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SUMMARY

The study was conducted in Bouka center for research and plant
production, Syria, in order to study flowering behavior of French olive cultivar
‘Picholine’. Average number of flowers per inflorescence, pistil abortion (%) and
fertile inflorescence (%) were studied in three positions of flowering shoots
(apical, middle and basal position) in 2018 and 2019 seasons. Chilling units,
flowering dates and growing degree days were also estimated in 2017, 2018 and
2019 seasons. Results showed that the number of flowers per inflorescence was
not changing between seasons, but it was influenced by inflorescence position on
the shoot. Pistil abortion was significantly lower in the basal position compared to
inflorescences located in the apical and middle position of the shoots. Ratio
between the number of flowers per inflorescence and the number of flowers with
aborted pistils differed depending on inflorescence position on the shoot and
season. In total, the number of flowers per inflorescence was responsible for 11%
of the variation in pistil abortion in 2018, and 37% in 2019 season. Chilling units
differed considerably among seasons, 2018 had the lowest chilling units, while
2017 had the highest. ‘Picholine’ flowered regularly even under low chilling
conditions showing to have lower chilling requirements and consequently could
adapt well to areas with relatively warm winters. This could be an advantage
under global climatic change.

Keywords: pistil abortion, chilling, growing degree days, Picholine,
inflorescence position.

INTRODUCTION
Olive (Olea europaea L.) is an iconic tree of the Mediterranean. Olive
flowers on shoots from previous year growth in inflorescence or sometimes called
“panicle” or “cluster”, where the quantity and quality of the flowers could
determine the commercial yield (Rapoport et al., 2012).
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Olive is andromonoecious crop, i.e. having both hermaphrodite and
staminate flowers on the same plant. Staminate flowers occur as a result of
different level of pistil abortion, a phenomenon differs considerably between
olive cultivars and could influence fruit set and consequently tree yield (Rosati et
al., 2012; Selak et al., 2019).

Flowering characteristics could affect fruit characteristics and yield,
because yield depends on fruit number and weigh, two parameters influenced by
flower quality and quantity (Rosati et al., 2012). Moreno-Alias et al. (2013)
mentioned that flower quality has significant influence on yield, so it’s an
important parameter in olive breeding programs. The same researchers reported
that the new olive cultivar ‘Sikitita’ which resulted from the hybridization
/‘Picual’ (@) x ‘Arbequina’ (J)/ had the same number of flowers per
inflorescence of the father and intimidate between the two fathers in
hermaphrodite flowers ratios.

Studies reported many factors which could affect pistil abortion such as
genetic factor, Alagna et al. (2016) reported many genes involved in pistil
abortion of olive such as BAM 1, Inv-cw, Inv-V and GBSSI which involve in
starch and sucrose metabolism and NLP1, SPDS and ADC which involve in
polyamines biosynthesis. In addition, environmental conditions like drought,
mineral deficiency and previous year yield could affect flower gender in olive
(Rapoport et al., 2012; Rosati et al., 2012; Beya-Marshall and Fichet, 2017).

Garcia-Mozo et al. (2009) mentioned that phenological data is an
important and sensitive tool in evaluating the adaptability of plants in local
environments and how those plants respond to climate change. Olive cultivars
reported to require sufficient level of chilling (below 7.2° C) for bud
differentiation and olives growing under stable temperature above 15.5° C do not
flower at all (Hartmann and Porlinglis, 1957).

Olive cultivars differ in chilling requirements between low chilling
requirements like ‘Koroneiki’ and high like ‘Sevillano’ (Aybar et al., 2015; Malik
and Bradford, 2006). Koubouris et al. (2019) reported a decrease in the number
of flowers/inflorescences in Greek olive cultivars ‘Koroneiki’ and ‘Mastoides’
resulted from low chilling, while no effect was found on inflorescence length or
width. Any way the threshold used in calculating chilling requirements differed
among authors, where some used 7.2°C (Hartmann and Porlinglis, 1957; Zouari
et al. 2017), while others used 9, 10, 12.5, 15 and/ or 16°C (Alcala and Barranco,
1992; Haberman et al., 2017; Selak et al., 2018; Koubouris et al., 2019). Other
studies reported different thresholds depending on latitude, so thresholds are
lower in olive orchards located at higher latitudes (Aguilera et al., 2014).

In this study, flowering behavior of French olive ‘Picholine’ was studied;
also chilling and heat requirements provided by study area were calculated in
order to evaluate the response of this cultivar to different chilling units
throughout three concessive years characterized by different climatic conditions.
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MATERIAL AND METHODS

Study location and Plant material:

The study was conducted in Bouka center for research and plant
production, Latakia province, Syria, 40 m above sea level. A 30 years old trees of
French olive cultivar 'Picholine’ was studied.

Methods:

In 2018 and 2019, four uniform sized trees of olive cultivar 'Picholine’ with
high level of flowering were chosen for the study (category 5) according to
(Ramirez-Santa Pau et al., 2002). a sample of 75 inflorescences was taken from
random one-year old shoots distributed around the canopy at white bud stage in
each tree as follows: 25 inflorescence from the apical part of the shoot, 25
inflorescence from the middle part of the shoot and 25 from basal part of the
shoot. For each part of the shoot the following parameters were evaluated:

Average number of flowers per inflorescence = total number of flowers in the
sample/ number of inflorescences.
Pistil abortion (%) = (number of flowers with non-functional pistils/ total number
of flowers) x100.
Fertile inflorescences (%) = (number of inflorescences containing at least one
hermaphrodite flower/ total number of inflorescences) x 100 (Sanchez-Estrada
and Cuevas, 2020).

The start of flowering (stage 61), and the end of flowering (stage 69) was
estimated according to (Sanz-Cortés et al. 2002). Maximum and minimum daily
air temperatures for three years (2017, 2018 and 2019) were obtained from
meteorological station located 3-4 km from the study orchard. Flowering dates
(FD) were calculated as the number of days from January 1 until the start of
flowering in each year.

Chilling accumulation (CU) for each study season was calculated as
follows:

CU= ((T-m)/(M-m)) x 24,

where T is the threshold air temperature (7.2 and 12.5°C were used), M is
the daily maximum air temperature, m is the daily minimum air temperature. The
chilling period started in the first day in autumn when the mean daily air
temperature dropped below the threshold temperature followed by subsequent
days with air temperature below the threshold (Aron and Gat, 1991; Zouari et al.,
2017; Selak et al., 2018).

Heat accumulation expressed as growing degree days (GDD) starts the day
after chilling period stopped and continued until the start of flowering. GDD was
estimated as follows:

GDD° = {(Tm + TM)/2} — TO

Tm is the daily minimum air temperature; TM is the daily maximum air

temperature; TO the threshold temperature.
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Experimental design and statistical analysis:

Two-way randomized blocks design was used with four replications. Data
were arcsine transferred when necessary and subjected to ANOVA. Means were
separated using Duncan multiple range test (P< 0.05). CoStat version 6.400
Copyright(c) 1998- 2008 CoHort software, CA, USA was used for statistical
analysis.

RESULTS AND DISCUSSION

Number of flowers per inflorescence

Average data of the number of flowers per inflorescence are presented in
Table 1. The data shows little influence of the position on the branch on
inflorescence. The number of flowers per inflorescence was not changing
significantly between apical and middle position on the flowering shoots, whereas
different behavior was observed for the basal position. In 2018 season, basal
position had significantly the highest number of flowers per inflorescence, while
in 2019 season the opposite situation was observed. Anyway, the average of the
two years data showed that the number of flowers per inflorescence was
decreasing from the apical to the basal position of the shoot by almost 11%.

Table 1. Number of flowers per inflorescence of olive cultivar ‘Picholine’
depends on season and inflorescence position on the shoots

Inflorescence position on the Season Mean seasons
branch 2018 2019
Apical 15.81 ab 17.23a 16.52 a
Middle 14.69 b 16.97 a 15.83 a
Basal 17.17 a 12.30 b 14.74 a
Mean positions 15.89 15.5 15.70
P-value (seasons) 0.555
P-value (positions) 0.117

Means followed by different letters within columns indicate significant differences using Duncan
test (P< 0.05).

Regardless of inflorescence position, season had no-effect on the number
of flowers per inflorescence because both seasons gave almost the same number
of flowers per inflorescence (15.89 and 15.5 flower/inflorescence in 2018 and
2019, respectively). The fluctuating results between apical and basal positions
could refer to different nutritional and climatic conditions by the time of bud
burst and inflorescence axil growing in the study seasons. Ghrisi et al. (1999)
studied ‘Picholine’ at the Menara station in Morocco and they found that this
cultivar had high average number of flowers per inflorescence compared with
‘Picholine Marocaine’, ‘Souri’, ‘Manzanilla’ and ‘Arbequina’; they also reported
no significant differences in number of flowers per inflorescence between the two
years of their study. Mhanna et al. (2020) also reported no significance
differences in the number of flowers per inflorescence among seasons for the
autochthonous Syrian olive cultivar ‘Dermlali’ in the same location.
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Pistil abortion and fertile inflorescence

Quality of the flowers in two years period is presented in Table 2. Pistil
abortion was significantly influenced by inflorescence position on the shoot in
both seasons. Although no significant differences in pistil abortion were found
between apical and middle position of the shoot, pistil abortion was higher in
these two positions compared to the basal position. The pistil abortion increased
from the base to the top of the shoot where pistil abortion reached the maximum
level (63.98% as mean of the 2018 and 2019 seasons). This could refer to better
nutritional position of the basal buds and inflorescence compared to apical
positions where more competition for metabolites between flowers and vegetative
growth could be found; also hormone distribution in the shoots could differ
between apical and basal position and this could affect sex expression (Gupta and
Chakrabarty, 2013). However, mentioned explanations need further study.
Mhanna et al. (2019a) found no significant differences in pistil abortion between
the apical, middle and the basal positions of inflorescence on the flowering shoots
of Italian olive cultivar ‘Coratina’, this could refer to low pistil abortion ratio of
this cultivar compared to ‘Picholine’, a phenomenon seemed to be cultivar
dependent.

Table 2. Influence of season and inflorescence position on the shoots on pistil
abortion (%) of olive cultivar ‘Picholine’.

Position/season 5018 Season 2019 Mean seasons
Apical 50.24 a 77.72 a 63.98 a
Middle 50.12 a 66.30 a 58.21a

Basal 28.47h 45.15b 36.81b

Mean positions 42.94 63.06 53.00

P-value (seasons) 0.000
P-value (positions) 0.000

Means followed by different letters within columns indicate significant
differences using Duncan test (P< 0.05).

Season also affected pistil abortion significantly, from 42.94% in 2018 to
63.06% in 2019.

Multiple comparisons showed significant interaction between season and
inflorescence position on the shoot. Apical position of 2019 season had
significantly the highest pistil abortion ratio (77.72%), while basal position in
2018 season had the lowest (28.47%).

Regarding the presence of the fertile inflorescence (Table 3), it was not
changing significantly when analyzing each season alone, but factorial analysis
showed that fertile inflorescence (%) on the basal position was superior to middle
and apical position. The season also affected this parameter, in 2018 season there
was significantly the highest fertile inflorescence (96.44%).

Significant interaction between season and position was found. The highest
fertile inflorescence (%) was on the middle position of 2018 season (98.67),
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while apical position of 2019 season had significantly the lowest fertile
inflorescence (68%).

Table 3. Influence of season and inflorescence position on the shoots on fertile
inflorescence (%) of olive cultivar ‘Picholine’.

position/season Season Mean seasons
2018 2019
Apical 93.33a 68.00 a 80.67 b
Middle 98.67 a 88.00 a 93.34 a
basal 97.33 a 86.77 a 92.05 a
Mean positions 96.44 80.92 88.69
P-value (seasons) 0.001
P-value (positions) 0.019

Figure (1) shows the relationship between the number of flowers per
inflorescence and the number of flowers with aborted pistils in each shoot
position. The apical part of the shoot (figure 1, A) showed significant correlation
between the number of flowers per inflorescence and the number of flowers with
aborted pistil (r= 0.29*, R*= 0.087) in 2018.This correlation increased in 2019
(r=0.63***, R°= 0.39) (figure 1, A’). In middle part (figure 1, B), low and
insignificant correlation between number of flowers per inflorescence and the
number of flowers with aborted pistil was found in 2018 (r= 0.08"™, R*= 0.006),
while in 2019, this relation was significant (r= 0.4, R*= 0.16) (figure 1, B’). In
basal part of the shoot (figure 1, C, C’), the correlation was significant in both
seasons (r= 0.32** R?*= 0.10; r=0.29*, R?*= 0.08, respectively).

Correlation results indicated that the number of flowers per inflorescence
influenced the pistil abortion, but its effect differed between seasons and
inflorescence position on the shoot, maximal in the apical part, and minimal in
the middle part of the flowering shoot. This indicates that in the apical position
stronger competition between flowers could be found.

When merging all data together, correlation between the number of
flowers per inflorescence and the number of flowers with aborted pistils was
significant (r=0.34*** R?= 0.11) in 2018 season (figure 1, D), and (r= 0.61***,
R= 0.37) in 2019 season (figure 1, D’). Depending on coefficient of
determination, the number of flowers per inflorescence was responsible for 11%
of the variation in pistil abortion in 2018, and 37% in 2019 season, while the rest
of variation could refer to other factors such as moisture, nutrients, etc.

Chilling accumulation, Flowering dates and heat requirements:

The start of flowering, flowering period extension, flower quality and
quantity, fruit set, fruit development and ripening, all influenced by
environmental conditions especially temperature and moisture (Bonofiglio et al.,
2008; Rapoport et al., 2012). Figure 2 shows that 2018 season was warmer than
2017 and 2019 seasons. Table 4 shows that flowering date of ‘Picholine’ occurred
on 109th day in 2017 season, and on 101st day in 2018 season what was earlier
compared to 2017 but delayed for 15 days in 2019 season.
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Figure 1. Linear relationship between the number of flowers per inflorescence (Y
axis) and the number of flowers with aborted pistils (X axis) in different positions
of inflorescence on the shoot: A: apical part, B: middle part, C: Basal part, in
2018 season (A', B/, C") in 2019 season.
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Chilling units varied widely depending on the threshold used and seasons.
When using the traditional threshold temperature (7.2°C), chilling units were low
in general reaching 51.2 units in 2017, and only 16.6 u in 2019, but was null (0
unit) in 2018 season. When 12.5°C was used as threshold, chilling units were
1284.6 uin 2017, 326.4 u in 2018 and 612 u in 2019. In general, 2017 season had
the highest chilling units, while 2018 had the lowest.
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Figure 2. Mean air temperature (°C) in Bouka, Latakia for the period from 1%
November to 30" April for 2017, 2018 and 2019 seasons.

Growing degree days (GDD) also differed considerably; it reached the

maximum level in 2018 season (1197.4 and 316.2) depending on the threshold
used, while 2019 season had the lowest GDD. No clear relationship between FD,
CU and GDD was found. Zouari et al., (2017) studied chilling and heat
requirements in Sfax (Tunisia) and they found inter-annual variability in chilling
hours and the mean was 170.89 (threshold 7.2°C), also flowering date of
‘Picholine’ was fluctuating between April 23 to May 7 depending on the season;
while the mean GDD for the period from 2008- 2012 was 231.87.
Several studies reported the necessity of chilling for olive flowering, Hartmann
and Porlingis (1957) reported no flowering in olive when temperature was higher
than 15.5°C, any way this seems to be cultivar dependent, Malik and Bradford
(2006) reported that ‘Arbequina‘ needs lower chilling requirements, while
‘Ascolana‘ needs higher chilling requirements (Kailis and Harris, 2007).

In the present study, ‘Picholine’ seems to have low chilling requirements,
so it could have normal flowering even in relatively warm winters (like 2018
season). This could be in advantage since global warming and increased earth
temperature could affect chilling requirements and consequently olive growing
negatively. Anyway, calculating the accurate chilling requirements for this
cultivar needs further investigation under controlled environment.
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Table 4. Flowering period, Flowering date (FD), Chilling units (CU) and
Growing degree days (GDD) for 2017- 2019 seasons in Bouka, Latakia.

Cu GDD
7.2°C | 12.5°C | 7.2°C | 12.5°C
2017 (20/5)- (3/ 6) 109 | 51.2 1284.6 | 842.4 226.4
2018 (12-25)/ 5 101 0.0 3264 | 11974 | 316.2
2019 (12- 27)/ 6 116 | 16.6 612.0 773.1 127.3
*flowering period of 2017 season was adapted from (Mhanna et al., 2019).

season | Flowering period* | FD

CONCLUSIONS

Pistil abortion of olive differed depending on inflorescence position on the
flowering shoots, where apical part had the highest pistil abortion ratio; also,
season could significantly affect this phenomenon. Significant relationship was
found between the number of flowers per inflorescence and the number of
flowers with aborted pistils, the significance of this relation could differ
depending on inflorescence position on the shoot and season. ‘Picholine’ seems
to have low chilling requirements in Syrian costal area, and flowering parameters
showed good adaptability to local conditions. Under global warming conditions,
cultivars with lower chilling requirements could have an advantage in areas under
threat of climatic change like the Mediterranean area.
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