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Intfroduction

The Mediterranean region has a long-standing tfradition of cultivating
carob (Ceratonia siliqua L.), a resilient species well adapted to drought,
calcareous soils, and salinity. Its current status as a non-listed host of Xylella
fastidiosa [1], combined with its adaptability to warm climates, positions it
as a promising crop for climate change adaptation. Germplasm banks
are essenfial in genetic diversity and assessing culfivar adaptability to
emerging challenges [2].

This study aimed to evaluate the agronomic performance, flowering
phenology, and physical characteristics of twelve carob culfivars from the
Balearic Islands and two commercial Spanish cultivars.

Material and Methods

The evaluation was conducted at the germplasm bank (Son Redl,
Mallorca, Spain), established in 2014, with trees aged 8-10 years. The
study included nine female genotypes (‘Bajoca’, '‘Baucana’, 'Bugaderad’,
'Duraid’, 'Fina d’Eivissa’, 'Granja’, 'Matalafera’, ‘D'en Pau’, and 'Rojal’)
and five hermaphroditic genotypes (‘E13P', ‘Sa Llebre’, 'Lloseta’, ‘Des
Mestre’, and 'Roja d’Eivissa’). Agronomic parameters were assessed,
INncluding cumulative pod production, seed vyield, and flowering
phenology, as well as morphological traits of pods, seeds, and leaves.

Cumulative pod and seed production, and flowering duration between
sexes were analysed using ANOVA, followed by Duncan’s mulfiple range
test when significant differences were detected.

Results

Over the last three seasons, the cultivar ‘E13P' showed the highest
cumulative pod production (78.16 £ 5.51 kg tree’!), compared to the other
cultivars, most of which ranged between 30 and 60 kg free ! (Figure 1). This
cultivar also achieved the second-highest seed yield among all tested
cultivars (19.66%). ‘E13P' and ‘Granja’ recorded significant cumulative seed
production (16.91 £ 0.41 and 12.99 + 3.52 kg free’!, respectively) (Figure 2).
‘Granja’ stood out for its high seed yield (20.67%), although it did not reach
the highest total pod production (57.26 £ 3.67 kg tree ') (Figure 1).
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Figure 1. Cumulative pod production (kg tree’!) of cultivars over the last three seasons (p<0.001).
Different letters indicate significant differences among cultivars.
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Figure 2. Cumulative seed production (kg free!) from cultivars over the last three seasons (p<0.001).
Different letters indicate significant differences among cultivars.

Regarding flowering phenology (Figure 3), the hermaphroditic culfivars
exhibited a significantly extended blooming period (p0<0.001), particularly
during peak fertility stages (stages 3-4), with 'Roja d’Eivissa’ being the most
prominent. However, ‘Lloseta’ was the cultivar that presented the latest
peak fertility stage. Among the hermaphroditic cultivars, ‘E13P’, ‘Sa Llebre’
and ‘Roja d’Eivissa’ were the earliest to initiate inflorescence development,
beginning around DOY 240. Remarkably, ‘Bugadera’ initiated flowering
earlier than the other female cultivars.

Conclusions
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. Closed floral bud.

. Pistil emergence.

. Pistil development.

. Onset of anthesis.

. Fully open flower.

. Initation of senescence.

. Withered or senescent flower.

Pod production was measured individually for

CAROB AND SEED each free over three consecutive seasons.

PRODUCTION

% CAROB SEED Seed yield was calculated each season from
YIELD a 500 g sample of fruit.

Flowering phenology (DOY) was assessed
FLOWERING weekly over three growing seasons using
PHENOLOGY  the Haselberg scale (1986) [3].

MORPHOLOGICAL Morphological

CHARACTERIZATION characterization of fruits,
seeds, and leaves was

carried out following the
descriptors proposed by
Batlle and Tous (1997) [4].
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Figure 3. Flowering blooming period (stages 0-6) and peak fertility stages (stages 3-4).

Results of Principal Component Analysis (PCA) are presented in Figure 4. The first
two components explained over 60% of the total variance among cultivars (PCI:
36.55% and PC2:. 26.54%). The cultivars ‘Granja’ and ‘EI3P' exhibited clearly
differentiated agronomic profiles. These cultivars were notable for their high seed
vield, which strongly contributed to the variation explained by PC2. In contrast, the
cultivars ‘Sa Llebre’ and ‘Roja d’Eivissa’ showed distinctive phenological behavior,
initiating inflorescence development earlier than the other cultivars, which was
primarily explained by PCI1. This comprehensive evaluation provides valuable
insights into the diversity and agronomic potential of carob cultivars, supporting
their adaptation to future environmental and economic challenges.
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Figure 4. PCA of cultivars based on morphological, yield, and flowering traits. A) Projection of the relationships
between parameters (as vectors) along PC1 and PC2; vector direction and length indicate each trait’s
conftribution and influence. B) Distribution of cultivars according to the first two principal components.
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