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Abstract: Date palms are a vital part of oasis ecosystems and are an important source of income
in arid and semi-arid areas. Crossbreeding is limited due to the long juvenile stage of date palms
and their dioecious nature. The aim of this study was to create triploid date palms to obtain larger
and seedless fruits and to increase resilience to abiotic stresses. A tetraploid date palm mutant
was crossed with a diploid male palm, yielding hundreds of seeds suspected of containing triploid
embryos. Six years after planting, four palms with confirmed triploidy reached maturity. They are
phenotypically distinct from diploids, with a thicker rachis, thinner spines, wider and longer midleaf
spines, and a longer apical spine. They were classified as sterile bisexual, sterile male and fertile
female. One of the latter produced very tasty dates with a very small seed, which is promising for the
marketability and profitability of date palm fruits. This first report on triploid date palms provides a
way in which to make a significant leap forward in date palm breeding. Given the vigor and fruit
quality of female triploid date palms, compared to their diploid counterparts, they will be the target
of breeding programs and may spearhead new oases.
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1. Introduction

In the arid and semi-arid areas of North Africa and the Middle East, date palms
(Phoenix dactylifera L.) are the cornerstone of oasis ecosystems and serve as the primary
income source. However, the sustainability and profitability of this desert staple are under
threat from various biotic and abiotic stressors, with climate change due to global warming
being the most significant [1,2]. Enhancing the resilience of date palms to stressors and se-
curing food supply can be achieved through the development of genetic variants. However,
traditional crossbreeding is hindered by the extended juvenile phase of date palms, their
dioecious nature, and the absence of early selection for most agronomic traits [3]. While
molecular tools such as marker-assisted selection (MAS), genome editing (GE), genome-wide
association studies (GWASs), and a comprehensive set of single nucleotide polymorphisms
(SNPs) offer potential solutions, their application in palms is costly and time-intensive [2].
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The creation of ploidy variants presents a viable strategy for enhancing phenotypic
variation. A tetraploid was discovered in a lateral shoot of ‘Deglet Nour” in Tozeur,
Tunisia [4]. While triploids have not yet been produced in date palms, they have proven to
be more robust in other fruit crops, yielding larger fruits with minimal or no seeds. Triploids
can be generated through (1) crossbreeding between tetraploid and diploid cultivars,
(2) cross-pollination with (artificially induced) 2n gametes, (3) in vitro regeneration of
triploid endosperms via adventitious shoots, and (4) the fusion of haploid and diploid
cells in protoplasts. This report utilized crosses between the tetraploid shoot of ‘Deglet
Nour’ and diploid male genotypes. Although triploids have recently been reported in
the African oil palm by Pomies et al. [5], to our knowledge, this is the first report on
triploid date palms. This study provides a way to leap forward in date palm breeding in a
straightforward manner.

2. Results
2.1. Hybridization between Tetraploid and Diploid Staminate Date Palm (P3)

Tetraploid flowers of ‘Deglet Nour” offshoots, when pollinated by the diploid male
‘P3’, yielded fruits that were not only edible but also heavier and larger in volume compared
to the dates produced by diploid flowers (Figure 1). The majority of the fruits obtained
were parthenocarpic. Only a small fraction, specifically 0.9%, of these fruits formed seeds
that effectively gave rise to a triploid plant (Table 1).

Figure 1. Edible fruits and seeds produced by tetraploid (left) and diploid (right) sectors of the
chimeric date palm. Size bar = 1 cm.

Table 1. Characteristics of fruits produced by the tetraploid ‘Deglet Nour’ shoot after crossing with P3
in 2014, 2015 and 2016. nf: number of fruits, nef: number of edible fruits, ef: edible fruits, nsf: number
of seed fruits, sf: seeded fruits, nge: number of germinated embryos, gf: germination frequency,
fpo: fruits producing offspring.

Year Total nf nef ef (%) Total nsf sf (%) nge gf (%) fpo (%)
2014 3420 56 1.63 45 1.31 31 68.88 0.9
2015 4100 68 1.65 57 1.39 39 68.42 0.9
2016 5004 98 1.95 74 1.47 53 71.62 1.05
Average 4175 74 1.74 59 1.39 41 69.64 0.95
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2.2. Analysis of the Ploidy Level of the Four Plants with Flow Cytometry

As depicted in Figure 2, the obtained histograms each display a peak with a value
of approximately 100. This value corresponds to the nuclear DNA of the diploid control
‘Deglet Nour’. Additionally, there is a prominent peak with a relative value of 150, which is
attributed to the triploid nuclear DNA of the plants under examination.
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Figure 2. Histogram of DNA content of ‘Deglet Nour’ (2x) (left) and the triploid date palm (T3)
(right), with the fluorescence intensity in the X-axis and number of nuclei in the Y-axis. Signal around
fluorescence intensity 50 is noise.

2.3. Leaf Morphology

The four triploid genotypes exhibited phenotypic differences when compared to their
diploid counterparts. These differences included a thicker rachis, thinner spines, and wider
and longer midleaf spines (Table S1; Figure 3). Additionally, they had a longer apical spine.
Except for T1, all triploid plants had, on average, longer leaves, a smaller maximum length of
spines, and a larger number of leaflets per leaf than the standard diploid plants. However,
when parameters such as leaf width at the base of the petiole, average number of spines, and
upper spine width were considered, it was not possible to distinguish the triploids from the
diploid control plants (Table S1). Although the triploids had a more vigorous appearance, no
difference was observed in overall plant length or width between the triploids and diploids.

T

e

Figure 3. Mid-leaf leaves of ‘Deglet Nour’ (2x) and the triploid genotypes T1, T2, T3 and T4, from
bottom to top, respectively.
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2.4. Reproductive Properties

In 2021 and 2022, the four triploid plants reached maturity. As shown in Table 2,
compared to the diploid control ‘Deglet Nour’, the inflorescences of these plants emerged
later and their fruits took additional weeks to ripen. In 2021, the inflorescences of the
triploid hybrids appeared a month or more later than the diploid hybrids. T4 did not flower
in 2021, but it did for the first time in 2022.

Table 2. Date of first inflorescence emergence and fruit maturation in seedlings of the diploid control
‘Deglet Nour’ (T0) and triploids (T1, T2, T3 and T4) during 2021-2023.

Year Phenology TO T1 T2 T3 T4

2021 Inflorescence emergence 5 February 16 March 4 March 28 March -
Fruit maturation 7 September - - 18 September -

2022 Inflorescence emergence 22 February - - 25 April 24 March
Fruit maturation 16 September - - 28 September 21 September

2023 Inflorescence emergence 28 February 12 March 20 March 14 April 11 March
Fruit maturation 3 September - - 21 October 28 September

T1 (Figure 4A) had bisexual flowers with six stamens and three carpels (Figure 4B-D).
These flowers were likely female sterile, as they only produced parthenocarpic fruits after
being pollinated with T3 pollen for three consecutive years (Figure 4E,F). The plant was also
male sterile, as the pollen did not germinate, although 10% of it was viable (Figure 4G-I).
T2 (Figure 5A,B) was male because this plant only produced flowers with six stamens each
(Figure 5C,D). These stamens were sterile, similar to those of T1. The stamens eventually
degenerated in the same manner as those of normal male (staminate) date palms (Figure 5E).
Unlike T1 and T2, T3 and T4 appeared to be typical female (pistillate) date palms, with
flowers consisting of three carpels and six aborted stamens (Figures 6 and 7).

Figure 4. Morphological and reproductive characteristics of T1. (A) Overview of T1 with spathes;
(B) inflorescence; (C) flower axis; (D) apparent bisexual flower; (E) flower development after
2 months of spathe dehiscence; (F) inedible parthenocarpic fruits after 6 months of spathe dehiscence
(scale bar = 1 cm); (G,H) viability test of pollen of T1 and P3; respectively; (I,]) germination test of
pollen of T1 and P3 (scale bar = 30 pm).



Plants 2024, 13, 815

50f11

Figure 5. Morphology of vegetative and reproductive apparatus of T2. (A) Overview of T2
(scale bar = 10 cm); (B) overview of T2 with spathes; (C) degenerate inflorescence; (D) flower axis
(spikelet of flowers); (E) flower of T2 (left) and male flower of P3 (right) (scale bar = 1 cm).

Figure 6. Morphology of vegetative and reproductive apparatus of T3. (A) Overview; (B) flower axis
of T3 (1) and “Deglet Nour’ (2); (C) fruits of T3 at khalal stage (1) and ‘Deglet Nour” at rutab stage (2);
(D) ripe fruits (tamer stage) of ‘Deglet Nour’ (top) and T3 (bottom); (E) halved matured fruits of
‘Deglet Nour’; (F) halved matured fruits of T3, showing a very small black seed (scale bar = 1 cm).

Figure 7. Cont.
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Figure 7. Morphology of vegetative and reproductive apparatus of T4. (A) Overview (scale bar = 10 cm);
(B) overview inflorescences in plant; (C) flower axis of ‘Deglet Nour’ (top) and T4 (bottom) just after
opening of spathes; (D) flowers of ‘Deglet Nour’ (top) flowers of T4 (bottom); (E) fruits of T4 in ‘rutab’
stage; (F) mature fruits (tamer stage) and seeds of ‘Deglet Nour’ (right) and T4 (left) (scale bar = 1 cm).

Following pollination and fertilization with standard diploid pollen, the flowers of
T3 and T4 yielded edible fruits that contained seeds. Both T3 and T4 produced fruits that
exhibited an extremely low seed-to-fruit weight ratio (Figure 6E,F). This ratio was notably
lower compared to ‘Deglet Nour” and even other commercial varieties such as ‘Mejhool’
and ‘Berhi’ that were cultivated at the same location (Table 3 and Figure 8). Interestingly,
the seeds of T4 were capable of germination, unlike those of T3 (Figure 9).

Table 3. Fruit weight, seed weight and ratio (seed weight/total weight) of the cultivars ‘Deglet
Nour’ (DN), “‘Mejhoul’, ‘Barhi’, T3, T4 and the tetraploid offshoot (Tet) harvested from plants cultured
in the CRRAO trial field. Means (£SD) followed by the same letter are not significantly different
(Student-Newman-Keuls (S-N-K), p < 0.05).

Genotype Fruit Length (cm)  Fruit Width (cm)  Fruit Weight (g)  Seed Weight (g) > ee‘év“.’e‘ghﬁmr“‘t
eight (%)
DN 383+ 015e 164+ 010e 8.59 + 0.29 f 092 +0.12b 10.64 £ 241 a
T3 426+ 0.39 ¢ 154 £ 0.19 f 1076 + 1.69 d 0.17 4+ 0.09 e 1.53 £ 0.70 f
T4 402+028d 174 +023d 960+ 1.15e 0.31+0.13d 311+101e
Tetra 450 +025b 215+ 020 ¢ 1813 £ 1.79b 0.69 + 0.20 ¢ 380 +1.14d
‘Mejhool 482+052a 261+0.11a 23.33 +2.01 a 152+ 020a 6.50 + 0.62 b
‘Barhi’ 3444021 243+0.13b 13.66 £ 1.10 ¢ 0.68 £ 0.16 ¢ 493 +1.03 ¢

Figure 8. From left to right: halved dates of ‘Deglet Nour’, T4 and T3 (scale bar = 1 cm).
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Figure 9. (A) Growth blockage of germinated embryos from T3 (left) and germinating embryos from
T4 (right) (scale bar = 1 cm); (B) seed of T3 (scale bar = 2 mm); (C,D) embryo in T3 seed (scale bar = 0.5
and 0.2 mm).

3. Discussion

Only four triploid date palm genotypes were successfully produced by pollinating
tetraploid flowers with diploid pollen. So, the success rate was remarkably low, with only
0.9% of fruits containing seeds in both 2014 and 2015, followed by a slight increase to 1.05%
in 2016. These findings suggest that tetraploid date palms exhibit a high degree of post-
zygotic reproductive isolation from their diploid progenitors. This reproductive barrier,
known as the triploid block, is attributed to abnormalities in the growth and structure of
the endosperm [6,7], which in this case is likely pentaploid. According to the concept of
the endosperm balance number (EBN), which states that the hybrid endosperm needs a 2:1
maternal to paternal ratio for normal development, this cross has a problematic 4:1 ratio,
which may also explain the high number of failing offspring [8].

As has been observed in other plant species [9-12], we were able to differentiate
triploid date palm trees from their diploid counterparts based on specific characteristics
of their leaves and fruits. Generally, polyploidy can lead to an increase in the size of
cells, organs, or even the overall habitus [13]. The presence of three alleles per gene could
account for the potential high gene dosage effects and strong heterosis observed in triploid
selections [14].

Within the palm family, the oil palm serves as the only reference. Pomies et al. [5]
reported that spontaneously induced triploid African oil palms exhibit greater vigor, thicker
petioles, thicker stems, and a larger habit than diploid palms. They also noted that poly-
ploidy impacts phyllotaxy. According to Van de Peer et al. [12,15], the competitive edge of
triploids over their diploid offspring is primarily due to their ability to capture a relatively
larger amount of photosynthetic energy through their larger leaves.

Theoretical models in the literature often posit that triploids typically exhibit reduced
fertility or even complete sterility [16,17]. Contrary to this assumption, we observed that
T4 was capable of producing fruits with germinating seeds. However, further cytological
studies are needed to determine the extent to which the embryos are aneuploid due to the
formation of multivalents and other meiotic defects. In contrast, none of the small seeds
of T3 were able to germinate. This could be attributed to the embryos being aneuploid
and/or the seed having insufficient reserves to nourish the embryo during the initial stages
of germination. These observations suggest the potential for employing in vitro techniques
to rescue the embryos.
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T1 produced bisexual flowers that contained both non-functional male and female
organs. This type of flower was previously described by [18] in two aberrant female
date palm variants of the cultivar ‘Alligue’. Cherif et al. [19] demonstrated that date
palms possess an XY chromosome system, which is considered to be among the oldest sex
chromosomes in flowering plants [20]. Consequently, the occurrence of bisexual flowers
may be due to the presence of an additional Y chromosome alongside the normal XX set
found in female plants. While this has not yet been genetically confirmed, it suggests that
the tetraploid mother plant has an XXXX configuration, which resulted in XXY (T1 and T2)
and XXX (T3 and T4) offspring after cross-pollination with an XY male.

In terms of size and weight, the fruits of T3 and T4 are between those of the diploid and
tetraploid ‘Deglet Nourdi’. The fruits of the diploid ‘Mejhool” take the crown as the largest,
while those of the diploid ‘Barhi” are the smallest (Table 3). Although the female triploids T3
and T4 do not differ much in their general morphology, they show much difference (Table 3)
in fruit size. Triploid T3 produced large fruits with excellent organoleptic quality and a very
low seed/fruit weight ratio, which could be of great commercial interest. Triploid T4, on the
other hand, had an almost normal seed size, while the fruits were not particularly palatable.
The discovery of T3 paves the way for screening many more triploid date palms with
comparable horticulturally interesting traits. The triploids flowered later and their fruits, if
present, ripened later, which is a common trait in polyploid plants [19]. This provides them
with the advantage of avoiding both the recently occurring extremely hot temperatures of
August-September and the attacks of date moths that are active in these months. Firmer
leaves are also thought to be more resistant to a number of foliar diseases, a hypothesis that
needs to be assessed over several years. T1 produced several inedible seedless fruits via
parthenocarpy, which, like the parthenocarpy fruits sometimes observed in ‘Deglet Nour’,
can be exploited for their chemical, functional and technological properties [21].

4. Materials and Methods
4.1. Hybridization between Tetraploid and Diploid Date Palms

Pollen was harvested from the common male diploid cultivar ‘P3’ in the month of
February across the years 2015, 2016, and 2017. This pollen was then used to pollinate manu-
ally opened mature female inflorescences of the tetraploid lateral shoot of a chimeric ‘Deglet
Nour’. To prevent random mating, the flowers were promptly bagged post-pollination.
These bags were removed after a period of 15 days. The late-flowering staminate date
palm ‘P3” was chosen for this process due to its late flowering characteristic, similar to the
tetraploid date palm. In addition, the pollen of 'P3” was used to pollinate flowers of the
diploid sector of the chimeric date palm. This process was completed to produce diploid
control fruits and seeds.

4.2. Germination and Plant Care

Seeds were extracted from ripe fruits 5 to 6 months post-pollination and thoroughly
cleaned to remove all pulp. These seeds were then rinsed in 90% (v/v) ethanol and placed
on a damp cloth within a sealed plastic box. This box was kept in an incubator at a
temperature of 26 & 2 °C in complete darkness. After a month of incubation, germinated
seeds were observed. They were then transferred to pots filled with a 1:1 mixture of sand
and peat moss. The pots were moved to a greenhouse where they were exposed to natural
sunlight and maintained at a temperature of 28 £ 2 °C with a relative humidity of 60-70%.
Watering was performed manually twice a week using a watering can. Three months
later, the plants were transplanted into the open field of the experimental garden of the
Regional Research Center for Oasis Agriculture (CRRAO). Here, they were grown alongside
diploid offshoots of ‘Deglet Nour’. The plants were watered via drip irrigation at a rate of
100 L per hour. The frequency of watering varied with the seasons—once a week in winter,
twice a week in autumn and spring, and thrice a week in summer. Each plant was annually
fertilized with 5 kg of sheep manure. The plants were maintained under these conditions
for a period of seven years.
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4.3. Analysis of Seedlings by Flow Cytometry

Ploidy analysis was performed by means of flow cytometry [22], using a CyFlow
Space (Sysmex, Miinster, Germany) flow cytometer equipped with a UV-light-emitting
diode and Flomax 2.9 software (Quantum Analysis, Miinster, Germany) to determine peak
positions on the histograms obtained. Sample preparation consisted of chopping leaf tissue
(according to Galbraith et al., 1983 [23]) and sample preparation including 4’,6-diamidino-
2-phenylindole (Sigma-Aldrich, Overijse, Belgium) staining, according to Otto (1990) [24].
Standard leaf material from a diploid control plant of the variety ‘Deglet Nour” was used
as an external reference.

4.4. Pollination of Triploid Plants

The four obtained triploid hybrids were coded as T1, T2, T3 and T4. In 2021 and 2022,
flowers from two pistillate hybrid plants (T3 and T4) were pollinated with pollen from ‘P3’
using the pollination method mentioned above.

4.5. Morphological Observation and Measurements

The descriptors developed by IPGRI [25] for date palms were used to characterize the
leaves of triploid and diploid control plants. The length of the palm (Lp), the thickness
of the rachis (Tr), the width of the palm at the base of the petiole (Wp), the maximum.
thickness of the spines (Tsp), the maximum length of the spines (Lsp), the maximum width
of the spines in the midleaf (Wsp), the maximum length of the spines in the middle of the
palm (Lsm), the length of the apical spine (Las), and the width of the apical spine (Was)
were measured with a tape measure and caliper. The number of spines (Nsp) and the
number of leaflets (NLf) were counted.

Seed and fruit weights were determined for thirty fruits from the genotypes T3 and T4
and compared to two commercial varieties ‘Mejhool” and ‘Berhi” and the original diploid
‘Deglet Nour’. All plants had the same age and were grown in the trial garden of the CRRAO.

4.6. Viability of Pollen

The viability of pollen was assessed in triplicate using three flowers. The pollen was
placed on a slide with 1-2 drops of a 1% acetocarmine dye solution and covered with
a coverslip. The slide was then examined under a microscope (Biological Microscope,
Wuzhou New Found Instrument L1100A, Wuzhou, China) at 400 x magnification. Pollen
grains that exhibited red-stained cytoplasm were deemed viable. Pollen germination was
also evaluated in triplicate, again using three flowers. The pollen grains were deposited
onto the medium of Brewbaker and Kwack [26] in three separate Petri dishes. Brushes
were used to ensure proper separation of the pollen. Following a 24 h incubation period at
28 °C [27], a square centimeter of the medium was excised and placed on a microscope slide
for observation at 400 x magnification. A pollen grain was considered to have successfully
germinated if the length of the pollen tube was equal to or greater than the diameter of the
grain [28].

4.7. Statistical Analysis

The results were expressed as the mean value + standard deviation. The studied pa-
rameters were analyzed separately using ANOVA with post hoc Student-Newman-Keuls
comparisons with SPSS 16.0. A confidence level of p = 0.05 was used to identify significant
differences between experimental conditions.

5. Conclusions

In a pioneering effort, the phenotype of triploid date palms has been characterized
using four completely different genotypes. The excellent flavor and small seeds of one
of these female triploid date palms will be the focus of a breeding program. and could
potentially lead to the establishment of new oases in regions experiencing escalating biotic
and abiotic stress. This is due to their superior vigor and fruit quality compared to their
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diploid counterparts. The offshoots of the plants will be used for in vitro initiation and
micropropagation. In the near future, these triploid date palms will also be used for detailed
karyotyping and to detect genomic and transcriptomic variation in the near future.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/plants13060815/s1, Table S1: Mean values of selected morphological
variables of the diploid ("Deglet Nour”: TO) and triploid genotypes (T1, T2, T3 and T4). Lp: length of
the palm; Tr: thickness of the rachis; Wp: width of the palm at the base of the petiole; Nsp: number of
spines; Tsp: Max. thickness of the spines; Lsp: maximum length of spines; NLf: number of leaflets;
Wsp: maximum width of spines in midleaf; Lsm: maximum length of spines in the middle of the palm;
Las: length of the apical spine; Was: width of the apical spine. Values followed by different letters
denote statistically significant differences (Student-Newman-Keuls (S-N-K), p < 0.05).
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Funding: This research received no external funding.
Data Availability Statement: Data are available upon reasonable request.

Acknowledgments: The authors acknowledge Ahmed Namsi from CRRAO, for his logistical support
in carrying out this work, and special thanks go to Dennis V. Johnson for his excellent suggestions
and critically reading the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Jaradat, A.A. Energy Crops to Combat Climate Change. In Crop Adaptation to Climate Change; Yadav, S.S., Redden, R.J., Hatfield,
J.L., Lotze-Campen, H., Hall, A.E., Eds.; John Wiley & Sons: West Sussex, UK, 2011; pp. 546-555. [CrossRef]

2. Abahmane, L. Genetic Improvement to Produce Value-Added Date Palm Cultivars. In Date Palm; Al-Khayri, ].M., Jain, S.M.,
Johnson, D.V,, Krueger, R.R., Eds.; CAB International: Wallingford, UK, 2023; pp. 90-140. [CrossRef]

3. Limera, C.; Sabbadini, S.; Sweet, ].B.; Mezzetti, B. New Biotechnological Tools for the Genetic Improvement of Major Woody Fruit
Species. Front. Plant Sci. 2017, 8, 1418. [CrossRef]

4. Othmani, A.; Jemni, M.; Leus, L.; Sellemi, A.; Artés, F.; Werbrouck, S.P.O. A ploidy chimera reveals the effects of tetraploidy in
date palm. Eur. J. Hortic. Sci. 2020, 85, 137-144. [CrossRef]

5. Pomies, V,; Turnbull, N.; Le Squin, S.; Syahputra, I.; Suryana, E.; Durand-Gasselin, T.; Cochard, B.; Bakry, F. Occurrence of
triploids in oil palm and their origin. Ann. Bot. 2023, 131, 17-32. [CrossRef] [PubMed]

6.  Kohler, C.; Scheid, O.M.; Erilova, A. The impact of the triploid block on the origin and evolution of polyploid plants. Trends Genet.
2010, 26, 142-148. [CrossRef] [PubMed]

7. Marks, G.E. The origin and significance of intraspecific polyploidy: Experimental evidence from Solanum chacoense. Evolution
1966, 20, 552-557. [CrossRef] [PubMed]

8. Li, H,; Gan, J.; Xiong, H.; Mao, X; Li, S.; Zhang, H.; Liu, C.; Hu, G.; Fu, J. Production of triploid germplasm by inducing 2n pollen
in Longan. Horticulturae 2022, 8, 437. [CrossRef]

9.  Jones, K.D.; Reed, M. Analysis of ploidy level and its effects on guard cell length, pollen diameter, and fertility in Hydrangea
macrophylla. HortScience 2007, 42, 483-488. [CrossRef]

10. Miller, M.; Zhang, C.Q.; Chen, Z.]J. Ploidy and hybridity effects on growth vigor and gene expression in Arabidopsis thaliana
hybrids and their parents. Genetics 2012, 2, 505-514.

11. Wang, S.M,; Lan, H.; Jia, H.H.; Xie, K.D.; Wu, X.M.; Chen, C.L.; Guo, W.W. Induction of parthenogenetic haploid plants using
gamma irradiated pollens in “Hirado Buntan” pummelo (Citrus grandis [L.] Osbeck). Sci. Hortic. 2016, 207, 233-239. [CrossRef]

12.  Chansler, M.T; Ferguson, C.J.; Fehlberg, S.D.; Prather, L.A. The role of polyploidy in shaping morphological diversity in natural
populations of Phlox amabilis. Am. |. Bot. 2016, 103, 1546-1558. [CrossRef]

13. Zhu, Z.T,; Lin, H.B.; Kang, X.Y. Studies on allotriploid breeding of Populus tomentosa B301 clones. Sci Silvae Sin. 1995, 31, 499-505.

14. Van de Peer, Y.; Maere, S.; Meyer, A. The evolutionary significance of ancient genome duplications. Nat. Rev. Genet. 2009, 10,
725-732. [CrossRef]

15. Rounsaville, T.; Touchell, D.H.; Ranney, T. Fertility and Reproductive Pathways in Diploid and Triploid Miscanthus sinensis.

Hortscience 2011, 46, 1353-1357. [CrossRef]


https://www.mdpi.com/article/10.3390/plants13060815/s1
https://www.mdpi.com/article/10.3390/plants13060815/s1
https://doi.org/10.1002/9780470960929.ch37
https://doi.org/10.1079/9781800620209.0004
https://doi.org/10.3389/fpls.2017.01418
https://doi.org/10.17660/eJHS.2020/85.3.1
https://doi.org/10.1093/aob/mcac036
https://www.ncbi.nlm.nih.gov/pubmed/35299242
https://doi.org/10.1016/j.tig.2009.12.006
https://www.ncbi.nlm.nih.gov/pubmed/20089326
https://doi.org/10.2307/2406589
https://www.ncbi.nlm.nih.gov/pubmed/28562905
https://doi.org/10.3390/horticulturae8050437
https://doi.org/10.21273/HORTSCI.42.3.483
https://doi.org/10.1016/j.scienta.2016.05.028
https://doi.org/10.3732/ajb.1600183
https://doi.org/10.1038/nrg2600
https://doi.org/10.21273/HORTSCI.46.10.1353

Plants 2024, 13, 815 11 of 11

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

Mike, R.; Glenda, V.; Glendon, D.A.; Steven, D.]. Triploidy causes sexual infertility in Cyrtanthus breviflorus (Amaryllidaceae).
Aust. ]. Bot. 2011, 59, 238-243. [CrossRef]

Yang, F; Fernandez-Jimenez, N.; Tuckova, M.; Vrana, J.; Capal, P.; Diaz, M.; Pradillo, M.; Pecinka, A. Defects in meiotic
chromosome segregation lead to unreduced male gametes in Arabidopsis SMC5/6 complex mutants. Plant Cell 2021, 33,
3104-3119. [CrossRef]

Othmani, A.; Collin, M.; Sellemi, A.; Jain, S.M.; Drira, N.; Aberlenc, F. First reported case of spontaneous hermaphrodism in
female date palm (Phoenix dactylifera L.), cv ‘Alligue’. ]. Hortic. Sci. Biotechnol. 2017, 92, 376-388. [CrossRef]

Cherif, E.; Zehdi, S.; Castillo, K.; Chabrillange, N.; Abdoulkader, S.; Pintaud, J.C.; Santoni, S.; Salhi-Hannachi, A.; Glémin, S.;
Aberlenc-Bertossi, F. Male-specific DNA markers provide genetic evidence of an XY chromosome system, a recombination arrest
and allow the tracing of paternal lineages in date palm. New Phytol. 2012, 197, 409-415. [CrossRef] [PubMed]

Salameh, A.; Hamdan, Y.A.; Aslan, K. Use of microsatellite markers for sex determination in date palm (Phoenix dactylifera L.) cv.
Medjool. Genet. Resour. Crop Evol. 2024. [CrossRef]

Hammadi, H.; Mrabet, A.; Jiménez-Araujo, A. Date palm Parthenocarpic Fruits (Phoenix dactylifera L.): Chemical Characterization,
Functional Properties and Antioxidant Capacity in Comparison with Seeded Fruits. Sci. Hortic. 2016, 211, 352-357. [CrossRef]
Leus, L.; Van Laere, K.; Dewitte, A.; Van Huylenbroeck, J. Flow cytometry for plant breeding. Acta Hortic. 2009, 836, 221-226.
[CrossRef]

Galbraith, D.W.; Harkins, K.R.; Maddox, ].M.; Ayres, N.M.; Sharma, D.P; Firoozabady, E. Rapid flow cytometric analysis of the
cell cycle in intact plant tissues. Science 1983, 220, 1049-1051. [CrossRef] [PubMed]

Otto, FJ. DAPI staining of fixed cells for high-resolution flow cytometry of nuclear DNA. Methods Cell Biol 1990, 33, 105-110.
[CrossRef] [PubMed]

Anonymous. Descripteur du Palmier Dattier (Phoenix dactylifera L.); International Plant Genetic Resources Institute: Maccarese, Italy, 2005; p. 71.
Brewbaker, J.L.; Kwack, B.H. The calcium ion and substances influencing pollen growth. In Pollen Physiology and Fertilization;
Linkens, H.E, Ed.; North Holland: Amsterdam, The Netherlands, 1964; pp. 143-151.

Mesnoua, M.; Roumani, M.; Salem, A. The effect of pollen storage temperatures on pollen viability, fruit set and fruit quality of
six date palm cultivars. Sci. Hortic. 2018, 236, 279-283. [CrossRef]

Kakani, V.G.; Prasad, P.V.V,; Craufurd, P.Q.; Wheeler, T.R. Response of in vitro pollen germination and pollen tube growth of
groundnut (Arachis hypogaea L.) genotypes to temperature. Plant Cell Environ. 2002, 25, 1651-1661. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1071/BT10272
https://doi.org/10.1093/plcell/koab178
https://doi.org/10.1080/14620316.2017.1280379
https://doi.org/10.1111/nph.12069
https://www.ncbi.nlm.nih.gov/pubmed/23231423
https://doi.org/10.1007/s10722-024-01880-0
https://doi.org/10.1016/j.scienta.2016.09.031
https://doi.org/10.17660/ActaHortic.2009.836.31
https://doi.org/10.1126/science.220.4601.1049
https://www.ncbi.nlm.nih.gov/pubmed/17754551
https://doi.org/10.1016/s0091-679x(08)60516-6
https://www.ncbi.nlm.nih.gov/pubmed/1707478
https://doi.org/10.1016/j.scienta.2018.03.053
https://doi.org/10.1046/j.1365-3040.2002.00943.x

	Introduction 
	Results 
	Hybridization between Tetraploid and Diploid Staminate Date Palm (P3) 
	Analysis of the Ploidy Level of the Four Plants with Flow Cytometry 
	Leaf Morphology 
	Reproductive Properties 

	Discussion 
	Materials and Methods 
	Hybridization between Tetraploid and Diploid Date Palms 
	Germination and Plant Care 
	Analysis of Seedlings by Flow Cytometry 
	Pollination of Triploid Plants 
	Morphological Observation and Measurements 
	Viability of Pollen 
	Statistical Analysis 

	Conclusions 
	References

