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The study included 21 cultivars from the Mallorca Germplasm Bank: five hermaphroditic (‘Des Mestre’, ‘E13P’,

‘Lloseta’, ‘Roja d’Eivissa’, and ‘Sa Llebre’) and sixteen female. ‘Matalafera’ and ‘Rojal’ were from the Iberian

mainland; the others were local landraces (three from Eivissa, sixteen from Mallorca). Phenotypic

characterisation comprised 29 descriptors of pod, seed, and leaf morphometrics and flowering phenology,

recorded from 2021–2025 (7–11 years after planting).

Morphological variables were analysed by PCA, flowering was monitored, and genetic relationships were inferred

by UPGMA (16 SSR markers). ANOVA and MANOVA were performed among cultivars and between sexes (SPSS

v23.0).

Genetic resource conservation and characterisation are key to Mediterranean

agroecosystem resilience. Ceratonia siliqua L. is valued for its ecological

adaptability to low-input systems. Germplasm banks safeguard local diversity and

identify adaptive cultivars to address environmental and economic challenges [1].

Introduction

Morphological characterisation of
pods (n = 20), seeds (n = 25), and
leaves (n = 16) was carried out
following the descriptors proposed
by Batlle and Tous (1997) [2].

MORPHOLOGICAL CHARACTERISATION

Material and Methods

Genetic identification was
performed at IRTA using
16 polymorphic SSR
markers.

GENETIC ANALYSIS

Flowering phenology was
assessed weekly (DOY) over
the two most recent growing
seasons using the Haselberg
scale (1986) [3], based on four
trees per cultivar.

FLOWERING PHENOLOGY

0. Closed floral bud.
1. Pistil emergence.
2. Pistil development.
3. Onset of anthesis.
4. Fully open flower.
5. Initation of senescence.
6. Withered or senescent 
flower.

‘Rojal’, ‘Bajoca’, ‘Lloseta’, ‘Sa Llebre’, and ‘Des Mestre’ produced the largest

and heaviest pods. ‘Rojal’, ‘Lloseta’, and ‘Vermella Llucmajor’ showed the 

highest seed number per pod, whereas cumulative yield was greatest in 

‘Rojal’, and ‘Bord Granja’. Foliar development was greatest in ‘Granja’,

‘Bajoca’, and ‘D’en Pau’, contrasting with ‘E13P’. These patterns were

supported by significant cultivar effects across foliar, pod, and seed traits,

reflecting the extensive variability documented [4, 5].

Hermaphrodites did not exhibit clear morphological segregation, indicating

that floral sex does not structure overall morphology. Differences were

detected in foliar traits, with no significant differences in pod or seed

variables. Hermaphrodites exhibited longer rachises and more leaflets,

whereas females had wider leaflets, with no differences in leaflet length.

The UPGMA (Fig. 3) revealed a major division at ~62%

similarity, with the Eivissa cultivars (‘Fina d’Eivissa’, ‘Roja

d’Eivissa’, and ‘Boval’) forming a distinct cluster. At ~65%,

four groups could be distinguished, one represented by

‘Matalafera’, an Iberian mainland cultivar. Three pairs

showed >80% similarity (‘Duraió’–‘Granja’, ‘Costella’–

‘Negrill’, and ‘Fina d’Eivissa’–‘Roja d’Eivissa’).

Hermaphrodite and female cultivars remained intermixed,

suggesting no clear genetic structuring under the

conditions analysed, consistent with weak SSR clustering

in carob [6].

No significant correlation between genetic and

morphological variation was detected, as previously

reported [7]. For instance, cultivars with contrasting fruit

size showed high genetic affinity (‘Sa Llebre’ vs ‘E13P’).

Flowering phenology (Fig. 2) exhibited cultivar-dependent

variability and significant sexual dimorphism (p < 0.001):

▪ Hermaphroditic cultivars initiated flowering earlier, as

described in [4], notably ‘E13P’ (DOY 248) and ‘Sa Llebre’

(DOY 255).

▪ Despite overlap during peak fertility (stages 3–4),

hermaphrodites reached this stage sooner (‘Roja

d’Eivissa’, DOY 260; ‘Sa Llebre’, DOY 266 and E13P, DOY

271), except ‘Lloseta’.

▪ Hermaphrodites maintained prolonged peak fertility, >44

days in ‘Sa Llebre’, ‘Roja d’Eivissa’ and E13P, potentially

enhancing pollination success through greater floral

synchrony [4].
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Figure 1. PCA of cultivars based on morphometric traits. A) Projection of the relationships between
parameters (as vectors) along PC1 and PC2. B) Distribution of cultivars according to the first two
principal components. Hermaphroditic cultivars are displayed in orange,

Duraió

Granja

D’en Pau

Bajoca

Costella

Negrill

Bauçana

Capoll curt

Algerina

Bugadera

Fina

Rojal

Sa Llebre

E13P

Lloseta

Negrilla

Des Mestre

Matalafera

Fina d’Eivissa

Roja d’Eivissa

Boval

Figure 3. Genetic UPGMA dendrogram based on sixteen polymorphic SSR
markers. Hermaphroditic cultivars are displayed in orange.

Figure 2. Flowering period (stages 0–6) and peak fertility (stages 3–4) in days of
year (DOY). Cultivars are arranged from earliest to latest peak fertility.
Hermaphroditic cultivars are highlighted in orange,

The first two components explained 57.5% of the total variance (Fig. 1). PC1

(36.6%) was associated with pod size and seed traits, whereas PC2 (20.9%)

reflected leaf architecture. Variables with the highest loadings on PC1 and

PC2 are displayed in green and blue, respectively.

Conclusions

No sexual dimorphism was detected in pod or seed traits, indicating that hermaphroditic cultivars do not present the fruit or

seed disadvantages traditionally attributed to them. While differences were observed in foliar traits and flowering phenology,

hermaphrodites showed earlier flowering and prolonged reproductive activity, traits that may enhance pollination success.

Genetic analysis showed no clustering by sexual type, whereas cultivars from Eivissa formed a distinct cluster.

These results highlight the potential value of hermaphroditic cultivars in breeding programmes and support their inclusion in

strategies for carob genetic resource conservation and improvement.
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This study aimed to evaluate phenotypic diversity in 21 carob cultivars by

combining fruit, seed, leaf and flowering traits with genetic analysis.
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