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Background. In agrocenoses, leaf light conditions are known to be unstable due to
intermittent cloud cover and shading by other leaves or spikes. However, with a change in
irradiance, photosynthesis does not reach its final value instantly, but with a certain delay.
Due to this photosynthetic efficiency of leaves and crops is generally lower compared to
stationary conditions. At the same time, the vast majority of works devoted to the prob-
lems of photosynthetic apparatus functioning under unstable light conditions do not take
into account an adverse impact on photosynthesis of such a common stressor as drought.
The aim of the present work was to study the peculiarities of flag leaves CO, and H,O gas
exchange parameters with changes in illumination under conditions of optimal and insuf-
ficient water supply in order to explore the pattern of drought effect on the photosynthetic
induction processes in connection with productivity of wheat plants of different genotypes.

Materials and Methods. The research was carried out on bread winter wheat varie-
ties Yednist, Bohdana, Perlyna Podillia under conditions of pot experiment. Control plants
were grown under an optimal soil moisture of 70 % field capacity (FC). In the experimental
pots, soil drought was created at the level of 30 % FC for 7 days during the earing—flower-
ing period, after that the soil moisture was restored to the optimal level. The parameters
of flag leaf gas exchange were measured on the seventh day of drought. Components of
plants grain productivity were determined after reaching full grain maturity.

Results. It was found that according to the parameters of light induction curves of
CO, assimilation and transpiration, wheat plants of different genotypes under drought
conditions are differentiated more clearly than under normal water supply. An increase
in the limiting role of stomata in the induction of photosynthesis under drought condi-
tions and changes in illumination was shown. Drought disrupts the coherence of stomatal
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conductance regulation in interaction with CO, assimilation processes. This affects
the light induction curves of photosynthesis and transpiration, and ultimately leads to
a decrease in grain productivity.

Conclusions. It was shown that in order to assess the efficiency of the photo-
synthetic apparatus in providing wheat plants with assimilates and maintaining their
grain productivity under unfavorable conditions, the parameters of the response to the
changes in illumination must be taken into account.

Keywords: Triticum aestivum L., drought, photosynthesis, transpiration, light
induction, productivity

INTRODUCTION

In recent years, in connection with the slowdown of the increase in yield of one of
the world’s leading food crops — wheat, and the approach of harvest index (HI) to the
biological limit (about 60 % of the aboveground part weight), the problem of finding
new ways to increase the genetic potential of productivity arises (Long et al., 2015).
The photosynthetic efficiency of wheat is believed to be below its theoretical potential,
although it has been slightly improved by breeding (Carmo-Silva et al., 2017). In par-
ticular, it has been shown that with the increase of HI, the share of photoassimilates
obtained by the ear from the flag leaf has increased during the last decades. Therefore,
photosynthesis is currently considered an important direction for further improvement of
the yield genetic potential (Murchie et al., 2023).

In agrocenoses, leaf light conditions are known to be unstable due to intermit-
tent cloud cover and shading by other leaves or spikes because of the wind (Tanaka
et al., 2019; Taylor & Long, 2017; Wang et al., 2020). However, with a change in irra-
diance, photosynthesis does not reach its final value instantly, but with a certain delay
(Deans et al., 2019a). Due to the slowing of photosynthetic apparatus adaptation to light
changes caused by both biochemical and diffusion effects, the photosynthetic efficiency
of leaves and crops is generally lower compared to stationary conditions, for example,
a phytotron. According to some assessments, losses of the assimilated carbon due to
the instability of lighting conditions can be about 20 % compared to those measured
under stable bright lighting (Taylor & Long, 2017).

At the biochemical level, limitations in the rate of photosynthesis induction during
the transition from darkness to light are due to the activation of Rubisco with the participa-
tion of Rubisco-activase enzyme, the activation of redox-dependent enzymes involved in
the regeneration of ribulose bisphosphate, and the accumulation of intermediate products
of carbon metabolism (Acevedo-Siaca et al., 2021; Salter et al., 2019; Taylor et al., 2022).
At the leaf level, under normal water availability conditions, photosynthesis is inhibited
by the influx of CO, into intercellular spaces due to slow stomatal opening, potentially
creating a significant limitation of assimilation (Deans et al., 2019b; Zhang et al., 2019).
According to some data, mesophyll conductance has a lesser effect on CO, assimilation
under light changes compared to stomatal conductance (Sakoda et al., 2021).

It was also found that under a dynamic lighting environment, the correlation between
stomatal conductance and the CO, assimilation rate can be disturbed, which leads to an
imbalance of these physiological processes, limitation of assimilation, and a decrease in
the efficiency of water use (Faralli et al., 2019a). Significant genotypic variations revealed
for the time of stomatal opening and the achievement of a steady state of CO, assimi-
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lation (Salter et al., 2019; Taylor et al., 2020) open up prospects for improving the pro-
cesses of photosynthesis induction under changes in lighting conditions to increase the
photosynthetic apparatus performance, water use efficiency and, consequently yields
(Tanaka et al., 2019; Kaiser et al., 2018; Lawson & Vialet-Chabrand, 2018; Taylor & Long,
2017). The use of biotechnological methods to genetically improve the speed of adapta-
tion to changes in lighting showed positive results (Faralli et al., 2019b; Long et al., 2022).
Intraspecific variability of stomatal response speed is also considered as a potential target
for selection to optimize the physiological responses of wheat to dynamic field conditions
(Deans et al., 2019ab; Eyland et al., 2021; Wang et al., 2020; Yamori et al., 2020).

However, the vast majority of works devoted to these problems do not take into
account the stressful impact of drought on photosynthesis, the risk of which is increasing
due to the global climate change. It is known that wheat genotypes differ significantly
in response of stomatal conductance and CO, assimilation to water shortage (Morgun
et al., 2019ab). But there is little information on how changes in lighting will affect these
processes under drought conditions, and in the post-drought recovery period. To the
best of our knowledge, only one work addresses this issue inter alia, and notes that
areduced water availability caused asymmetric stomatal opening and closing responses
under dynamic illumination (Faralli et al., 2019a).

The aim of our work was to study the peculiarities of flag leaves CO, and H,O gas
exchange parameters with changes in illumination under conditions of optimal and insuf-
ficient water supply in order to explore the pattern of drought effect on the photosynthetic
induction processes in connection with productivity of wheat plants of different genotypes.

MATERIALS AND METHODS

The research was carried out on winter bread wheat plants (Triticum aestivum L.) of
the Yednist variety from the Plant Breeding and Genetics Institute of the National Center
of Seed and Cultivar Investigation, National Academy of Agrarian Sciences of Ukraine
(https://sgi.in.ua), and the Bohdana and Perlyna Podillia varieties from the Institute of
Plant Physiology and Genetics, National Academy of Sciences of Ukraine (https://www.
ifrg.kiev.ua). In accordance with the declared characteristics, the Yednyst variety is
drought-resistant, selected in the arid southern Steppe zone of Ukraine, the Bohdana
variety is also drought-resistant, but selected in a more temperate Forest-Steppe zone,
the Perlyna Podillia variety is moisture-loving.

The plants were grown under pot experiment conditions in the vegetation period of
2021/2022. After overwintering under natural conditions (Kyiv, 50°39’N, 30°49’E), the
plants at the spring tillering stage were transplanted into pots in early April (10 kg of 3:1
mixture of gray podzolic soil — pH salt (KCI) 5.8, organic matter content 1.8 %, nitrogen
30 mg/kg, phosphorus 25 mg/kg, potassium 30 mg/kg, and sand). Nitrogen, phospho-
rus, and potassium were additionally added to the pots at the rate of 160 mg per kg of
soil for each element. The pots were placed on a shelving with a transparent polyethy-
lene film roof on the territory of the Institute. The temperature and light were natural. The
plants were grown until the grain reached full ripeness (early August).

Control plants were grown under the optimal soil moisture (70 % of soil field capa-
city (FC)) throughout the growing season. At the beginning of the flowering stage, wate-
ring of the experimental plants was stopped, which caused a reduction of the soil mois-
ture to the level of 30 % FC within 3 days. This level was maintained for the following
7 days. After that, watering of the experimental plants was restored to the control level
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(70 % FC), which was maintained until the harvest. The soil moisture in pots was con-
trolled gravimetrically twice a day. For each treatment, 5 pots with 20 plants per each
pot were set up (in total 100 plants for each treatment). Thus, the number of biological
repetitions of each treatment was 5-fold.

Determination of flag leaf gas exchange indices of the control and experimental
plants was conducted on the seventh day of drought. The components of plant grain pro-
ductivity were determined after reaching full grain maturity by weighing air-dry material.

Net assimilation (A,) and transpiration (T) rates were recorded on intact flag leaves
of main shoots under controlled conditions (temperature 25 °C, photosynthetically active
radiation 1500 pmol/(m?-s) using the gas analyzer EGM-5 (PP Systems, Amesbury,
USA). Conditioned air (humidity 10 mbar, CO, concentration 410-415 ppm) was blown
through the chamber at a rate of 1 L/min. Gas exchange parameters — A, T, stomatal
conductance (g,) and CO, concentration in leaf intercellular spaces (C,) were calculated
according to F. A. Busch et al., (2024).

Induction curves of A, and T in flag leaves were recorded according to the following
method. After placing the leaves in the chamber, they were illuminated for 1 hour (at full
power), and at the end of this period the A, was recorded, whose level was considered
maximum for a given measurement cycle. Then the light was turned off and the leaves
were left in the dark for 30 minutes. At the end of this period, the dark respiration rate
was recorded, and the light was turned on (immediately at full power). Air from the
chamber was supplied to the gas analyzer with an interval of 10 min, and CO, and H,O
gas exchange indices were recorded. In this case, the total lighting time was 50 min.

Biometric indices — plant dry weight and grain productivity were determined in
20-fold repetitions, the A, and T rates — in 4-fold. The data obtained were processed
by methods of variation statistics using Microsoft Excel. The significance of differences
between samples was evaluated by one-way analysis of variance (ANOVA), where
differences were considered significant at P < 0.05 using Tukey’s test. The validation
analysis of data approximation by the linear function (illustrated in Fig. 4) was performed
using Fisher’s F-test; determination coefficients (R?) were at least 0.92 for the linearized
charts. The Figures and the Table show the arithmetic mean and the standard error of
the mean (xxSE).

RESULTS AND DISCUSSION

After turning on the light, the gradual increase in the A, and T during a certain time
was observed, reaching a saturation plateau at the end of the measurement period.
Such dynamics is caused by the gradual opening of stomata and the launch of biochemi-
cal processes of CO, fixation in the light. In the literature, they are usually called light
induction curves of photosynthesis (Acevedo-Siaca et al., 2021; Deans et al., 2019ab;
Sakoda et al., 2021; Taylor et al., 2020).

Measurement of the A, induction curves after transition from darkness to light
revealed noticeable varietal differences in the dynamics of this process in both con-
trol and drought-treated plants (Fig. 1A). It should be noted that the index of CO, gas
exchange, which corresponded to the zero time point, reflected the loss of assimilated
carbon in the dark due to respiration and therefore lay below the abscissa axis. In 30 min
after the start of lighting, a fairly clear differentiation in A, of the studied varieties plants
was observed. It was the highest in the Bohdana variety plants, followed by the Yednist
and Perlyna Podillia varieties in a descending order. In 40 min after turning on the light,
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the plants of the first two varieties already showed a clear tendency for the induction
curve to reach the saturation plateau, while the Perlyna Podillia variety still showed
a gradual rise, although it was much slower than in the first 30 min. As a result, in 50
min after the start of illumination, the A in flag leaves of the plants of the Yednist and
Perlyna Podillia varieties was practically the same, while the Bohdana variety exceeded
them by 24 % (P <0.05 in both cases).
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Fig. 1. Average induction curves of the net assimilation rate (A,) (A) and transpiration (T) (B) in flag leaves of
winter wheat plants of different varieties after turning on the light (here and in Fig. 2, 3): 1 — Bohdana
variety; 2 — Yednist variety; 3 — Perlyna Podillia variety; green markers — optimal soil moisture (70 %
FC); yellow markers — drought (30 % FC)

At the same time, the plants subjected to a seven-day drought showed differences
from the control ones both in terms of the induction curve dynamics, and the actual level
of A,.. Firstly, the increase of this index after turning on the light was noticeably slower than
in control plants. A plateau (or a tendency to it) was noted only at the end of the studied
time period, and the final A, values were significantly lower than in the control plants.
Thus, in plants of the Yednist variety, this index was only 69 % of the control (P <0.01),
the Bohdana variety — 59 % (P <0.01), and the Perlyna Podillia variety — 36 % (P <0.001).

Under drought conditions, the relative arrangement of genotypes by the A, level was
also different. This index was the highest, and nearly consimilar in most of the induction
curves, in plants of the Yednist and Bohdana varieties, and the lowest in the Perlyna
Podillia variety. It should be noted that during the first 10 min after turning on the light, the
A, in leaves of the Yednist variety increased much faster than in other genotypes, followed
by a gradual slowdown, and in the Bohdana variety, this increase occurred more slowly,
but for a longer period, which at the end of measurements equaled to the first variety.

Another important index of leaf gas exchange is the water evaporation rate or tran-
spiration (T). The induction curves of T after turning on the light were somewhat similar
to those for the A, with the exception that they started with values above zero (Fig. 1B).
The similarity consisted in a gradual increase of this index, and reaching a saturation pla-
teau at the end of the measurement period. Among the control plants, the highest T was
observed in the leaves of the Bohdana variety, followed by Perlyna Podillia and Yednist.

A seven-day soil drought led to a significant decrease in T of leaves of all varieties,
albeit to a varying degree. According to the final value (50 min after the start of illumi-
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nation), this index for the plants of Yednist variety was 69.8 % of the control, Bohdana —
71.9 % (P <0.01 in both cases), Perlyna Podillia — 37.8 % (P <0.001). It should be noted
that a faster increase in T during the first 10 minutes was observed in plants of the
Yednist variety compared to other varieties (a similar trend was also observed for the A,
(see Fig. 1A)). In general, 50 min after the start of illumination, the T in drought-exposed
plants was the highest in the Bohdana variety, slightly lower in the Yednist variety, and
the lowest in the Perlyna Podillia variety.

It is known that the main factors inhibiting the A under drought conditions are
a decrease in stomatal conductance (g,), a slowdown in the diffusion of CO, from the
intercellular spaces in leaf to the centers of carboxylation (mesophyll conductance), as
well as a violation of electron transport and ATP synthesis in chloroplasts, a decrease
in activity of Rubisco and other enzymes of the Calvin—Benson cycle, and an increasing
photorespiration rate (Zahra et al., 2023).

The main stomata function is to optimize the balance between the entry of CO, into
the leaf and the loss of water during transpiration, thereby maintaining a certain CO,
concentration in the leaf intercellular spaces (C,), sufficient to ensure its assimilation in
the chloroplasts of the mesophyll cells in accordance with the speed of their light and
dark reactions (Nunes et al., 2020; Zhang et al., 2024). Accordingly, C, and the leaf
water regime are the main factors in the regulation of g, (Ehonen et al., 2019). At the
normal state of the stomatal apparatus in the light, the concentration of CO, inside the
leaf is lower than that in the air around the leaf, since the supply of CO, is limited by
its diffusion through the stomata. In the dark, it is higher than atmospheric due to the
CO, release by the mesophyll cells as a result of dark respiration, while the state of the
stomata is characterized by a minimal aperture, and consequently the minimal conduc-
tance. These provisions are confirmed by our calculations of CO, g, and C, dynamics in
wheat leaves after turning on the light (Fig. 2).

In the control plants of all varieties, g, increased almost linearly within the first
30 min after turning on the light (Fig. 2A). Then the rate of increase slowed down and
after 50 min this index reached a plateau with the highest value in plants of the Bohdana
variety. At the same time, it should be noted that A, showed a tendency to slow down
already 20 min after the start of illumination, i.e. earlier than g..

Usually, the slowing of the A, increase at high values of g, is explained by an
increase in the share of non-stomatal factors in limiting of CO, assimilation (Deans
et al., 2019a). The latter include, in particular, the rate of ribulose bisphosphate regene-
ration in the Calvin-Benson cycle, the Rubisco activation rate by the Rubisco-activase
enzyme, and the efficiency of ETC functioning (Amaral et al., 2024).

In drought-treated plants, g, was significantly lower than in the control (Fig. 2A).
In 30 min after turning on the light, this index also began to reach the saturation level
in leaves of all varieties, but the Bohdana variety was significantly ahead of the other
two. In drought-exposed plants at the end of the studied period after turning on the
light, the difference between the Bohdana and Yednist varieties in g, was negligible,
and in Perlyna Podillia plants this index was more than twice as low. As noted, the main
limiting factor for the A, under drought conditions is stomata closure, which leads to
a strong decrease in their conductance (Urban et al., 2017). This effect of drought is well
illustrated in Fig. 2. It should be noted that the strength of this effect varied markedly
between genotypes. Thus, in plants of the Bohdana variety, g, under drought conditions
decreased by 1.93 times compared to the control (P <0.001), in the Yednist variety — by
1.74 times (P <0.001), and in the Perlyna Podillia variety — by 4.51 times (P <0.0001).
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Fig. 2. Average induction curves of stomatal conductance (g,) (A) and CO, concentration in intercellular
spaces (C) (B) in flag leaves of winter wheat plants of different varieties after turning on the light
under optimal soil moisture and drought
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Calculations of C, showed that in the dark (point O on the abscissa axis) it was
higher than atmospheric. With the beginning of illumination, it fell rapidly, and after
20 min it stabilized at the level of approximately 340 ppm without significant differences
between the treatments (Fig. 2B).

These results show that in wheat plants, short-term drought at the level of 30 % FC
suppresses the mesophyll cells photosynthetic apparatus activity more strongly than
the stomata functional state. The latter only adjust to the real CO, flow rate from the
intercellular spaces to the chloroplasts, which is determined by the speed of its fixation
in the Calvin—Benson cycle. This is confirmed by the lack of difference in C, between the
control and drought-treated plants after 20 min of illumination, although A, in the latter
under drought conditions was significantly lower than in the control plants.

During the first 10-20 min after turning on the light, the functioning of stomatal and
actual photosynthetic apparatus is coordinated, which was accompanied by a certain
decrease in C, due to a slower increase in g, relative to CO, assimilation. Greater stoma-
tal inertia compared to CO, assimilation is a typical feature of photosynthesis induction
in cultivated plants (Long et al., 2022). Thus, in experiments with wheat, it was found
that in the first minutes of photosynthesis induction, the share of stomatal limitation of
photosynthesis was about 50 % and decreased to 30 % when the gas exchange rate
reached the plateau (Taylor & Long, 2017).

For a more detailed analysis of the A, induction dynamics in wheat leaves after
turning on the light, we normalized the intermediate points of the curves to the maxi-
mum values obtained after 1 hour of preceding illumination, and expressed them as
a percentage of the maximum (Fig. 3). The obtained curves were analyzed according
to two parameters: (1) — the time during which the A rate in leaf reached 50 % of the
maximum, and (2) — the percentage of maximum A,, which was reached 30 min after
the light was turned on. Control plants reached 50 % of maximum A, after 10.5-11.5 min
(P <0.01) (Fig. 3A), and 30 min after the start of illumination, the A, in their leaves was
92-95 % of the maximum (P >0.05). At the same time, there were no significant diffe-
rences between the varieties regarding both parameters.

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) ¢ Bionoriuni Ctygii / Studia Biologica ¢ 2024 ¢ Tom 18 / Ne 4 e C. 125-138



132 Dmytro Kiriziy, Volodymyr Morgun

A B 110,
D//Clz
90 ////.A7
= g o
x x A
g g , 0 ,/"/
= 5 ARV
X x 50 Bff
<“c <'C / //3/
30 / //
//K/
)
10ty //
/28 N N N B

of 10 20 30 40 B0 _1067 10 20 30 40 50

Fig. 3. Average induction curves of the net photosynthetic rate (A,) in flag leaves of wheat plants of different
varieties after turning on the light, normalized to maximum values, under optimal soil moisture (A) and
drought (B)

Drought led to a significant differentiation of the plants of the studied genotypes
in terms of both parameters (Fig. 3B). Thus, A, reached 50% of the maximum (under
the stressor effect) the fastest in plants of the Yednist variety (11.8 min). Next, in order
of increasing time (i.e. increasing inhibition of induction), were the varieties Bohdana
(19 min) and Perlyna Podillia (23.5 min). In 30 min after turning on the light, the maxi-
mum increase in the A, was again observed in the plants of the Yednist variety (88 % of
the maximum under drought). The Bohdana (70 %) and Perlyna Podillia (62 %) varieties
followed in decreasing order of this parameter. So, if we take into account both inves-
tigated parameters of the A, induction curve dynamics in wheat leaves under drought
conditions, the Yednist variety showed itself the best. Then there were the Bohdana and
Perlyna Podillia varieties.

Additionally, we have investigated the relationships between the T and A, which
included all points obtained for induction curves after turning on the light in the control
and drought-treated plants. It was revealed that these relationships are well approxi-
mated by linear equations (Fig. 4).

Their information content is in the fact that the coefficient of function argument
quantitatively characterizes such an important physiological parameter as the instanta-
neous water use efficiency (WUEi) during photosynthesis, i.e., how many micromoles of
CO, are fixed in a leaf when 1 mmol of H,O evaporates (Endres et al., 2010). Under field
conditions, this index depends on lighting, temperature, air and soil moisture, growth
stage and genotypic peculiarities of plants, and can vary widely during the growing
season (Lopez et al., 2019). Since in our experiments the A, and T measurements were
taken under controlled light and temperature conditions, while the humidity of the air
supplied to the chamber and the soil moisture in pots were also stabilized, the parame-
ter obtained as a result of the analysis of the discussed relationships can be considered
quite representative for wheat.

It can be seen from the equations in Fig. 4 that WUEi was significantly lower in
drought-treated plants than in the control ones. In the control plants of the Bohdana
variety this index was 8.63 ymol CO,/mmol H,O, while in the treated — 5.16 pmol CO,/
mmol H,O, in the Yednist variety — 9.41 and 6.32, respectively, in the Perlyna Podillia
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variety — 7.27 and 6.23 pymol CO,/mmol H,O respectively. In other words, the treated
plants assimilated less CO, for the same amount of evaporated water. This indicates
a certain suppression of leaf mesophyll cell photosynthetic apparatus under the influ-
ence of drought, caused not only by a decrease in g, but also at the biochemical level.
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Fig. 4. The relationships between transpiration (T) and photosynthetic (A,) rates in control (A) and drought-
treated (B) winter wheat plants

Our results clearly demonstrate that for wheat plant drought tolerance, not only
the ability to maintain the A at the maximum possible level under these conditions
is important, but also the speed of photosynthetic apparatus response to changes in
illumination. The study revealed that under drought, wheat plants of different varieties
differ more clearly and differently in terms of the parameters A, induction curves during
the transition from darkness to light, than under normal conditions. This suggests that
drought affects the state of the photosynthetic apparatus not only through inhibition
of its maximum functioning rate, but also the ability to respond to changes in lighting,
which is also related to its efficiency.

The analysis of wheat grain productivity components after reaching full grain maturity
revealed that a one-week soil drought during the flowering period significantly reduced
grain productivity of all varieties, albeit to varying degrees (Table). In the control plants,
the highest grain productivity of both the main shoot and the whole plant was obtained for
the Perlyna Podillia variety. In the plants of the Yednist and Bohdana varieties, productivity
was lower and differed insignificantly, both for the main shoot and the whole plant.

At the same time, among drought-treated plants, the lowest degree of decrease in
grain productivity of the main shoot and the whole plant was observed in the Bohdana
variety (by 18.6 and 20.8 % compared to the control, respectively) (see Table). In the
Yednist variety, these indices were slightly higher (a decrease by 25.5 and 29.5 %,
respectively), whereas the drought had the strongest effect on the grain productivity
of plants of the Perlyna Podillia variety (a decrease by 37.2 and 35.9 %, respectively).
The harvest index (HI) of the control plants was quite high — in the range of 0.52-0.57.
Under the influence of drought, this index decreased by 11-13 % in the Bohdana and
Yednist varieties, and by 23 % — in the Perlyna Podillia variety. In general, the Yednist
and Bohdana varieties showed higher grain productivity resistance under the influence
of drought than the Perlyna Podillia variety.
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Drought influence on the grain productivity components of winter wheat plants
of different varieties (xxSE; n = 20)

Grain number, 1000 grains

Variety Treatment Grain weight, g pes. weight, g HI
Main shoot
) Control 1.77+0.09 41.241.7 42.9+0.9 -
Yednist
Drought 1.32+0.05* 30.1£1.1* 44.31+0.9 -
Control 1.8940.10 39.9+1.9 47.240.9 -
Bohdana
Drought 1.54+0.10* 33.3+£1.3* 45.8+1.6 -
. Control 2.05+0.08 44.5+1.2 46.1+0.8 -
Perlyna Podillia
Drought 1.29+0.08* 31.1£1.1* 41.2+1.7* -
Whole plant
Yednist Control 3.44+0.17 83.5+3.7 41.2+1.0 0.52+0.01
ednis
Drought 2.43+0.13* 58.6+4.4* 41.7+0.8 0.46+0.01*
Control 3.40+0.26 73.5+5.7 46.5+0.8 0.53+0.01
Bohdana
Drought 2.69+0.20* 59.8+3.6* 44.8+1.2 0.48+0.01*
Control 3.71+0.21 86.5+5.1 43.2+0.9 0.53+0.01

Perlyna Podillia
Drought 2.38+0.22* 62.6+4.7* 37.6+£1.6* 0.41£0.01*

Note: * significant difference compared to the control (P <0.05)

As mentioned above, a decrease in the speed and completeness of the photo-
synthetic apparatus response to changes in lighting conditions leads to a decrease
in the amount of assimilated carbon, and eventually plant productivity (Taylor et al.,
2017). Under drought conditions, plants of the Bohdana and Yednist varieties main-
tained a higher A, and had better induction curve parameters than the Perlyna Podillia
variety. This can explain a smaller decrease in their grain productivity compared to the
conditions of optimal water supply. Plants of the Perlyna Podillia variety had a worse
CO, assimilation induction time under changes in lighting, and the maximum A, under
drought was the lowest in this variety.

CONCLUSIONS

It was revealed that according to the parameters of CO, assimilation light induction
curves, wheat plants of different genotypes differentiate more clearly and differently under
drought conditions than under normal conditions. That is, drought affects the state of
photosynthetic apparatus not only in terms of its maximum functioning rate, but also the
ability to respond to changes in lighting, which also affects its efficiency. Drought disrupts
the coherence of g, regulation and CO, assimilation processes, which affects the induction
curves of photosynthesis and transpiration under dynamic conditions of the light regime.

Under drought conditions, the WUEi in wheat leaves was lower than under optimal
soil moisture, i.e. plants fixed less CO, for the same amount of evaporated water. This indi-
cates the inhibition of the photosynthetic apparatus of the leaf mesophyll cells under the
influence of drought, caused not only by a decrease in g,, but also at the biochemical level.

It was shown that in order to assess the efficiency of the photosynthetic apparatus
in providing wheat plants with assimilates and maintaining their grain productivity under
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unfavorable conditions, the parameters of the response to the changes in illumination,
which are inherent to the natural environment, must be taken into account.
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FEHOTUIMHI OCOBNIMBOCTI CBITNOBOI IHAYKLIT ®OTOCUHTE3Y MNLWUEHWLI
TA NPOAYKTUBHOCTI 3A Aili MOCYXMU

Amumpo Kipiziti, Bonodumup MopayH

IHemumym ¢bisionoeii pocnuH i eeHemuku HAH YkpaiHu
8yn. Bacunbkiscbka, 31/17, Kuie 03022, YkpaiHa

BeTtyn. B arpoueHo3ax OCBITNEHICTb MUCTKIB, SiK BiJOMO, € HecTabinbHOW 4epes
nepiognyHy XMapHICTb i 3aTiHEHHS iHLWMMK NCTkamu abo korocamu. [poTe 3a 3MiHK
OCBITNEHOCTI (HOTOCUHTES AOCSArae KiHLEBOrO 3Ha4YEHHA HE MUTTEBO, a 3 NMEBHOK 3aTPUM-
Koto. BHacnigok uporo eeKkTMBHICTb (POTOCUHTE3Y NMUCTKIB i MOCIBIB 3a3BUYan HMKYa,
MOPIBHSIHO 3i CTauioHapHMMKM ymoBamu. BogHovac nepeBaxHa GinbLicTe pobiT, npucss-
YeHux npobrnemam yHKLiIOHYBaHHA (DOTOCUHTETUYHOIO anapaTty B yMOBax HecTabinb-
HOI OCBITNEHOCTI, HE BPaxOBYy€ HEraTyBHWUN BNAMB Ha (POTOCUMHTE3 TaKOro MOLLUMPEHOrO
cTpecopa, sk nocyxa. Metoto poboTtun 6yno BMBUMTM OCOBNMBOCTI NnapamMeTpiB ra3000MiHy
CO, ta H,0 npanopueBrx NUCTKIB 3@ 3MiHN OCBITNEHOCTi B YyMOBax ONTUManbHOro Ta
HeaoCTaTHLOro BoAo3abe3neyveHHs, Wwob 3’sacyBaTn xapakTep BrfMBY NOCYXKU Ha NpoLEecu
POTOCUHTETUYHOT IHOYKLIT Y 3B’A3KY 3 NPOAYKTUBHICTIO POCINH MLEHUL Pi3HWUX reHOTUMIB.

Matepianu Ta metoau. [locnigXeHHs1 MPOBOANAN HA M’SKiln O3UMI MLIEHWUL cop-
TiB €gHicTb, borgaHa, MNMepnuHa lMoginnsa B ymoBax BeretauinHoro gocnigy. KOHTponbHi
POCNNHM BMPOLLyBanu 3a onTuMarnbHOI BonorocTi I'pyHTY 70 % NOBHOi BONTOrOEMHOCTI
(MB). ¥ pocnigHnx nocyaMHax y nepiof KOMOCIHHS—LBITIHHS CTBOPIOBanu rpyHTOBY
nocyxy npotsrom 7 gi6 Ha pieHi 30 % 1B, nicnsa yoro BigHOBMAOBaNy onNTMMarbHy BOSO-
ricTb r'pyHTy. MapameTpu razoobmiHy npanopLeBmnx NMCTKIB BUMIpIOBanv Ha cbomy o6y
nocyxu. KOMMOHEeHTN 3epHOBOI MPOAYKTMBHOCTI POCIIMH BM3HAYanm nicnsi 4OCArHEHHS
NOBHOI CTUIMOCTI 3epHa.

Pesynbratn. BctaHoBneHo, WO 3a napameTpamu CBITIIOBMX iHOYKUIVHUX KPUBUX
acuminauii CO, i TpaHcnipauii poCnMHN NLWEHWL Pi3HWX reHoTMNIB 32 YMOB Nocyxu ande-
PEHLITLCS BiNbLL YiTKO, HXX 32 HOPMarnbHOro BogonocTadaHHs. lNokasaHo nigBuLLEHHS
nimiTyBanbHOi poni NpoauXxiB y iHAYKLiT (bOTOCUHTE3Yy 3a YMOB MOCYXM Ta 3MiH OCBITIe-
HocTi. Mocyxa nopyLuye y3romKeHiCTb perynsuii npoamMxoBol NPOBIGHOCTI Yy B3aemogil
3 npouecamun acuminauii CO,. Lle BnnvnBae Ha CBITNOBI iIHAYKLiHI KpMBI (DOTOCMHTE3Y
i TpaHcnipaLii, Wo 3peLUTor NPM3BOANTL A0 3HKEHHS 3ePHOBOI NPOAYKTUBHOCTI POCHMWH.

BucHoBKM. 3’AcoBaHO, WO A5 OLiHKM €PEKTUBHOCTI (DOTOCUHTETUYHOIO anaparty
y 3abe3neyeHHi poCnuH NweHuUi acuminaTamm Ta 36epexeHHi iXHbOI 3epHOBOI Npo-
OYKTMBHOCTI 3a HECMpUATIIMBMX YMOB HEOOXiAHO BpaxoByBaTu napameTpu peakuii Ha
3MiHW OCBITNEHOCTI.

Knrovoei cnosa: Triticum aestivum L., nocyxa, OTOCMHTE3, TpaHcnipauis,
CBITNOBa iHAYKLiS, TPOAYKTMBHICTb
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