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Abstract: The selection of drought-tolerant sour cherry genotypes is essential for developing sustain-
able fruit production in today’s climate-change conditions. The phenotypic heterogenic population of
sour cherry Oblacinska, with high and regular yield suitable for mechanical harvesting and industrial
processing, is a traditional and predominant cultivar in northern Croatia (Pannonian region) and
Serbia commercial orchards. In this context, 2-year old virus-free sour cherry plants of 4 isolated
Oblacinska sour cherry ecotypes (OS, 18, D6, and BOR) produced by micropropagation were exposed
to severe drought in a greenhouse under semi-controlled conditions to evaluate its photosynthetic
intra-varietal variability. Relative water content (RWC), chlorophyll fluorescence (ChlF), and photo-
synthetic pigments were evaluated during the ten days of the experiment. As a visible symptom of
stress, the withering of plants was followed by a diminution of RWC and photosynthetic pigments in
the drought exposed leaves of sour cherry ecotypes compared to the control treatment. ChlF eluci-
dated variability in the photosynthetic efficiency within studied sour cherry ecotypes, highlighting
PIaBs, Pliptal, and WEj as the most sensitive and thus the most informative JIP parameters for drought
screening. Among the investigated ecotypes, BOR proved to be the most sensitive. The Oblacinska
sour cherry ecotype OS showed the highest tolerance to drought conditions and, therefore, can be
used as a source of tolerance in sour cherry breeding programs.

Keywords: chlorophyll; tolerance; JIP test; relative water content; traditional cultivar; variable fluo-
rescence

1. Introduction

Drought is a meteorological term for a period without significant rainfall. Tolerance to
stress caused by drought is present in almost all plants, but the level of tolerance varies
among species and even among cultivars of the same species [1-3]. Depending on the
intensity and duration of stressful conditions, plant species react differently at different
organizational levels and developmental stages [4]. The balance of water content in the
plant, i.e., cell, is determined by the loss of water through transpiration and absorption
of water from the soil. Reduced water content, leaf water potential reduction, loss of
turgor, and stomata closing led to photosynthesis arrest, metabolic disorders, and plant
death [1]. Droughts reduced the morphological and physiological traits, the leaf water
potential, and stem sap movement due to the alternation of xylem anatomical features
in the apple trees [5]. Understanding the impact of drought on the association of leaf
water with photosynthetic parameters is important for understanding the physiological
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mechanisms of drought tolerance and identifying tolerant genotypes of a species [6]. A
widely used indicator of water status in plants under drought is leaf-relative water content
(RWC) [7,8]. Water relations between soil and leaves correlate through the soil water
content and RWC [9], suggesting drought conditions when they are reduced compared to
optimal conditions.

Photosynthetic organisms change their photosynthetic activity to adapt to stressful
conditions such as drought [10]. When protein-chlorophyll complexes of thylakoid mem-
branes are damaged by stress or natural physiological changes (ripening, senescence, etc.),
fluorescence as a natural process of chlorophyll molecules is altered. Chlorophyll fluores-
cence (ChlF) can be easily measured and analyzed by different technics. One of the widely
used technics is the JIP test, which provides parameters based on the theory of energy
fluxes in thylakoid membranes [11]. JIP parameters describe photosynthetic reactions
through algebraic equations and quantify the characteristics of photosystems’ structure
and functions. JIP parameters detect changes in photosynthetic efficiency at the cellular
level even before the appearance of visible symptoms of stress [12]. The studies based
on ChIF analysis on leaves have proven the impact of drought on plant photosynthetic
efficiency in the passion fruit [13], the Amur Grape [14], apple [3,15], and sweet cherry [16],
etc. Under drought stress, photosynthesis is limited by damage at the chloroplast level
as the concentrations of chloroplast pigments, especially chlorophyll 2 and chlorophyll b,
significantly decline [17-21].

Oblacinska sour cherry is a cultivar with a high and regular yield suitable for mechan-
ical harvesting and industrial processing. It is an autochthonous, i.e., traditional, cultivar
distributed in a wider area of ex-Yugoslavia, mainly in northern Croatia (Pannonian region)
and Serbia. Because of its wide and long cultivation under different agro-ecological con-
ditions and propagation, both by suckers and by seeds, it became a mixed population of
different genotypes/ecotypes. Variability of Obla¢inska sour cherry ecotypes is already
proven on morphological, pomological, and nutritional levels [22-26]. At the same time,
genetic analyses revealed genetic similarity at the molecular level based on SSR and AFLP
markers [27]. Further, fruits of Obla¢inska sour cherry ecotypes in different ecological
conditions reveal significant changes in their nutritional values [28,29], indicating that
adverse ecological conditions, such as temperature or rainfall, could differentially affect
metabolic processes in Oblac¢inska sour cherry ecotypes. Given the ubiquity of climate
change, understanding the morpho-anatomical and physiological changes in tolerance
to drought stress can be used to select available genotypes or as a breeding tool for the
creation of new genotypes which will be tolerant to drought [7,8,30,31].

Vukovi¢ [26] investigated Oblacinska sour cherry ecotypes in the comparative experi-
ment and found that ecotype OS revealed higher yield and yield efficiency than ecotypes
18 and D6. Furthermore, the ecotype OS of the Obla¢inska sour cherry cultivar was al-
ready found to be more tolerant to drought than the sour cherry cultivar Kelleris 16 [27].
The specific objective of this study was to evaluate four Obla¢inska sour cherry ecotypes
against drought based on visual symptoms, RWC, photosynthetic pigments concentration,
and JIP test parameters to elucidate its tolerance to drought conditions. Combining these
measurements allows for studying the physiological mechanisms of plant photosynthetic
adaptation to drought. We hypothesized that an ecotype OS has better drought tolerance
than other Obla¢inska sour cherry ecotypes because of its superior morphological, po-
mological, and nutritive traits mentioned earlier. To the best of our knowledge, studies
about the influence of drought on the photosynthesis level within ecotypes are rare. For
the Oblacinska sour cherry populations, they have never been made. Furthermore, results
about drought tolerance of Oblacinska sour cherry ecotypes will inform breeders and
growers for future selection of plant material and the possibility of using ChlF to screen the
plant material.
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2. Results
2.1. Visual Symptoms of Drought Stress on Plants

Visually assessed drought-induced effect on four Oblac¢inska sour cherry ecotypes
showed that ecotype 18 had 95% of withered plants at six days after stress (DAS), while
plants of ecotype OS did not show any visual symptoms of drought (Table 1). Up to the
10 DAS, ecotypes 18, D6 and BOR plants were 100% withered, while ecotype OS had 45% of
withered plants. Furthermore, although ecotype 18 had the most withered plants at 6 DAS,
the first occurrence of dried plants was found at 7 DAS, and it was the most pronounced in
ecotype BOR (55%). Up to the 10 DAS, in ecotypes 18, D6, and BOR, a significant percentage
of the dried plants was noticed, contrary to ecotype OS.

Table 1. Percentage of withered and dried (data in brackets) drought treatment plants from the 5th to
the 10th day of the experiment (1 = 20).

Ecotype 6 DAS 7 DAS 8 DAS 9 DAS 10 DAS
(O] 0 0 20 25 45
18 95 100 (10) 100 (30) 100 (60) 100 (75)
D6 60 80 (15) 90 (55) 100 (85) 100 (85)

BOR 70 85 (55) 95 (70) 95 (75) 100 (85)

2.2. Relative Water Content

A reliable indicator of the drought-induced effect on plant water status is relative
water content (RWC), so its follow-up during the experiment is shown in Figure 1. The first
significant decrease of RWC was found in leaves of ecotypes 18, D6, and BOR at 6 DAS
(20.14, 20.62, and 22.67%, respectively) (Table S1). The decrease in RWC in these genotypes
continued until 10 DAS, and it was the most significant in leaves of ecotype 18 at 10 DAS
(68.50%). On the contrary, the first significant decrement of RWC in leaves of ecotype OS
was found at 8 DAS (17.28%) and continued at 10 DAS to 60.22% of control values.
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Figure 1. Relative water content (RWC) in the leaves of Oblac¢inska sour cherry ecotypes (OS, 18, D6,
and BOR) under control and drought conditions was obtained at 0, 4, 6, 8, and 10 days after stress
(DAS). Normalized values of drought treatments according to control treatments are presented as
mean values (1 = 5). Points labelled with different letters differ significantly at p < 0.05. Raw data are
presented in Table S1.

2.3. Photosynthetic Pigments

The photosynthetic pigments’ concentration was strongly influenced by drought at
8 DAS compared to the control treatment (Figure 2). Chlorophyll a (Chl a) was signifi-
cantly reduced by drought in leaves of all studied sour cherry ecotypes (Table S2). The
most significant diminution of Chl a concentration was found in leaves of OS and BOR
ecotypes (23.65 and 25.20%, respectively), while in ecotype 18 it was the least (6.05%).
The chlorophyll b (Chl b) concentration was significantly decreased only in the leaves of
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ecotype OS (21.17% compared to control leaves). As for Chl g, carotenoids (Car) were the
most decreased in leaves of OS and BOR ecotypes (21.47 and 25.74, respectively). In leaves
of ecotype 18, the drought did not influence Car concentration. Drought did not impact
Chl a/b in leaves of ecotypes OS and 18, while in the leaves of D6, drought decreased
Chl a/b by 8.38% and BOR by 25.16% compared to control.
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Figure 2. Photosynthetic pigments (Chl 4, Chl b, Car, and Chl a/b) in the leaves of Oblac¢inska sour
cherry ecotypes (OS, 18, D6, and BOR) under control and drought conditions obtained at 8 days after
stress (DAS). Normalized values of drought treatments according to control treatments are presented
as mean values (n = 5). Points labelled with different letters differ significantly at p < 0.05. Raw data
are presented in Table S2.

2.4. Photosynthetic Efficiency

Chlorophyll a fluorescence (ChIF) transients, measured at 0, 4, 6, 7, 8, and 9 DAS, in
leaves of sour cherry ecotypes exposed to drought and control conditions, are presented
in Figure 3. At 10 DAS, plants of ecotypes 18, D6, and BOR were 100% withered, so
results of ChlF were not given because abnormal fluctuations of difference curves already
occurred at 9 DAS (Figure 3j,1,0,p,u,v) as a consequence of abnormal values recorded in
drought treatment, so the difference kinetic curve roamed or gave falsely negative bands.
However, differences in relative variable fast fluorescence transients revealed significant
variability of sour cherry ecotypes in the response of photosynthetic machinery to drought.
In the drought, exposed leaves of ecotypes 18, D6, and BOR typical O-J-I-P curve shape
distortion occurred at 8 DAS onward manifested as the disappearing of typical ] and I
peaks (Figure 3g,h,m,n,s,t).

In the drought-treated leaves of ecotype OS, a positive Al occurred at 6 DAS onwards
and positive AG at 8 DAS (Figure 3e,f). Moreover, positive AL is visible at 6, 8, and 9 DAS
(Figure 3c) and positive AK at 6 DAS onwards (Figure 3d). A significance of the AL and AK
is demonstrated as a significant increase of Vi and Vx at 6 DAS onward (Table S3).

Drought treatment in the leaves of ecotype 18 provoked a positive AL and AK at 8 and
9 DAS (Figure 3i,j), which are proved as a significant increase in Vi, and Vx at 8 and 9 DAS
(Table S3). Moreover, positive Al occurred at 8 DAS onwards as well as positive AH (shifted
at ~50 ms) at 8 DAS (Figure 3k,1).

Drought treatment in the leaves of ecotype 18 provoked a positive AL and AK at 8 and
9 DAS (Figure 3i,j), which are proved as a significant increase in Vi, and Vi at 8 and 9 DAS
(Table S3). Moreover, positive Al occurred at 8 DAS onwards as well as positive AH (shifted
at ~50 ms) at 8 DAS (Figure 3k,1).

A positive Al at 6 DAS onward in the drought exposed leaves of ecotype D6 was
followed by positive AH (shifted at ~60 ms) at 8 DAS (Figure 3q,r), while positive AL is
visible already at 6 DAS onward (Figure 30) and AK already in 0 DAS onwards (Figure 3p).
The significance of the AL and AK is demonstrated as a significant increase of Vi and Vk at
6 and 0 DAS onward, respectively (Table S3).
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Figure 3. Changes in the shape of the chlorophyll a fluorescence transient curves in the leaves of
Oblacinska sour cherry ecotypes OS (a—f), 18 (g-1), D6 (m-r), and BOR (s—x). Each curve represents
the average kinetics of 20 measurements per ecotype, treatment and day after stress (DAS). The

relativie variable fluorescence transient (V¢) (a,g,m,s) shows typical O-J-I-P steps. Average fluores-
cence data normalized in the O-P (b,h,n,t), O-K (c,i,o,u), O-J (d,j,p,v), -1 (e k,q,w), and J-P (f,1,r,x)
phases of the OJIP transients revealed specific bands (AL, AK, Al, AH, AG). The difference kinet-
ics (AVop, AVpk, AVgj, AVy, and AVjp) in the relative variable fluorescence was calculated as

AV = Vi(control) — Vi(drought) for each ecotype and each DAS.

In the drought treated leaves of ecotype BOR, positive AL and AK are visible at 4 DAS

onwards (Figure 3u,v) and proved as a significant increase of Vi, and Vi at 4 DAS onward
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(Table S3). A positive Al as well as positive AH (shifted at ~60 ms) occurred at 6 DAS in
the drought-exposed leaves of the same ecotype (Figure 3w,x).

Changes in JIP-test parameters in drought exposed leaves of Oblacinksa sour cherry
ecotypes are presented in Figure 4 as a radar plot of normalized data according to control
treatment at each DAS.
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Figure 4. Radar plots (in logarithmic scale) of JIP parameters in the leaves of Obla¢inska sour cherry
ecotypes OS (a), 18 (b), D6 (c), and BOR (d) under control and drought conditions were obtained at
0-9 days after stress (DAS). Each data presents an average value of twenty measurements normalized
and shown as a percentage of values in the control treatment, enabling the comparison of variables
measured on different scales. Raw data shown in radar plots and statistical differences obtained by
ANOVA followed by Fisher’s LSD test (p < 0.5) are presented in Table S3.

The first reaction of sour cherry leaves of ecotype OS to drought was noted at 6 DAS
as an increase of minimal fluorescence (Fy), relative variable fluorescence at 0.15 ms (Vy),
relative variable fluorescence at 0.3 ms (Vk), absorption flux per active reaction center
(RC) (ABS/RC), trapping flux per active RC (TR /RC), and dissipation flux per active RC
(DIp/RC), and decrease of density of RCs on chlorophyll a basis (RC/CSp) and performance
index on absorption basis (PIaps) (Figure 4a; Table S3). The electron transport was not
affected by drought in the leaves of ecotype OS throughout the whole experiment. However,
a decrease in the probability of electron transport further than QA- (WEp) occurred at 9 DAS
due to the TR/RC increase noted at 6 DAS already. Decrease of maximum quantum
yield of photosystem II (PSII) (¢Pp) and performance index for energy conservation from
exciton to the reduction of photosystem I (PSI) terminal acceptors (Plia1) at 8 DAS in leaves
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exposed to drought is connected with an increase quantum yield of energy dissipation (¢Dy)
and quantum yield for the reduction of terminal electron acceptors at the PSI acceptor side
(pRp) at the same day. The probability of an electron from the intersystem carriers reducing
terminal electron acceptors at the PSI acceptor side (0Rp) and electron flux reducing terminal
electron acceptors at the PSI acceptor side per RC (REy/RC) decreased after 9 DAS of
exposure to drought suggests an adequate functioning of PSI.

In drought-exposed leaves of ecotype 18, already at 6 DAS, alterations in the param-
eters related to the functioning of the PSI (an increase of @Ry and decrease of R, and
RE(/RC) were noted, and they caused a decrease of Pl at the same day (Figure 4b;
Table S3). At 7 DAS, drought provoked an increase of @Ej as well as a decrease of PE),
and ET(/RC suggested the direct influence of electron transport functioning on a de-
crease of the Plaps compared to control treatment. The majority of JIP parameters in
drought stress leaves of ecotype 18 increased (Fy, V1, Vk, ABS/RC, TRy /RC, DIy /RC) or
decreased (Fn, ¢Py, ¢Dg) compared to control leaves at 8 DAS. Only parameter RC/CS
remained unchanged in drought stress leaves compared to control leaves until 9 DAS,
when it decreased.

The first significant differences in drought-exposed leaves of ecotype D6 compared
to control was found at 4 DAS, seen as a decrease of WEq and PI sps (Figure 4c; Table S3).
Fo, VL, ®Eo, R, and TRy /RC increased significantly at 6 DAS in drought stress treatment
compared to control, while SRy and Py significantly decreased on the same day. Drought
significantly decreased Py, ETy/RC, and RE(;/RC at 7 DAS in the leaves of ecotype D6
compared to control leaves. Furthermore, at § DAS parameters @Dy, ABS/RC, and DIy/RC
increased in drought treatment compared to control treatment, while F,, decreased. RC/CSy
remained the same in drought-exposed leaves until 9 DAS compared to control leaves.

The earliest reaction to drought in leaves of ecotype BOR was noted at 4 DAS. It was
seen as increased parameters Vi, Vi, and TRy /RC and decreased parameters YEg, Plsps,
and Pl in drought exposed leaves compared to control leaves (Figure 4d; Table S3).
Alterations in photosystems continued at 6 DAS with a decrease of F, and REp/RC and an
increase of Ry However, at 7 DAS drought decreased (¢Py and ET(/RC) and increased
(Fo and @Dy) JIP parameters in drought treated leaves compared to control ones. At 8§ DAS
ABS/RC and DI /RC increased, while at 9 DAS RC/CSy decreased in drought treatment
compared to control.

2.5. Principal Component Analysis (PCA)

The PCA was performed on a correlation matrix of the JIP parameters for each experi-
mental day separately (0, 4, 6,7, 8, and 9 DAF) with the aim (1) to find parameters, which
indicate the onset of drought symptoms, (2) to separate sour cherry ecotypes according to
drought tolerance, and (3) to explain relations among the JIP parameters in the drought
response (Figure 5). First two extracted principal components explained 75.7% of total
variability at 0 DAS, 77.24% at 4 DAS, 81.87% at 6 DAS, 82.6% at 7 DAS, 83.79 at 8 DAS,
and 81.73% at 9 DAS (Table 54).

At 0 DAS (Figure 5a), parameters were grouped as follows: specific energy fluxes (ABS,
TRy, ETy, DIy, RE( per RC) at the right side closely correlated with drought, and quantum
yields (¢Py, @Eg, and ¢Rp), and performance indexes at the left side of biplot closely
correlated with control. Ecotypes OS, 18, and BOR were on the left side of the biplot, while
D6 separated on the right side. Response of ecotypes to drought changed the arrangement
of JIP parameters on the biplot during the experiment in the way that parameters Plaps,
Pliotal, ©Po, Fm, 8Rg, WEg, ETg/RC, RE(/RC, and RC/CSy stayed in the correlation with
control conditions while Dy, Ry, Fy, Vi, Vk, ABS/RC, and DIy/RC correlated with
drought conditions (Figure 5b—f). From the 6 DAS onward (Figure 5c—f), ecotypes D6
and BOR were placed closer to drought conditions while OS and 18 were on the same
side of the biplot in correlation with control conditions but distanced to opposite biplot
quadrants. Drought significantly influenced parameters ABS/RC and DIy /RC, which
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strongly positively correlated during the experiment. A very high significant positive
correlation was found between performance indexes (PIaps and Pliy,1) and WEy.
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Figure 5. Results of principal component analysis of JIP parameters in the leaves of Oblac¢inska sour
cherry ecotypes (OS, 18, D6, BOR) under control and drought conditions were obtained at 0 (a), 4 (b),
6 (c), 7 (d), 8 (e), and 9 (f) days after stress (DAS).

3. Discussion

Our study exposed plants of four Oblacinska sour cherry ecotypes to progressive
drought to study their responses and adaptive mechanisms of photosynthetic apparatus
to these adverse conditions. Drought provokes the accumulation of Reactive Oxygen
Species (ROSs), and therefore, plants activate the antioxidative response of enzymes and
secondary metabolites to protect from the abnormal conditions (i.e., stress) and to stabilize
metabolism [32]. Stress effects on the plants are dependent on the duration and severity of
the drought conditions [4,33]. RWC distinguished OS between other ecotypes as ecotype
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that retained constant RWC as in control treatment for the longest time despite unfavorable
conditions indicating that it may possess higher tolerance to drought than other ecotypes.
Our results corroborate the studies on pear, olive, and strawberry plants exposed to drought,
where RWC discriminated cultivars according to their tolerance to leaf dehydration [7,34,35].
However, despite the most stable RWC in drought treated plants within studied ecotypes,
the ecotype OS showed the most significant reduction in Chl 2 and b and Car as well, but
without significant influence of drought on the Chl a/b. Furthermore, ecotypes D6 and BOR
revealed a significant decrease of Chl a/b, which occurred due to a significant reduction in
Chl a. Significant decreases of Chl a and b as a response to drought was previously found in
the leaves of sweet cherry seedlings [36], pear [37] and pear rootstock seedlings [38], apple
seedlings [3], Lycium ruthenicum Murr. seedlings [17], etc. Significant decline of the Chl a/b
in the drought exposed leaves of ecotype BOR suggests that due to the significant reduction
of Chl a, Chl b has taken a leading role as an absorption molecule in the functional antenna
chloroplast of the light-harvesting complex [39]. The decline of Car in the drought-exposed
leaves of sour cherry ecotypes may imply that the xanthophyll cycle was not activated
properly to protect PSII from photoinhibition [40].

An earlier study on Norway spruce ecotypes identified significant differences in
photosynthetic efficiency within ecotypes originating from different geographic locations
(high-mountain and lowland) after one prolonged period of drought only for JIP parameters
ABS/RC and DIy /RC [41]. Opposite that, we found that all JIP test parameters presented
in our study responded to drought in the leaves of ecotypes 18, D6, and BOR. Only two
parameters, Ey and ET(/RC, in the drought exposed leaves of ecotype OS, remained
unchanged during the experiment, suggesting an effective electron transport chain in PSII
despite unfavorable conditions. This claim is corroborated by the fact that YEy in the leaves
of ecotype OS was not reduced by drought until 9 DAS, as well as Ry and RE(/RC, which
further suggests that electron transfer to final electron acceptors at PSI was also efficient.

The first reaction of the photosynthetic machinery to drought was found in the leaves
of ecotype BOR at 4 DAS, seen as positive AL and AK occurrence. This suggests impaired
energetic connectivity between PSII units and impaired electron flow between the oxygen
evolving complex (OEC) and the acceptor side of the RC [42]. A similar response to
drought was found in the apple leaves under severe drought conditions [15] and in the
leaves of modern apple and sweet cherry cultivars, suggesting higher drought tolerance
of some autochthonous cultivars [3,16]. A similar pattern in OJIP curves was found in all
investigated ecotypes, but it was revealed at 6 DAS in OS and D6 and 8 DAS in the leaves
of ecotype 18.

The first significant impact of drought in the leaves of ecotype OS was found at 6 DAS.
An increase of Fy, with an increase of Vi and V, and consequently, the appearance of
positive AL and AK indicate impaired connectivity and system stability as well as impaired
electron flow between the oxygen evolving complex (OEC) and the acceptor side of the
RC [42]. However, in our study, according to earlier conclusions about electron transport in
the drought exposed leaves of ecotype OS, positive but small amplitudes of AL and AK did
not significantly influence electron flow because of optimal linear electron flow from PSII to
PSI (6Rg and RE(/RC). The mutual interaction of significant changes in ABS/RC, TR/RC,
and DIy /RC resulted in decreasing PIsps in the drought treated leaves of ecotype OS at
6 DAS. Moreover, the fact that Pl remained the same until 8 DAS can be attributed to
optimal linear electron flow from PSII to PSI (R and REy/RC) and increased @Ry. The
decrease of Pli,, and Py at 8 DAS coincide with the appearance of positive AG in the
drought exposed leaves of ecotype OS, suggesting that, at this point, PSI was limited by
blocked electron flow further than the reduced Q4 [43] and the redirection of linear electron
flow to cyclic flow around PSI [44]. Generally, most alterations in the photosynthetic process
occurred at 8 DAS in the drought-exposed leaves of ecotype OS compared to control leaves.

Unlike the OS ecotype, which maintained efficient electron transport through both
PSII and PSI up to 8 DAS, the PIsgs and Pliy,) reduced due to inefficient electron transfer
(ET and RE) in ecotype 18 occurred earlier (7 and 6 DAS, respectively). Alterations in 6Ry,
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@Ry, and RE(/RC at 6 DAS suggested an imbalance between the reduction and oxidation
of Q4 [45]. The decrease of P\ observed at 8 DAS, altogether with an increase of ABS/RC
and DIy/RC, coincided with the occurrence of positive AK and AL, indicating weaker
connectivity between adjacent PSIIs at the level of antenna complexes and problems with
electron transfer reactions at donor and acceptor sides of PSIIL. The positive AK and AL also
coincided with a decrease of P after five days of exposure to drought in the leaves of
modern sweet cherry cultivar compared to autochthonous cultivar [15]. In general, electron
transport alterations in PSI and PSII, seen at 6 and 7 DAS, respectively, indicate that electron
transport through the PSI is the most sensitive part of the photosynthetic process in the
leaves of ecotype 18 exposed to drought.

In the drought-exposed leaves of ecotypes D6 and BOR, a significant decrease in PIsps
was found at 4 DAS, a decrease in \PEj in both ecotypes and an increase in TRy /RC, Vi,
and Vi only in the leaves of ecotype BOR. Those alterations are in accordance with the
decrease of PI5ps and PEg as well as the occurrence of positive AK and AL in the drought
exposed leaves of sensitive sweet cherry cultivar [16]. Pli, in the drought exposed leaves
of ecotype D6 remained unchanged until 6 DAS, when its decrease was caused by changes
in the parameters describing the electron transport chain, suggesting that it is the weakest
part of the photosynthetic process. Those alterations at 6 DAS coincide with positive Al,
suggesting a reduced rate of electron transfer from Q4 to Qg at the acceptor side of PSII
and positive AK indicate impaired photosynthetic electron flow from PSII to PSI [46].

A diminution of Pli, and