ele2e3). The results ob-

tained suggest that assimilation processes in the studied
soybean lines are determined by the interaction of the
genotype for E genes and the duration of the photoperi-
od, which is one of the important external conditions
for the adaptation of soybeans to environmental factors.
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