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Extreme climatic events, which have become more common, 
more intense, and more frequent, threatencrop productivity and 
food security. The  aim of this study was to investigate the  re-
sponse of chlorophyll  a fluorescence parameters of Medicago 
sativa L. under regulated environment and recurrent heat waves 
stress effect. Plants were grown in pots. Two four-day heat waves 
(35/28°C day/night temperature) were simulated simultaneously 
with drought (10% soil moisture). Each four-day heat wave was 
followed by a  five-day recovery period. Measurements of chlo-
rophyll a fluorescence parameters were taken on the last, fourth, 
day of the  exposure of each heat wave and after each recovery 
period. Results of this study showed that both the first and second 
heat waves significantly reduced the quantum yield of PSII photo-
chemistry. During the second heat wave, the negative effects per-
sisted, but were already weaker. The same pattern of change was 
found for the performance index (PIABS). PIABS decreased by 54.0% 
and 46.8% during the first and second heat waves, respectively, 
compared to controls (p < 0.05). Despite the increase in absorbed 
and trapped energy due to the effect of the heat waves, the elec-
tron transport rate from QA to QB in the plants exposed to heat 
waves was not followed by an increase. The  above-mentioned 
changes in the viability of the photosystem may have been caused 
by a decrease in the density of the active reaction centers (RC/
CSo) and an increase in the amount of dissociated energy (DIo/
CSo). After the second recovery period, the RC/CSo in heat and 
drought stressed plants was equal to that of control plants, which 
resulted in lower energy waste in the form of heat (DIo/CSo).
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INTRODUCTION

Climate change has had enormous impacts 
on both human and environmental processes 
(IPCC, 2021). Extreme heat waves are expected 

to have – and may already have – major impacts 
on crop productivity and natural ecosystems 
(IPCC, 2007). Regional crop output in Europe, 
North America, and Asia has dramatically de-
creased as a result of extreme weather occurrenc-
es (Lesk et al., 2016). The heat wave in Europe in 
summer 2003 reduced total EU agricultural sector 
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production by more than 10% (COPA COGE-
CA, 2003), forest growth by up to 50% in some 
areas (Bertini  et  al., 2011), and gross primary 
output by 30% (Ciais et al., 2005). Over the past 
two years, the overall EU barley crop has shrunk 
mostly as a  result of extreme weather condi-
tions including heat waves in southern Europe 
and heavy rains in the  Nordic and Baltic na-
tions (European Union, 2018). The  frequency 
and severity of extreme weather events, chang-
es in air temperature, and precipitation climate 
have an impact on crop yields. Consequently, 
food security on a  local, regional, and global 
scale is likely to be seriously compromised by 
climate change and the direct and indirect ef-
fects of variability on agricultural production 
systems. The impact of weather conditions on 
crop yields during the growing season has been 
the  subject of numerous studies (Zhu  et  al., 
2019; dos Santos et al., 2022).

Global crop production has become severe-
ly restricted by heat and drought (Fahad et al., 
2017). According to studies, climate change will 
make cropland more susceptible to drought 
stress, and strong regional heat waves will be-
come more common in the future. In addition 
to altering the distribution of rain, rising tem-
peratures will result in a  lack of atmospheric 
water in several regions (Dezsi  et  al., 2018). 
Therefore, it is essential to comprehend the re-
sponse of plants to heat and drought stress in 
order to maintain agricultural productivity in 
the face of climatic change (Fahad et al., 2017). 

One of the  most hazardous plant stress-
ors is heat stress, which has a  direct impact 
on plant metabolism and other concomitant 
stressful events that often arise and amplify 
the  overall detrimental effects on plant life 
(Pšidová  et  al., 2018). Under perfect water 
availability, heat can have a  species-specific 
effect that is minor or even beneficial; never-
theless, frequent droughts drastically amplify 
the  detrimental effects on C absorption and 
development (Siebers et al., 2017; Pérez-Jimé-
nez  et  al., 2019). Therefore, a  large leaf wa-
ter pressure deficit that results in diminished 
transpirational cooling has a number of direct 
and indirect impacts on plants. Protein dena-

turation (Kim, Hwang, 2015), impaired thy-
lakoids membrane functions (Schrader  et  al., 
2004), increased photorespiration rate and 
inhibition of reactions in PSI and cytochrome 
complex, Rubisco deactivation (Sharkey, 2005; 
Sharkey, Zhang, 2010), restrictions on RuBP-
regeneration (Rashid  et  al., 2018), and other 
effects are some of the primary effects of such 
heat and drought waves. Thus, photosynthesis 
is one of the physiological processes in plants 
that is most susceptible to heat, with PSII be-
ing the most vulnerable element (Mathur et al., 
2014). The  following effects of heat stress on 
photosynthetic processes range from suppres-
sion to destruction, such as decrease in CO2 as-
similation due to RuBisCO activase inhibition; 
disintegration of chlorophyll molecules; in-
crease in the fluidity of thylakoid membranes; 
disorganization of enzymes; separation of 
the reaction centers from PSII; and/or damage 
to the  electron transport chain and oxygen-
evolving system (Kalaji et al., 2016; Guha et al., 
2018). Following these processes, the net pho-
tosynthetic rate decreases, reactive oxygen spe-
cies (ROS) and oxidative damage are synthe-
sised more often, phenological development is 
hastened, and the growth and productivity of 
many plant species are reduced (Siebers et al., 
2015; Žaltauskaitė et al., 2019). Direct impacts 
of heat and drought stress usually dominate 
indirect effects, which are typically small and 
brought on by extended stomatal closure and 
a drop in intracellular CO2 (Macabuhay et al., 
2018; Rashid et al., 2018).

The length and size of the initial event and 
the  timing of the  subsequent severe event 
might affect the specific plant and its capacity 
to recover in the interim and following the two 
events (Backhaus et al., 2014). Recent research 
has also shown that plants may develop a stress 
memory that will help them handle repeated 
stress better. According to the  definition of 
stress memory, plants under stress undergo 
genetic, epigenetic, and physiological changes 
that alter how they react to future stressors, ei-
ther in the same generation (within-generation 
priming) or in the generation after that (trans-
generation) (Walter  et  al., 2013; Bej, Basak, 
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2017; Lukić et al., 2020). Prior stress exposure 
has been found to increase plants’ resistance 
to subsequent challenges (Wang  et  al., 2021). 
Induced higher tolerance to future shocks en-
hances long-term output, even while acute 
stress responses may impair plant productiv-
ity (i.e., plant performance) (Zamorano  et  al., 
2021). Therefore, the  main question raised in 
this study was whether the recurrent heat wave 
would have a less significant negative effect on 
the  alfalfa photosystem or whether the  effect 
would just be stronger.

MATERIALS AND METHODS

The experiments were carried out in two closed 
controlled environment plant growth chambers 
located at Vytautas Magnus University (Lithu-
ania), with each chamber volume of 10 m3. Al-
falfa (Medicago sativa L., var. ‘Malvina’) plants 
were sown in pots filled with a  mixture of 
field top-soil, perlite, and fine sand (5:3:2, by 
volume). The  alfalfa seeds were provided by 
the  Institute of Agriculture of the  Lithuanian 
Research Centre for Agriculture and Forestry. 
Before sowing, the commercial fertiliser (NPK 
8-19-29) (Achema, Lithuania) was applied at 
a rate of 310 kg ha–1 to reach background levels 
of nitrogen (N), phosphorus (P), and potas-
sium (K) of 25–60–90 kg ha–1. Seedlings were 
thinned, leaving 16 plants per pot at a  two-
leaf stage, BBCH 12 according to the  BBCH 
growth scale (Meier, 2001). Plants were grown 
at 21/14±1°C (day/night), the  relative air hu-
midity (RH) was 50–60%. The photosynthetic 
active radiation (PAR ~270 μmol m–2  s–1) was 
provided by a combination of natural daylight 
luminescent lamps and one high-pressure so-
dium lamp and a day length of 14 h with lights 
on at 8:00 and lights off at 22:00. Plants were 
watered every second day and volumetric soil 
water content (SWC) was kept at 30% (Delta-
T Devices Ltd., Cambridge, UK). Pots were 
regularly rotated to minimise potential effects 
of position on plant performance. Control al-
falfa plants were grown repeatedly in different 
experimental set-ups without significant differ-
ences between independent experiments.

The heat waves treatments were imposed 
when alfalfa plants were at 40 growth stage, 
according to the  BBCH growth scale (Meier, 
2001). Two 4-day heat waves (35/28°C day/
night temperature) were simulated together 
with drought (10% soil moisture). The  4-day 
heat wave was followed by a 5-day recovery pe-
riod. An analogous heat wave effect and recov-
ery experiment was repeated, i.e., plants were 
re-exposed to the second heat wave (4-day) and 
re-evaluated for their recovery potential after 
five days once again. 

Chlorophyll a fluorescence. The Plant Effi-
ciency Analyser, PEA (Hansatech Instruments, 
Ltd., King’s Lynn, Norfolk, England) was used 
to measure the  parameters of chlorophyll a 
fluorescence on the  fourth day after exposure 
to each heat wave and following each recovery 
phase. The leaves were pre-darkened with clips 
for 15 min prior the measurements. The tran-
sients of chlorophyll fluorescence were induced 
by 1 s illumination with an array of three light 
emitting diodes (LEDs) providing a maximum 
light intensity of 1800  μmol (photon) m–2  s–1 
and a  homogenous irradiation over a  4-mm 
diameter of leaf area. The fast fluorescence ki-
netics (f0 to fM) were recorded from 10 μs to 1 s. 
The fluorescence intensity at 50 μs was consid-
ered as f0 (Rasineni et al., 2011).

Analysis of the fluorescence transients using 
the  JIP-test. WINPEA 32 software was used 
to transmit raw fluorescence OJIP transients, 
which represent the  reduction of the  photo-
synthetic electron transport chain (Strasser, 
Strasser, 1995; Lin et al., 2009; Rasineni et al., 
2011). The  translation of the  measured para-
meters into JIP-test parameters provided infor-
mation on the stepwise flow of energy through 
PSII at different levels such as specific fluxes on 
the  level of the excited leaf cross-section (CS) 
(absorption (ABS/CSo), trapping (TRo/CSo), 
dissipation (DIo/CSo) and electron transport 
(ETo/CSo)). Ψ0, or the probability that an elec-
tron will move further than QA

–, was calculat-
ed by the formula: (FP – FJ)/(FP – F50 μs), where 
FP = Fluorescence maximum in OJIP transient, 
FJ and F50 μs = Fluorescence yield at point J and 
at 50 μs. Normalised total complementary area 
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above the O–J–I–P transient (reflecting multi-
ple turnover QA reduction events) was calcu-
lated as Sm [Sm  =  (Area)/(FP  –  F50  μs)]. Density 
of RCs (QA-reducing PSII reaction centers) 
was calculated as RC/CSo = ΦPo(VJ/M0) (ABS/
CSo) (Lin  et  al., 2009, Rasineni  et  al., 2011; 
Januškaitienė  et  al., 2021; Januškaitienė  et  al., 
2022).

Measurements of biomass harvest. Five 
randomly selected plants per pot were utilised 
for the growth measurements after the drought 
treatments and the  recovery period. Biomass 
from the  surface and the  roots was dried at 
60°C to a  consistent dry weight and weighed. 
The  samples’ biomasses were converted into 
dry biomass per plant. 

Statistical analysis. The least significant dif-
ferences (LSD) test procedure was applied to 
estimate the difference between different treat-
ment values in all parameters and p < 0.05 was 
the threshold for significance.

RESULTS AND DISCUSSION

Heat stress heightens the risk of water short-
age in plants, which can significantly harm 
photosynthesis and carbon absorption in 
vegetation (Frank  et  al., 2015; Sippel  et  al., 
2018). Bilger  et  al. (1984) and Hueve  et  al. 
(2011) discovered that the  intensity and 
length of a  heat exposure affected how well 
the leaves function. Heat stress results in in-
creased photorespiration and mitochondrial 
respiration as well as reduced photosynthe-
sis and stomatal conductance, all of which 
are temporary and do not affect the  plant 
over the long term (Doughty, Goulden, 2008; 
Niinemets, 2018). The  results obtained dur-
ing this study showed that both the  first 
and the  second heat stress negatively af-
fected alfalfa plants (Fig.  1–5). Rehydration 
and a  week-long recovery period following 
each stress helped to neutralise this effect in 
the plants tested. We used chlorophyll a fluo-
rescence signals as an internal plant state sen-
sor to track different steps of excitation en-
ergy transformation to determine plant heat 
tolerance levels. This method is widely used 

by other researchers as well (Goltsev  et  al., 
2012; Çiçek et al., 2015; Mlinarić et al., 2017; 
Stirbet et al., 2018). The OJIP curves include 
important details regarding the composition 
and operation of the photosynthetic appara-
tus (Goltsev et al., 2016, Stirbet et al., 2018). 
The O-J is a representation of the PSII accep-
tor side’s reduction (and also gives informa-
tion on the  connectivity between the  PSII 
photosynthetic units), the  J-I indicates that 
the PQ pool has been reduced partially, and 
the I-P indicates that the acceptor side of PSI 
has been reduced (Yusuf  et  al., 2010; Rip-
oll et al., 2016). OJIP transients in Fig. 1 dem-
onstrated that both heat waves had cumula-
tive effect over the  photosynthetic electron 
transport on thylakoid membranes. Already 
during the first step, a sudden rise in the fluo-
rescence flux of heat-affected plants is clearly 
visible compared to the control. An increase 
in the  K bands was visible at the  beginning 
of the  fluorescence intensity; these changes 
may indicate impaired energy transfer during 
light harvesting and inactivation of the  ox-
ygen-released complex (Yusuf  et  al., 2010, 
Mlinarić et al., 2017). The incompatibility of 
the  acceptor and donor sides of PSII could 
have been caused by a greater inactivation of 
the  oxygen-evolving complex, as previously 
reported by Oukarroum et al. (2007). Mean-
while, at the  last stage of the  fluorescence 
transit, different patterns of fluorescence in-
tensity were observed than at the beginning. 
The  I-P amplitude of heat-stressed alfalfa 
plants decreased compared to control plants. 
Additionally, the  J and I steps started 1 and 
10  ms later respectively, than they should 
have at 2 and 30  ms, respectively. Fluores-
cence intensity variations were seen in both 
the  lengthening of transit amplitudes and 
the height of JIP steps. Fluorescence intensity 
of alfalfa plants decreased during heat waves. 
This trend was evident in both the  J and P 
steps, where statistically significant differenc-
es between control and heat-stressed plants 
were discovered. The reduced I and P ampli-
tudes that resulted from the  heat wave may 
have limited the electron transport on the PSI 



138 ISSN 1392-0146    eISSN 2029-0578    Biologija. 2023. Vol. 69. No. 2

acceptor side (Çiçek et al., 2015). Both the first 
and the second recovery periods led to the re-
covery of the mentioned indicators almost to 
the control values for all heat-stressed plants 
(Fig. 1). In addition, a stronger recovery was 
evident after the second heat wave, when dif-
ferences in fluorescence between control and 
heat-stressed plants decreased in the P step.

An early sign of severe heat stress is a  re-
duction in photosynthetic electron transfer ca-
pability brought on by degradation of thyroid 
membrane integrity and inactivation of the wa-
ter decomposition complex of photosystem II 
(PSII) (Teskey et al., 2015; Yamamoto, 2016; Ni-
inemets, 2018). Inflicting irreversible (or at least 
less reversible) damage to photosynthetic bio-
chemistry and leaf tissue when heat tolerance 
thresholds are exceeded for extended periods of 
time and/or at high temperatures (Hüve et al., 
2011) has a  long-term impact on carbon ab-
sorption throughout the plant (Tarvainen et al., 
2022). According to the findings of this study, 
both the first and the second heat waves lowered 
considerably the quantum yield of PSII photo-
chemistry (Fv/Fm) (Fig. 2). The largest change 
in the maximum efficiency of PSII activity was 
found during the first heat wave, a  significant 
difference remained after the recovery period. 
During the second heat wave, the maximum ef-
ficiency of the  second photosystem decreased 
compared to the  control, but the  change was 

already somewhat smaller than during the first 
wave, and after the  second recovery period, 
there were no significant differences between 
the heat wave affected and control plants. 

The same pattern of change during the first 
wave was also found for the performance index 
(PIABS) parameter (indicator of the relative via-
bility of photosynthesis) but during the second 
heat wave exposure; the negative effect on this 
indicator decreased to statistically insignificant 
compared to the control plants.

As in the  case of the  PSII photochemistry 
Fv/Fm indicator, after the second recovery pe-
riod, the  photosynthetic viability did not dif-
fer statistically significantly between the plants 
exposed to the two heat waves and the control 
plants. The performance index (PIABS) combines 
the  response of PSII to photochemical and 
non-photochemical properties and the density 
of active RCs per chlorophyll. The  PIABS may 
be the  most sensitive experimentally-derived 
parameter to stress (Lou et al., 2016). Figure 2 
shows that photosynthesis viability decreased 
by 54.0% and 46.8% during the first and sec-
ond heat waves, respectively, compared to con-
trols (p < 0.05). Again, 9.56% lower PIABS losses 
were found after the second heat wave recovery 
period.

Compared to controls, the absorbed energy 
flux per CS (excited cross section) (ABS/CSo) 
increased both during heat waves and after 

Fig. 1. The OJIP transients of alfalfa 
(Medicago sativa  L.) after two heat 
wave events and recovery periods. Con-
trol  –  reference treatment. HW  –  heat 
wave treatment
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regeneration periods (Fig. 3). Also, there was 
a slight increase in trapped energy flux per CS 
(TRo/CSo) during all phases of the  experi-
ment. However, changes in these indicators due 
to the effects of both heat waves were insignifi-
cant. Other scientists have also noted a  com-
parable rise in absorbed energy flow (ABS/
CSo) under the  effect of heat (Feijão  et  al., 
2018). The electron transport rate from QA to 

QB (ETo/CSo) in heat-exposed plants was not 
detected (Fig.  4), when the  energy used for 
electron transport (ETo/CSo) has decreased 
(p > 0.05), despite the rise in absorbed (ABS/
CSo) and trapped energy (TRo/CSo) brought 
on by the  effects of the  heat wave. The  effi-
ciency of the photosystem II was reduced, and 
the photoprotective mechanisms were activat-
ed as was previously reported for higher plants 

Fig. 2. Fv/Fm ratio and performance index (PIabs) on absorption basis of alfalfa (Medicago sativa L.) after 
two heat wave events and recovery periods. Control –  reference treatment. HW – heat wave treatment. 
The statistically significant differences among the treatments are labelled with different lowercase letters at 
p < 0.05 (Fisher’s LSD). The error bars represent standard errors of means (n = 5)

Fig. 3. Absorption flux per CS (ABS/CSo) and trapped energy flux per CS (TRo/CSo) of alfalfa (Medicago 
sativa L.) after two heat wave events and recovery periods. Other designations as in Fig. 2
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as shown in Fig. 2. As a result, the excess en-
ergy that could not be quickly transported had 
to be dissipated as heat (Duarte  et  al., 2015). 
The variation in the ABS/CSo might be due to 
variations in the ratio of inactive RCs or vari-
ations in the  number of LHC complexes per 
cross section (Çiçek et al., 2019).

The above-mentioned changes in the viabil-
ity of the photosystem (Fig. 2) may have been 
due to an increase in the  amounts of dissoci-
ated energy DIo/CSo in plants during the first 
and second heat waves (Fig.  4). For instance, 
during the  first heat wave and first recovery 
period, DIo/CSo of alfalfa increased by 38.9% 
and 27.3% respectively, compared to control 

plants (p < 0.05). During the second heat wave, 
the dissociated energy DIo/CSo in heat stressed 
plants also increased, but the  change was 
smaller (27.0%) and statistically insignificant 
(p  >  0.05). After the  second recovery period, 
the differences between heatwave-exposed and 
control plants decreased even more to 20.4% 
(p  >  0.05). However, it should be noted that 
the amount of dissociated energy after the sec-
ond regeneration period was slightly lower 
than after the first one. Meanwhile, the energy 
used for the  regeneration of reaction centers 
(REo/CSo) and amount of active PSII RCs per 
CS (RC/CSo) have decreased both during and 
after the recovery periods of both heat waves. 

Fig. 4. Electron transport flux per CS (ETo/CSo), dissipated energy flux per CS (DIo/CSm), reduction of end 
acceptors at PSI electron acceptor side per CS (REo/CSo), and density of RCs (QA-reducing PSII reaction 
centers) (RC/CSo) of alfalfa (Medicago sativa L.) after two heat wave events and recovery periods. Other 
designations as in Fig. 2
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Changes in the amount of energy allocated to 
the regeneration of reaction centers (REo/CSo) 
due to the  effects of heat waves were statisti-
cally insignificant and remained so even after 
recovery periods. On the contrary, changes in 
the amount of active reaction centers (RC/CSo) 
during both the first and the second heat wave 
were significant. As in the case of the indicators 
discussed above, the first heat wave had a greater 
negative impact on the activity of reaction cent-
ers, when the amount of active reaction centers 
decreased by 30% and 26% during the first and 
second heat waves respectively, compared to 
control plants (p < 0.05). At the end of recovery 
periods, the amount of active reaction centers 
(RC/CSo) of both heat waves did not differ sta-
tistically significantly from the  control. Other 
studies have also shown that the effectiveness of 
PSII is reduced in stressed plants. When high 

levels of energy dissipation (DIo/CSo) and low 
electron transfer (ETo/CSo), and large number 
inactive reaction centers compared to the  re-
spective controls were detected (Çiçek  et  al., 
2019). Kalaji et al. (2011) suggested that the ac-
cumulation of inactive reaction centers might be 
associated with the increase in heat dissipation 
of excitation energy under stress. In the present 
study, heat wave stress also caused the inactiva-
tion of reaction centers in affected plants and 
thus the absorbed energy was dissipated as heat 
(higher values of DIo/CSo) (Fig. 4). 

As the  photochemical properties of PSII 
changed, the loss of dry biomass during the first 
and second heat waves increased by 4.5% and 
6.8%, respectively (p  >  0.05) (Fig.  5). Thus, 
the effect of the studied heat waves on alfalfa bi-
omass was not significant, and it persisted even 
after the recovery periods when the biomass of 

Fig. 5. Shoot dry weight of alfalfa (Medi
cago sativa L.) after two heat wave events 
and recovery periods. Other designa-
tions as in Fig. 1

alfalfa shoots affected by the heat wave did not 
differ statistically significantly from the control 
plants. The  literature provides very different 
information on the effects of heat waves: even 
different genotypes of the  same agricultural 
species may respond differently to droughts or 
hot weather situations (Feller, 2016). The most 
common effects of heat are reduced leaf area, 
effects on vegetative and reproductive growth, 
and a  reduced number, mass, and growth of 
roots (Iqbal et al., 2023). Information can also 

be found that some plants are less affected by 
heat stress: for example, higher heat tolerance 
of plants, due to various resistance mechanisms, 
helps them to cope with heat conditions (Ku-
mari et al., 2020). And discussed above, the re-
sponse of different plants to heat waves can be 
observed in the  activity of photosystem II. In 
this study, the effect of the first heat wave was 
stronger compared to the second, when chang-
es in the energy distribution of photosystem II 
showed that alfalfa used energy more efficiently 
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during the second stress. Positive changes can 
also be seen when comparing the first and sec-
ond recovery periods, while after the  second 
recovery period, the  density of alfalfa active 
reaction centers (RC/CSo) affected by heat and 
drought stress plants was equal to the density 
of control plants. Undoubtedly, this led to a sta-
tistically significantly lower energy waste in 
the form of heat (DIo/CSo) and a more inten-
sive recovery after stress, which was indicated 
by an increased amount of absorbed (ABS/
CSo) and trapped energy (TRo/CSo).

CONCLUSIONS

Both the  first and second heat waves signifi-
cantly reduced the quantum yield of PSII pho-
tochemistry (Fv/Fm), but the  negative effects 
of the  second heat wave were already weaker. 
The  same pattern of change was found for 
the performance index (PIABS). Photosynthesis 
viability PIABS decreased by 54.0% and 46.8% 
during the first and second heat waves, respec-
tively, compared to controls (p < 0.05). 

Despite the  increase in absorbed (ABS/
CSo) and trapped energy (TRo/CSo) due to 
heat wave exposure, the electron transport rate 
from QA a to QB (ETo/CSo) was not observed in 
plants exposed to heat wave.

The changes in the  viability of the  photo-
system may have been caused by a decrease in 
the  density of the  active reaction centers RC/
CSo and an increase in the amount of dissoci-
ated energy DIo/CSo. 

After the second recovery period, the den-
sity of alfalfa active reaction centers (RC/CSo) 
after heat and drought stress was equal to that 
of control plants, and the amount of dissociated 
energy DIo/CSo was slightly lower.
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ANTROJI KARŠČIO BANGA KEIČIA LIUCER-
NOS FOTOSINTETINĖS ENERGIJOS NAUDO-
JIMO EFEKTYVUMĄ

Santrauka
Dažnesni ir intensyvesni ekstremalūs klimato reiš-
kiniai kelia grėsmę pasėlių produktyvumui. Šio ty-
rimo tikslas – ištirti Medicago sativa L. chlorofilo a 
fluorescencijos rodiklių reakciją reguliuojamoje ap-
linkoje į pasikartojančių karščio bangų sukeltą stre-
są. Augalai buvo auginami vegetaciniuose induo-
se. Buvo imituojamos dvi 4 dienų karščio bangos 
(35 °C dienos ir 28 °C nakties temperatūra) kartu su 
sausra (10 % dirvožemio drėgmės). Po kiekvienos 4 
dienų karščio bangos buvo daroma 5 dienų pertrau-
ka. Chlorofilo  a fluorescencijos rodikliai matuoti 
paskutinę (4-ąją) karščio bangos dieną ir po atsista-
tymo laikotarpio.

Tyrimo rezultatai rodo, kad tiek pirmoji, tiek 
ant roji karščio banga gerokai sumažino FSII foto-
chemijos kvantinį pajėgumą. Nors neigiamas po-
veikis išliko ir per antrąją karščio bangą, jis buvo 
silpnesnis. Toks pat pokyčių dėsningumas buvo 
būdingas ir fotosintezės našumo indeksui (PIABS). 
Per pirmą ir antrą karščio bangas PIABS sumažėjo 
atitinkamai 54,0 % ir 46,8 %, palyginti su kontro-
le (p  <  0,05). Nors dėl karščio bangų padidėjusi 
energija buvo sugerta ir sulaikyta, elektronų perne-
šimo greitis iš QA į QB karščio bangų veikiamuose 
augaluose nepadidėjo. Minėtus fotosintezės gyvy-
bingumo pokyčius galėjo lemti aktyviųjų reakcijos 
centrų sumažėjęs tankis (RC/CSo) ir padidėjęs di-
socijuotos energijos kiekis (DIo/CSo). Po antrosios 
pertraukos karščio bangą ir sausrą patyrusių augalų 
RC/CSo buvo toks pat kaip ir kontrolinių augalų, 
todėl energijos išeikvojimas šilumos pavidalu buvo 
mažesnis (DIo/CSo).

Raktažodžiai: pasikartojanti karščio banga, Me
dicago sativa L., chlorofilo fluorescencija, pašariniai 
augalai
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