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Photochemical activity of chloroplasts of isogenic lines (E genes) of soybean

(Glycine max (L.) Merr.) under different periods of red-light irradiation
V.F. Timoshenko, V.V. Zhmurko

The effect of different periods of red-light (RL, 660 nm) irradiation of plants on the biomass, leaf area, chlorophyll
content, level of the Hill reaction and photophosphorylation in short-day (SD) and photoperiodical neutral (PhPN)
lines of soybean have been studied in vegetation experiments. The objects of study were the isogenic lines (E genes)
of soybean (Glycine max (L.) Merr.), Clark variety. The SD (E1E2E3) and PhPN lines (e 7e2e3) were used. The plants
were grown in a vegetation chamber in the soil culture (black soil). Plants of SD and PhPN lines were grown in 9
vessels of three liters volume. 10-12 plants were grown in each vessel. The constant growing conditions were
provided during the experiment: temperature — 20-24/17—20°C (day/night), soil moisture — 60—-70 % of the total soil
moisture content, intensity of illumination — 20 kix, photoperiod duration — 10 hours. After 4-5 weeks of vegetation
(after the second true leaf formation), plants of each line in three vessels were irradiated for 30 minutes with low
intensity red light at the beginning (experiment 1) or in the middle of the dark period (experiment 2). The light diodes
emitting in the region of 630+10 nm were used for plant irradiation. Other plants in three vessels of each line, which
were not illuminated by the red light, were used as a control group. It was shown that under the short day the SD line
in the control group passed to flowering 43+1.8 days after germination and PhPN line — 44+2.2 days after
germination. The red-light irradiation, both before the beginning and in the middle of night, caused a delay of the
transition to flowering in the SD line by 5+1 and 7+2.2 days, respectively. In the PhPN line, changing flowering period
due to RL was not established. In the SD line, activation of the phytochromes by RL before the dark period caused an
increase of the biomass, leaf area, total chlorophyll content, reduction of potassium ferrocyanide and
photophosphorylation by isolated chloroplasts per chlorophyll of one leaf. While interruption of the night by RL caused
decrease of these parameters and Hill reaction intensity per 1 mg of chlorophyll. The effect of RL on the studied
parameters in the PhPN soybean line has not been detected.
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Introduction

In the process of plant ontogeny, the changes occur in the formation of their attracting organs.
Plant growth, development and photosynthesis are changed by environmental factors, of which light is
very important (Voskresenskaya, 1987). The main regulator of morphogenesis, which affects the vast
majority of metabolic processes, is the phytochrome system. Phytochromes are activated by red light
(RL) with a wavelength of 660 nm, while light of 730 nm translates the phytochrome into an inactive form
(Qvail, 2010). The literature provides data of many physiological effects of RL, one of which is related to
the carbohydrate metabolism of plants. It was shown that interruption of the dark period by RL in the
short-day photoperiodic cycle caused a significant decrease of the outflow of carbohydrates from the
leaves (Tsybulko, 1998). According to the author, this is one of the reasons of a delay of the transition to
flowering of short-day plants under short photoperiod. It was also shown that in the afternoon, RL
irradiation caused a change in the dynamics of carbohydrate content (Timoshenko, Zhmurko, 2013) and
the activity of sucrose phosphate synthase, which is one of the key enzymes of sucrose synthesis
(Shchegolev, Zhmurko, 2013).

In experiments with winter wheat varieties manifested long-day (LD), short-day (SD) and
photoperiodical neutral (PhPN) reactions to the photoperiod duration, it was shown that during the
interruption of the long dark period in the SD photoperiodic cycle, the LD varieties accelerated the
transition to spinning, SD delayed it and PhPN did not respond to such influence (Zhmurko et al., 1997).
At the same time, LD significantly increased the outflow of carbohydrates from the leaf, and SD
significantly decreased (Zhmurko, 2009).

Under conditions of an interruption of the dark period, the activity of oxidoreductases and ATPase
increased in the SD variety, but in the LD variety it decreased (Zhmurko, 2009).
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Therefore, in plants of winter type of development, effects are manifested from the activation of
phytochromes. The effects are similar to those of plants of the spring type of development of different
photoperiodic groups.

The above also indicates that an activation of phytochromes affects the metabolism of
carbohydrates of plants of different photoperiodic groups.

To determine the role of the phytochrome system in regulating the process of plant transition to
flowering and in the photoperiodic reaction, it is important to study the effect of phytochromes on the
photosynthetic characteristics. According to Tsybulko, the role of photosynthesis in the photoperiodic
response of plants is important, but there is no consensus about the presence and nature of such a link
among scientists (Tsybulko, 1998). In addition, photosynthesis was generally considered as the process
of formation of organic compounds. However, primary photosynthesis reactions provide energy, along
with secondary photosynthesis reactions, other physiological and biochemical processes. In particular,
photosynthesis supplies energy and plastic substances for forming processes in apexes of shoots during
the photoperiodic reaction of plants.

The question of the possible involvement of photoperiodic sensitivity genes in the photosynthesis
regulation under the activation of phytochromes remains unknown, although these genes play an
important role in the initiation of flowering (Chincinska et al., 2008; Matsoukas et al., 2012).

From this point of view, in order to study this issue it is advisable to use the near isogenic lines of
plants, carrying genes of photoperiodic sensitivity control, as a plant material. In particular, these may be
soybean plants, in which the genes that control the time from germination to flowering (E genes) have
been identified. Today, in soybean 8 major early maturity E-series genes have been identified that control
time to flowering and ripening: E1, E2, E3 (Buzzell, 1971), E4 (Buzzell, Voldeng, 1980), E5 (McBlain,
Bernard, 1987), E6 (Bonato, Velio, 1999), E7 (Cober, Voldeng, 2001) and E8 (Cober et al., 2010), as well
as the locus J (long juvenile). In the presence of the last locus, soybean plants bloom late even under the
short day (Ray et al., 1995).

According to the above, the purpose of our research was to study the effect of different activation
periods of phytochromes by RL (660 nm) on the biomass, leaf area, chlorophyll content, Hill reaction and
photophosphorylation in the SD and PhPN isogenic lines of soybean (Glycine max (L.) Merr.).

Materials and methods

The objects of study were isogenic lines (E genes) of soybean (Glycine max (L.) Merr.) Clark. We
used the SD line (ETE2E3) and PhPN line (e1e2e3). The seeds of the lines were obtained at the National
Center for Plant Genetic Resources of Ukraine and were reproduced at the experimental site of the
Department of Plant and Microorganisms Physiology and Biochemistry of V.N.Karazin KhNU. Since
soybeans are self-pollinated, the genetic homogeneity of the lines has been maintained by control to
prevent mechanical mixing of the seeds of the different lines during harvesting.

The plants were grown in the vegetation chamber of the Department of Plant and Microorganisms
Physiology and Biochemistry of V.N.Karazin KhNU in the soil culture (black soil). The SD and PhPN
plants were grown in 9 vessels of three liters volume. 10-12 plants were grown in each vessel. The
constant growing conditions have been provided during the experiment: temperature — 20-24/17-20°C
(day/night), soil moisture — 60—70 % of the total soil moisture content, intensity of illumination — 20 kix,
photoperiod duration — 10 hours. After 4-5 weeks of vegetation (after the second true leaf formation),
plants of each line in three vessels were irradiated for 30 minutes with low intensity of red light at the
beginning (experiment 1) and in the middle of the dark period (experiment 2). The light diodes emitting in
the region of 630+10 nm were used for plant irradiation. Other plants in three vessels of each line, which
were not illuminated by the red light, were used as a control group.

A fully developed second leaf from the apex was taken into the analysis. Biomass and leaf area
were evaluated after sevenfold irradiation. Sampling for the analyzes of the photochemical activity of
isolated chloroplasts was performed at 9.00 and 13.00 after fourfold and sevenfold irradiation of plants.

The content of chlorophyll was determined by spectrophotometric method after extraction of
chlorophyll with 80 % acetone at a wavelength of 663 and 645 nm. The photochemical activity of
chloroplasts (Hill reaction) was determined by the rate of reduction of potassium ferricyanide,
photophosphorylation — by reducing the content of inorganic phosphate in the reaction mixture of the Hill
reaction (containing KH2POs and ADP) (Gavrilenko et al., 1975). PA (Pure for Analysis) reagents were
used for the analyzes. The leaf area was determined using the program "Photo M".
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The significance of differences was calculated using the Student's f-test (Dospekhov, 1972). The
tables present average values of 6-8 definitions.

Results and discussion

Phenological observations made it possible to establish that plants of the control group of two
soybean lines bloomed almost simultaneously. Under the short day, SD plants bloomed 43+1.8 days after
germination. PhPN plants bloomed 44+2.2 days after germination. As for the effect of red light at the
flowering period, in both cases, both irradiation before beginning of the dark period and interruption of the
night by red light, caused a delay of the transition to flowering of SD plants. Under RL irradiation before
beginning of the dark period, the delay was 5+1.0 days and under irradiation in the middle of night, the
SD line bloomed 7+2.2 days later than the control plants. The effect of RL on the change of flowering
period in the PhPN line was not detected.

Studying the effect of RL on photosynthetic processes, we began by determining the change of
biomass after irradiation of plants. Fig. 1 shows the values of dry biomass of control plants and irradiated
plants. In the SD line, the result of exposure to the red light depended on the period of plant irradiation.
Irradiation before the start of dark period accelerated the biomass growth. After seven exposures it was
greater than the control by 15%. Whereas, after interruption of the night by RL, it was found a decrease of
the biomass of irradiated plants compared to the control (after seven illuminations — by 13 %). We have not
established a biomass change of the PhPN line under the RL influence. Shpilova and Shchegolev
observed earlier the varietal differences of growth reaction of tomatoes under the RL influence. Thus,
during week after the termination of the RL irradiation, the plant biomass of the early Kremenchuk variety,
breeding by the Ukrainian Institute of Vegetables and Melon Growing, continued to grow relatively to
control. The changes for the late Ace 55 vf variety (Asgrow company) were not observed (Shpilova,
Shchegolev, 2008).

The decrease of biomass that we observed in the SD soybean plants after interruption of night by
RL may be explained by the fact that a long dark period is required for the complete outflow from
photosynthetic organs of assimilates. An interruption of the dark period can disrupt starch hydrolysis in
chloroplasts at night and outflow of carbohydrates from leaves (Tsybulko, 1998). A disruption of outflow,
in turn, can cause a deficit of support of plastics and energy equivalents required for growth processes.
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Fig. 1. Effect of RL on a biomass of the SD and PhPN soybean lines under different times of
RL irradiation
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It is known that a support of growth with assimilates determines the photosynthetic apparatus and
processes of transport of assimilates to the attracting organs (Martirosyan et al., 2013; Tsybulko, 1998).
For studying the productivity of photosynthesis, the indicators characterizing the size of the
photosynthetic apparatus and the intensity of its functioning should be estimated. In response to RL, we
consider extensive indicators including an area of the leaves as the main photosynthetic organs and
content of chlorophyll in leaves; the indicators of the intensity of photosynthetic apparatus including the
rate of photochemical reactions.

The study of the total area of leaves (table 1) showed that in the SD line the RL irradiation before
the dark period caused the growth of photosynthetic surface. An interruption of night by the illumination of
RL, in contrast, led to a decrease of the size of the total leaf area compared with control plants.

In addition, we analyzed effect of RL on an area of the second leaf from the apex. Because, as we
know, the second leaf is fully formed and has the highest photosynthetic activity (Mokronosov,
Gavrilenko, 1992). We used it for physiological and biochemical analyzes. The analysis of the second leaf
area of the SD line showed the same directionality of changes under the RL influence. However, larger
difference of its size between the control and irradiated plants was shown than of the total area of leaves.
Thus, the second leaf area of SD plants irradiated with RL before night was 13 % higher than in the
control, and this difference was 7 % for the total area. Under an interruption of night by RL, the reduction
of the area of second leaves relatively to the control was 16 % and of the total area of leaves — 10 %. This
pattern may be due to the fact that second leaves from the apex are formed when the RL irradiation has
been carrying out.

As for different effects of the evening and night RL irradiation on growth processes, we believe that
the stimulating effect of evening RL irradiation on the SD line can be considered as a reaction of short-
day plants to increase the duration of photoperiod, which is manifested in the vegetative growth and delay
of development. The decrease of leaf surface as a result of an interruption of night by RL can be a result
of metabolic disorders (Tsybulko, 1998).

The effects of RL irradiation on the area of leaves of the PhPN line were not observed in our
experiments.

Table 1.
Leaf surface area of the SD and PhPN isogenic soybean lines (cm?) under the RL irradiation
The total leaves area | The second leaf area
Exposure time
Variant Before dark period | In the middle of night | Before dark period | In the middle of night
SD line, genotype E{E2E3
Control group 96.3+4.8 96.3+4.8 326+£1.6 326+£1.6
RL irradiation 102.8*+5.2 85.7+5.0 35.9*+1.5 20.2*+14
PhPN line, genotype esezes3

Control group 954 +£5.1 954 +£5.1 294+1.6 294+1.6
RL irradiation 96.2 + 14 96.1 £+ 13 30.7+1.7 285+14

* differences with control are significant: P<0.05.

One of the important criteria of evaluating the plant photosynthetic potential is the content of
photosynthetic pigments. The determination of the content of main photosynthetic pigments chlorophylls
showed (table 2) that in the SD plants the RL irradiation before the dark period led to an increase of the
content of chlorophyll sum in leaves compared with the control plants irradiated four and seven times. An
interruption of night by the RL irradiation in this line caused a decrease of the chlorophyll content. In
PhPN plants effects of RL on the content of chlorophylls were not detected either in the case of evening
irradiation or after night irradiation.

The stimulating effect of RL on the chlorophyll content was observed by other authors
(Golovatskaya et al., 2012), when the RL irradiation had been conducting during the light period. RL
decreased the lag-phase of the chlorophyll synthesis and increased its content. We obtained a similar
result in the SD line under the RL irradiation at the end of the light period. But during the interruption of
night by RL in the SD line there was a decrease of the chlorophyll content. This can be explained as
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follows. An interruption of the night, according to Tsybulko, disrupts the hydrolysis of starch in
chloroplasts (Tsybulko, 1998). Carbohydrates are also known to be a source of carbon skeleton for the
synthesis of organic compounds including chlorophyill. It is likely that disruption of starch hydrolysis after
the interruption of night by RL resulted in a decrease in the chlorophyll synthesis.

Table 2.
Influence of different RL irradiation terms (before dark period and at night) on the content of
chlorophyll sum in leaves of the SD and PhPN isogenic lines

Variant Number of Chlorophyll content, mg/g wet weight
exposures Before dark period | In the middle of night
SD line, genotype E/E2E3
Control group - 1.01 £ 0.05 1.01 £ 0.05
RL irradiation 4 1.12*+ 0.05 0.83* + 0.06
Control group - 1.03 £ 0.04 1.03 £ 0.04
RL irradiation 7 1.21* £ 0.06 0.76* + 0.06
PhPN line, genotype esezes3
Control group - 0.98 £ 0.04 0.98 £ 0.04
RL irradiation 4 1.02 + 0.06 0.96 £ 0.05
Control group - 1.02 + 0.05 1.02 + 0.05
RL irradiation 7 1.06 + 0.06 0.94 £ 0.06

* differences with control are significant: P<0.05.

The central process of primary photosynthesis reactions is a transport of electrons in the electron
transport chain (ETC) of chloroplasts. The Hill reaction is the model reaction that characterizes the
electron transfer intensity through ETC. This reaction has similar dynamics of changes under the
influence of external factors with photosynthesis as a whole (Mokronosov, Gavrilenko, 1992). The results
of the analysis of the RL influence on the Hill reaction are presented in table 3. Since the photochemical
activity of chloroplasts is a dynamic indicator, we have evaluated the reaction twice a day: in the
morning — at 9.00 and in the afternoon — at 13.00.Table 3 shows that a level of potassium ferrocyanide
reduction in the afternoon was lower than in the morning. The decrease of the rate of the Hill reaction
may be explained by the increase of starch content in the chloroplasts in the afternoon, which is
characteristic of soybean plants. Starch overflow of plastids reduces the level of photochemical
processes. It may be due to the deterioration of the mode of illumination of light harvesting complexes,
mechanical influence of starch on functional membranes and sorption of proteins on the starch particles.
Both enzymes of secondary photosynthesis reactions and ferredoxin, which is a surface protein of
thylakoid membranes, can be sorbed on the starch. Moreover, a starch binds cations on its surface, in
particular Mg?* cations, which are cofactors of the Hill reaction (Mokronosov, Gavrilenko, 1992).

After the RL irradiation in the evening, the level of specific activity of the Hill reaction did not change
in the SD and PhPN lines compared to the control. Irradiation with RL in the middle of the night reduced
the reaction level of the SD line relative to control in the morning and afternoon, but did not affect the
electron transport in the PhPN line. The decrease of the level of photochemical activity of chloroplasts
under RL effect on Triticum aestivum L. was previously observed by Mokronosov and co-authors
(Mokronosov, Gavrilenko, 1992). In their experiments, it was shown that plants grown under RL had two-
fold lower Hill reaction rate compared to plants grown under white light. The authors explained this effect
by changes of the biosynthesis of chloroplast electron transport proteins. According to authors, the reason
of the decrease of the electron transport intensity after RL irradiation is reducing the activity of the water
photolysis system in photosystem Il. But we supposed that in our experiments a decrease of the rate of
potassium ferricyanide reducing by chloroplasts is the result of interruption of night outflow of assimilates in
SD lines, since in the PhPN line RL radiation line did not change the photochemical activity of chloroplasts.
Moreover, in the SD line after evening RL irradiation the level of Hill reaction also did not change.

Studying the photochemical activity of chloroplasts, in addition to the reducing potassium
ferricyanide, we determined the intensity of reduction of the mineral phosphorus content in the reaction
mixture. These data were used to evaluate the speed of photophosphorylation processes. The results in
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table 4 indicate that no significant change of the rate of photophosphorylation after evening and night RL
irradiation in both lines occurred. The absence of the photophosphorylation decrease is notable as a
result of interruption of the night by RL in the SD line, because there was a decrease of the level of
potassium ferricyanide reducing. A decrease of the rate of potassium ferricyanide reducing indicates a
decrease of the rate of non-cyclic electron transport. If so, then the proton gradient generated by non-
cyclic electron transport should also decrease. The latter may be a decrease of the intensity of
photophosphorylation. At the same time, literature data indicate that cyclic photophosphorylation can be
compensated by reducing the rate of non-cyclic transport. In cyclic photophosphorylation, only the first
photosystem is involved and the process is not related to the reducing of potassium ferricyanide
(Mokronosov, Gavrilenko, 1992). Thus, the contradictions between a decrease of non-cyclic electron
transfer in the SD line as a result of an interruption of night by RL and the unchanged level of
photophosphorylation can be explained by the compensation of a decrease of non-cyclic
photophosphorylation by an increase of the cyclic photophosphorylation intensity.

Table 3.
Photochemical activity of chloroplasts (umol Ki:Fe(CN)s/mg chlorophyll per hour) of the SD
and PhPN isogenic soybean lines under different RL irradiation terms

Photochemical activity in the Photochemical activity in the
Number of morning (9.00) _ afternoon (13.00)
. exposures - Exposure time -
Variant Before dark In the middle of Before dark In the middle of
period night period night
SD line, genotype EiE2E3
Control group - 28114 28114 255+ 11 255+ 11
RL irradiation 4 297 £ 15 225* £ 13 270+ 11 217* £ 15
Control group - 275+ 13 275+ 13 24110 24110
RL irradiation 7 289+ 15 226* £ 10 256 + 12 206* £ 10
PhPN line, genotype esezes3
Control group - 290 + 14 290 + 14 248 £ 12 248 £ 12
RL irradiation 4 285+ 16 259+ 13 243 + 14 236 £ 15
Control group - 272 + 14 272 + 14 239+ 13 239+ 13
RL irradiation 7 288 + 15 253+ 15 255+ 14 226 £+ 15
* differences with control are significant: P<0.05.
Table 4.

Photophosphorylation (umol KH2.PO4/mg chlorophyll per hour) in isolated chloroplasts of
SD and PhPN isogenic soybean lines under different RL irradiation terms

Photophosphorylation in the morning (9.00) [ Photophosphorylation in the afternoon (13.00)
Variant _ Exposure time _
Before In the middle Before In the middle
dark period of night dark period of night

SD line, genotype E/E2E3

Control group 118+£5.9 118+£5.9 105 +£6.7 105 +£6.7

RL irradiation 113+ 5.5 110 £ 6.3 101+ 6.6 98 +5.3
PhPN line, genotype esezes3

Control group 114 £ 6.1 114 £ 6.1 104 £ 4.7 104 £ 4.7

RL irradiation 118 £ 6.7 117 £6.6 108 + 14 109 + 4.8

* differences with control are significant: P<0.05.

The intensity of functioning of the photosynthetic apparatus and the content of chlorophyll, by which

we calculated the rate of Hill reaction and photophosphorylation, in some cases did not change in one
direction. Therefore, we have studied the effect of RL on indicators that take both of these values into
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account at the same time. We analyzed the effect of RL irradiation on the Hill reaction level and
photophosphorylation based on the chlorophyll of one leaf (second from the apex) (Table 5). For this
purpose, in each experiment we determined the weight of leaves, and knowing the chlorophyll content in
one gram of leaves and the photochemical activity attributed to one milligram of chlorophyll, made the
appropriate calculations. These indicators are also interesting because they also take into account the
size of leaves, which also changed after RL irradiation in the SD line. Data obtained (Table 5) indicate
that evening irradiation by RL in the SD line resulted in an increase of ferricyanide reducing and
photophosphorylation of one leaf by 38 % and 27 %, respectively, and interruption of night by RL reduced
these rates by 45 % and 36 %, respectively, compared to the control. In PhPN plants after irradiation the
intensity of ferricyanide reducing and photophosphorylation based on chlorophyll of 1 leaf did not change
significantly.

Table 5.
Photochemical activity of chloroplasts of the SD and PhPN isogenic lines under different RL
irradiation terms

Hill reaction (umol KsFe(CN)s/ Photophosphorylation (umol
chlorophyll of 1 leaf - hour) KH2POu4/chlorophyll of 1 leaf - hour)
Variant Exposure time
Before In the middle of Before In the middle
dark period night dark period of night
SD line, genotype E{E2E3
Control group 110 + 16 110 + 16 47+£4.9 4749
RL irradiation 152* + 18 61* £ 14 60* £ 5.5 30*+5.2
PhPN line, genotype esezes3
Control group 109 + 15 109 + 16 46 + 4.1 46 + 4.1
RL irradiation 124 £ 17 90 £ 14 51+5.7 42+4.6

* differences with control are significant: P<0.05.

Thus, our research showed that photosynthetic apparatus of plants of isolines of the same variety,
but with different reactions to the duration of photoperiod, responded differently to red light. It is known
that the phytochrome system is important for plants to perceive alternating day and night. "Matching"
phytochrome signals with circadian rhythms, plants can respond to the duration of photoperiod (Salomé
et al., 2002; Lagercrantz, 2009). It can be assumed that control of the photosynthetic apparatus by the
phytochrome system and participation in the photoperiodic reaction of plants are interrelated, because
red light induced changes of the chlorophyll content and photochemical activity of chloroplasts in the
short-day line. However, in the photoperiodical neutral line changes were not observed. It is likely that a
state of the E (dominant or recessive) genes indirectly effect on the photosynthetic apparatus.
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dPoToxiMiYHa aKTUBHICTb XfloponnacTiB i3oreHHUX 3a reHamu E ninin coi (Glycine

max (L.) Merr.) 3a pi3aHUX TepMiHiB ONPOMiHEHHS1 YePBOHUM CBIT/IOM
B.®. TumoweHko, B.B. XXmypko

Y BereTtauiiHux gocnigax BMBYanu BNvB Pi3HUX TEPMiHIB ONPOMiIHEHHS POCNWMH YepBOHKM cBiTrom (YC, 630 HM) Ha
6iomacy, nnowy nucTd, BMIiCT xrnopodiny, piBeHb peakuii Xinna i dotodocdopuntoBaHHs y kopoTkogeHHoi (KO) i
doTonepiognyHo HewTpanbHoi (PIMH) ninin coi. O6’ekTamu gocnimpkeHs 6ynu isoreHHi 3a reHamu E niHii coi (Glycine
max (L.) Merr.) copty Clark. BukopuctoByBanu K[ niHito (E1E2E3) i ®IMH niHito (e1e2e3). PocnuHu BupoLlyBanu y
BereTauilHin kamepi B I'PYHTOBIN KynbTypi, I'PyHT YopHo3eM. Pocrintn K[ i ®MH ninin BupowyBanu B 9 nocyanHax
o6'eMoM Tpu niTpw, y KOXHi nocyguHi no 10-12 pocnuH. lMpotarom gocnigy nNigTpyMyBany MOCTIMHI YMOBM
BMPOLLYBaHHSA: Temnepatypa 20-24/17-20°C (geHb/Hiy), Bonoricte rpyHTy 60-70 % Big NOBHOI BOMOrOEMHOCTI
I'PYHTY, iHTEHCUBHICTb ocBiTneHHsA 20 knk, doTtonepioq 10 roauH. Yepes 4-5 TuxHiB BereTauii nicns opmMyBaHHs
OpYroro cnpaBXHbOro NMCTKa POCIINMHM KOXHOI NiHiT B TpbOX MOCYAMHAX Ha noyaTtky TeMHOro nepiogy (aocnig 1) abo
B cepeauHi Houi (mocnig 2) npotarom 30 XBUMMH ONPOMIHIOBaNM YepBOHMM CBITIIOM cnabkoi iHTeHcMBHOCTI. Ons
ONPOMiHEHHS BUKOPUCTOBYBanNu CBITNOAIOAM, WO BUMNPOMIHIOITE B obnacTi 630110 HM. [HWI pOCNUHM KOXHOI MiHii,
IO He OCBITMIOBaNM YEPBOHUM CBIiTIIOM, B TPbOX MOCYAMHAX, CNyryBanu KOHTporeMm. PeHOMOoriYHi CnocTepeKeHHs
nokasanu, WO B KOHTponi Ha kopoTkoMy AHi K[ niHis 3auBitTana yepe3 43+1,8 gobu nicnst nosiBu cxofis, a
doTonepioguyHO HenTpanbHa — JYepes 44+2,2 nobu. OnpoMiHeHHs YC, sik nepen noyYaTkoMm TEMHOro nepiogy nobw,
TaK i Npy NepepuBaHHi HOYi YEPBOHMM CBITIIOM, BUKIMKANo 3aTpUMKY nepexoay Ao uBiTiHHA y K[ niHii BionosigHO Ha

BicHuk XapkiBcbkoro HauioHanbHoro yHiBepcuteTty iMmeHi B. H. KapasiHa
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B.®. TumoweHko, B.B. XKmypko m
V.F. Timoshenko, V.V. Zhmurko

5+1 i Ha 7+2,2 pgi6. Y coTonepiognyHo HenTparnbHOi MiHii 3MiHW TepMiHy LUBIiTIHHS B pe3ynbTaTi OMpPOMiHEHHS
YEpPBOHUM CBITITIOM HE BCTaHOBIEHO. Y KOPOTKOAEHHOI MiHii coi aktuBauisa ditoxpomie UC nepen TeMHUM nepiogom
[obu Buknukana 3pocTaHHA Giomacu, nnow nucTa, BMICTY CyMapHOro Xmopodiny, 3pOCTaHHS BiAHOBIEHHS
epudiaHigy kanito i poTodochHopunioBaHHS i30NbOBaAHMMM XroponnactTamMu y po3paxyHKy Ha Xropodpin ogHoro
nncTKa, ToAi Ik nepepyBaHHs Hodi YC 3HWXKyYBano Li MOKa3HMKK, a TakoX piBeHb peakLii Xinna y po3paxyHky Ha 1 Mr
xnopodiny. Bnnuey YC Ha BMBYEHi NnokasHukm y OINH niHii coi He BUsiBNeHo.

Knio4oBi cnoBa: cos Glycine max (L.) Merr., i302eHHi niHii, ¢himoxpomu, ghomoximiyHa akmusHicmb xroporiacmis,
MopghozeHes.
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PoToXxMMMyeckasa akTMBHOCTb XnoponmnactoB N30reHHbLIX NO reHam E nvuHun con

(Glycine max (L.) Merr.) npu pa3nuyHbiX CpoKax o6yy4eHUs KpaCHbIM CBETOM
B.®. TumoweHko, B.B. XXmypko

B BeretauMoHHbIX OMbITax U3yvanu BRUsHWE PasfUyHbIX CPOKOB 0BMyyYeHus pacTeHun kpacHbiM cBeToM (KC, 630
HM) Ha Ouomaccy, nnowaab fUCTbeB, codepxaHne xnopodwunna, YpoBeHb peakuMn Xunna u
doTodocdopunmpoBaHne y kopotkogHeBHon (KL) w doTtonepmnoaudecku HewTtpanbHon (PMH) nuHwA  cow.
OObekTamMmn uvccrnegoBaHUn ObiNM U30reHHble Mo reHam E nunum com (Glycine max (L.) Merr.) copta Clark.
Ucnone3osanu KO nuHuo (ETE2E3) n ®IMH nuHuio (e1e2e3). PacTeHns BblpallivBany B BEreTauMoOHHON KaMepe B
NMOYBEHHON KynbType, NovBa YepHo3eM. PacteHus K[ n ®IH nuHun Bobipawmeanu B 9 cocygax obbeMom Tpu nuTpa.
B kaxgom cocyge pocrio no 10-12 pacteHuin. B TeyeHue Bcero omnbiTa NoadepXvBany NOCTOSIHHbIE YCNOBUSA
BblpalimBaHus: Temnepatypa 20-24/17-20°C (geHb/HoYb), BriaxHocTb no4uBbl 60—70 % OT NOMHOM BNAroemKoCTU
Nno4Bbl, MHTEHCUBHOCTb ocBelleHna 20 knk, ¢oTtonepuog 10 4acos. Yepes 4-5 Hepenb Beretauum nocne
hopMMPOBaHNS BTOPOro HACTOSALLEro NNCTa pacTeHUs Kadow NMMHUMKM B TPeX cocydax B Hadvare TeMHOro nepvoga
(onbIT 1) nu B cepeauHe Houn (onbIT 2) B TedeHre 30 MUHYT 06nyyYanu KpacHbIM CBETOM Crlabon MHTEHCUBHOCTW.
Onsa obnydyeHnst ncnonb3oBanu ceeToanoabl, nanydawwme B obrnactn 630110 HM. [pyrve pacteHus Kaxaonm nuHuu,
KOTOpble He OCBEeLlanu KpacHblM CBETOM, B Tpex Ccocydax, CIyXunu KoHTpornewm. deHonormyeckve HabniogeHus
rnokasanu, YTo B KOHTpore Ha kopoTkoM AHe K[ nuHuA 3auBetana Yepes 43+1,8 cyTok mocrne nosiBrieHnsi BCXo4oB, a
doTonepnoamyeckn HemTpanoHast — vyepes 44+2,2 cytok. O6nyyeHne KC, kak nepeg Havyarom TEMHOIO BPEMEHU
CYTOK, TaKk M MpuW NpepbiBaHUM HOYM KpacHbIM CBETOM BbI3Baro 3adepXkKy nepexoda Kk useteHuio y KO nuHum
COOTBETCTBEHHO Ha 51 1 Ha 7+2,2 cyToK. Y dpoTOnepmogudeckn HemTpansHON IMHUN N3SMEHEHUS CPOKa LIBETEHUS B
pesynbTate 0bnyyeHns KC He ycTaHOBNeHO. Y KOPOTKOOQHEBHOW NuHWMM cou akTuBauua dutoxpomo KC nepepn
TEMHbIM MNEpPUOAOM CyTOK Bbi3Bana yeenuueHne Ouomacchl, NNOWaAu IUCTbEB, COAEPXKaHuUs CyMMapHOro
xrnopodunna, BOCCTaHOBMeHWs  deppuumaHmga kKamma un  doTodochopmunnpoBaHns  M30AMPOBaHHBIMU
XroponnactamMm B pacyeTe Ha XxNopodwnn OgHOro nucta, Toraa Kak npepbiBaHve Houn KC cHwkano atu
nokasartenu, a TaKkke ypoBeHb peakumn Xwnna B pacdete Ha 1 mr xnopodwnna. BnusHua KC Ha m3yyeHHble
nokasatenu y ®IH nuHum con He oBHapyXeHo.

KnioueBble cnoBa: cosi Glycine max (L.) Merr., uso2eHHble nuHUU, humoxpom, homoxXuUMUYECKasi aKmueHOCMb
Xxsiopornnacmos, MopghoeeHe3.
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