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Abstract

The seeds of early ripening cherry cultivars are generally of poor quality, thereby adversely affect the
success of the entire breeding process. The current study aimed to examine the application of supporting
substances, such as brown algae extract (ALGA), humic and fulvic acids + IAA (LEXIN), and gibberellic acid
(GAs3), in the blooming and ripening of fruits. Successively, the same substances were applied to seeds within
laboratory conditions, to enhance the quality of cherry embryos and promote their germination. For
comparison, two cultivars, an early one ‘Burlat’ and late ‘HL 13577 were used in a multi-year trial. The
application of GA; at the time of blooming in the ‘Burlat’ cultivar had a positive effect on increasing the share
of harvested fruits (31.6%), reduction of the share of bad seeds (17.7%) and improving seed germination
(21.9%), compared to the untreated control. Cultivar ‘HL 13577 had 16.6% of developed fruits, 15.0% share
of bad seeds and seed germination 9.8%. No remarkable increase in germination was observed in any tested
variants after the secondary application of preparations in the laboratory. The impact of the year was most
explicit in the proportionality of developed fruits, while its effect on seed germination post-treatment remained
uncertain. On the contrary, the treatment exhibited a greater effect on germination testing. Based on these
findings, we conclude that direct application of GA; to the trees (from blooming to fruit harvesting) in the
orchard was beneficial. However, the other substances tested did not produce positive effects on the parameters.
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Introduction

Cherries belong to the most popular and cultivated fruit species. This great popularity is based on
consumers appreciation not only in terms of quality, but also in terms of nutrition (Proietti ez al., 2019). Fruits
are a source of many nutrients, vitamins (Ferretti ez 2/., 2010) and antioxidants, which play a positive role in

the prevention of cardiovascular and oncological discases in humans (Cruz-Lopes ef 4/., 2022; Knapova and

Bilkov, 2022).
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Based on market demand, breeders are currently trying to create very early and very late ripening
cultivars. Breeding for earliness is primarily about the highest possible earliness of cultivars, but the quality of
the seeds obtained by hybridization of early ripening cherry cultivars is poor (Zd4rskd and Suran, 2021).
Research carried out at the Iasi Fruit Research Station in Romania over 23 years involved the pollination of
706,365 flowers. This effort yielded 133,150 hybrid fruits, equating to a fruit set rate of 18.8%. However, only
13,453 of these fruits provided viable seeds, resulting in 6,493 seedlings, which corresponds to an overall success
rate of 0.91%. Yearly differences were notable, with fruit set rates ranging from 5.8% to 35.7%, and the success
rate from flowers to seedlings varying between 0% and 2.9% (Gradinariu ez a/., 2008).

The breeding work in the Jerte Valley of Spain, analyzed for the years 2006 to 2008, began with 36,906
pollinated flowers. They harvested 6,334 fruits with an average fruit set rate of 17.2%, and a global success rate
of 4.9%. Year-over-year, the fruit set fluctuated between 13.5% and 20.6%, and germination rates experienced
a low of 1% in 2006 but rose to 44.7% and 46.9% in the following two years. Notably, three cultivars
(Ambrunés, Hudson, and Pico Colorado) produced 98.7% of the resultant seedlings (Lépez-Corrales ez 4l.,
2014).

At INRA-Bordeaux, the last 11-year period of breeding has yielded diverse outcomes (unpublished
data). The fruit set percentage varied widely from 0 to 8.2%, averaging at 4.7%, while the germination rate was
between 6.3% and 71.9%, averaging at 21%. The overall success rate was roughly 1%, with individual results
ranging from 0.3% to 2.6%. Despite lower average fruit sets than the Romanian and Spanish programs, INRA
showed comparable overall success rates due to its higher germination rates. The variability in fruit set and
germination rates across 22 maternal genitors were significant, with fruit sets between 0-19.1% and
germination rates from 0.3-84.9%. The cultivars ‘Fertard’, ‘Regina’, and ‘Fermina’ contributed to the lower
average fruit set at INRA due to their high chilling requirements, though Fertard’ compensated with a high
germination rate of nearly 66% (Quero Garcia, 2019).

The seeds of early cultivars are not fully developed, because the fruits ripen earlier than the embryos, and
the seeds often die during fruit ripening or have low germination (Blazkové ez /., 2003). Little or poor
germination is characteristic especially for the early maturing cultivar ‘Burlat’, whose seeds show insufficient
growth of embryos. Therefore, it is important to harvest the embryos, when the fruits are still immature (Lang,
2019). Low seed germination makes it difficult to obtain abundant populations and crossbreeding is inefficient.
Early cultivars can form viable embryos, but seeds do not germinate due to poor cotyledon development during
fruit ripening (Stanys, 1997). Ultimately, by gathering seeds from early ripening cultivars like ‘Burlat’, ‘Earlise’,
‘Early Star’, and similar cultivars, the application of in vitro embryo rescue techniques can enhance the
germination rates of immature embryos (Balla and Brozik, 1996). However, it's important to note that the
effectiveness of embryo culture can fluctuate significantly across different years and depending on the cultivar,
as evidenced by the findings of Balla and Brozik in 1996. Not only genetic characteristics, but also
environmental factors are important for the cultivation of fruit trees. A rich cherry crop is the result of a
combination of internal and external conditions and depends on the successful completion of a sequence of
reproductive events (Tosun and Koyuncu, 2007).

Dormancy, which is the result of adaptation to adverse conditions of the climate cycle, has a significant
influence on seed germination. This is a period of rest when physiological processes are stopped or reduced ($an
et al., 2014). It is therefore a strong inhibitor of germination in stone fruit seeds (Stein ez 4/., 2020). Seed
dormancy affects the timing of germination and is greatly influenced by the environment and natural
conditions in which the seeds mature. Baskin and Baskin (2004) introduced the dormancy model as a model
of the influence of the external environment on seed formation and maturation. Germination inhibitors occur
in different concentrations in different parts of the seed, and it is possible to reduce their proportion by
removing one or several parts of the seeds, thereby increasing the percentage of germination (San ez 4/., 2014).
Germination, on the other hand, stimulates kinetin, which promotes cell division. Exogenous application of
this hormone significantly increases germination percentage if applied in sufficient quantity (Selim ez a/., 1981).

Cherries are naturally dormant stone fruits, but there are differences between years and between cultivars.

2



Pazderu K ez a/. (2024). Not Bot Horti Agrobo 52(2):13561

Cherry seed dormancy can be removed mainly by stratification, pre-cooling, or application of KNO; and
gibberellic acid (GAs) (ISTA, 2019; Cetinbas and Koyuncu, 2006). However, a well-developed embryo is a
prerequisite, which can be a problem with early cherry cultivars because the seeds do not have enough time to
develop.

The aim of the study was to try to improve the quality of cherry seeds by applying supporting substances
directly to trees from blooming to fruit harvesting period in the orchard and to increase the germination of
these harvested seeds in laboratory conditions.

Materials and Methods

Field (orchard) trials

The experiment was conducted at Research and Breeding Institute of Pomology, Holovousy, Ltd.,
Czech Republic, between 2019 to 2023, with subsequent laboratory evaluation at Czech University of Life
Sciences, Prague, Czech Republic. The trial included trees from the Holovousy locality, Eastern Bohemia (360
m above sea level; 50.383629, 15.576902). The long-term average annual temperature for this locality is 8.4 °C
with an average annual precipitation of 663.5 mm. The growing conditions here correspond to the beet
production type. According to agroclimatic zoning, the locality falls into the macro-region of moderately warm
and the sub-region of moderately humid. The orchard is located on a gentle slope with southern exposure. The
soil belongs to the group of brown soils, it is deep and non-stony.

The planting was established without supplemental irrigation in 2008 on ‘Gisela 5° rootstock. The
training system was open vase, with trees planted in a spacing of 5.0 x 1.5 m. The trees were managed using
conventional production practices. Permanent grass cover was maintained between the rows, which was
regularly mowed or mulched. Herbicides were used to maintain the alleyways. Basic fertilization is applied once
ayear with LAV 27 fertilizer (ammonium nitrate with limestone) at a rate of 1.1 q/ha. Additional fertilization
is done by foliar spraying with DAM 390 fertilizer twice at a rate of 3.0 L/ha, three times at a rate of 4.7 L/ha,
and during fruit ripening, STOPIT is applied twice at a rate of 10.0 L/ha. Pruning of trees is carried out in
spring before tree blooming. Biomass from pruning is mulched in the inter-row spaces.

Two maternal cultivars of early and late ripening time were pollinated in a controlled conditions with
paternal materials, both in an isolate. Cross combination was as follow: early ripening cultivar ‘Burlat’ x
‘Tamara’ and late ripening cultivar ‘HL 13577’ x ‘Irena’. Blooming branches of pollen donor were placed into
isolate in a bucket with water. Pollination was provided by bumblebees added in the hives to the isolates. A
separate pollination isolate, covered with an insect-proof fiber net, was prepared for each variant of application
onto trees.

The application of supporting substances (Table 1) took place at the same time, depending on the
progress of the phenophases, in a total of 4 repetitions. The first dose was sprayed at full bloom, the second
after flowering during the fall of the flower petals, and two more applications at 10-days intervals during fruit
development. For each variant, the number of flowers, their reduction and the proportion of fruits obtained
after pollination when applying supporting preparations were counted. The number of flowers after the 1st
application of the preparations and the number of developed fruits after the 4™ application were calculated.
The evaluation was carried out on 6 branches for each variant. This data was used to compare the effect of
treatment variants on fruit set by determining the percentage of developed fruits from the flower set. A whole
tree of each variant was harvested for the germination trials.

At the same time, all variants were also treated against Monilinia blossom blight and brown fruit rot
during maturation. In some years, Monilinia infection was decisive to the amount of obtained fruit and the

quality of embryos.
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Table 1. Scheme of application of supporting substances

Treatment Compounds
Control Tap water only,
ALGA Alga 600, 1 g/1 liter of suspension, brown algae extract, Agrobiosfer, Ltd.
GA; 0.01% solution of gibberellic acid GA3, Carl Roth, Gmbh
LEXIN Lexin (humic and fulvic acids 6%, IAA 0.25%) 0.08% solution, Lexicon plus, Ltd.
Seed material

Sweet cherry fruits from the F1 generation of each variant were harvested at full maturity. The soft
exocarp and mesocarp were removed by mechanical peeling and stone fruits were surface disinfected with 1%
sodium hypochlorite. The hard endocarp was removed mechanically (by cracking) and seeds with a seed coat
were disinfected with fenhexamid (500 g/l). Seeds were not stratified or otherwise stimulated to break
dormancy in order to clarify, in particular, the effect of the application of supporting substances on the
development of the seeds on the trees.

Seeds were divided into 4 categories according to stage of embryo development (Figure 1):

Category 1 — a well-developed embryo, that fills whole or most of the pit, 7-9 mm long

Category 2 — partially developed embryo, fills half of the pit, 4-6 mm long

Category 3 — poorly developed embryo, fills a quarter or less of the pit, 1-3 mm long

Category 4 — missing embryo or only wrinkled seed coat

-

Figure 1. Categories of developed seeds

Treatment in laboratory

Seeds of categories (1+2+3) of each variant after mechanical removal of hard endocarp (by cracking)
with seed coat were soaked 1 day in the same all supporting substances each: tap water only (control), ALGA,
LEXIN and GA;, all solutions with the same concentration, except GA; (0.1% for soaking of seeds).

Seed germination testing was carried out in pleated filter paper (Hahnemubhle, 110 grams per sqm) in 4
replications at 20 degrees with continuous light (BP method — ISTA, 2019). All three seed categories (1+2+3)
were germinated together. Every 2 weeks, seeds were transferred to a new filter paper until final germination or
seed destruction. The total duration of the germination test was 3 months (12 weeks). Seeds with green
cotyledons and with developed minimum 3 mm long root were counted as germinated.

Statistical analysis

All data obtained were evaluated by the ANOVA method (analysis of variance) as a 3-factor full model
(treatment x cultivar X year) with interactions, separately for data both from the stand (trees) and data from
laboratory testing. Differences between means were assessed by Tukey’s Honestly Significant Difference
(HSD) method. The SAS system, version 9.4, was used for evaluation (SAS Institute, USA). From the entire

five-year experiment, only the years 2019 and 2022 with enough number of seeds from individual variants were
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used for statistical evaluation, when it was possible to evaluate the importance of tested factors on seed quality

and their ability to germinate.

Results

Fruit development

The ‘Burlat’ cultivar showed the highest proportion of developed fruits following the GA; spraying
(31.6%), which was demonstrably superior to all other treatments. The lowest number of flowers 144.6 (per
branch) was also found for the variant GA;. Flower to fruit reduction in the GA; variant was 68.4%, while in
the untreated control 78.0%.

In the case of the ‘HL 13577 cultivar, the differences between the treatments were inconclusive, except
for the number of flowers after treatment in the GA; variant, where the number of flowers per branch (158.9)
was significantly reduced compared to the other variants.

A detailed look at individual donor progenies shows Figure 2a and b.

Burlat @Flowers @ Fruits OShare
250 40,0%
g o0 | 178 203.7a 31.6% a
& 167.9 a 30,0% 2
d 5.0% ab
150 . a 144.6 b k=
% 16.7% b 20,0% B
= 100 8
<
gé 50 43.6a 42.0a 45.7a | 10,0% g
5 ] 341a _|
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Figure 2. a) Fruit development after treatment with supporting substances onto trees. Differences among
means are marked with small letters (separately for each category), HSD Flowers = 55.4., HSD Fruits =
23.0, HSD Share = 8.3; b) Fruit development after treatment with supporting substances onto trees.
Differences among means are markted with small letters (separately for each category), HSD Flowers =
13.2, HSD Fruits = 20.4 HSD Share = 11.5.
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The year and 3-factor interaction year x treatment x cultivar had the greatest effect on the number of
developed fruits, and also the year, followed by cultivar, and the 2-factor interaction of year and cultivar had
significant influence on the share of developed fruits (relative to the number of flowers). The effect of the
treatment on the average of both cultivars, early ‘Burlat’ and late ‘HL 13577, was inconclusive (Table 2).

Table 2. F-values and P-values of factors influencing the number of developed fruits and the share of
developed fruits (average of 2019 and 2022 years)

Number of developed fruits Share of developed fruits
Factor

F-value P F-value P
Year (A) 10.30 <0.01 142.08 <0.01
Treatment (B) 0.29 NS 0.82 NS
Cultivar (C) 7.68 <0.01 35.86 <0.01
AxB 0.77 NS 1.14 NS
AxC 0.06 NS 27.94 <0.01
BxC 253 NS 5.82 <0.01
AxBxC 12.96 <0.01 14.60 <0.01

In the case of an additive ANOVA model, the F-values show the relative proportions of the factors to the total
variability of the model. NS - not significant.

Effects of factors on share of bad seeds and seed germination

The application of supporting substances in the flowering period had a significantly positive effect both
on the reduction of the share of bad seeds (category 4) and on the germination of embryos (Table 3). The effect
of cultivar was higher for the proportion of wrong seeds than in seed germination after treatment in flowering.
The year of production had a significant effect only on the proportion of bad seeds; to the germination, the
effect of year was inconclusive, and the effect of cultivar was less significant than the effect of treatment.

Table 3. F-values and P-values of factors influencing the share of bad seeds and germination after treatment
in flowering (both years 2019 and 2022 and cultivars)

Share of bad seeds (catcgory 4) Germination aftc'r treatment in
Factor flowering

F-value P F-value P
Year (A) 43.67 <0.01 1.85 NS
Treatment (B) 31.57 <0.01 11.66 <0.01
Cultivar (C) 109.87 <0.01 4.86 <0.05
AxB 8.70 <0.01 21.17 <0.01
AxC 51.50 <0.01 1.64 NS
BxC 22.16 <0.01 5.90 <0.01
AxBxC 9.89 <0.01 12.46 <0.01

In the case of an additive ANOVA model, the F-values show the relative proportions of the factors to the total
variability of the model. NS — not significant.

The proportion of bad seeds (category 4) in the ‘Burlat’ cultivar (Table 4) after mechanical removal of
the endocarp was significantly the lowest after the application of GAs (17.7%). On the contrary, the variant
with the application of lexin had the highest proportion of bad seeds (58.6%).

On average, across all variants, including the control, the share of bad seeds for the early cultivar ‘Burlat’
was 36.9%.
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The germination of harvested seeds after spraying on trees without subsequent treatment in the
laboratory was the highest for the GA; variant (21.9%), on the contrary, after the application of lexin, it was
the lowest (2.2%). Only GAs was significantly different compared to the untreated control.

The subsequent application of supporting substances to the seeds did not have a significantly positive
effect, cither in the case of the untreated variant in the stand (control in flowering) or in other variants of the
application in flowering, but some variants were comparable in comparison to the control.

The highest germination of laboratory treated seeds was 16.6% for the combination GAs/ GA;
(tree/lab), closely followed by the alga/alga combination with a similarly high germination (15.9%).

Table 4. ‘Burlat’- Early cultivar, share of wrong seeds and seed germination after treatment in flowering
and after treatment in laboratory

Treatment in Share of bad seeds Germination Treatment in Germination
flowering (%) (%) laboratory (%)
39.4. B 6.6. BC Control 6.6 ab
Control Algs 69 2
Lexin 2.1
GA; 6.1 ab
31.8. B 12.3 B Control 12.3 ab
Alga Alsa 15.9 a
Lexin 1.9 c
GA; 5.0 be
58.6 A 2.2 C Control 2.2. a
) Alga 1.6 a
Lexin
Lexin 0.8 a
GA; 3.9 a
17.7 C 219 A Control 21.9 a
Gibberellic acid Alga 133 :
Lexin 1.0
GA; 16.6 a
HSD 0.05 11.6 8.6
2019 45.1 A 15.4 A
2022 26.1 B 8.6 B
HSD 0.05 6.1 4.5

Differences among treatments in flowering are marked with capitals, differences among treatments in laboratory are
marked with small letters (separately for each treatment on the trees). HSD for laboratory treatment, HSD Control =
4.6, HSD Alga = 8.9, HSD Lexin = 4.3, HSD Gibberellic acid = 8.6

The late cultivar ‘HL 13577’ (Table 5) generally had a lower number of bad seeds (category 4) after
spraying the trees. Among the treated variants, the best outcome was observed with gibberellic acid (15%),
while the untreated control had the highest part of underdeveloped seeds (22.5%). On an average, across all the
treatments, the late cultivar performed better than ‘Burlat’, with only a 19% of defective seeds.

Germination in the late cultivar was the highest in the GA; variant and the lowest in the alga variant,
but the differences were not conclusive. The lower germination rate in comparison with the ‘Burlat’ cultivar
was caused by a higher infestation of the seeds by Monilinia infection, which could not be eliminated despite

the use of disinfectants.
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Additionally, the second application of the preparations in the laboratory did not result in a
demonstrable increase in germination in any of the variants, although the seeds in some application variants
had slightly higher germination than the control variant (without treatment in the laboratory).

Table 5. ‘HL 13577’ - late cultivar, share of bad seeds and seed germination after treatment in flowering
and after treatment in laboratory

Treatment in Share of bad seeds Germination Treatment in Germination
flowering (%) (%) laboratory (%)
22.5 A 7.1 A Control 7.1 a
Al 7.3
Control & :
Lexin 8.6 a
GA3 34 a
20.1 A 5.4 A Control 5.4 a
Al 9.6
Alga & 2
Lexin 6.9 a
GA; 4.5 a
18.2 A 5.8 A Control 5.8 a
Alga 6.6 a
Lexin
Lexin 7.9 a
GA; 7.0 a
15.0 A 9.8 A Control 9.7 a
Alga 14.2 a
Gibberellic acid
Lexin 11.9 a
GA; 8.9 a
HSD 0.05 9.0 8.8
2019 18.5 A 8.6 A
2022 19.6 A 6.4 A
HSD 0.05 48 47

Differences among treatments in flowering are marked with capitals, differences among treatments in laboratory are
marked with small letters (separately for each treatment on the trees). HSD for laboratory treatment, HSD Control =
5.9, HSD Alga = 6.2, HSD Lexin = 6.2, HSD Gibberellic acid = 8.5

In both cultivars, fully developed large seeds germinated first (category 1), on the contrary, small seeds
germinated rarely during the duration of the germination test.

In the overall 4-factor model (year, cultivar, treatment on tree, treatment in lab), germination was 10.1%
in 2019, respectively 6.4% in 2022 (significantly different means of years).

Discussion

The filter paper (BP method) germination test was chosen as a standard method of germination
evaluation (ISTA, 2019) to compare the effect of the application of supporting substances on the quality of
cherry seeds without being influenced by other methods affecting germination, especially stratification.
Germination values obtained by this traditional method are comparable to, for example, Duli¢ ez al. (2016),
who reports from 35 to 8.3% of seeds with seed coat developed into plants at ‘Burlat’. Similarly, Stein ez al.
(2021) found 14.9% of germinated seeds without treatment. However, Du Hyun (2019) found that whole
seeds of Prunus yeodensis Matsumura with seed coat did not germinate, neither in BP nor in sand. Additionally,
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various sources have noted a wide range of germination rates, which can vary from 0 to over 80% dependingon
the cultivars, as documented by Quero Garcia (2019).

The impact of application of supporting substances affecting the development, ripening and
germination of seeds is recognized in field production (Prochdzka ez al., 2016). However, it has not been
previously tested in the orchard as a spray in blooming and ripening to affect the quality of cherry seeds. In the
control variant, the percentage of fruit set (from flower to fruit) ranged from 12.8 to 22% depending on the
cultivar. Published data from breeding programs show an average fruit set percentage ranging from 1% to 18.8%
(Quero Garcia, 2019). Our study revealed a significant difference in the percentage of fruit set among treated
trees of different cultivars. While the share for the early ‘Burlat’ cultivar was between 16.7 and 31.6%, the late
HL 13577 cultivar ranged from 12.8 to 16.6%.

Cherry seed development is influenced by the presence of abscisic acid, which is produced during seed
formation and ripening. A high level of ABA in the pith increases the sugar content in the fruit and affects the
fruit growth rate, maturation, and colouring of sweet cherry (Kondo and Gemma, 1993). On the other hand,
poor development and strong dormancy of the formed seeds are important problems that affects the
effectiveness of breeding, especially in the case of early cultivars (Blazkové ez al., 2003; Zdarska and Suran,
2021). Typically, cherry seeds are in various stages of development and dormancy when the fruits are harvested.
This was also verified by Finch-Savage e al. (2002). To remove it, it is best to use pretreatment with GA3 in
naked embryos followed by 1 month of cold stratification (Pipinis ez a/., 2012; Al-Absi, 2010). In our case,
however, the subsequent application of GA3 to the seeds in the laboratory did not have an additional positive
effect.

More developed embryos were able to germinate shortly after removal from the seed. Arbeloa ez al.
(2009) confirm that they found higher germination in larger embryos. Small embryos rarely germinated in this
experiment. The low germination of the less developed embryos of 3 cultivars was also shown by Duli¢ ez al.
(2016).

Despite breeders acknowledging the significant influence of the year, particularly on yield and fruit
quality (Predieri, 2003), there hasn't been any efforts for experimental multi-year study to evaluate the exact
effects of applying supporting substances during blooming and ripening on the quality of cherry embryos
(Blaiek etal., 2022).

The effect of multiple cultivars on embryo germination was reported by Duli¢ ez /. (2016) and Stein ez
al. (2021).

Conclusions

The application of supporting substances in the blooming and ripening periods influenced the
formation of fertile embryos in cherries, especially in the early crossbred. GA3 increased the proportion of
developed fruits and reduced the share of bad seeds. Seed germination after spraying GA3 on trees was the
highest from all tested variants.

In the multi-factor experiment, a more significant influence of the year on the number of flowers and
on the number of ripe fruits was found, compared to the cultivar. The share of bad seeds was more affected by
the cultivar than by the year; seed germination was most influenced by the used treatment and the cultivar, and
the influence of the year was found to be inconclusive.
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