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Abstract

This study reports the first documented occurrence of double-seeded fruits (DSF) in date
palm (Phoenix dactylifera L.), a phenomenon distinct from previously described polyem-
bryony. DSF were observed only in the cultivars ‘Kentichi’ and ‘Deglet nour’, where
they occurred at very low frequencies (2.8 × 10−3% and 1.6 × 10−4%, respectively). Mor-
phological observations indicate that DSF arise through partial or complete fusion of
two carpels, resulting in syncarpic fruits that are significantly heavier and wider than
single-seeded fruits, while fruit length remains unchanged. Germination rates were high
and similar in both groups, but seeds from DSF germinated 8 days earlier than those
from single-seeded fruits. In contrast, seedlings derived from DSF showed slower early
growth. These findings identify DSF as a rare, genotype-dependent developmental variant
in date palm and suggest that syncarpy influences fruit morphology, seed allocation, and
germination behaviour.

Keywords: carpel fusion; date palm; double-seeded fruits; seed development; syncarpy

1. Introduction
The date palm (Phoenix dactylifera L.) is a dioecious species of economic importance

in North Africa and the Middle East, where it is crucial for the social, environmental,
and economic sustainability of oasis zones. Male flowers possess three sepals, three
petals, six stamens, and three carpels that rarely develop into parthenocarpic fruit. Female
flowers consist of three sepals, three petals, six staminodes, and a tricarpellary ovary with
one ovule per carpel. Previous studies have provided important information on floral
organogenesis and gynoecium development in date palm. De Mason et al. [1] showed that
staminate and pistillate flowers are initially similar during early development and pass
through an apparently bisexual stage after the initiation of sepals, petals, stamens, and
three separate carpels. Daher et al. [2] later confirmed that date palm floral development
involves a transition from a bisexual floral bud to a unisexual flower, in which sterile
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sex organs undergo developmental arrest associated with cessation of cell division and
precocious differentiation rather than cell death. In pistillate flowers, the gynoecium is
tricarpellate and apocarpous; each carpel contains one ovule, but normally only one carpel
develops into a fruit after fertilization, whereas the other two carpels remain rudimentary or
degenerate [3–5], persisting as brown spots on the fruit calyx at the kimri stage.

Abnormal reproductive phenotypes have also been reported, particularly in tissue-
culture-derived date palms, where parthenocarpic fruitlets with three carpels, supernu-
merary carpels, distorted carpels and stigmas, and impaired pollen tube growth were
observed [6]. However, these studies did not report the formation of double-seeded fruits
resulting from the partial or complete fusion of two carpels. Therefore, the present study
addresses a distinct developmental question: whether double-seeded fruits in date palm
represent a rare syncarpic deviation from the normally apocarpous gynoecium, and how
this phenomenon affects fruit morphology, seed allocation, germination behaviour, and
early seedling growth.

Polyembryony, the formation of multiple embryos within a single seed, has previously
been reported in date palm [7]; however, the occurrence of double-seeded fruits (DSF) as
a distinct phenomenon has not been documented in Phoenix dactylifera. Polyembryony
involves multiple embryos within a single seed and can arise from either sexual or asexual
reproduction. In sexual polyembryony, extra embryos may develop through the division
of a fertilized zygote or the fertilization of multiple gametes within the embryo sac [8].
Asexual polyembryony often involves the development of embryos from sporophytic tissue,
such as cells in the nucellus or integuments [9,10]. This phenomenon has been observed in
other palms, such as coconut [11].

The objectives of this study were therefore to: (i) document the occurrence of double-
seeded fruits in date palm; (ii) determine whether DSF formation is associated with partial
or complete fusion of two carpels; (iii) compare fruit and seed morphometric traits between
single-seeded and double-seeded fruits; (iv) evaluate the germination behaviour and
early seedling growth of seeds derived from DSF; and (v) discuss the developmental
and agronomic significance of this rare syncarpic phenotype in relation to the normally
apocarpous gynoecium of date palm.

This study provides the first description of syncarpic fruit development in date palm.
The objectives were to characterise the developmental mechanism underlying DSF for-
mation, assess germination behaviour, and examine the morphological relationships be-
tween single- and double-seeded fruit types. The study also considers the evolutionary
implications of this phenomenon by using date palm as a model to discuss the com-
parative advantages of syncarpy (fused carpels) versus apocarpy (separate carpels) in
angiosperm evolution.

2. Materials and Methods
2.1. Identification of Double-Seeded Fruits (DSF)

Date palm fruits were sampled 6–7 months post-pollination from three 20-year-old
trees (‘Deglet nour’, ‘Alligue’, and ‘Kentichi’) in the Kriz oasis, southwestern Tunisia, over
three years (2021–2023). In ‘Deglet nour’ and ‘Kentichi’, DSF were first selected based on
their visually larger width compared with typical single-seeded fruits (SSF). The presence
of two seeds was confirmed by dissection of these fruits. The seeds were cleaned of any
remaining pulp. Fruit length (FL), fruit diameter (FD), and fruit weight (FW), together with
seed length (SL), seed diameter (SD), and seed weight (SW), were determined for 30 SSF
and, if available, 30 DSF and their seeds using a digital caliper and a precision balance.
Because only two DSF were recovered from ‘Deglet nour’, this cultivar was described
qualitatively only and was excluded from statistical analyses.
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2.2. Seed Germination Assay

For the germination assay, only ‘Kentichi’ was used because this was the only cultivar
that provided enough DSF-derived seeds for replication. The assay consisted of three
replicates of 30 seeds per fruit type. Seeds from DSF and SSF were sterilized using 90%
ethanol and rinsed with tap water. The seeds were then placed on moistened filter paper
in glass Petri dishes measuring 150 mm in diameter and 20 mm in height, sealed, and
kept in the dark at 26 ± 2 ◦C. Germination, indicated by cotyledonary petiole emergence,
was tracked daily by recording the time to first germination and the final germination
percentage. Approximately one month later, the seedlings were transplanted into pots
containing a 1:1 sand:peat moss mixture and transferred to a greenhouse under natural
light at 28 ± 2 ◦C and 60–70% relative humidity.

2.3. Data Analysis

Data were analysed using SPSS 29. Inferential statistics were performed only for
‘Kentichi’, which was the only cultivar with sufficient DSF material for quantitative com-
parison. ‘Deglet nour’ was described qualitatively because only two DSF were observed.
Normality was assessed using the Shapiro–Wilk test. Because several variables, including
seed length and fruit diameter, deviated significantly from a normal distribution (p < 0.05),
the non-parametric Mann-Whitney U test was used to compare morphometric traits be-
tween SSF and DSF. For each trait, the null hypothesis was that the distributions of SSF
and DSF did not differ, whereas the alternative hypothesis was that the two fruit types
differed significantly. Statistical significance was defined as p < 0.05. Pearson correlation
analysis was performed on the ‘Kentichi’ dataset to evaluate relationships among fruit and
seed parameters.

3. Results
3.1. Morphological Characteristics of Fruits and Seeds

The occurrence of fruits containing two seeds was observed exclusively in ‘Kentichi’
and ‘Deglet nour’. Across the three-year observation period from 2021 to 2023, a total
of 275 double-seeded fruits were recorded. This total was used to calculate the annual
and mean frequencies. The phenomenon was rare: 2.8 × 10−3% in ‘Kentichi’, whereas
in ‘Deglet nour’ it was observed only in two fruits from three plants (1.6 × 10−4%) over
the three-year study period (Table 1), which made seed-parameter statistics irrelevant for
‘Deglet nour’. DSF were readily distinguishable from SSF because they were significantly
heavier (mean 153% of SSF weight) and wider in diameter (143%), whereas fruit length
was unaffected by seed number. The ‘Deglet nour’ observations were therefore treated as
qualitative evidence of occurrence only, not as a basis for quantitative comparison.

Table 1. Percentage of double-seeded fruits in ‘Kentichi’, ‘Deglet nour’, and ‘Alligue’ (2021–2023).

Variety
% of Double-Seeded Fruits Type of Double-Seeded Fruits

2021 2022 2023 Average Entirely Separated
Seeds (%)

Seeds Nested in Each
Other (%)

Kentichi 2.5 × 10−3 2.5 × 10−3 3.0 × 10−3 2.8 × 10−3 95 5
Deglet nour 2.5 × 10−4 0 2.5 × 10−4 1.6 × 10−4 100 0

Alligue 0 0 0 0 0 0

At the individual seed level, no statistically significant differences were observed in
physical dimensions. Seed length and seed diameter did not differ significantly between
solitary seeds and paired seeds. Seeds developing alone tended to be slightly heavier
(0.98 ± 0.16 g) than those in pairs (0.87 ± 0.15 g), although this difference was marginally
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non-significant (p = 0.060). Total seed weight per fruit was significantly higher in DSF than
in SSF, increasing from 0.98 ± 0.16 g to 1.73 ± 0.22 g. Pulp weight was also significantly
greater in DSF, increasing from 3.32 ± 0.47 g in SSF to 4.86 ± 0.69 g in DSF. In contrast, pulp
proportion was significantly lower in DSF than in SSF, decreasing from 77.18 ± 2.14% to
73.72 ± 2.58% (Table 2).

Table 2. Morphological characteristics of single-seeded and double-seeded fruits of ‘Kentichi’. Data
are presented as mean ± standard deviation. The same lowercase letters within a row indicate no
statistically significant difference between the groups.

Variable Single-Seeded Double-Seeded

Fruit weight (g) 4.30 ± 0.58 a 6.59 ± 0.66 b
Fruit length (cm) 2.75 ± 0.26 a 2.68 ± 0.15 a

Fruit diameter (cm) 1.32 ± 0.14 a 1.89 ± 0.11 b
Individual seed weight (g) 0.98 ± 0.16 a 0.87 ± 0.15 a

Seed length (cm) 1.84 ± 0.20 a 1.75 ± 0.09 a
Seed diameter (cm) 0.54 ± 0.05 a 0.53 ± 0.05 a

Total seed weight per fruit (g) 0.98 ± 0.16 a 1.73 ± 0.22 b
Pulp weight (g) 3.32 ± 0.47 a 4.86 ± 0.69 b

Pulp proportion (%) 77.18 ± 2.14 a 73.72 ± 2.58 b

3.2. Carpel Evolution in ‘Kentichi’
3.2.1. Normal Carpel Evolution

In date palm, only one ovule per flower usually develops after fertilization, lead-
ing to the development of a single carpel that forms a date fruit. In rare cases, however,
two carpels develop simultaneously after ovule fertilisation, giving rise to two partially
fused edible fruits (Figures 1 and 2). Carpels can also develop without fertilization and pro-
duce two interconnected inedible parthenocarpic fruits through their combined perianths
(Figure 2D,E).

Figure 1. Single-seeded fruit (SSF) (left) versus double-seeded fruit (DSF) (right) in ‘Kentichi’ date
palm. Scale bar: 1 cm.
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Figure 2. Attached fruit development in date palm ‘Kentichi’ comparing pollinated and unpollinated
status. (A) Single, normal fruit (pollinated). (B,C) Two attached, edible fruits (pollinated), shown in
external (B) and internal (C) views. (D,E) Two attached, parthenocarpic fruits (unpollinated), shown
in external (D) and internal (E) views. All scale bars: 1 cm.

3.2.2. Fused Carpels Evolution

As shown in Figures 3–5, DSF in date palm result from either complete or partial carpel
fusion. In rare cases (1%), two carpels enclosing one fertilised ovule and one unfertilised
ovule fuse to produce a single compound fruit containing two seeds, of which only one
bears a viable embryo. In most cases, DSF arise from the partial fusion of two carpels
that each enclose equal-sized seeds containing embryos (86%). DSF with unequal seeds
also occur, although less frequently (14%). Total fusion of two carpels can also occur
after fertilization of two ovules, leading to a giant fruit containing two contiguous and
complementary seeds nested in each other. Partial or total fusion of three carpels was
not observed.
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Figure 3. Structural features of fruit development from partially fused carpels in ‘Kentichi’ date
palm. (A) Fruit with one viable and one aborted seed. (B) External view of a double-seeded fruit.
(C,D) Longitudinal sections. (E) Cross-section. Scale bar: 1 cm.

Figure 4. Double-seeded fruit resulting from two totally fused carpels in ‘Kentichi’ date palm.
(A) External view. (B) Cross-section. (C) Longitudinal section. (D) Cut fruit showing intermingled
seeds and inner fruit wall. Scale bar: 1 cm.
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Figure 5. Seed morphology from totally fused, pollinated double-seeded fruits. (A,B) Ventral and
dorsal views comparing coupled complementary seeds (left) with a regular seed (right). (C) Separated
complementary seeds (left) and a regular seed (right). (D) Ventral and dorsal views comparing equal
(left) and unequal (right) coupled complementary seeds. Scale bar: 1 cm.

3.3. Evaluation of Germination Rate and Time

Figure 6 illustrates cotyledonary petiole from the seed coat, demonstrating the presence
of an embryo in each seed. Germination rates were high and comparable for seeds from
SSF and DSF, reaching 88% and 85%, respectively. Seeds from DSF germinated 8 days
earlier than those from SSF, but their seedlings grew relatively more slowly (Figure 7).

3.4. Correlation Analysis

Fruit weight was strongly positively correlated with total seed weight per fruit (r = 0.93,
p < 0.001), indicating that variation in fruit biomass is largely driven by total seed mass.
Fruit weight was also strongly positively correlated with fruit diameter (r = 0.90, p < 0.001),
but only weakly and non-significantly correlated with fruit length (r = 0.33). A very
strong positive correlation was found between fruit length and mean seed length (r = 0.95,
p < 0.001).

Seed weight showed a strong, significant positive correlation with both seed length
(r = 0.71, p < 0.001) and seed diameter (r = 0.72, p < 0.001). A moderate positive correlation
was also observed between seed length and seed diameter (r = 0.46, p = 0.009). Figure 8
shows a clear segregation between the two fruit morphotypes, with no overlap. SSF formed
a compact cluster characterised by lower mass (<5.5 g) and smaller diameter (<1.5 cm),
whereas DSF occupied a distinct region defined by significantly higher mass (>5.5 g) and
larger diameter (>1.6 cm).
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Figure 6. Comparative cotyledonary petiole emergence in seeds from SSF (A,C,E) and DSF
(B,D,F) fruits. (A,B) Initial germination. (C–F) Post-germination after 5–7 days. (D) Coupled
DSF seeds. (F) Separated DSF seeds. Scale bar: 1 cm.
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Figure 7. Comparative seedling development of ‘Kentichi’ date palm from SSF and DSF seeds.
(A) Differential emergence of DSF (left) and SSF (right) seedlings. (B) Seedlings two weeks post-
germination. (C) Developing seedlings from SSF (left) and DSF (right) seeds. (D) Two-month-old
seedlings from DSF (left) and SSF (right) seeds. Scale bars: 1 cm (A–C); 10 cm (D).

Figure 8. Relationship between fruit weight and fruit diameter relative to seed count (n = 30). The
scatterplot demonstrates distinct clustering, with single-seeded fruits consistently exhibiting lower
weight and diameter than double-seeded fruits, indicating a clear morphological separation between
the two groups.
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4. Discussion
The principal finding of this study is the first documented occurrence in date palm of

carpel fusion resulting in a compound syncarpic gynoecium that subsequently develops
into double-seeded fruits. This phenomenon is rare and was observed only in some
cultivars. Its occurrence in ‘Kentichi’ and ‘Deglet nour’, but not in ‘Alligue’, is consistent
with a cultivar-associated or putatively genotype-dependent tendency; however, controlled
inheritance studies were not performed, and the genetic basis therefore remains to be
demonstrated. DSF are distinct from polyembryony, because a unique embryo emerges
from each seed of a DSF, unlike the earlier case reported in date palm by Rao [7].

Fruit weight was strongly positively correlated with total seed weight per fruit and
reflected radial expansion rather than elongation. Fruit length was coupled with the
longitudinal growth of the enclosed seed(s), regardless of seed number. Active fruit growth
is driven by pericarp cell division, which depends on auxin synthesised in the developing
seed and gibberellins produced in the pericarp [12]. The associated increase in fruit biomass
likely reflects enhanced nutrient allocation to developing seeds, as observed in other fruiting
species [13]. Since seed number influenced fruit width but not fruit length, the longitudinal
growth of date fruits appears to be biologically constrained by seed elongation.

The transition from apocarpy to syncarpy is widely considered a key innovation in
angiosperms. According to Armbruster et al. [14], the advantage of syncarpy is twofold: it
can increase offspring quantity by allowing pollen tubes to cross between carpels through
a compitum and fertilize ovules that would otherwise remain unfertilized, and it can
enhance offspring quality by intensifying pollen competition within a unified transmission
tract [15–18]. This mechanism may favour double-seeded fruits by natural selection [19].
Endress [20] emphasized that pollen-tube redistribution allows a more economical repro-
ductive investment, whereas Stebbins [21] proposed that carpel fusion evolved primarily
to enhance structural defence of developing seeds against predation. The present results
align more closely with reproductive drivers.

In date palm, the emergence of DSF may reflect a partial breakdown in the mechanisms
that normally ensure that only one of the three carpels develops. Meliani et al. [22] reported
that the date palm ovary encloses three carpels: two twin carpels, white in colour and of
the same size, borne by the same petal (P2), and a third distinct carpel borne by petal P3.
Typically, only the isolated carpel develops, while the twin carpels degenerate through
programmed cell death. The formation of DSF may result from a fusion event between
adjacent carpels that could partially override this degeneration process. This developmental
process could involve epidermal fusion or congenital union, mechanisms described by
Raven and Weyers [23] as relevant to the evolution of syncarpy. The cultivar-associated
distribution observed here also suggests that variation in genes regulating floral organ
boundaries and carpel development may be involved. In other angiosperms, altered
expression of boundary-specifying genes, including NAM/CUC-related transcription
factors, has been associated with congenital floral organ fusion [24,25]. These molecular
mechanisms were not tested in the present study and should therefore be considered
hypotheses for future investigation in date palm.

The scatter plot confirmed that single-seeded fruits form a compact cluster charac-
terised by lower mass and smaller diameter, whereas double-seeded fruits occupy a distinct
region defined by higher mass and larger diameter. This separation indicates that the pres-
ence of a second seed produces a discrete shift in fruit morphology rather than a continuous
gradient. Comparable relationships between seed characteristics and fruit morphology
have been reported in other fruit crops [26–28].

Although seed dimensions were stable, a trade-off was evident in biomass allocation.
Seeds from DSF germinated 8 days earlier than those from SSF, but the resulting seedlings
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grew more slowly. This pattern may reflect faster dormancy release or germination initi-
ation in DSF-derived seeds, followed by reduced early seedling vigour because reserve
availability per embryo is slightly lower. Hormonal regulation, particularly the balance
between abscisic acid and gibberellins, may contribute to differences in germination tim-
ing [29], but hormone concentrations were not measured in this study. Thus, while syncarpy
in date palm may accelerate germination timing, the reduced reserves available per embryo
likely limit early seedling vigour compared with the standard apocarpous pathway. This
interpretation is consistent with observations that rapid germination can be a competitive
advantage for smaller seeds [30], whereas larger seeds with greater reserves can produce
more vigorous seedlings, as shown in Mirabilis hirsuta and Pastinaca sativa [31,32].

Morphometric traits such as fruit weight, length, and diameter may serve as practi-
cal discriminatory markers for identifying fruits with multiple seeds, especially in DSF-
producing varieties such as ‘Kentichi’. From an industrial perspective, the very low fre-
quency of DSF makes an immediate effect on fruit production, grading, or market value
unlikely. Nevertheless, DSF may influence fruit uniformity and seed-to-pulp allocation.
Although mesocarp and epicarp were not measured separately, the approximate non-seed
fraction estimated as fruit weight minus total seed weight was 3.32 g in SSF and 4.86 g
in DSF, while the estimated non-seed proportion was 77.2% in SSF and 73.7% in DSF.
Future studies should directly quantify mesocarp mass, pulp percentage, texture, sugar
content, and market-quality parameters, as well as explore controlled crosses between
DSF-producing female genotypes and suitable male progenitors to assess the heritability of
syncarpic fruit development and its potential as a selectable trait in date palm breeding.

5. Conclusions
Double-seeded fruits in date palm are a rare, genotype-dependent syncarpic develop-

mental variant associated with increased fruit width and mass, earlier germination, and
slower early seedling growth. The phenomenon is distinct from polyembryony and may
have value as a selectable trait in future date palm breeding programmes.
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