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Purpose. To establish parameters of the photosynthetic system of Miscanthus x giganteus as affected by weather
conditions during vegetation. Methods. Field studies were conducted at the Bila Tserkva Experimental Breeding
Station of the Institute of Bioenergy Crops and Sugar Beet. The following chlorophyll fluorescence parameters were
measured: Fo - minimum reliable fluorescence intensity at 40 s, Fj - fluorescence intensity at the J-step (at 2 ms),
Fi - fluorescence intensity at the I-step (at 30 ms), Fm - maximum fluorescence intensity at the P-step, Fv -
maximum variable fluorescence, Fv/Fm - photochemical efficiency (quantum efficiency), Fv/Fo - efficiency of initial
photosynthesis reactions, ¢Po - maximum quantum yield of primary photochemistry (at t = 0), V] and VI - relative
variable fluorescence at J-step and I-step, respectively, YEo - efficiency/probability that an exciton, reducing QA to
QA~, moves electrons further along the intersystem transport chain, YRo - efficiency/probability of electron
transfer from PSII to PSI acceptors, and SRo - efficiency/probability that electrons from intersystem carriers reduce
the terminal electron acceptors on the PSI acceptor side. Results. In all years of research, miscanthus plants
experienced stress caused by adverse weather conditions. In 2022, a significant moisture deficit was observed in
the first half of vegetation when miscanthus was actively developing vegetative mass. In 2023, there were heavy
rains at the beginning of vegetation, with a significant rise in average daily air temperatures by August. In 2024,
high mean daily air temperatures started in April, then in June, drought occurred, and such conditions continued
until the end of vegetation. Conclusions. An analysis of the basic parameters of the chlorophyll fluorescence
induction curve - Fo, Fj, Fi, Fm, Fv, Fv/Fm, Fv/Fo, and @Po - revealed strong and very strong correlations with
weather elements, demonstrating their suitability for assessing stress in miscanthus plants caused by adverse
weather conditions during vegetation. However, in our study these indicators were not selective for discrimination
between drought stress or heat stress, i.e. state of plant photosystems can be identified as stressed without
determining the type of stress, particularly in case of combined stress. Further studies should aim to identify
correlations between certain parameters of photosystem and certain stress factors.
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Introduction

Giant miscanthus (Miscanthus x giganteus) is capable of producing a significant biomass yield even under
challenging cultivation conditions [7, 10]. However, it is very sensitive to environmental factors, leading to
uneven uptake of nutrients [11, 12]. Nutrient reserves stored in rhizomes of giant miscanthus provide
better adaptation of the crop to cultivation conditions [14, 19]. However, annual crops have the advantage
of restarting annually from seeds; i.e. environmental stress factors from previous years do not significantly
affect their growth as happens with miscanthus.

Air temperature greatly influences growth processes; particularly, high temperatures can significantly
shorten phenological stages of grasses. Studies have shown that excessively high air temperatures and lack
of moisture result in suppressed growth and slowed development [30, 33]. Introduced crops such as giant
miscanthus require adequate rainfall and sums of active temperatures to form sufficient biomass [55].
Compared to indigenous species, miscanthus is less adapted to weather conditions and requires careful
selection of cultivation locations compared to Cz photosynthesis crops in Ukraine's Forest-Steppe zone [37].
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Currently, plant stress assessment typically involves evaluating the extent to which plants reduce their
biological productivity when environmental factors deviate from optimal conditions for the species [40].
However, this method works primarily for annual plants and not perennial bioenergy crops. Perennial
plantations have distinct growth cycles involving productivity increases during the first years of cultivation
and ageing. Ageing is an individual process influenced by many uncontrollable factors, potentially causing
significant errors in stress assessments.

Many stress assessment methods rely on either indirect (evaluating plants' response to stress factors)
or direct measures (observing morphological or physiological changes) [34]. Indirect methods include
protein analysis under heat stress [9, 23, 28], thermal imaging of plants [41], proline tests [8, 44], and
chlorophyll fluorescence induction (CFI) analysis to study the fluorescence induction curve [25, 26, 43].
Analysis of the fluorescence induction curve can reveal environmental influences on plants [46, 49, 53, 54].
Direct methods involve using controlled environments (climatic chambers or greenhouses) to simulate
stress [5, 45] or germinating seeds/plants in vitro on osmotic solutions or varying media concentrations
[36, 35].

The objective of the study was to determine the response of the photosystem of Miscanthus x giganteus
to weather conditions.

Materials and Methods
Study Site

Field experiments were carried out at the Bila Tserkva Experimental Breeding Station of the Institute of
Bioenergy Crops and Sugar Beet NAAS of Ukraine in 2022-2024. The region's conditions are highly
favourable for the growth and development of miscanthus: the average long-term ground temperature is
+10.8 °C, with an absolute maximum of +34.2 °C and a minimum of -27.6 °C. The average long-term relative
air humidity is 74%, with an average of 33 days per year having relative humidity below 30% and 104 days
above 80%.

The soil of the experimental site is deep leached chernozem of medium clay-loamy composition with low
humus content in the 0-30 cm soil layer (3.5%); nitrogen 29-37 mg/kg; available phosphorus 200-
220 mg/kg; and exchangeable potassium 100 mg/kg. Exchangeable cations are composed of calcium (78-
90%) and magnesium (7-19%) of their total sum.

Experimental Design

Asingle plotarea was 35 m?. The experiment was conducted in three replications. Miscanthus x giganteus
variety ‘Osinnii Zoretzvit’ was used in the study. The plantation was established in 2018, and from 2020
onward, no crop management except harvesting biomass was applied.

Weather Conditions

In May 2022, air temperatures and precipitation were close to the norm, except for early May, which was
significantly drier. In June, excessively high average daily air temperatures were observed. A significant
precipitation deficit was observed in early and mid-June, as well as an extreme deficit during the entire
month. In July, only the first 10 days were extremely hot and had extreme precipitation deficit, while the
rest of the month was within the norm. However, July had a significant precipitation deficit in the last 10
days and overall. Mid- and late August was significantly hotter, while the first 10 days experienced excessive
precipitation followed by a moisture deficit in the last 10 days of the month. September 2022 had
substantially higher precipitation compared to the long-term norm and a significantly cooler first 10 days.
Late October was significantly warmer than the norm, with precipitation levels close to the long-term
averages overall.

Early May of 2023 was cold and coupled with a moisture deficit. In June, air temperature was close to
the norm, with precipitation deficits in the middle of the month and excess in the last 10 days. Early July
was hot, with precipitation close to the long-term norm. August was extremely hot with a significant
precipitation deficit. Mid-September of 2023 was hot, resulting in significantly above-average monthly
temperatures. Meanwhile, there was a precipitation deficit in the late September. Late October was
extremely warm with excessive precipitation. The whole month was significantly warmer than average.

Mid-May of 2024, was cooler, while the end of the month was warmer than the norm. Early May was dry.
Mid- and late June experienced high air temperatures. A precipitation deficit was observed only in late May.
July was extremely hot, with a significant precipitation deficit. Early and mid-August was hotter-than-
normal and the end of the month was extremely hot, coupled with significant monthly deviations. Early
August had above-normal precipitation, while the rest of the month had less precipitation than the norm.

ISSN 2410-1303 (online) Hosimi azpomextonozii, 2025, T. 13, No 1



Parameters of Miscanthus x giganteus photosystem under the influence ...

The autumn months of 2024 were also warmer than the long-term norm. In early and mid-September, we
observed precipitation deficit. Mid-October was close to the long-term temperature, while the beginning
and end of the month was significantly warmer.

Table 1
Mean daily air temperature and precipitation,
Bila Tserkva Experimental Breeding Station (2022-2024)
Mean daily air temperature (°C) Precipitation (mm)
Month Days Days
110 1120 2131 Ve T 130 1120 2131 o@
2022
April 7.0 6.5 10.8 8.1 14.0 7.2 18.6 39.8
May 12.8 14.9 14.5 14.1 0.0 2.7 324 35.1
June 20.4 20.6 20.8 20.6 2.8 1.2 14.6 18.6
July 21.8 17.6 20.2 19.9 0.5 24.1 0.0 24.6
August 19.9 21.1 22.0 21.0 34.6 40.5 0.0 75.1
September 12.5 12.9 11.4 12.3 25.9 39.2 21.0 86.1
October 11.5 8.1 9.9 9.8 9.1 1.2 9.7 20.0
2023
April 7.2 8.9 10.1 8.7 61.5 27.4 7.1 96.0
May 10.6 16.0 17.4 14.7 0.0 0.0 7.9 7.9
June 18.0 19.0 20.1 19.0 16.6 0.0 43.0 59.6
July 21.0 20.9 19.9 20.6 27.3 22.3 36.2 85.8
August 21.7 22.4 23.6 22.6 3.0 0.3 18.4 21.7
September 17.7 18.8 11.2 15.9 4.7 17.9 0.0 22.6
October 11.2 9.8 12.9 11.3 2.8 24.8 24.5 52.1
2024
April 14.1 11.6 11.5 12.4 0.0 35.0 34.4 69.4
May 14.8 12.9 19.4 15.7 0.5 0.0 6.6 7.1
June 21.3 20.0 21.2 20.8 32.2 44.1 0.0 76.3
July 22.6 26.4 215 23.5 0.0 6.5 3.5 10.0
August 20.6 21.2 23.5 21.8 315 1.8 0.0 333
September 20.8 19.5 18.2 19.5 0.5 12.3 0.0 12.8
October 14.5 8.5 9.0 10.7 51.8 9.9 0.7 62.4
Mean annual
April 7.0 7.8 10.4 8.4 14.0 17.0 16.0 47.0
May 13.3 15.3 15.8 14.8 16.0 12.0 18.0 46.0
June 17.3 17.3 18.7 17.8 23.0 27.0 23.0 73.0
July 18.5 19.4 19.1 19.0 35.0 24.0 26.0 85.0
August 19.7 18.6 17.0 18.4 16.0 25.0 19.0 60.0
September 16.0 13.7 11.8 13.8 13.0 11.0 11.0 35.0
October 10.1 8.1 5.4 7.9 11.0 10.0 12.0 33.0

Measurement of Chlorophyll Fluorescence

The study used a portable fluorometer “FLS 10s clip” (Fig. 1), which work is based on light absorption
specters of chlorophyll (Fig. 2), determining chlorophyll fluorescence intensity and radiation time.

The following chlorophyll fluorescence parameters were measured: Fo - minimum reliable fluorescence
intensity at 40 ps, Fj - fluorescence intensity at the J-step (at 2 ms), Fi - fluorescence intensity at the I-step
(at 30 ms), Fm - maximum fluorescence intensity at the P-step, Fv - maximum variable fluorescence,
Fv/Fm - photochemical efficiency (quantum efficiency), Fv/Fo - efficiency of initial photosynthesis
reactions, (Po - maximum quantum yield of primary photochemistry (att = 0), V] and VI - relative variable
fluorescence at J-step and I-step, respectively, WEo - efficiency/probability that an exciton, reducing QA to
QA~, moves electrons further along the intersystem transport chain, YRo - efficiency/probability of
electron transfer from PSII to PSI acceptors, and 8Ro - efficiency/probability that electrons from
intersystem carriers reduce the terminal electron acceptors on the PSI acceptor side. Measurements of the
chlorophyll fluorescence induction curve (CFI) parameters were conducted during the last decade of each
month from May to October, when giant miscanthus plants accumulated the most biomass.
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Fig. 1. Taking measurements Fig. 2. Main light absorption specters
with fluorometer “FLS 10s clip” of chlorophyll, which are the used

in the “FLS 10s clip” operation

Experimental studies were conducted according to general field research and special methodologies
[59, 56, 58, 57]. Statistical analysis was performed using the TIBCO Statistica software and descriptive and
correlation statistical methods [59].

Results and Discussion

Weather conditions varied significantly during the study years and influenced the growth and
development of giant miscanthus plants, as they have specific requirements not only for precipitation but
also for a sufficient number of warm months. To assess this impact, we analysed the significance coefficients
of weather element deviations (Table 2).

Table 2
Coefficients of significance of the weather elements’ deviations
Month Mean daily temperature Precipitation

2022
April -0.19 -0.25
May -0.68 -0.27
June 2.18 -2.41
July 0.48 -1.83
August 1.72 0.78
September -0.50 1.57
October 1.32 -0.68

2023
April 0.21 1.72
May -0.12 -0.95
June 0.97 -0.59
July 0.89 0.02
August 2.78 -1.99
September 0.66 -0.38
October 2.30 1.01

2024
April 2.53 0.79
May 0.83 -0.97
June 2.36 0.15
July 2.49 -2.27
August 2.24 -1.38
September 1.81 -0.68
October 1.88 1.55

ISSN 2410-1303 (online) Hosimi azpomextonozii, 2025, T. 13, No 1



Parameters of Miscanthus x giganteus photosystem under the influence ...

Thus, in 2022, June was extremely hot, coupled with an extreme shortage of precipitation. In contrast,
August and October showed significant deviations from the long-term average daily air temperatures
toward warming, although precipitation levels were close to typical deviations from the long-term norm.
However, only September recorded significantly higher precipitation.

In 2023, the months of the second half of the miscanthus growing season, August and September, were
notably hotter than the norm. Temperature deviations in other months remained within acceptable normal
ranges. Regarding precipitation, April experienced significantly high levels, while August faced a near-
extreme precipitation deficit.

2024 presented more atypical growing conditions than previous years. Extremely high air temperatures
were observed in April, June, July, and August, with significant deviations from the long-term norm in
September and October. July experienced an extreme precipitation deficit, while August showed substantial
deviations toward lower precipitation levels. The large amounts of precipitation that fell in October during
2023 and 2024 could no longer significantly impact the biomass accumulation of miscanthus plants.

In 2022, a significant moisture deficit was observed during the first half of the vegetation period, when
miscanthus plants were actively forming vegetative mass. In this period cold and hot periods alternated. In
2023, heavy rains occurred at the start of the vegetation renewal stage, with near-normal precipitation
levels in July. A significant increase in average daily air temperatures occurred in August. On the other hand,
2024 presented quite different weather conditions compared to the previous years of study. Starting as
early as April, plants were exposed to high average daily air temperatures. Dry vegetation conditions
developed by June, with elevated temperatures persisting until the end of the miscanthus vegetative period.
Drought began in July, but alternating periods of moisture deficit and excess during the spring months, along
with winter replenishment of moisture reserves, allowed plants access to water throughout the vegetation
period.

Regarding precipitation data, 229.3 mm fell from April to October 2022, compared to 345.7 mm in 2023
and 271.3 mm in 2024. While the numbers might suggest that 2024 was the most challenging year for
vegetation, it's crucial to consider not just the amount of precipitation but also air temperatures at the time.
Most importantly, whether plants were sufficiently prepared to counteract extreme weather events during
critical stages of growth and development played a vital role. In other words, coincidence of precipitation
deficits or extreme high air temperatures during critical growth periods had a more negative impact on
miscanthus plants than a severe shortage of precipitation during phases where the plants were less
sensitive.

For traditional agricultural crops, the dryness coefficient (Cd) can be calculated, showing the percentage
yield of a specific variety in the driest year compared to its yield in the year with maximum moisture [6].
However, perennial bioenergy crops exhibit year-to-year productivity differences depending on plantation
age. As shown in Table 3, despite suboptimal conditions and the stress experienced by giant miscanthus due
to limiting factors, biomass yield increased year by year. This growth was attributed to the development
and rooting of plants within the plantation, optimisation of spatial arrangement, and the accumulation of
larger amounts of reserve nutrients in the rhizomes, supporting better biomass development annually.

Table 3
Biomass yield of giant miscanthus
Year Biomass yield (t/ha) Standard deviation Standard mean error
2022 22.1 1.13 0.43
2023 30.3 1.52 0.57
2024 39.3 241 091

Plants have specific stress adaptation mechanisms related to their photosynthetic apparatus, which
plays a key role in plant functioning as shown by other researchers [2, 3, 48]. Thus, we will analyse the
monthly values of the CFI curve indicators determined during the study years (Tables 4-6).

Table 4
Monthly values of the CFI indicators of ‘Osinnii Zoretzvit’ variety of giant miscanthus (2022)

Month Fo Fj Fi Fm Fv. Fv/Fm Fv/Fo @pro V] Vi Yo YRo  8Ro
May 3689 7829 9979 13919 1023.0 0.74 2.77 074 040 061 060 039 0.39
June 3854 7774 7044 9514 5660 059 147 059 069 056 031 044 044
July 3274 6074 5774 7764 4490 058 137 058 0.62 056 038 044 0.44

August 400.8 851.8 1144.8 1760.8 1360.0 0.77 339 0.77 033 055 067 045 045
September 426.6 897.6 1485.6 2076.6 1650.0 0.79 387 0.79 029 064 071 036 0.36
October 372.3 664.3 1016.3 1260.3 888.0 0.70 239 070 033 073 0.67 027 0.27
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Table 5
Monthly values of the CFI indicators of ‘Osinnii Zoretzvit' variety of giant miscanthus (2023)

Month Fo Fj Fi Fm Fv  Fv/Fm Fv/Fo  @po \%i Vi Yo  YRo  O6Ro
May 359.4 7254 1143.4 1396.4 1037.0 0.74 289 074 035 076 0.65 024 0.24
June 4418 877.8 1566.8 1783.8 1342.0 0.75 3.04 075 032 084 068 0.16 0.16
July 396.8 726.8 1316.8 1610.8 1214.0 0.75 3.06 0.75 027 076 0.73 024 0.24
August 436.1 878.1 1529.1 1847.1 14110 0.76 3.24 076 031 077 069 0.23 0.23
September 538.3 1254.3 1817.3 2011.3 1473.0 0.73 2.74 0.73 049 087 051 031 032
October 506.5 1150.5 1828.5 2036.5 1530.0 0.75 3.02 0.75 042 086 058 0.14 0.14

Table 6
Monthly values of the CFI indicators of ‘Osinnii Zoretzvit’ variety of giant miscanthus (2024)

Month Fo Fj Fi Fm Fv Fv/Fm Fv/Fo ¢po \% Vi Yo  YRo 6RO
May 293 544 812 1272 979 0.77 331 077 025 052 075 048 048
June 384 811 1476 1849 1465 079 383 079 029 074 071 026 0.26
July 389 800 1431 1768 1379 0.78 354 078 030 075 070 025 0.25
August 388 803 1323 1698 1310 0.77 337 077 032 071 068 029 0.29
September 383 716 1037 1330 948 068 248 068 037 067 063 033 033
October 264 354 421 522 258 046 092 046 034 059 066 041 041

The possibility of applying such evaluation approaches has been confirmed in the study of the CFI
parameters for drought resistance, salt tolerance, and general plant stress resistance [4, 24, 27], also for
mustard [22] and radish [18]. It is believed that a high initial fluorescence index (Fo), approaching 500
relative units, indicates plant sensitivity to increased planting density [17]. This means that even at the
initial stage of chlorophyll fluorescence, we can determine the degree of planting density.

In our studies, the highest Fo values were observed at different stages of plant development. In 2022, it
was in August-September, in 2023, in August, while in 2024, a plateau was reached starting from June. The
most significant impact on this indicator was linked to average daily air temperature, which was notably
high when Fo values peaked. However, in all years of the study, the Fo index decreased in the final month
of vegetation. This reduction could result from partial leaf senescence and improved sunlight availability to
active leaves, or the natural conclusion of physiological processes as the plants aged and autumn-specific
weather conditions established.

Several researchers indicate the relationship of the CFI curve segment between Fm-Fv as means to
assess plant responses to high or low temperatures, drought, or nutrient deficiency [1, 15, 16, 21, 29, 38,
52]. They also note that during intense stress or natural leaf senescence, Fv can exceed Fo [51, 50]. Our
studies observed such changes in October 2024, which we attribute to natural leaf senescence. Similar
observations in June and July 2022 may be linked to drought and extreme air temperatures during this
period. The correlation dependencies obtained between average daily temperatures, monthly precipitation,
and the CFI curve indicators (Table 7) highlight the significance of basic chlorophyll fluorescence induction
criteria as a method for evaluating the stress levels or adaptive traits of giant miscanthus.

Table 7
Correlation dependencies between mean daily temperature, monthly precipitation
and parameters of the CFI curve
2022 2023 2024
Parameter : PP p TR : TR
Air temperature Precipitation Air temperature Precipitation Air temperature Precipitation
Fo -0.303 0.674 -0.407 -0.245 0.954 -0.139
Fj -0.157 0.785 -0.485 -0.355 0.980 -0.139
Fi -0.492 0.798 -0.125 0.005 0.963 -0.040
Fm -0.349 0.895 0.008 0.153 0.947 -0.138
Fv -0.348 0.900 0.152 0.285 0.930 -0.135
Fv/Fm -0.494 0.782 0.966 0.913 0.829 -0.326
Fv/Fo -0.368 0.885 0.970 0.925 0.823 -0.219
Pro -0.494 0.782 0.966 0.913 0.829 -0.326
Vi 0.593 -0.634 -0.822 -0.749 -0.130 0.112
Vi -0.785 -0.130 -0.410 -0.336 0.820 0.198
YEo -0.593 0.634 0.822 0.749 0.130 -0.112
YRo 0.785 0.130 -0.154 -0.143 -0.820 -0.198
SRo 0.785 0.130 -0.164 -0.151 -0.820 -0.198

* Reliable deviations are highlighted in red.
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In 2022, precipitation had the most significant impact on the CFI parameters, suggesting it as the most
critical factor for plant growth. On the contrary, in 2023, both precipitation and air temperatures influenced
the state of the photosystems, while in 2024, extreme high air temperature was the main stress factor.
Physiological responses of other plant species to stress under similar conditions have been reported in the
works of many researchers [13, 20, 31, 32, 39, 42, 47].

Conclusions

An analysis of the basic CFI indicators (Fo, Fj, Fi, Fm, Fv, Fv/Fm, Fv/Fo, and ¢Po) demonstrated strong
and very strong correlations with weather elements. This confirms their effectiveness in identifying stress
in Miscanthus x giganteus caused by adverse weather conditions during vegetation. However, in our study,
these indicators were not selective to drought or heat stress. Therefore, further studies should aim to
identify correlations between specific photosystem parameters of Miscanthus x giganteus and stress factors
and develop an algorithm to determine the type of stress affecting the crop.
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Ykpaina

MeTa. YCTaHOBUTHU OCOGJMBOCTI CTaHY GOTOCUCTEMU MiCKAHTYCY TiraHTCbKOIO MiJi BIJIMBOM MOTOJHHUX YMOB.
Metogu. IlosboBi Joc/aiP)keHHSI NpPOBOAWJM Ha bisonepkiBcbKiN AocC/aiiHO-CeNeKiiHIA cTaHUii IHCTUTYTY
6ioeHepreTHyHUX KyJbTyp 1 LykpoBux 6ypskiB HAAH ymnpogmomx 2022-2024 pp. Y mnporneci JociimxeHHs
BUMipioBasiM Taki mapametrpu ¢uyopecueHnil xsopodiny: Fo - wMiHiMasbHa fAocToBipHa iHTEHCHUBHICTb
dayopecuennii npu 40 mkc; Fj - iHTeHcuBHicTh ¢uyopecuenuii Ha J-kpoui (mpu 2 mc); Fi - iHTeHcHUBHIicTb
dayopecuennii Ha I-kponi (3a 30 Mc); Fm - MakcuMasibHa iHTEHCHBHICTb ¢uiyopecneHnii Ha P-kpomi; Fv -
MaKcHMMaJsibHa 3MiHHa ¢uyopecuenis; Fv/Fm - ¢oroximiuHa edpekTuBHICTh a60 KBaHTOBa edekTUBHIicTh; Fv/Fo -
ebeKTUBHICTb MOYATKOBUX peakLiil ¢poTocuHTe3y; PO — MakcMMa/JbHUN KBaHTOBUM BUXiJ nepBUHHOI poTOXiMii
(mpu t = 0); V] - BizHOCHa 3MiHHA duryopecneHLis Ha J-kpoui; VI - BifHOoCHa 3MiHHa ¢uiyopecuennis Ha [-kpori; YEo -
epeKTUBHICTb / UMOBIpHICTb, 3aBASKU SKil 3aXOIJIeHUHA €KCUTOH, BUKJIUKABIIU BifHOBJeHHSA QA 10 QA-, Moxe
NepeMiCTUTH eJIeKTpOH JaJji, Hbk QA-, y MDKCUCTEeMHHUH JIaHLIOT TPaHCHIOPTYBaHHA eJleKTpoHiB; YRo -
epeKTUBHICTb / UMOBIpHICTb, 3 KO 3axOIUIeHHH eyieKTpoH PSII mepeHocuTbecss o akunenTopiB PSI; 6Ro -
ebeKTUBHICTb / HMOBIpHICTh, 3 SKOI €JEKTPOH i3 MiXKCUCTEMHHUX HOCIiB €JIeKTPOHIB PYXa€ThCS [0 3MEHILEeHHS
KiHIEBUX aKIeNnTopiB eseKTpoHiB Ha cTopoHi akuenTtopa PSI (RE). PesyabraTu. JlochimkeHo, mo B yci poKu
JOCJiPKeHb POCJUHU MICKaHTYCy 3a3HaBaJiu Ail cTpecy, CHpUYMHEHOr0 HeCTadyer BOJIOTU B I'PYHTI Ta BUCOKOXO
TeMnepatypor mnoBiTps. 3okpema, y 2022 poui cnocrepirasu 3Ha4HUN JedillUT BOJIOTH y Meplriil moJioBUHI
BereTallii, KoJIM POCJWHHU MiCKaHTYCy aKTUBHO GOpPMyBaJ/i BereTaTuBHY Macy. ¥ 2023 porni npoHIn cUIbHI Jo i
Ha MOYaTKy Bi/[HOBJIEHHS BereTalii MiCKaHTycCy, a 3HaYHe HiJBHUILEHHs CepeJHbOJIOO0BUX TEMIIEpATyp HOBITpPs
BizmbyBasiocsk B ceprHi. [lorogni ymoBu 2024 poky He 6yJiv n0/[iGHi /10 onepeAHiX POKiB OC/iIKEHHS, OCKIIbKH BXKe
MOYMHAIOYH 3 KBITHS POCJIMHHU 3a3HABaJ/IM BIJIMBY BUCOKHUX CEPEIHbOJL000BUX TEMIIEPATYP MOBITPS, a MOCYLIIUBI
yMoOBH BereTalii copmMmyBasnch Bxke y 4epBHi. Ha foavuy, Bucoka TeMIlepaTypa MOBITps MpOTpPUMasacs A0 KiHIs
BereTaniiiHoro mnepiosy MickanTycy. BUCHOBKM. AHasi3 6a30BUX IMOKA3HUKIB KpHBOI iHAyKOii ¢uyopecneHnii
xsnopodiny (Fo, Fj, Fi, Fm, Fv, Fv/Fm, Fv/Fo Ta @p.) Moka3ye HasgBHICTb CUJIBHUX Ta AYXKE CUJIbHUX KOPEJSIiHHUX
3aB’A3KiB MiXK eJleMeHTaMH MOro/iM Ta UMM 3MiHHHUMH, 1[0 MOXKe 3aCBiUyBaTH iX NPUAATHICTb [/ BU3HAYEHHS
CTpecy pOCJUH MiICKaHTYCY BiJ BIUIMBY IOTOAHUX YMOB IIiJi 4ac Beretalil. [IpoTe, y nboMy JoCJIiIKeHi, LIl TIOKa3HUKU
He BUSIBUJIM CeJIEKTUBHOCTI 1[0/l0 BU3HAYEHHS CTpecy yepe3 BOAHUM JNedinuT abo BUCOKI TeMmepaTypu MOBIiTps.
To6To cTaH poTOCHCTEMH POCIMH MOXKHA BU3HAUUTH SIK TAKUH, L0 MiI/JTAETHCSA CTPecy 6e3 TOUHOr0 BCTAHOBJIEHHS
BUJy CTpecy, 0coGJMBO y pasi kombGiHOBaHoro crtpecy. ToMy B NOJa/JbIIMX JOCTIPKEHHSX CJiJ LIYKaTH
B32EMO3B’SI3KH Mi>XK OKpEMHUMHU NapaMeTpaMu GOTOCUCTEMHU MiCKaHTyCy i GaKTOpaMHu CTPeCy.

Kamwouosi caoea: indykyis pyopecyenyii xnopogpiny; Fo, Fj, Fi, Fm, Fv, Fv/Fm, Fv/Fo.
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