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Abstract

To maintain the high yields and fruit quality necessary for profitability of sweet cherry 

production, it is important to consider precision crop load and canopy management techniques during 

limb renewal. The effects of branch section age, rootstock, and cultivar on spur and flower density 

and fruit quality have been discussed in previous studies, but most of them focus on a limited range 

of fruiting wood ages and scion-rootstock combinations. This study aims to analyse the processes of 

sweet cherry productivity and fruit size formation on a wide range of wood age to determine the limit 

after which branch preservation is not sustainable, and to evaluate the influence of rootstocks and 

cultivars on these parameters. The results indicate that wood age is one of the main drivers of 

productivity formation in cherry. The highest flower density was observed on 3-year-old branch 

sections – 324 flowers per linear m, due to high spur density, number of reproductive buds per spur 

and flowers per bud. Productivity on 2-year-old wood was also good (256 flowers per linear m), while 

a sharp decline in flower density was noted on 4- and 5-year-old wood. The largest fruits were formed 

on young branch sections, with a significant decline in fruit weight and diameter on 4- and 5-year-

old sections. Rootstock vigour had a bigger effect on floral organ induction on 1-year-old shoots, than 

on spurs. Based on the results, it is advisable to regularly renew lateral branches older than 3 years to 

maintain high yield efficiency and fruit quality.

Keywords: sweet cherry, flower density, reproductive bud, wood age, rootstock
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Introduction

Cultivation technology of tree fruit crops, including sweet cherry (Prunus avium L.), is 

constantly evolving with the implementation of vigour-controlling rootstocks, new training systems, 

and cultivar-based growing technologies. However, to maintain stable high yields and the fruit quality 

necessary for profitability of production, it is important to incorporate precision crop load and canopy 

management techniques into decision making. This includes considering the data on spur and flower 

number per tree after pruning, the number of flowers per spur and per bud, leaf population, and leaf 

to fruit ratio (Ayala and Lang 2017).

Sweet cherry forms reproductive buds on spurs, starting from 2-year-old sections of the branch, 

as well as non-spur buds in the basal part of 1-year-old shoots. As fruiting wood gets older, it 

gradually becomes blind and loses productivity (Kondratenko et al. 2021; Dzhuvinov and  Gandev 

2016; Schaumberg and Gruppe 1985). However, a global switch to orchard architectures with very 

compact canopies that only utilise 1- and 2-year-old wood is not yet feasible for multiple reasons. In 

lower income countries where a large share of sweet cherry production is concentrated, high-density 

plantings are often not profitable or even possible to establish, due to high initial investment and 

maintenance costs (Kishchak et al. 2020; Manolova and Kolev 2013). In hotter arid regions, 

particularly in the face of global warming, the use of dwarfing rootstocks often leads to a decrease in 

yield and fruit quality (Bondarenko 2018; Gonçalves et al. 2006). Moreover, the formation of 

unmarketable double fruits can occur more frequently in compact trees with an altered canopy 

microclimate, as flower buds are more exposed to high temperatures and solar radiation (Southwick 

et al. 1991; Beppu and Kataoka 2011), while overly high temperatures during early summer may 

suppress flower formation altogether (Sønsteby and Heide 2019). Thus, cherry producers may have 

to utilize orchard architectures that preserve a wider range of wood age on the trees, and this should 

be taken into account when developing precision crop load management strategies.

Induction and development of generative buds and, later, fruit is driven by a large variety of 

factors, such as cultivar and rootstock genotype, ecological conditions, and agronomic practices in 
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the orchard (Koutinas et al. 2010). The influence of rootstocks on the flower induction, and, therefore, 

precocity and yield, has been studied extensively (Milić et al. 2019; Lang 2000; Edin et al. 1996). A 

large share of the research regarding sweet cherry floral organ formation is dedicated to framing 

various stages of reproductive bud development to specific dates and phenological phases of the trees 

(Fadón et al. 2015; Guimond et al. 1998), and to investigation of internal processes in the buds during 

dormancy (Götz and Chmielewski 2023; Fadón et al. 2019). Applied studies concerning more 

practical aspects of productivity formation in relation to wood age, have also been conducted. Wood 

age is reported to affect spur, bud and flower density (Kondratenko et al. 2021; Edin et al. 1996), fruit 

diameter, and soluble solids content (San Martino et al. 2014). In addition, these parameters are 

strongly influenced by the segment within a branch section of each age (Stanley 2016; Maguylo et al. 

2004; Schaumberg and Gruppe 1985).

While the research on the topic is rather extensive, a lot of the studies focus on a limited range 

of fruiting wood ages and scion-rootstock combinations and are not always applicable to all 

ecological environments of cherry production. Therefore, the aim of this research is to analyse the 

processes of formation of sweet cherry productivity and fruit size on a wide range of wood age to 

determine the age limit after which preservation of the branch is not sustainable, and to evaluate the 

influence of the rootstocks and cultivars on these parameters, particularly in the regions with hotter 

arid climate.

Materials and Methods

Site description and weather conditions

The field experiment was conducted in 2021 in a sweet cherry orchard in Melitopol, south-

eastern Ukraine (46°83’N, 35°35’E, 38 m a.s.l.). The soil of the site is southern chernozem (black 

soil) with loam texture. The region’s climate is semi-arid, moderately continental. Based on long-

term data, the average annual air temperature is 10.7 °C, and the average annual amount of 

precipitation is 481 mm. Monthly data on air temperature and precipitation are presented in Table S1 
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for the period from May 2020 (the presumed beginning of floral organ initiation) to June 2021 (the 

fruit harvest). In general, weather conditions during the study were fairly typical for the region, apart 

from the warmer autumn of 2020, when the mean monthly air temperature exceeded long-term data 

by 3.4 °C in September and by 4.4 °C – in October. In June 2021, the amount of precipitation was 

almost triple the norm, but most of the rainfall happened when the fruits were in relatively early stages 

of ripening and still retained green skin colour, so no rain-induced cracking occurred in the 

experimental orchard. The minimum temperature of minus 19.4 °C in January 2021 did not cause 

significant damage to floral organs. Conditions during flowering were also favourable and contributed 

to high fruit set.

Plant material and experimental design

The experimental orchard was planted in April 2015 with 1-year-old maiden trees without 

lateral branches, so productivity parameters were assessed for the yield in 7th leaf. The planting 

distance is 5 m between the rows and 3 m within the row. Trees were trained as central leader spindle-

bush canopies and were grafted on clonal rootstocks Gisela 5, Gisela 6, and CAB 6P. These rootstocks 

were chosen because they demonstrate distinct vigour habits: Gisela 5 is classified as dwarfing, Gisela 

6 – as semi-dwarfing, and CAB 6P – as medium vigour in most studies (Tersoglio and Setien 2016; 

Font i Forcada et al. 2017), as well as previous research in Southern Ukraine (Topov 2018). The 

cultivars ‘Krupnoplidna’ and ‘Melitopolska chorna’ were used. They are the main late ripening 

cultivars in commercial orchards in Ukraine and were bred in Melitopol Fruit Growing Research 

Station named after M.F. Sydorenko, Melitopol, Ukraine (Quero-García et al. 2017). ‘Krupnoplidna’ 

is characterised by more spreading canopies with wider crotch angles and higher shoot formation 

ability, while ‘Melitopolska chorna’ – by more compact upright canopies, with fewer shoots formed 

each year (Bondarenko 2019).

The experiment was arranged in a randomised block design and had 30 treatments with every 

possible combination of rootstock, cultivar, and age of the fruiting wood (1 to 5 years) being 

replicated 3 times with 3 trees in each replication. All studied parameters, therefore, had 3 
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replications. Wood age in terms of this study means the age of the section of the branch: 1-year-old 

wood is the extension shoot produced in the previous growing season (2020), 2-year-old wood is an 

extension shoot from 2 years ago (2019), etc. 

Data collection

Two scaffold branches of similar size and crotch angle were selected in the lower part of the 

canopy on each tree. Spur density and the number of flower buds per spur were calculated during 

dormancy in February 2021 by measuring the length of the wood separately for each age section of 

the branch and counting the number of spurs and flower buds on it. The number of flowers per bud 

was assessed just before bud burst with a sample size of 50 buds per replication of each treatment. 

The number of flowers per linear m of wood was calculated as: Spur density × Number of flower 

buds per spur × Number of flowers per flower bud.

One-year-old shoots were excluded from flower density calculations since they form individual 

flower buds instead of spurs, and it is debatable whether flower density on them should be measured 

using shoot length before or after pruning. Instead, the number of flowers per each 1-year-old shoot 

was calculated using the following formula: Number of flower buds per shoot × Number of flowers 

per flower bud. The number of flower buds on 1-year-old wood was assessed at the stage of BBCH 

56 (flower pedicel elongation), when it was possible to unmistakably distinguish between vegetative 

and generative buds.

All field data were collected after the trees were pruned. Pruning was carried out in the first 

half of February. It consisted of heading cuts only, removing roughly 1/3 of the length of annual 

shoots, in order to preserve the maximum amount of flowers on the trees.

Fruit weight and diameter were determined at harvest (23 June 2021 for ‘Melitopolska chorna’, 

25 June 2021 – for ‘Krupnoplidna’) with 50 fruits sampled per replication. Mean fruit weight was 

determined by weighing the sample on the electronic scales and division by the number of fruits in 

the sample (50). Each individual fruit in the sample was measured with the callipers, perpendicular 

to the suture, to determine their maximum equatorial diameter.
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Data analysis

Statistical analysis of the results was performed using the software IBM SPSS Statistics 27. The 

research data were subjected to a three-way analysis of variance (two-way for the number of flower 

buds and flowers on 1-year-old shoots), followed by Tukey’s post-hoc test at p ≤ 0.05 in order to 

determine significant differences between the means. Pearson’s correlation was used to determine 

dependencies between indices.

Results

Spur and flower bud density

Spur density significantly depended on wood age. The highest values of this index were 

observed on 2- and 3-year-old wood. As wood got older, spur density decreased by roughly two times 

at 4 years, and by 4 times – at 5 years (Table 1). 

Table 1. Density of the spurs and flower buds per spur of seven-year-old sweet cherry trees 

grown in Melitopol, Ukraine, in 2021, depending on wood age, rootstock, and cultivar

Variant Spur density, linear m-1 Flower buds per spur
Mean for Wood age

2 years 15.6 ± 0.6 a 5.0 ± 0.3 b
3 years 17.1 ± 1.2 a 6.0 ± 0.1 a
4 years 7.6 ± 0.8 b 6.0 ± 0.2 a
5 years 3.5 ± 0.4 c 6.7 ± 0.3 a
P value <0.001 <0.001

Mean for Rootstock
Gisela 5 9.7 ± 1.2 b 6.2 ± 0.2 a
Gisela 6 11.2 ± 1.5 a 6.0 ± 0.2 ab
CAB 6P 11.9 ± 1.4 a 5.6 ± 0.3 b
P value 0.003 0.014

Mean for Cultivar
Melitopolska chorna 12.9 ± 1.1 a 5.5 ± 0.2 b

Krupnoplidna 9.0 ± 1.0 b 6.3 ± 0.2 a
P value <0.001 <0.001

Data presented as mean ± SE. Different letters within the same factor indicate significant 
difference between the mean values according to Tukey’s test at p ≤ 0.05

Between 0 and 10 flower buds were formed on each spur in the conditions of the trial. Spurs 

with 0 buds were found on 2- to 4-year-old sections of the branch, and spurs with 10 buds – on 3- to 

5-year-old sections. Such extremes were observed in rather small quantities, and the majority of spurs 
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formed 4-8 flower buds, regardless of wood age. The lowest mean amount of flower buds per spur 

(5.0) was formed on 2-year-old wood. On older wood, this parameter increased by 20-34% on average 

for the studied cultivars and rootstocks. On 5-year-old wood, a tendency toward a further increase of 

the number of buds per spur was observed, but it was not statistically significant compared to 3- and 

4-year-old wood.

Trees grafted on Gisela 5 rootstock, had 13-18% lower spur density, compared to Gisela 6 and 

CAB 6P, but formed a higher number of buds per each spur. Cultivar ‘Melitopolska chorna’, on 

average, formed 1.4 times more spurs per linear m of wood, but had 13% fewer flower buds per spur.

Number of flowers per flower bud

In the conditions of the experiment, the number of flowers per flower bud ranged between 1 and 5 

and was significantly affected by the age of the wood, with the highest values observed on 2- to 4-

year-old wood – 3.2-3.3 flowers per bud (Fig. 1A). This parameter was statistically lower on younger 

1-year old wood and older 5-year-old wood – by 12% and 14%, respectively, on average for all 

studied rootstocks and cultivars. This decrease was more pronounced on 1-year old wood of the trees 

of the cultivar ‘Krupnoplidna’ compared to ‘Melitopolska chorna’ trees.  

Figure 1. Mean number of flowers per flower bud of seven-year-old sweet cherry trees grown in 
Melitopol, Ukraine, in 2021, depending on wood age (A), rootstock (B), and cultivar (C). Data 
presented as mean ± SE. Different letters within the same factor indicate significant difference 
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between the mean values according to Tukey’s test at p ≤ 0.05. Note that the scale doesn’t start at 
zero

Trees grafted on a more vigorous CAB 6P rootstock, formed on average 2.5 flowers in each 

flower bud, which was 24-27% lower compared to the trees on more dwarfing Gisela 5 and Gisela 6 

rootstocks (Fig. 1B). No significant differences were observed for this parameter between the studied 

cultivars (Fig. 1C).

Flower density

Using the data on spur density and number of generative buds per spur and flowers per flower 

bud, it is possible to calculate the flower density per linear meter of wood. A clear division based on 

the age of the wood was observed:  on average, 256 flowers were formed on one linear m of 2-year-

old wood; at 3 years, this index increased by 1.3 times (Fig. 2A). For older wood, flower density 

declined sharply: by 2.4 and 5.1 times respectively on 4- and 5-year-old wood, compared to the values 

of this parameter on 3-year-old wood. Both lower spur density and lower number of flowers per 

flower bud contributed to this decline.

Figure 2. Flower density, linear m-1, of seven-year-old sweet cherry trees grown in Melitopol, 
Ukraine, in 2021, depending on wood age (A), rootstock (B), and cultivar (C). Data presented as 
mean ± SE. Different letters within the same factor indicate significant difference between the mean 
values according to Tukey’s test at p ≤ 0.05
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Rootstock comparison showed that trees grafted on Gisela 6 had the highest flower density – 

231 flower per linear m, which was 1.2 and 1.5 times higher than the trees on Gisela 5 and Gisela 6, 

respectively (Fig. 2B). ‘Melitopolska chorna’ trees formed 1.4 times more flowers per linear m of 

wood than ‘Krupnoplidna’ trees, mostly due to higher spur density (Fig. 2C). 

Floral organ formation on 1-year-old shoots

On annual shoots, unlike older wood, individual flower buds are formed in the basal part of the 

shoot instead of on spurs. The number of flower buds per shoot correlated with rootstock vigour. The 

highest value (7.6 buds per shoot) was observed on the trees grafted on Gisela 5, the lowest-vigour 

rootstock in the experiment, while shoots on the trees grafted on the more vigorous Gisela 6 and CAB 

6P rootstocks formed 20 and 43% fewer flower buds (Table 2). This tendency was even more evident 

when evaluating the number of flowers per shoot, where the difference between the trees on Gisela 5 

and on CAB 6P was more than two-fold.

Table 2. Floral organ parameters of annual shoots of seven-year-old sweet cherry trees grown 

in Melitopol, Ukraine, in 2021, depending on rootstock and cultivar

Variant Flower buds per 1-year-old 
shoot Flowers per 1-year-old shoot

Mean for Rootstock
Gisela 5 7.6 ± 0.7 a 23.8 ± 1.8 a
Gisela 6 6.1 ± 0.5 b 18.9 ± 0.8 b
CAB 6P 4.3 ± 0.5 c 10.2 ± 1.4 c
P value <0.001 <0.001

Mean for Cultivar
Melitopolska chorna 4.8 ± 0.4 b 14.9 ± 2.0 b

Krupnoplidna 7.2 ± 0.6 a 20.4 ± 2.1 a
P value <0.001 <0.001

Data presented as mean ± SE. Different letters within the same factor indicate significant 
difference between the mean values according to Tukey’s test at p ≤ 0.05

‘Krupnoplidna’ trees formed on average 1.5 times more generative buds and 1.4 times more 

flowers per 1-year-old shoot than ‘Melitopolska chorna’ trees.

Size of the fruits

The fruit set was high in 2021, ranging from 31 to 36%, with no significant differences between 

the variants of the experiment (p = 0.600 for the factor “Wood age”, p = 0.131 – for "Rootstock”, and 
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p = 0.117 – for “Cultivar”). All three studied factors significantly affected physical quality parameters 

of the sweet cherry fruits. As the age of the wood increased, the fruit size gradually decreased. The 

highest fruit weight and diameter were observed on 1-year-old wood: on average 7.8 g and 25.0 mm 

(Table 3). Fruits formed on 4-year old wood were already smaller compared to those on 1- and 2-

year-old wood (significant according to Tukey’s test), but the biggest decline in fruit quality was 

noted on 5-year-old wood, where fruit weight was 19% lower, and fruit diameter was 8% lower.

Table 3. Fruit size parameters of seven-year-old sweet cherry trees grown in Melitopol, 

Ukraine, in 2021, depending on wood age, rootstock, and cultivar

Variant Fruit weight, g Fruit diameter, mm
Mean for Wood age

1 year 7.8 ± 0.2 a 25.0 ± 0.2 a
2 years 7.4 ± 0.2 b 24.4 ± 0.2 b
3 years 7.3 ± 0.2 bc 24.2 ± 0.3 bc
4 years 7.1 ± 0.2 c 24.0 ± 0.3 c
5 years 6.3 ± 0.2 d 23.0 ± 0.3 d
P value <0.001 <0.001

Mean for Rootstock
Gisela 5 6.5 ± 0.1 c 23.2 ± 0.2 c
Gisela 6 6.9 ± 0.1 b 23.8 ± 0.2 b
CAB 6P 8.1 ± 0.1 a 25.3 ± 0.2 a
P value <0.001 <0.001

Mean for Cultivar
Melitopolska chorna 7.2 ± 0.1 a 23.8 ± 0.2 b

Krupnoplidna 7.1 ± 0.2 a 24.4 ± 0.2 a
P value 0.287 <0.001

Data presented as mean ± SE. Different letters within the same factor indicate significant 
difference between the mean values according to Tukey’s test at p ≤ 0.05

Trees grafted on CAB 6P rootstock had higher fruit quality, exceeding other rootstocks by 18-

24% in mean fruit weight and by 6-9% – in mean fruit diameter. There were no significant differences 

in fruit weight among the studied cultivars, but ‘Krupnoplidna’ trees formed fruits of larger diameter, 

which can be attributed to the round fruit shape, characteristic to this cultivar, compared to the heart-

shaped fruits of ‘Melitopolska chorna’.
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Discussion

The results show a complex effect of the studied factors on the formation of floral organs in 

sweet cherry. Scion-rootstock combinations demonstrated similar patterns of main productivity 

indices in relation to wood age.

A good preservation, within the range of seasonal differences, of spurs on 3-year-old sections 

of the branch and a decrease of spur density on older wood are also reported in other studies 

(Kondratenko et al. 2021; Edin  et al. 1996). This decrease can be explained by the combination of 

the gradual death of spurs and their unintentional removal by pickers during harvest. The two-fold 

decline in spur density between 3- and 4-year-old wood in the present study is bigger than typically 

reported and, most likely, can be attributed to relatively young trees, as current 4-5-year-old wood 

was formed when trees were in 2nd-3rd leaf, and vegetative growth prevailed over spur formation. 

The assumption that trees grafted on less vigorous rootstocks would have higher spur density 

because of shorter internodes, was not proven in our research. In fact, such trees tend to form a higher 

number of reproductive buds per 1-year-old shoot both in terms of absolute number and bud density 

per linear m (Milić et al. 2019), so bigger sections of wood become blind before spur induction. The 

same trend was observed in the present study, supported by an adverse correlation (R2 = -0.630, 

p < 0.01) between the number of flower buds per 1-year-old shoot and spur density. Other studies 

also report rather inconsistent patterns regarding spur density on scion-rootstock combinations of 

varying vigour (Dziedzic et al. 2019; Tabakov et al. 2015).

Our results indicate that rootstock vigour has a larger influence on reproductive bud and flower 

formation on 1-year-old wood compared to spurs on older branch sections. This is consistent with 

other research, which reports a higher share of reproductive buds formed on shorter annual shoots 

(Alehina and Dolya 2012; Reginato et al. 2008), and should always be considered when choosing 

rootstock-scion combinations for specific training systems.

Little is known still about the mechanisms determining the number of flowers per reproductive 

bud. Our results, as well as other research, note the effect of rootstocks and cultivars on this parameter 
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(Dziedzic et al. 2019; Tabakov et al. 2015). In addition, in the present study, flower buds on 1-year-

old shoots formed fewer flowers per bud, compared to spurs on 2- to 4-year-old sections of the branch. 

That supports results obtained in the study conducted in Turkey (Soysal et al. 2023). However, no 

difference between shoots and spurs in the number of flowers per bud was observed in other research 

(Đorđević et al. 2021; Alehina and Dolya 2012). One of the possible explanations for the lower 

number of flowers per bud can be later timing of flower bud induction on shoots compared to spurs 

(Koutinas et al. 2010). However, Guimond et al. (1998) did not observe visible differences in flower 

primordia development between buds on spurs and unpruned shoots, so this phenomenon warrants 

further research.

Our results suggest that 2- and 3-year-old branch sections have the highest flower density, and, 

thus, productivity potential, based on our results, while 4- and, especially, 5-year-old wood is much 

less productive. When making practical decisions about fruiting wood renewal in the orchard, not 

only the productivity of a branch section should be taken into account, but also the age of the limb, 

since renewal of branches older than 4 years may be challenging (Vaszily 2010). While high flower 

density may lead to overcropping and decline in fruit quality during the years with high fruit set, it is 

beneficial to base pruning decisions on factors such as bearing potential, ease of branch renewal, and 

canopy light interception improvement, and to apply a suitable thinning method for managing fruit 

quality (Measham et al. 2013; Whiting et al. 2006).

The influence of rootstock on fruit quality is well-documented in the scientific literature. Our 

results are in accordance with other studies, in which trees grafted on CAB 6P generically produced 

bigger fruits compared to trees grafted on less vigorous rootstocks, particularly when the experiments 

are conducted in hot arid regions (Font i Forcada et al. 2017; Landi et al. 2014). One of the possible 

explanations for this can be lower flower and fruit density of the trees grafted on CAB 6P rootstock 

compared to the trees on Gisela 5 and Gisela 6, leading to less carbohydrate competition. It should be 

noted that the correlation analysis showed only marginal negative relation between flower density 
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and fruit size on the whole tree level (R2 = -0.267, p = 0.028). Therefore, flower density is not the 

only factor responsible for fruit size in relation to rootstocks.

No correlation between flower density of the individual branch section of a certain age and fruit 

size was observed (R2 = 0.043, p = 0.330 for fruit weight; R2 = 0.013, p = 0.590 for fruit diameter). 

In fact, both the lowest flower and fruit density and the lowest fruit size were noted on 5-year-old 

wood. Thus, a complex of other factors has contributed to the reduction of the weight and diameter 

of the fruits on the older wood, observed in this study. Older branch sections inherently positioned 

closer to the centre of the canopy and have lower levels of light interception. At the same time, 

photosynthetic productivity of sweet cherry leaves is 1.6-2.3 times higher at the periphery of the tree 

canopy compared to its centre (Bondarenko 2019), and 1.4-1.7 times higher for peach leaves 

(Alekseeva 1986). For apple, increasing light exposure levels progressively increased fruit weight 

(Robinson et al. 1983). From a certain wood age onwards, a decrease in leaf area and chlorophyll 

content is observed (Yang et al. 2019), and the leaf to fruit ratio is one of the most important drivers 

responsible for the fruit size (Usenik et al. 2010; Flore and Layne 1999; Facteau et al. 1983). From 

the onset of stage III of fruit development, when the main increase in fruit mass happens for cherry, 

phloem gradually becomes the main contributor to the total vascular flow (Brüggenwirth et al. 2016). 

During this period, the fruits are the main sinks, receiving 87-96% of all photoassimilates (Ayala and 

Lang 2008), so adequate light interception, leaf area, and photosynthetic productivity are critical for 

fruit quality formation.

In addition, changes in fruit quality can be attributed to internal changes in older spurs, possibly 

due to the gradual deterioration of the vascular system, as well as a longer distance from other 

potential sources, such as extension shoot leaves. In a study conducted on pear, 3- to 7-year-old spurs, 

when defoliated, were unable to efficiently translocate assimilates from other parts of the tree, 

resulting in a roughly 30% decrease in fruit weight, but no such effect was observed on 1-year-old 

spurs (Teng et al. 1998). On cherry, during the years with high crop load, when leaf to fruit ratio is 

low and the competition for carbohydrates is high, such as the year of the present study, carbon 
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partitioning to the fruits located further from the source leaves is particularly weak, as 70-90% of 

carbon is received by the closest fruits (Ayala and Lang 2008). Also, as branches get older, the activity 

of enzymes, associated with fruit quality, progressively reduces (Yang et al. 2019).

Market price of sweet cherry is heavily influenced by fruit diameter; even slight size changes 

contribute significantly to crop profitability (Bondarenko 2018; Monney et al. 2009; Whiting et al. 

2006). Intra-canopy variability in fruit size is inherent to fruit crops even within the same branch, 

cluster, and light environment (Whiting and Sallato 2022). In the present study, the difference 

between the smallest and the largest fruit on the same tree was 12 mm. Thus, it is important to be able 

to determine the wood age threshold, after which smaller less marketable fruits are more likely to be 

produced.

An important limitation of the present study is that wood age is assessed strictly as a factor. 

However, in the orchard, the proportions of branch sections of each wood age in the canopy structure 

are not equal, and it might be interesting to address this in future research by evaluating the number 

of reproductive organs formed on different age sections on a whole-tree level.

Conclusions

The results of the study indicate that wood age is one of the main drivers of productivity 

formation in sweet cherry. The highest flower density was observed on 3-year-old sections of the 

branch, with high spur density, number of reproductive buds per spur and flowers per bud contributing 

to that. 2-year-old wood also showed good productivity, while a sharp decline in flower density was 

noted on 4- and 5-year-old wood. The best quality fruits were formed on young sections of the branch, 

with a noticeable decline in fruit weight and diameter on 4- and 5-year-old sections. These trends 

were observed in all the studied scion-rootstock combinations. Rootstock vigour had a bigger 

influence on floral organ induction on 1-year-old shoots than on spurs. In summary, it is advisable to 

regularly renew lateral branches older than 3 years in order to maintain high yield efficiency and fruit 

quality.
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