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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 CO2 and H2O 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 
CO2 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 CO2 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 CO2 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 CO2 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 CO2 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 CO2 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 CO2 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  
a reduced 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 CO2 and H2O 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 (KCl) 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 

https://sgi.in.ua
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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 (An) and transpiration (T) rates were recorded on intact flag leaves 
of main shoots under controlled conditions (temperature 25 °C, photosynthetically active 
radiation 1500 µmol/(m2·s) using the gas analyzer EGM-5 (PP Systems, Amesbury, 
USA). Conditioned air (humidity 10 mbar, CO2 concentration 410–415 ppm) was blown 
through the chamber at a rate of 1 L/min. Gas exchange parameters – An, T, stomatal 
conductance (gs) and CO2 concentration in leaf intercellular spaces (Ci) were calculated 
according to F. A. Busch et al., (2024).

Induction curves of An 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 An 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 CO2 and H2O 
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 An 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 (R2) 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 (x±SE).

RESULTS AND DISCUSSION
After turning on the light, the gradual increase in the An 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 CO2 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 An 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 CO2 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 An 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 An 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).

Fig. 1.	 Average induction curves of the net assimilation rate (An) (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 An. 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 An 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 An 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 
An 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 An, 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 An 
(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 An under drought conditions are  
a decrease in stomatal conductance (gs), a slowdown in the diffusion of CO2 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 CO2 into 
the leaf and the loss of water during transpiration, thereby maintaining a certain CO2 
concentration in the leaf intercellular spaces (Ci), 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, Ci and the leaf 
water regime are the main factors in the regulation of gs (Ehonen et al., 2019). At the 
normal state of the stomatal apparatus in the light, the concentration of CO2 inside the 
leaf is lower than that in the air around the leaf, since the supply of CO2 is limited by 
its diffusion through the stomata. In the dark, it is higher than atmospheric due to the 
CO2 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 CO2 gs and Ci dynamics in 
wheat leaves after turning on the light (Fig. 2).

In the control plants of all varieties, gs 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 An showed a tendency to slow down 
already 20 min after the start of illumination, i.e. earlier than gs.

Usually, the slowing of the An increase at high values of gs is explained by an 
increase in the share of non-stomatal factors in limiting of CO2 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, gs 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 gs was negligible, 
and in Perlyna Podillia plants this index was more than twice as low. As noted, the main 
limiting factor for the An 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, gs 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 (gs) (A) and CO2 concentration in intercellular 
spaces (Ci) (B) in flag leaves of winter wheat plants of different varieties after turning on the light 
under optimal soil moisture and drought

Calculations of Ci showed that in the dark (point 0 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 CO2 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 Ci between the 
control and drought-treated plants after 20 min of illumination, although An 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 Ci due to a slower increase in gs relative to CO2 assimilation. Greater stoma­
tal inertia compared to CO2 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 An 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 An rate in leaf reached 50 % of the 
maximum, and (2) – the percentage of maximum An, which was reached 30 min after 
the light was turned on. Control plants reached 50 % of maximum An after 10.5–11.5 min 
(P <0.01) (Fig. 3A), and 30 min after the start of illumination, the An 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.
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Fig. 3.	 Average induction curves of the net photosynthetic rate (An) 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, An 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 An 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 An 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 An, 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 
CO2 are fixed in a leaf when 1 mmol of H2O 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 An 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 μmol CO2/mmol H2O, while in the treated – 5.16 μmol CO2/
mmol H2O, in the Yednist variety – 9.41 and 6.32, respectively, in the Perlyna Podillia 
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variety – 7.27 and 6.23 μmol CO2/mmol H2O respectively. In other words, the treated 
plants assimilated less CO2 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 gs, but also at the biochemical level.

Fig. 4.	 The relationships between transpiration (T) and photosynthetic (An) 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 An 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 An 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 (x±SE; n = 20)

Variety Treatment Grain weight, g Grain number, 
pcs.

1000 grains 
weight, g HI

Main shoot

Yednist
Control 1.77±0.09 41.2±1.7 42.9±0.9 –
Drought 1.32±0.05* 30.1±1.1* 44.3±0.9 –

Bohdana
Control 1.89±0.10 39.9±1.9 47.2±0.9 –
Drought 1.54±0.10* 33.3±1.3* 45.8±1.6 –

Perlyna Podillia
Control 2.05±0.08 44.5±1.2 46.1±0.8 –
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
Drought 2.43±0.13* 58.6±4.4* 41.7±0.8 0.46±0.01*

Bohdana
Control 3.40±0.26 73.5±5.7 46.5±0.8 0.53±0.01
Drought 2.69±0.20* 59.8±3.6* 44.8±1.2 0.48±0.01*

Perlyna Podillia
Control 3.71±0.21 86.5±5.1 43.2±0.9 0.53±0.01
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 An 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 
CO2 assimilation induction time under changes in lighting, and the maximum An under 
drought was the lowest in this variety.

CONCLUSIONS
It was revealed that according to the parameters of CO2 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 gs regulation and CO2 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 CO2 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 gs, 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.

ACKNOWLEDGEMENTS AND FUNDING SOURCES
The present study was conducted within the framework of the state budget research 

topic “Development of the scientific principles of creating high-productive varieties of 
cultivated plants with increased adaptive potential to adverse environmental conditions” 
No 6541030 funded by the National Academy of Sciences of Ukraine.

COMPLIANCE WITH ETHICAL STANDARDS
Сonflict of Interest: the authors declare that research was conducted in the 

absence of any commercial or financial relationships that could be construed as  
a potential conflict of interest.

Human Rights: this article does not contain any studies with human subjects 
performed by any of the authors.

Animal Studies: this article does not include animal studies.

AUTHOR CONTRIBUTIONS
Conceptualization, [V.M.; D.K.]; methodology, [D.K.]; validation, [D.K.; V.M.]; formal 

analysis, [D.K.; V.M.]; investigation, [D.K.]; resources, [D.K.; V.M.]; data curation, [D.K.; 
V.M.]; writing – original draft preparation, [D.K.; V.M.]; writing – review and editing, [D.K.; 
V.M.]; visualization, [D.K.]; supervision, [D.K.; V.M.]. All authors have read and agreed to 
the published version of the manuscript.

REFERENCES
Acevedo-Siaca, L. G., Coe, R., Quick, W. P., & Long, S. P. (2021). Variation between rice 

accessions in photosynthetic induction in flag leaves and underlying mechanisms. Journal of 
Experimental Botany, 72(4), 1282–1294. doi:10.1093/jxb/eraa520 
Crossref ● PubMed ● PMC ● Google Scholar

Amaral, J., Lobo, A. K. M., & Carmo-Silva, E. (2024). Regulation of Rubisco activity in crops. New 
Phytologist, 241(1), 35–51. doi:10.1111/nph.19369
Crossref ● PubMed ● Google Scholar

Busch, F. A., Ainsworth, E. A., Amtmann, A., Cavanagh, A. P., Driever, S. M., Ferguson, J. N., 
Kromdijk, J., Lawson, T., Leakey, A. D. B., Matthews, J. S. A., Meacham-Hensold, K., 
Vath,  R.  L., Vialet-Chabrand, S., Walker, B. J., & Papanatsiou, M. (2024). A guide to 
photosynthetic gas exchange measurements: fundamental principles, best practice and 
potential pitfalls. Plant, Cell & Environment, 47(9), 3344–3364. doi:10.1111/pce.14815
Crossref ● PubMed ● Google Scholar

Carmo-Silva, E., Andralojc, P. J., Scales, J. C., Driever, S. M., Mead, A., Lawson, T., Raines, C. A., 
& Parry, M. A. J. (2017). Phenotyping of field-grown wheat in the UK highlights contribution of 
light response of photosynthesis and flag leaf longevity to grain yield. Journal of Experimental 
Botany, 68(13), 3473–3486. doi:10.1093/jxb/erx169
Crossref ● PubMed ● PMC ● Google Scholar

Deans, R. M., Farquhar, G. D., & Busch, F. A. (2019a). Estimating stomatal and biochemical 
limitations during photosynthetic induction. Plant, Cell & Environment, 42(12), 3227–3240. 
doi:10.1111/pce.13622
Crossref ● PubMed ● Google Scholar

Deans, R. M., Brodribb, T. J., Busch, F. A., & Farquhar, G. D. (2019b). Plant water-use strategy 
mediates stomatal effects on the light induction of photosynthesis. New Phytologist, 222(1), 
382–395. doi:10.1111/nph.15572
Crossref ● PubMed ● Google Scholar

https://doi.org/10.1093/jxb/eraa520
https://pubmed.ncbi.nlm.nih.gov/33159790/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7904153/
https://scholar.google.com.ua/scholar_lookup?title=Variation+between+rice+accessions+in+photosynthetic+induction+in+flag+leaves+and+underlying+mechanisms&hl=uk&authuser=2
https://doi.org/10.1111/nph.19369
https://pubmed.ncbi.nlm.nih.gov/38058283/
https://scholar.google.com/scholar_lookup?&title=Regulation%20of%20Rubisco%20activity%20in%20crops&journal=New%20Phytol&doi=10.1111%2Fnph.19369&volume=241&pages=35-51&publication_year=2024&author=Amaral%2CJ&author=Lobo%2CAKM&author=Carmo-Silva%2CE
https://doi.org/10.1111/pce.14815
https://pubmed.ncbi.nlm.nih.gov/38321805/
https://scholar.google.com.ua/scholar_lookup?title=A+guide+to+photosynthetic+gas+exchange+measurements%3A+fundamental+principles%2C+best+practice+and+potential+pitfalls&btnG=
https://doi.org/10.1093/jxb/erx169
https://pubmed.ncbi.nlm.nih.gov/28859373/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5853948/
https://scholar.google.com.ua/scholar_lookup?title=Phenotyping+of+field-grown+wheat+in+the+UK+highlights+contribution+of+light+response+of+photosynthesis+and+flag+leaf+longevity+to+grain+yield&btnG=
https://doi.org/10.1111/pce.13622
https://pubmed.ncbi.nlm.nih.gov/31329306/
https://scholar.google.com.ua/scholar_lookup?title=Estimating+stomatal+and+biochemical+limitations+during+photosynthetic+induction&btnG=
https://doi.org/10.1111/nph.15572
https://pubmed.ncbi.nlm.nih.gov/30372523/
https://scholar.google.com.ua/scholar_lookup?title=Plant+water-use+strategy+mediates+stomatal+effects+on+the+light+induction+of+photosynthesis&btnG=


136 Dmytro Kiriziy, Volodymyr Morgun

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2024 • Том 18 / № 4 • С. 125–138

Ehonen, S., Yarmolinsky, D., Kollist, H., & Kangasjärvi, J. (2019). Reactive oxygen species, 
photosynthesis, and environment in the regulation of stomata. Antioxidants & Redox 
Signaling, 30(9), 1220–1237. doi:10.1089/ars.2017.7455
Crossref ● PubMed ● Google Scholar

Endres, L., Silva, J. V., Ferreira, V. M., & De Souza Barbosa, G. V. (2010). Photosynthesis 
and water relations in brazilian sugarcane. The Open Agriculture Journal, 4(1), 31–37. 
doi:10.2174/1874331501004010031
Crossref ● Google Scholar

Eyland, D., van Wesemael, J., Lawson, T., & Carpentier, S. (2021). The impact of slow stomatal 
kinetics on photosynthesis and water use efficiency under fluctuating light. Plant Physiology, 
186(2), 998–1012. doi:10.1093/plphys/kiab114
Crossref ● PubMed ● PMC ● Google Scholar

Faralli, M., Cockram, J., Ober, E., Wall, S., Galle, A., Van Rie, J., Raines, C., & Lawson, T. (2019a). 
Genotypic, developmental and environmental effects on the rapidity of gs in wheat: impacts 
on carbon gain and water-use efficiency. Frontiers in Plant Science, 10, 492. doi:10.3389/
fpls.2019.00492
Crossref ● PubMed ● PMC ● Google Scholar

Faralli, M., Matthews, J., & Lawson, T. (2019b). Exploiting natural variation and genetic manipulation 
of stomatal conductance for crop improvement. Current Opinion in Plant Biology, 49, 1–7. 
doi:10.1016/j.pbi.2019.01.003
Crossref ● PubMed ● PMC ● Google Scholar

Kaiser, E., Morales, A., & Harbinson, J. (2018). Fluctuating light takes crop photosynthesis on  
a rollercoaster ride. Plant Physiology, 176(2), 977–989. doi:10.1104/pp.17.01250
Crossref ● PubMed ● PMC ● Google Scholar

Lawson, T., & Vialet-Chabrand, S. (2019). Speedy stomata, photosynthesis and plant water use 
efficiency. New Phytologist, 221(1), 93–98. doi:10.1111/nph.15330
Crossref ● PubMed ● Google Scholar

Long, S. P., Marshall-Colon, A., & Zhu, X. G. (2015). Meeting the global food demand of the future 
by engineering crop photosynthesis and yield potential. Cell, 161(1), 56–66. doi:10.1016/j.
cell.2015.03.019
Crossref ● PubMed ● Google Scholar

Long, S. P., Taylor, S. H., Burgess, S. J., Carmo-Silva, E., Lawson, T., De Souza, A. P., 
Leonelli,  L., & Wang, Y. (2022). Into the shadows and back into sunlight: photosynthesis 
in fluctuating light. Annual Review of Plant Biology, 73(1), 617–648. doi:10.1146/annurev-
arplant-070221-024745
Crossref ● PubMed ● Google Scholar

Lopez, M. A., Xavier, A., & Rainey, K. M. (2019). Phenotypic variation and genetic architecture for 
photosynthesis and water use efficiency in soybean (Glycine max L. Merr). Frontiers in Plant 
Science, 10, 680. doi:10.3389/fpls.2019.00680
Crossref ● PubMed ● PMC ● Google Scholar

Morgun, V. V., Stasik, O. O., Kiriziy, D. A., & Sokolovska-Sergiienko, O. G. (2019a). Effect of drought 
on photosynthetic apparatus, activity of antioxidant enzymes, and productivity of modern winter 
wheat varieties. Regulatory Mechanisms in Biosystems, 10(1), 12–21. doi:10.15421/021903
Crossref ● Google Scholar

Morgun, V. V., Stasik, O. O., Kiriziy, D. A., Sokolovska-Sergiienko, O. G., & Makharynska, N. M. 
(2019b). Effects of drought at different periods of wheat development on the leaf 
photosynthetic apparatus and productivity. Regulatory Mechanisms in Biosystems, 10(4), 
406–414. doi:10.15421/021961
Crossref ● Google Scholar

Murchie, E. H., Reynolds, M., Slafer, G. A., Foulkes, M. J., Acevedo-Siaca, L., McAusland, L., 
Sharwood, R., Griffiths, S., Flavell, R. B., Gwyn, J., Sawkins, M., & Carmo-Silva, E. A. 
(2023). A ‘wiring diagram’ for source strength traits impacting wheat yield potential. Journal of 
Experimental Botany, 74(1), 72–90, doi:10.1093/jxb/erac415
Crossref ● PubMed ● PMC ● Google Scholar

https://doi.org/10.1089/ars.2017.7455 
https://pubmed.ncbi.nlm.nih.gov/29237281/
https://scholar.google.com.ua/scholar_lookup?title=Reactive+Oxygen+Species%2C+Photosynthesis%2C+and+Environment+in+the+Regulation+of+Stomata&btnG=
https://doi.org/10.2174/1874331501004010031
https://scholar.google.com.ua/scholar_lookup?title=Photosynthesis+and+water+relations+in+brazilian+sugarcane&btnG=
https://doi.org/10.1093/plphys/kiab114
https://pubmed.ncbi.nlm.nih.gov/33693867/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8195518/
https://scholar.google.com.ua/scholar_lookup?title=The+impact+of+slow+stomatal+kinetics+on+photosynthesis+and+water+use+efficiency+under+fluctuating+light&btnG=
https://doi.org/10.3389/fpls.2019.00492
https://pubmed.ncbi.nlm.nih.gov/31057590/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6479173/
https://scholar.google.com.ua/scholar_lookup?title=Genotypic%2C+developmental+and+environmental+effects+on+the+rapidity+of+gs+in+wheat%3A+Impacts+on+carbon+gain+and+water-use+efficiency&btnG=
https://doi.org/10.1016/j.pbi.2019.01.003
https://pubmed.ncbi.nlm.nih.gov/30851622/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6692497/
https://scholar.google.com.ua/scholar_lookup?title=Exploiting+natural+variation+and+genetic+manipulation+of+stomatal+conductance+for+crop+improvement&btnG=
https://doi.org/10.1104/pp.17.01250
https://pubmed.ncbi.nlm.nih.gov/29046421/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5813579/
https://scholar.google.com.ua/scholar_lookup?title=Fluctuating+light+takes+crop+photosynthesis+on++a+rollercoaster+ride&btnG=
https://doi.org/10.1111/nph.15330
https://pubmed.ncbi.nlm.nih.gov/29987878/
https://scholar.google.com.ua/scholar_lookup?title=Speedy+stomata%2C+photosynthesis+and+plant+water+use+efficiency&btnG=
https://doi.org/10.1016/j.cell.2015.03.019
https://pubmed.ncbi.nlm.nih.gov/25815985/
https://scholar.google.com.ua/scholar_lookup?title=Meeting+the+global+food+demand+of+the+future+by+engineering+crop+photosynthesis+and+yield+potential&btnG=
https://doi.org/10.1146/annurev-arplant-070221-024745
https://pubmed.ncbi.nlm.nih.gov/35595290/
https://scholar.google.com.ua/scholar_lookup?title=Into+the+shadows+and+back+into+sunlight%3A+photosynthesis+in+fluctuating+light&btnG=
https://doi.org/10.3389/fpls.2019.00680
https://pubmed.ncbi.nlm.nih.gov/31178887/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6543851/
https://scholar.google.com.ua/scholar_lookup?title=Phenotypic+variation+and+genetic+architecture+for+photosynthesis+and+water+use+efficiency+in+soybean+%28Glycine+max+L.+Merr%29&btnG=
https://doi.org/10.15421/021903
https://scholar.google.com.ua/scholar_lookup?title=Effect+of+drought+on+photosynthetic+apparatus%2C+activity+of+antioxidant+enzymes%2C+and+productivity+of+modern+winter+wheat+varieties&btnG=
https://doi.org/10.15421/021961
https://scholar.google.com.ua/scholar_lookup?title=Effects+of+drought+at+different+periods+of+wheat+development+on+the+leaf+photosynthetic+apparatus+and+productivity&btnG=
https://doi.org/10.1093/jxb/erac415
https://pubmed.ncbi.nlm.nih.gov/36264277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9786870/
https://scholar.google.com/scholar_lookup?&title=A%20wiring%20diagram%20for%20source%20strength%20traits%20impacting%20wheat%20yield%20potential&journal=J%20Exp%20Bot&doi=10.1093%2Fjxb%2Ferac415&volume=74&pages=72-90&publication_year=2023&author=Murchie%2CEH&author=Reynolds%2CM&author=Slafer%2CGA&author=Foulkes%2CMJ&author=Acevedo-Siaca%2CL&author=McAusland%2CL&author=Sharwood%2CR&author=Griffiths%2CS&author=Flavell%2CRB&author=Gwyn%2CJ&author=Sawkins%2CM


137GENOTYPIC PECULIARITIES OF WHEAT PHOTOSYNTHESIS LIGHT INDUCTION AND PRODUCTIVITY UNDER...

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2024 • Том 18 / № 4 • С. 125–138

Nunes, T. D. G., Zhang, D., & Raissig, M. T. (2020). Form, development and function of grass 
stomata. The Plant Journal, 101(4), 780–799. doi:10.1111/tpj.14552
Crossref ● PubMed ● Google Scholar

Sakoda, K., Yamori, W., Groszmann, M., & Evans, J. R. (2021). Stomatal, mesophyll conductance, 
and biochemical limitations to photosynthesis during induction. Plant Physiology, 185(1), 
146–160. doi:10.1093/plphys/kiaa011
Crossref ● PubMed ● PMC ● Google Scholar

Salter, W. T., Merchant, A. M., Richards, R. A., Trethowan, R., & Buckley, T. N. (2019). Rate of 
photosynthetic induction in fluctuating light varies widely among genotypes of wheat. Journal 
of Experimental Botany, 70(10), 2787–2796. doi:10.1093/jxb/erz100
Crossref ● PubMed ● PMC ● Google Scholar

Tanaka, Y., Adachi, S., & Yamori, W. (2019). Natural genetic variation of the photosynthetic 
induction response to fluctuating light environment. Current Opinion in Plant Biology, 49, 
52–59. doi:10.1016/j.pbi.2019.04.010
Crossref ● PubMed ● Google Scholar

Taylor, S. H., Gonzalez-Escobar, E., Page, R., Parry, M. A. J., Long, S. P., & Carmo-Silva, E. (2022). 
Faster than expected Rubisco deactivation in shade reduces cowpea photosynthetic potential 
in variable light conditions. Nature Plants, 8, 118–124. doi:10.1038/s41477-021-01068-9
Crossref ● PubMed ● PMC ● Google Scholar

Taylor, S. H., Orr, D. J., Carmo-Silva, E., & Long, S. P. (2020). During photosynthetic induction, 
biochemical and stomatal limitations differ between Brassica crops. Plant, Cell & Environment, 
43(11), 2623–2636. doi:10.1111/pce.13862 
Crossref ● PubMed ● Google Scholar

Taylor, S. H., & Long, S. P. (2017). Slow induction of photosynthesis on shade to sun transitions 
in wheat may cost at least 21% of productivity. Philosophical Transactions of the Royal 
Society B, Biological Sciences, 372(1730), 20160543. doi:10.1098/rstb.2016.0543
Crossref ● PubMed ● PMC ● Google Scholar

Urban, L., Aarrouf, J., & Bidel, L. P. R. (2017). Assessing the effects of water deficit on 
photosynthesis using parameters derived from measurements of leaf gas exchange and of 
chlorophyll a fluorescence. Frontiers in Plant Science, 8, 2068. doi:10.3389/fpls.2017.02068
Crossref ● PubMed ● PMC ● Google Scholar

Wang, Y., Burgess, S. J., de Becker, E. M., & Long, S. P. (2020). Photosynthesis in the fleeting 
shadows: an overlooked opportunity for increasing crop productivity? The Plant Journal, 
101(4), 874–884. doi:10.1111/tpj.14663
Crossref ● PubMed ● PMC ● Google Scholar

Yamori, W., Kusumi, K., Iba, K. & Terashima, I. (2020). Increased stomatal conductance induces 
rapid changes to photosynthetic rate in response to naturally fluctuating light conditions in 
rice. Plant Cell and Environment, 43(5), 1230–1240. doi:10.1111/pce.13725
Crossref ● PubMed ● Google Scholar

Zahra, N., Hafeez, M. B., Kausar, A., Al Zeidi, M., Asekova, S., Siddique, K. H., & Farooq, M. 
(2023). Plant photosynthetic responses under drought stress: effects and management. 
Journal of Agronomy and Crop Science, 209(5), 651–672. doi:10.1111/jac.12652
Crossref ● Google Scholar

Zhang, J., Chen, X., Song, Y., & Gong, Z. (2024). Integrative regulatory mechanisms of stomatal 
movements under changing climate. Journal of Integrative Plant Biology, 66(3), 368–393. 
doi:10.1111/jipb.13611
Crossref ● PubMed ● Google Scholar

Zhang, Q., Peng, S., & Li, Y. (2019). Increase rate of light-induced stomatal conductance is related 
to stomatal size in the genus Oryza. Journal of Experimental Botany, 70(19), 5259–5269. 
doi:10.1093/jxb/erz267
Crossref ● PubMed ● PMC ● Google Scholar

https://doi.org/10.1111/tpj.14552
https://pubmed.ncbi.nlm.nih.gov/31571301/
https://scholar.google.com.ua/scholar_lookup?title=Form%2C+development+and+function+of+grass+stomata&btnG=
https://doi.org/10.1093/plphys/kiaa011
https://pubmed.ncbi.nlm.nih.gov/33631811/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8133641/
https://scholar.google.com.ua/scholar_lookup?title=Stomatal%2C+mesophyll+conductance%2C+and+biochemical+limitations+to+photosynthesis+during+induction&btnG=
https://doi.org/10.1093/jxb/erz100
https://pubmed.ncbi.nlm.nih.gov/30821324/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6506768/
https://scholar.google.com.ua/scholar_lookup?title=Rate+of+photosynthetic+induction+in+fluctuating+light+varies+widely+among+genotypes+of+wheat&btnG=
https://doi.org/10.1016/j.pbi.2019.04.010
https://pubmed.ncbi.nlm.nih.gov/31202005/
https://scholar.google.com.ua/scholar_lookup?title=Natural+genetic+variation+of+the+photosynthetic+induction+response+to+fluctuating+light+environment&btnG=
https://doi.org/10.1038/s41477-021-01068-9
https://pubmed.ncbi.nlm.nih.gov/35058608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8863576/
https://scholar.google.com.ua/scholar_lookup?title=Faster+than+expected+Rubisco+deactivation+in+shade+reduces+cowpea+photosynthetic+potential+in+variable+light+conditions&btnG=
https://doi.org/10.1111/pce.13862
https://pubmed.ncbi.nlm.nih.gov/32740963/
https://scholar.google.com.ua/scholar_lookup?title=During+photosynthetic+induction%2C+biochemical+and+stomatal+limitations+differ+between+Brassica+crops&btnG=
https://doi.org/10.1098/rstb.2016.0543
https://pubmed.ncbi.nlm.nih.gov/28808109/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5566890/
https://scholar.google.com.ua/scholar_lookup?title=Slow+induction+of+photosynthesis+on+shade+to+sun+transitions+in+wheat+may+cost+at+least+21%25+of+productivity&btnG=
https://doi.org/10.3389/fpls.2017.02068
https://pubmed.ncbi.nlm.nih.gov/29312367/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5735977/
https://scholar.google.com.ua/scholar_lookup?title=Assessing+the+effects+of+water+deficit+on+photosynthesis+using+parameters+derived+from+measurements+of+leaf+gas+exchange+and+of+chlorophyll+a+fluorescence&btnG=
https://doi.org/10.1111/tpj.14663
https://pubmed.ncbi.nlm.nih.gov/31908116/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7064922/
https://scholar.google.com.ua/scholar_lookup?title=Photosynthesis+in+the+fleeting+shadows%3A+an+overlooked+opportunity+for+increasing+crop+productivity%3F&btnG=
https://doi.org/10.1111/pce.13725
https://pubmed.ncbi.nlm.nih.gov/31990076/
https://scholar.google.com.ua/scholar_lookup?title=Increased+stomatal+conductance+induces+rapid+changes+to++photosynthetic+rate+in+response+to+naturally+fluctuating+light+conditions+in+rice&btnG=
https://doi.org/10.1111/jac.12652
https://scholar.google.com.ua/scholar_lookup?title=Plant+photosynthetic+responses+under+drought+stress%3A+Effects+and+management&btnG=
https://doi.org/10.1111/jipb.13611
https://pubmed.ncbi.nlm.nih.gov/38319001/
https://scholar.google.com.ua/scholar_lookup?title=Integrative+regulatory+mechanisms+of+stomatal+movements+under+changing+climate&btnG=
https://doi.org/10.1093/jxb/erz267
https://pubmed.ncbi.nlm.nih.gov/31145797/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6793446/
https://scholar.google.com/scholar_lookup?&title=Increase%20rate%20of%20light-induced%20stomatal%20conductance%20is%20related%20to%20stomatal%20size%20in%20the%20genus%20Oryza&journal=J%20Exp%20Bot&doi=10.1093%2Fjxb%2Ferz267&volume=70&pages=5259-5269&publication_year=2019&author=Zhang%2CQ&author=Peng%2CS&author=Li%2CY


138 Dmytro Kiriziy, Volodymyr Morgun

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2024 • Том 18 / № 4 • С. 125–138

ГЕНОТИПНІ ОСОБЛИВОСТІ СВІТЛОВОЇ ІНДУКЦІЇ ФОТОСИНТЕЗУ ПШЕНИЦІ 
ТА ПРОДУКТИВНОСТІ ЗА ДІЇ ПОСУХИ

Дмитро Кірізій, Володимир Моргун
Інститут фізіології рослин і генетики НАН України

вул. Васильківська, 31/17, Київ 03022, Україна

Вступ. В агроценозах освітленість листків, як відомо, є нестабільною через 
періодичну хмарність і затінення іншими листками або колосами. Проте за зміни 
освітленості фотосинтез досягає кінцевого значення не миттєво, а з певною затрим­
кою. Внаслідок цього ефективність фотосинтезу листків і посівів зазвичай нижча, 
порівняно зі стаціонарними умовами. Водночас переважна більшість робіт, присвя­
чених проблемам функціонування фотосинтетичного апарату в умовах нестабіль­
ної освітленості, не враховує негативний вплив на фотосинтез такого поширеного 
стресора, як посуха. Метою роботи було вивчити особливості параметрів газообміну 
СО2 та Н2О прапорцевих листків за зміни освітленості в умовах оптимального та 
недостатнього водозабезпечення, щоб з’ясувати характер впливу посухи на процеси 
фотосинтетичної індукції у зв’язку з продуктивністю рослин пшениці різних генотипів.

Матеріали та методи. Дослідження проводили на м’якій озимій пшениці сор­
тів Єдність, Богдана, Перлина Поділля в умовах вегетаційного досліду. Контрольні 
рослини вирощували за оптимальної вологості ґрунту 70 % повної вологоємності 
(ПВ). У дослідних посудинах у період колосіння–цвітіння створювали ґрунтову 
посуху протягом 7 діб на рівні 30 % ПВ, після чого відновлювали оптимальну воло­
гість ґрунту. Параметри газообміну прапорцевих листків вимірювали на сьому добу 
посухи. Компоненти зернової продуктивності рослин визначали після досягнення 
повної стиглості зерна.

Результати. Встановлено, що за параметрами світлових індукційних кривих 
асиміляції СО2 і транспірації рослини пшениці різних генотипів за умов посухи дифе­
ренціюються більш чітко, ніж за нормального водопостачання. Показано підвищення 
лімітувальної ролі продихів у індукції фотосинтезу за умов посухи та змін освітле­
ності. Посуха порушує узгодженість регуляції продихової провідності у взаємодії 
з процесами асиміляції СО2. Це впливає на світлові індукційні криві фотосинтезу  
і транспірації, що зрештою призводить до зниження зернової продуктивності рослин.

Висновки. З’ясовано, що для оцінки ефективності фотосинтетичного апарату 
у забезпеченні рослин пшениці асимілятами та збереженні їхньої зернової про­
дуктивності за несприятливих умов необхідно враховувати параметри реакції на 
зміни освітленості.

Ключові слова:	 Triticum aestivum L., посуха, фотосинтез, транспірація, 
світлова індукція, продуктивність
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