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Abstract: In olive (Olea europaea L.), the floral quality is a key feature affecting the final fruit crop. The
aim of this study was to evaluate the inflorescence traits and the floral quality parameters of three
clones of Leccino cultivar (L 1.3, L 1.4, L 1.9). To assess a possible effect of light limitations on these
parameters two canopy zones, internal (IZ) and external (EZ), were considered. The inflorescences
were collected over two consecutive years in order to establish: (i) the characteristics of inflorescences
(length, flowers per inflorescence) and flowers (open and perfect flowers); (ii) the ovary structure by
histological analysis; and (iii) the viability and germination of pollen grains by in vitro culture. The
preliminary results highlighted some differences among clones. The L 1.9 was the less affected by
the canopy position for inflorescence morphological traits, and the presence of ovaries with at least
three fully developed ovules denoting a high female fertility. Regardless of the canopy position, L 1.4
showed the highest pollen viability, suggesting its possible use as pollinator. The lower sensitivity of
female and male floral organs to partial shading of L 1.9 and L 1.4 needs further investigations aimed
at evaluating their suitability in high-density olive orchards.

Keywords: Olea europaea L.; flowers; ovary; pollen; partial shading

1. Introduction

In fruit crops, productivity is determined by the total flower number per tree and by
their quality, referred to as the structural and developmental characteristics of the flower
which influence its capacity for fertilization and fruit set [1]. In olive (Olea europaea L.), the
period from floral induction to full blooming covers approximately 9–10 months [2,3]. In
particular, the inflorescence number is determined in the previous season during the shoot
growth period, whereas flower quality is mainly determined in the current season [4]. Olive
produces a large number of flowers of which only a small portion eventually set fruits [5].
Thus, the flower quality is a determinant requisite to achieve economic yields. The olive
inflorescences, termed panicles, differ by shape, length and number of flowers in a wide
range from 10 to 40, depending on the cultivar [6]. Flowers are typically hermaphrodite
(perfect flowers) but, because of pistil or anthers abortion, they can be ‘imperfect’, namely
staminate or pistilate, respectively. The staminate type is the most frequent to find, es-
pecially in certain cultivars, being the phenomenon mainly under genetic control [7,8].
However, the proportion of staminate flowers depends on many other factors, such as the
fruit yield in the previous year, the position of the branch and twig, the position of the
inflorescences on the twig, the air temperature and the rainfall at the meiosis stage [8,9].
Thus, the number of hermaphrodite flowers is fundamental but not sufficient to determine
the potential tree yield [10]. To reach this goal in a morphologically perfect flower, both the
female and the male gametophyte have to be functional for fertilization. This is considered
the main condition defining the ‘flower quality’ [11]. With regard to the olive female
organ, the pistil has two carpels each containing two ovules of which at least one should
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be fertilized developing into one seed [12]. However, the appearance of abnormal ovules,
namely those with a failure of embryo sac development, can hinder a regular fertiliza-
tion process [13]. Concerning the male gametophyte or pollen, the viability is considered
the main quality indicator because being olive an anemophilous species, the quantity of
pollen grains produced per flower does not represent a limiting factor [14]. Successful
fertilization requires viable pollen capable of germinating, growing and fertilizing one
of the ovules [15]. It has been established that plant reproductive development is more
sensitive than vegetative growth to environmental stresses [16]. The quality of both the
ovule and the pollen are influenced by genetic, abiotic (i.e., heat, cold or drought) and biotic
factors [17]. The majority of the studies have focused on the influence at canopy level of
key parameters such as temperature and light interception on fruit quality, whereas their
potential effects on flower quality have been less investigated. In particular, studies about
the influence of the intercepted photosynthetically active radiation (PAR) within the canopy
on fruit and oil quality have been carried out on a wide range of olive cultivars [18–21].
The evolution of planting systems has led to the adoption of training systems associated
with high tree density [22,23]. The cultural intensification, requiring a modification of
canopy size and shape [24–26], may alter the microenvironment with possible effects on
the processes involved in the regulation of the floral organs’ development. In this context,
studies on the impact of solar radiation interception on floral organogenesis are still scarce
and have been focused on few cultivars, mainly of the Spanish germplasm [22,27].

The main objective of this study was to evaluate differences in inflorescence traits
and floral quality parameters of three olive clones, which are characterized by desirable
features such as constant yields and a tendency to be self-compatible (pers. comm.). Clones
were selected within the Leccino cultivar, one of the most cultivated varieties which has
been receiving attention because it is tolerant to the quarantine bacterium Xylella fastidiosa
subsp. pauca [28], a phytopathogen associated with the “olive quick decline syndrome”
(OQDS). The effect of light limitations on inflorescence traits and floral quality parameters
was also evaluated in order to highlight the different suitability of these clones to high- and
super-high density olive orchards.

2. Materials and Methods
2.1. Study Site, Growing Conditions and Plant Material

The study was carried out over two consecutive growing seasons (2016–2018), from
October to May, at the experimental farm of the Department of Agriculture, Food and
Environment (University of Pisa) located in Pisa province (Tuscany, Italy, 43◦43′32.02′ ′

N, 10◦27′37.66′ ′ E; altitude 3 m a.s.l.). Three clones (L 1.3, L 1.4, L 1.9) of the cultivar
Leccino (Olea europaea L.) were evaluated. Own-rooted trees were planted in 2014 at
5 × 5 m spacing and trained with a single trunk with four scaffold branches. Trees were
minimally pruned to eliminate suckers and vigorous watersprouts in the central part of
the canopy to facilitate light penetration [29]. Standard agronomic practices (irrigation,
fertilization, pests and diseases treatments) were applied. The experiment was carried out
according to a completely randomized design with eight single-tree per each clone. The
same trees were assessed in both years. For each tree, two canopy zones between 0.8 m
and 1.8 m above the ground were selected: (i) the external zone (EZ), representing the
external surface of the canopy where the inflorescences-bearing branches were directly
exposed to the solar radiation; and (ii) the internal zone (IZ), between the EZ and the
internal empty zone resulting from pruning. The photosynthetically active radiation (PAR)
was measured monthly on sunny days from October to May. In both canopy zone, four
measurements (one for each cardinal point) were taken between 11:00 and 12:00 a.m., at 1.5
m from the ground using a digital lux meter with a silicon sensor (T.R. Turoni Srl, Forlì,
Italy). The mean PAR values (from October to May) for each zone indicated a reduction
in light interception of about 30% in the inner zone (572.1 ± 19.0 µEm−2 s−1) with respect
to the more illuminated external one (817.3 ± 27.2 µEm−2 s−1). Minimum and maximum
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daily temperatures (◦C) and rainfall (mm) were retrieved from a weather station located
near the experimental olive orchards.

2.2. Phenological Observations

The evolution of the phenological growth stages of the three Leccino clones were
recorded for each tree according to the standardized BBCH-scale for olive tree [30]. It is
widely accepted for describing the olive development stages and it is based on different
codes divided into nine principal and secondary growth stages. In particular, the obser-
vations were focused from the inflorescences emergence (BBCH stage 5, code 50–59) to
flowering (BBCH stage 6, code 60–69). At our study site the aforementioned stages lasted
from late March to the first decade of June. The date of full bloom was determined by
visual assessment when more than 50% of the flowers were open on at least 70% of the
inflorescences of the selected shoots [13].

2.3. Inflorescences and Flower Observations

Inflorescences were collected from both IZ and EZ of the canopy. Since within the
inflorescences the opening of the flowers occurs gradually and lasts approximately five
to six days, samplings were done approximately halfway through this period. The inflo-
rescences (n = 100 per position per clone) containing either open or closed flowers were
sampled from the mid portion of one-year-old twigs. The proportion of closed (BBCH
code 59, denoted by corolla changes from green to white color) and open (BBCH codes
60–65) flowers was expressed as a percentage. On each inflorescence the rachis length
and the number of flowers were determined. The gender was assessed on each flower by
verifying the presence of female and male organs. The entity of perfect (hermaphrodite)
and imperfect (staminate) flowers, due to the absence of pistil or the presence of a tiny
aborted one, was expressed as a percentage.

2.4. Ovary Histological Observations

Considering that only open flowers were considered mature and ready to be fertil-
ized [31], pistils (n = 40 per position per clone) of perfect flowers were collected at the initial
opening of petals from both EZ and IZ inflorescences. Samples were fixed in a FAA solution
(10% formaldehyde, 5% glacial acetic acid, 45% ethyl alcohol; 1:1:8 v/v) until dehydration
in graded ethanol series and embedding in Histoplast according to standard paraffin proce-
dures [32]. Transverse ovary sections (10 µm) were stained with 0.05% Toluidine Blue [33]
and analyzed under an optical microscope (Fluophot, Nikon Inc., Minato City, Japan) with
polarized white light, equipped with a digital camera (Olympus C-2000z, Tokyo, Japan).
Ovaries were scored according to the number of fully developed ovules with embryo sacs
out of the four ovules [34]. The percentage of ovaries according to the rate 0/4 (zero), 1/4
(one), 2/4 (two), 3/4 (three) and 4/4 (four) fully developed ovules was then calculated.

2.5. Viability and Germination of Pollen Grains

Viability and germination rates of pollen grains were evaluated by in vitro tests using
fresh samples collected at the dehiscence of anthers from flowers of EZ and IZ inflorescences
(n = 20 per position per clone). Each pollen sample was obtained from at least 200 flowers.

Viable pollen grains were ascertained with a colorimetric reaction induced by the TTC
(2,3,5 triphenyl tetrazolium chloride), a redox indicator of cellular respiration [35]. Pollen
was sown on slides with drops of 1% TTC sucrose solution (15%) and incubated under dark
conditions (37 ◦C overnight). The viability was established under an optical microscope
(Fluophot, Nikon Inc., Minato City, Japan) by observing the pollen grains turning red in
color on six selected microscopic fields. The stainability was calculated on a total number
of at least 200 pollen grains. The pollen germination power was assessed on solid medium
consisting of 0.65% (w/v) agar and 15% (w/v) sucrose, and then incubated in the dark at
24 ◦C [36]. For this purpose, plastic Petri dishes (5 cm diameter) were used. After 48 h of
culture the dishes were observed under an inverted microscope (Wilovert S, Helmut Hund
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GmbH, Wetzlar, Germany). The germination rate was determined by counting at least 200
pollen grains per preparation. When pollen tube length was equal to or greater than the
grain diameter, pollen was considered as germinated [37]. The germination ability was
expressed as a percentage by the ratio between the number of germinated pollen grains
and the total number of grains.

2.6. Data Analysis

Data were processed for a completely randomized design and the statistical analysis
was performed using the package GraphPad Prism (version 5.00 for Windows, GraphPad
Software, La Jolla, San Diego, CA, USA). Percentage data of open and perfect flowers,
ovary structure, viable and germinated pollen grains were subjected to arcsine root square
transformation, before tests. The standard errors (SE) of the means were calculated for
each parameter measured. Values were compared by analysis of variance (ANOVA) and
differences between means were assessed after the Tukey’s multiple comparison test. A two-
factor ANOVA was performed to reveal if factors, year, clone and canopy zone, and their
interaction had a significant influence on morphological and quality traits of inflorescences,
flowers, and male and female floral organs. In all cases, the confidence level at p ≤ 0.05
was considered statistically significant. Differences in air temperature between years (from
January to May) were assessed using the Kruskal-Wallys test after the analysis of the
normal distribution.

3. Results
3.1. Environmental Conditions and Phenological Evolution

The daily mean temperature and rainfall recorded during the study period (2016–2018)
are shown in Figure 1.
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Figure 1. Daily mean air temperatures (black dots) and rainfall (blue histograms) from October 2016
to May 2018. Yellow ranges indicate the periods of the experimental trials. The red line indicates the
20-year average (1996–2015) of the mean air temperature recorded at the experimental site.

Significant differences in air temperature between years were observed during the
January–March period (Table S1), whereas the fall thermal regimes were similar. In 2017,
the mean air temperature of January was 5.5 ◦C, which was colder (−1.5◦ C) than the
average of the 1996–2015 time series [38], whereas February (10.7 ◦C) and March (13.1 ◦C)
showed a higher mean air temperature (+2.9 and +2.3 ◦C, respectively) (Figure 1, Table S1).
An opposite trend was observed in 2018: January was warmer (+3.6 ◦C), while the air
temperature in February (6.8 ◦C) and March (9.4 ◦C) was colder compared with the 1996–
2015 period (−1.0 and −1.4 ◦C, respectively) (Figure 1, Table S1). The evolution of the
phenological stages, from pre- to post-flowering phases (Figure 2), fell in a timeframe which
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was typical of the Leccino standard [39], and it was similar among clones. The opening of
the inflorescence buds (BBCH code 52) started at Julian day (JD) 95 in 2017 whereas the
same phase was recorded earlier (JD 89) in 2018. The following phases ( flower clusters
totally expanded and full flowering, BBCH code 55 and 65, respectively) showed a similar
trend (Figure 2). The blooming time occurred around May 27, while in 2018 it was recorded
around May 18.
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Figure 2. Phenological stages recorded in spring 2017 and 2018 on olive trees (average of all clones)
according to the BBCH scale [30]. Green, red and blue boxes indicate the pre-flowering, flowering
and post-flowering period, respectively. BBCH codes: 52 (start of flower cluster development); 55
(flower cluster totally expanded); 65 (full flowering); 69 (end of flowering, fruit set).

In olive, changes in flowering time can be frequent, mainly related to weather con-
ditions during the four weeks before flowering. A relationship between the timing of
flowering and climatic factors, such as temperatures and rainfall, has been found in previ-
ous studies [8,40,41]. Concerning air temperatures, it has been observed that the thermal
regime in April and May influenced the blooming time; in particular, warmer conditions
had led to a flowering advance in olive [42]. A possible role of the precipitation amount on
the blooming time has also been observed. Orlandi et al. [43] reported an anthesis delay in
response to a reduction in precipitation, whereas abundant rainfall was associated with an
earlier opening of the flowers as a response to a probable increased absorption of nutrients
from the roots [44]. Accordingly, similar events occurred in our experimental trials in which
the flowering advance observed in 2018 was associated with higher mean air temperatures
in April (+1.6 ◦C) and a wetter pre-flowering period than 2017.

3.2. Inflorescence and Flower Characteristics

The main characteristics of inflorescences (length and flowers per inflorescence) and
flowers (open and perfect flowers) samples collected in spring from IZ and EZ positions
are shown in Table 1.

In both years, significantly higher values of rachis length were measured in EZ inflo-
rescences (112 and 118% in 2017 and 2018, respectively; average of all clones) than in IZ
ones. In the EZ of clones L 1.3 and L 1.4, the inflorescence length ranged from 26.1–30.2
to 25.8–28.4 mm, whereas in the IZ values ranged from 20.0–25.1 and 23.7–24.2 mm, re-
spectively (Table 1). These results are in accordance with those reported by Trentacoste
et al. [22,45] and Moreno-Alias et al. [27], who observed significantly shorter inflorescences
in the less illuminated canopy positions. Significant differences in rachis length among
clones were assessed in 2018 when inflorescences sampled from L 1.9 were shorter than
those from L 1.3 and L1.4. The mean number of flowers per inflorescence significantly
varied among clones and with respect to the canopy position in 2017. In particular, the
flower number of L 1.3 was higher in EZ (14.5) than IZ (12.0) inflorescences (Table 1). A
similar trend was also observed in the following year, although a weak number decrease
was recorded. Similarly, L 1.9 went from about 12 (2017) to 11 (2018) flowers per inflores-
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cence. Instead, in L 1.4 similar values were found between positions, ranging from 12.1 to
12.9 (Table 1).

Table 1. Characteristics of inflorescences (length and flowers per inflorescence) and flowers (open
and perfect flowers) of samples collected from IZ and EZ of the canopy for three Leccino clones (L 1.3,
L 1.4, L 1.9). For each spring season (2017–2018), values are means ± standard error. Different letters
indicate differences at p ≤ 0.05 (Tukey test) among the Clone-Canopy Position combinations within
each year. Letters are only presented when ANOVA indicate significant effect. Two-way ANOVA
results; main effect: clone (C), canopy position (CP). F- and p-values are shown; ns: not significant.

Year Clone Canopy
Position

Inflorescence
Length (mm)

Flowers per
Inflorescence (No)

Open Flowers
(%)

Perfect Flowers
(%)

2017 L 1.3 IZ 20.0 ± 0.8 b 12.0 ± 0.6 b 42.1 ± 4.1 c 98.4 ± 0.8
EZ 26.1 ± 1.2 a 14.5 ± 0.9 a 58.6 ± 5.5 b 98.0 ± 1.2

L 1.4 IZ 24.2 ± 1.2 a 12.1 ± 0.6 b 43.7 ± 6.3 c 95.2 ± 1.5
EZ 25.8 ± 1.1 a 12.7 ± 0.5 b 70.8 ± 6.0 a 97.3 ± 0.9

L 1.9 IZ 24.3 ± 0.9 a 12.1 ± 0.4 b 51.9 ± 5.2 b 97.7 ± 0.9
EZ 24.9 ± 1.4 a 12.4 ± 0.6 b 54.6 ± 4.1 b 98.0 ± 1.4

F p F p F p F p
Clone 1.07 ns 5.01 0.0350 5.16 0.0497 0.68 ns

Canopy position 4,86 0.0298 7.21 0.0289 3.29 0.0109 0.16 ns
C × CP 5.20 0.0071 0.87 ns 0.88 ns 1.94 ns

2018 L 1.3 IZ 25.1 ± 1.2 b 12.1 ± 1.3 23.1 ± 4.9 c 97.6 ± 1.2 a
EZ 30.2 ± 1.5 a 13.2 ± 0.8 62.9 ± 6.2 a 96.2 ± 1.5 a

L 1.4 IZ 23.7 ± 0.8 c 12.4 ± 0.8 19.7 ± 4.4 c 97.5 ± 0.9 a
EZ 28.4 ± 1.3 ab 12.9 ± 0.5 61.1 ± 5.1 a 93.5 ± 1.3 a

L 1.9 IZ 21.8 ± 1.0 c 10.7 ± 0.6 48.8 ± 4.0 b 61.8 ± 1.3 b
EZ 24.5 ± 1.1 c 11.1 ± 0.5 54.8 ± 6.1 ab 56.5 ± 1.5 b

F p F p F p F p
Clone 9.57 0.0001 4.12 0.0189 3.15 0.0163 47.78 <0.0001

Canopy position 21.20 <0.0001 0.66 ns 42.44 0.0006 7.54 0.0252
C × CP 1.08 ns 0.66 ns 6.52 0.0313 0.38 ns

Considering that the proportion between mean rachis length and flower number
indicates the type of olive inflorescence, L 1.9 was characterized by a more compact
structure in comparison with the others. A certain influence of the canopy position on the
flower quantity has been observed by several authors. In ornamental species, a higher
light intensity positively affected the number of flowers in unshaded plants [46]. In olive, a
positive, although not significant, relationship between flower number and solar radiation
has been found in the cultivar Arbequina [22]. Acebedo et al. [47], in a traditional olive
orchard (density of 238 trees/ha), have demonstrated that flower intensity and flower
number per inflorescence increased in relation to more illuminated positions on the tree
canopy. In Arbequina, the number of flowers per inflorescence was similar in trees grown
under full irradiation and shaded at 50% but were significantly lower in trees shaded at 80%
in three consecutive seasons [45]. The flower number per inflorescence has been related
to mean daily irradiance, supporting the assumption that photosynthetic rate affects the
number of flowers on each inflorescence [22]. Regarding the opening of the flowers, it was
confirmed that is not uniform within inflorescences regardless of clone, similar to what was
observed in other olive cultivars [6]. The first flowers to open were in terminal positions
followed by those located on the laterals. The percentage of open flowers in the IZ was
significantly reduced compared to the EZ. This result agrees with previous studies showing
a significant influence of the position within the canopy on the blooming trend, with a
flowering delay under low light intensity [6,9,46] which represent a potential drawback in
assuring an adequate and uniform pollination throughout the canopy. In 2018, a further
decrease was recorded for L 1.3 and L 1.4. A significant interaction ‘year × canopy position’
was found for L 1.3 (Table S2).
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In both years, L 1.9 was characterized by the lowest open flower percentages, without
differences between canopy positions. The perfect flower rate, considered an important
parameter in determining final fruit yield, was in general high (> 93%) and similar to the
standard Leccino, which generally shows a very low and negligible percentage of aborted
pistils [5,39]. An exception was observed in 2018 for L 1.9, which showed the lowest values
of perfect flowers (56.5–61.8% in EZ and IZ, respectively) compared to L 1.3 and L 1.4
(Table 1). A possible explanation for this occurrence could be related to a higher sensitivity
of L 1.9 to the heavy rainfall that occurred in 2018 between March and May, which is a
critical period during which pistil abortion has usually been observed. In our case, in 2018
precipitations were higher than in 2017, corroborating previous evidence of an inverse
relationship between rainfall amount in the post dormancy phase and pistil abortion in
olive [36]. Several authors have reported that, in addition to the olive genotypes, the
expression of a different flower gender may be accentuated by abiotic stresses and tree
physiological status [7,11,48]. The results obtained for L 1.9 suggest a greater sensitivity
of this clone to environmental constraints, but further investigations may better elucidate
the relationship between this genotype and environmental conditions. In this regard, a
high variability within the variety-population of Leccino cultivar has been ascertained [49].
The initiation and development of pistil were similar between canopy positions, with
the only exception of L 1.9 in 2018, suggesting that the approximate 30% reduction of
intercepted light measured in our study is not sufficient to induce significant differences.
In a previous study, Seifi et al. [50] measured a similar percentage of perfect flowers per
inflorescence regardless of their location on the shoots. Trentacoste et al., [45] reported
that the percentage of perfect flowers per inflorescence was a stable trait and did not
show significant differences throughout three growing seasons in shaded (50 and 80%)
plants in comparison to the unshaded ones. On the contrary, Dimassi et al. [51] and
Trentacoste et al. [22] reported a significant increase of perfect flowers per inflorescence in
more illuminated canopy positions.

3.3. Ovary Histological Observations

The number of perfect flowers constituting the inflorescences represents a key factor
in determining the potential yield of the olive tree. However, it is a prerequisite which
does not fully guarantee a correct fruit set which is affected by many variables such as
cultivar, year, shoot position and tree water status [4,12,52]. Moreover, the occurrence of
abnormal ovules characterized by a failure of embryo sac development may be the cause of
an unsuccessful fertilization process [13,17]. Previous studies reported that the presence of
three or four well-developed embryo-sacs is determinant for successful fertilization and
fruit set [4]. In this study, the histological analysis allowed us to assess that ovaries with
four fully developed ovules (4/4) were generally rare to detect in the three studied clones
(Figures 3A and 4). Indeed, in both years only L 1.4 showed a small percentage (20.2–15.4%)
of flowers in the EZ position with four fully developed ovules (Figure 4).
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Figure 3. Transverse sections of olive ovary containing four ovules (ov). (A) Four fully developed
ovules with round open embryo sacs (4/4). (B) Three fully developed ovules and one undeveloped
ovule, without embryo sac (3/4).
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Figure 4. Percentage distribution of ovaries with four (4/4), three (3/4), two (2/4), one (1/4) and zero
(0/4) developed ovules for pistils sampled from the internal (IZ) and external zone (EZ) of the canopy.
Data refer to the 2017 and 2018 spring seasons for three Leccino olive clones (L 1.3, L 1.4, L 1.9).

Ovaries with 3/4 fully developed ovules (Figure 3B) were more frequent in flowers
of EZ inflorescences (between 60.4 and 80.2%) than in IZ ones (only found in 20.3% of
ovaries in the L 1.9 clone). In 2018 a generalized poor ovary performance was observed,
and the 3/4 proportion was only recognized in 15.2–20.3% of analyzed samples of L 1.9
and L 1.4 (Figure 4). Ovaries without functional ovules (0/4) were found in a range of
10.4–40.2%, with the highest values associated with the inner position, regardless of clone.
As a general trend, pistils of perfect flowers from IZ inflorescences showed lower ovary
quality rates (1/4–2/4), an occurrence that could make it difficult to achieve a regular
fertilization (Figure 4). Considering that ovaries with three or four fully developed ovules
have a good potential for fertilization and fruit formation, these two ovule categories were
grouped for a two-way ANOVA analysis (Table 2).
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Table 2. Two-way ANOVA results relating to the quality parameters of female and male reproductive
organs represented by ovaries with≥3–4/4 ovules and pollen viability. Main effect: clone (C), canopy
position (CP). F- and p-values are shown; ns: not significant. Data of pollen germination are not
reported because differences between clones and canopy position were never significant.

Parameter Factor
2017 2018

F p F p

Ovules
(≥3–4/4) Clone 1.45 ns 16.77 0.0035

Canopy
Position 15.1 <0.0001 10.56 0.0140

C × CP 1.48 ns 11.76 0.0084
Pollen

viability Clone 17.44 0.0012 47.71 <0.0001

Canopy
Position 35.8 0.0003 59.1 <0.0001

C × CP 9.03 0.0089 18.43 0.0001

Worthy of note is the significance of the ‘canopy position’ factor and of the ‘clone’ ×
‘canopy position’ interaction in 2018. A heterogeneous light interception at internal zones of
the canopy may impact the final ovule quality. Commonly, plants in low-light environments
may shunt resources away from reproductive structures to parts that can increase light
capture, such as leaves and stems [53]. Less illuminated canopy zones could be negatively
influenced by a different nutritional status due to a direct limitation of assimilates, or
indirectly through a light-induced promotion of the sink strength [54]. In apricot, low
light levels have influenced the appearance of anomalous gynoecium structures, increasing
the percentage of flowers with reduced or no ability to set [55,56]. On this matter, few
studies have been carried out on olive. In Arbequina, a Spanish cultivar characterized by
high-quality ovule development [34], the canopy position did not affect the ovule quality,
so that this genotype has been suggested for hedgerows olive orchards [22,27]. The great
biodiversity that characterizes the olive germplasm requires broadening investigations on
the reproductive organ quality in specific genotypes. Since flower quality parameters may
be strongly affected by the interaction among numerous micro- and macro-environmental
conditions [47,57], the worst quality ovary found in 2018 could have been affected by the
spring meteorological events which occurred during the completion of pistil development.
Considering that in olive this phase starts about five to six weeks before blooming [58],
under our study area it occurred in early April and lasted up to mid-May. In 2018, this
period was exceptionally rainy: under our experimental conditions from post-dormancy
to flowering (March–May) it rained 371 mm, in comparison to the 177 mm of rainfall
during the 1996–2015 period. Such an occurrence could have determined possible hypoxia
conditions for which the olive trees are particularly sensitive [59]. Considering the scarce or
non-existent literature on the relationship between waterlogging stress and floral biology
variables, specific studies are needed to clarify the responses of olive genotypes in view of
adaptation strategies towards climate change projections as well.

3.4. Viability and Germination of Pollen Grains

The values of pollen viability and germination power measured on samples collected
from the internal and external zone of the canopy are given in Figure 5.
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The TTC staining test showed a wide range of pollen viability, from 22.2 to 96.2%
(Figure 5A), mainly in relation to the canopy position. The highest percentages (>75%)
of viable pollen grains were recorded in samples collected from flowers grown at the
EZ of the canopy. At this canopy position, all of the tested clones showed high viability
rates according to the ranking indicated by Rovira and Tous [60], who considered values
over 50% as high. In both years, L 1.3 and L 1.9 clones showed significantly lower pollen
viability in IZ flowers (50.4 and 25.3%, respectively) than in EZ ones (Figure 5). Our
finding agrees with Anguilar-Garcia et al. [61] who reported that in a Cactaceae species,
flowers intercepted lower PAR had worse quality pollen. Interestingly, in both years the
canopy zone did not affect pollen viability in the L 1.4 clone, which showed high values,
(80.3 to 97.6%) regardless of the inflorescence position and year (Table S2). In this regard,
Reale et al. [48] reported that the effect of light availability on fruit development is cultivar
dependent. A highly significant interaction ‘clone × canopy position’ was also observed
in both years (Table 2). The rate of pollen germination power (Figure 5B) was remarkably
lower than the percentage of viable pollen grains, as generally observed in several olive
cultivars [62]. In only one case (L 1.9 – IZ in 2018) the germination percentagewas higher
than the percentage of the viable pollen grains. As a general trend, the germination values
were higher than 30%, which is considered an adequate rate for the Leccino cultivar [49].
Higher, although not significant, percentages of pollen germination were measured in EZ
flowers. These results are in agreement with previous studies on wheat × maize crosses in
which the pollen tube growth was positively affected by higher light intensity [63]. To the
best of our knowledge, there are no similar studies in olive.

4. Conclusions

The Leccino cultivar is one of the most cultivated in Italy but also common and
appreciated throughout the world because of its high yields and oil quality. The preliminary
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results of this study highlighted some differences in inflorescence traits and floral quality
parameters in three new Leccino clones, also taking into account two canopy positions and
the different meteorological climatic conditions over the two experimental years.

Among the three clones, the morphological traits of inflorescence and flower fertility
of L 1.9 were the less affected by light availability. The L 1.9, characterized by shorter
inflorescences with fewer flowers, showed similar inflorescence length, percentage of open
flowers and flower fertility (presence of at least three fully developed ovules) between
external and internal canopy zones.

In particular, the presence of ovaries with at least three fully developed ovules de-
noted a high flower fertility, a key condition for achieving a successful fruit set. The best
male fertility by the highest pollen viability, regardless of canopy position and year, was
measured on L 1.4, suggesting its possible use as a pollinator.

The lower sensitivity of female and male floral organs to partial shading needs further
investigations and long term studies aimed at evaluating the suitability of the two above-
mentioned clones to high- and super-high density olive orchards. Considering that the
Leccino cultivar has been receiving particular attention because of its tolerance to Xylella
fastidiosa subsp. pauca, these clones could represent a valid tool to counteract the bacterial
phytopathogen associated with the OQDS.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/horticulturae8050402/s1, Table S1: Mean air temperature; Table S2:
Two-way ANOVA results of morphological and floral quality traits.
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