Chapter 28
In Vitro Flowering of Date Palm

F. Masmoudi-Allouche, B. Meziou, W. Kriaa, R. Gargouri-Bouzid,
and N. Drira

Abstract Flowering is a complex process which is regulated by several intricate
external and internal factors that make its induction under in vitro culture highly sensi-
tive. Recently, in vitro flowering has been extensively investigated for many plant species
and significant advances in the understanding of this phenomenon have been made.
However, with regard to date palm trees, this research area remains virtually unex-
plored. Accordingly, the present chapter aims to present some observations concerning
in vitro flowering of date palm, and discusses the possible factors involved in the in vitro
flowering induction of these plants. It also describes in vivo flowering in date palm and
the limitations associated with its requirements. The chapter goes on to present the
genes controlling the flowering process and to discuss the in vitro induction of bisexual
flowers in date palm. The chapter concludes by discussing the importance of in vitro
flowering to date palm propagation and its implications for future programs of early sex
determination and genetic improvement via hybridization practices.
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28.1 Introduction

Date palm (Phoenix dactylifera L.) is a monocotyledonous, dioecious, heterozygous
and perennial tree that belongs to the Arecaceae family. The palm family is composed
of various combinations of hermaphrodite species, namely Nannorrhops ritchiana,
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Sabal palmetto and Washingtonia filifera, and other monoecious species, such as
Elaeis guineensis and Cocos nucifera, as well as dioecious ones, including Borassus
flabellifer and Phoenix dactylifera. At the morphological level, four architectural
models have been described for the various structures in palms by Holtum, Corner,
Shoute and Tomlinson (Halle et al. 1978). According to the Tomlinson model, the
date palm produces offshoots at the base of the tree and lateral inflorescences
(Tomlinson 1961).

Date palm constitutes a major income-generating activity and food supplying
source to millions of people mostly in the arid and warm regions of the Middle East
and North Africa, which are favored by suitable dry subtropical and high tempera-
ture. Unfortunately, however, the cultivation of date palm is troubled by several
internal and external problems worldwide. Among the most disturbing are the com-
plexities involved in the cultivation process and the exposure to damaging diseases
that menace growth, productivity and production yields.

Because date palm is slow flowering and fruiting, a major problem is to identify
the sex of the samplings at an early stage, which in turn would allow for the cultiva-
tion of adequate number of productive female trees with only a minimal number of
male trees.

Apart from the obvious problems emanating from the slow rates of growth and
the imperceptibility of sex before flowering, date palm is also prone to severe selec-
tive pressures exerted by several pernicious diseases. Prominent among these are
the bayoud vascular disease, which is caused by Fusarium oxysporumf. sp. Albedinis
and has prevailed in North Africa for more than a century, and the brittle leaf dis-
ease, which emerged in Tunisia in the early 1980s and still is unknown as to its
source (Triki et al. 2003). The severity of these diseases and consequent losses in
production yields vary from year to year depending on the prevailing conditions.

In order to preserve the date palm and to improve its growth conditions, several
propagation techniques have been developed and used with varying degrees of effi-
ciency and success. Conventional propagation methods, to start with, are based on
vegetative multiplication using offshoots. Although often leading to seedlings that
are closely similar to the mother plant, these techniques have often been reported to
be very slow and risky for it can cause the dissemination of infectious diseases.
Another popular technique for date palm propagation is through sexual reproduc-
tion. This seed-dependant strategy actually generates a very heterogeneous popula-
tion of male and female individuals in almost equal proportions (50% each). The
sex of the date palm remains indiscernible until flowering, which may not occur
until the plant reaches the age of 68 years.

Since the traditional improvement programs are based on hybridization, the
Nixon research group envisaged a selection process for date palm based on repeated
pollinations of some elite cultivars, such as Deglet Noor, by males derived from the
same cultivars with the hope of adopting multiplication by seedling without losing
the essential characteristics during the successive multiplication generations
(Nixon 1959; Nixon and Furr 1965). After two generations, however, and due to
the slowness of the method and the long vegetative cycle of this species, this strat-
egy was abandoned.
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To overcome these limitations and in an attempt to regenerate date palm
cultivation in Morocco, as well as to control the damage caused by the bayoud
disease, attempts have been envisaged to create new and useful cultivars based on
controlled crosses, using resistant male and female plants. The cultivars regenerated
were of poor quality. This line of research was also abandoned because of the lack
of sufficient information on date palm genetics and difficulties pertaining to its biol-
ogy (e.g. dioicy, long vegetative cycle) (Saaidi 1979).

Recent research seems to have paid special attention to the development of viable
alternative propagation methods that can best surmount the shortcomings and inad-
equacies of the propagation techniques mentioned above. Of particular interest,
in vitro culture techniques have been described to offer quite handy opportunities to
produce date palm cultivars of high quality and with resistance to biotic stress.
Moreover, classic breeding requires sexual hybridization, and the flowering process
is crucial for the selection programs. Within this context, in vitro flowering seems to
present a quite promising candidate that would open new pathways in genetic
improvement and selection programs of this species.

In date palm, flowering has long been considered a complex process regulated by
intricate internal and external factors and its induction under in vitro culture has
often been reported to present an extremely sophisticated venture. In fact, only a few
studies have so far been carried out to investigate this phenomenon in date palm.
In this context, in vitro flowering has been successfully induced in vegetatively-
propagated plantlets of different date palm cultivars (Masmoudi-Allouche et al.
2009). The highest flower induction rates were obtained through alternating between
hormone-free and —rich media under different light/dark conditions. This sex induc-
tion constitutes a novel system that may allow for early sex determination and to
explore the in vitro flowering in relation to the photoperiodic requirements in date
palm. The conversion into inflorescences involved the entire apical vegetative mer-
istem of the plantlet without affecting its phyllotaxis. A change in the architectural
model of date palm was induced. Such in vitro flowering, producing typical female
flowers, allows a significant reduction in plant cycle and can, therefore, be consid-
ered a valuable tool for future genetic improvement and selection programs in date
palm. Moreover, in vitro induction of bisexual flowers in date palm has been
achieved. The vestigial stamens of female flowers display a new and high capacity
to proliferate under particular in vitro conditions leading to morphologically typical
hermaphrodite flowers. Such hermaphrodism control can provide new prospects for
improving the understanding of the genetic mechanism involved in sex organ devel-
opment in date palm.

28.2 In Vivo Flowering

Normal date palm flowering follows an annual cycle consisting of four major phases.
Date palm inflorescence development occurs in winter (Northern Hemisphere)
while the vegetative growth undergoes a rest phase, during which the growth of all
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Table 28.1 Date palm biological cycle (Northern Hemisphere) (Saaidi 1979)

Month Vegetative development Reproductive organ development
January Vegetative growth rest Inflorescence growth

February Inflorescence emergence/pollination
March Vegetative growth Fruit maturation

April departure

May

June Full vegetative activity Fruit size increase

July

August Maturation

September

October Growth slow down Maturation/harvest

November

December Vegetative growth rest Inflorescence initiation

the organs is blocked. In spring, when the soil temperature exceeds 12°C, the
vegetative development takes place again. In summer, the plant undergoes full
vegetative activity. In autumn, the date palm shows a slow growth period; it is the
season that characterizes fruit maturity and harvest (Table 28.1) (Saaidi 1979).

The date palm inflorescence is composed of an axis, the spadice (or peduncle),
which divides into branches (pedicels) that bear the flowers. The latter are unisexual
and develop on distinct plants. Each inflorescence is enclosed in a large bract
(spathe) whose shape constitutes a sex characteristic. The inflorescences derive
from the development of the inflorescential buds located at the leaf axils
(Bouguedoura 1991).

Date palm flowers are trimeric and unisexual. In addition to the 3 sepals and 3
petals of the flowers, the male flower is characterized by an androecium composed
of 6 stamens formed in 2 whorls of 3 stamens each. The male flower also contains
3 vestigial carpels. The female flower, however, develops a gynoecium composed of
3 free carpels; it also contains 6 vestigial stamens (staminodes) (Masmoudi-Allouche
et al. 2009).

In fact, the in vivo requirements that govern floral induction, initiation and devel-
opment are not yet fully known and elucidated. Further research is particularly
needed to determine the photoperiodic prerequisites of date palm in vivo flowering
and floral induction.

28.3 In Vitro Flowering

The phenomenon of in vitro flowering, though proved as a valuable approach that
can be integrated into breeding programs for date palms, has received much less
attention than other domains of in vitro research. The few reports currently available
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Fig. 28.1 In vitro flowering of date palm plantlets. (a) Inflorescence reduced to a single floral axis,
(b) Ramified inflorescence (typical inflorescence), (¢) Inflorescence reduced to a single flower. The
photo shows tow flowers induced on two plantlets cultured together in the same test tube. L leaf, ia
inflorescential axis, f flower. Scale bars: 10* um

in the literature include the work conducted by Ammar et al. (1987), investigating
the sexual induction of young seedlings obtained from the germination of Deglet
Noor seeds. They indicated that both male and female flowers were induced in
5-month-old seedlings on 16 hday at 28°C using BAP (6-benzylaminopurine), IAA
(Indole acetic acid) and glucose or sucrose. Masmoudi-Allouche et al. (2010) also
achieved in vitro flower induction in 1-year-old in vitro-grown date palm plantlets
(Fig. 28.1), regenerated from bud cultures via organogenesis using juvenile leaves
taken from the offshoots (Drira 1983) of several date palm cultivars.

In fact, the scarcity of data in this area of research is attributed to the complex
and multifaceted factors governing and affecting in vitro date palm flowering.

28.3.1 Factors Involved in In Vitro Flowering Induction

The literature presents a wide array of studies that have been conducted on multiple
plant species and that focused on a variety of factors involved in in vitro flowering.
These factors include light (Heylen and Vendrig 1988), photoperiod (Floh and
Handro 2001), pH of the medium (Jumin and Ahmad 1999), lipids (Groenewald
and Westhuizen 2004), putrescine and silver nitrate (Bais et al. 2000, 2001), and
nutrients (Franklin et al. 2000; Wang et al. 2001; Zhang 2007). Several studies have
also focused on the effect of plant growth regulators on the in vitro flowering pro-
cess in some species. The requirement of cytokinin for the growth and development
of flower bud has, for instance, been reported in both monocots and dicots (Wang
et al. 2001; Zhang 2007; Zhong et al. 1992; Zhou et al. 2004). The effect of BA
(6-benzyladenine) on early in vitro flowering has also been reported for different
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plant species (Hee et al. 2007; Jumin and Ahmad 1999; Jumin and Nito 1996; Sim
et al. 2008; Wang et al. 2001). Other reports described the combined effect of BA and
other hormone species on the induction and stimulation of in vitro flowering (Galoch
et al. 2002). Similarly, Tang et al. (1983), Das et al. (1996) and Wang et al. (2002)
have reported on in vitro flowering using BAP (Benzylaminopurine) and GA3 treat-
ments. The influence of cytokinins has also been reported in several studies
(Kachonpadungkitti et al. 2001; Taylor et al. 2005; Zhang and Leung 2000). Likewise,
the effect of GA3 alone in the induction of in vitro flowers in gerbera (Gerbera
Jjamesonii Adlam) has been reported (Ranasinghe et al. 2006). Last but not least, the
individual and combined effects of abscisic acid (ABA) and proline on in vitro flow-
ering in Vigna aconitifolia have been described by Saxena et al. (2008).

28.3.1.1 Effect of Plant Growth Regulators and Physico-Chemical Conditions

The significant effect of cytokinins on in vitro flowering has been extensively
described and documented in the literature (Saritha and Naidu 2007; Wang et al.
2001). The combined effect of auxin and cytokinin on in vitro flower induction
has also been reported in several studies (Handro 1983; Wang et al. 2002).
Likewise, Taylor et al. (2005) reported that phytohormones affected flowering by
mediating growth changes within the apical meristem and that cytokinins, in par-
ticular, played a key role in the initiation of mitosis and the regulation of cell
division and organ formation. Similarly, Galoch et al. (2002) suggested that in
the case of morning glory (Pharbitis nil), the floral transition involved a multi-
factorial signaling system, including the photoperiodic conditions, the endoge-
nous phytohormone concentrations and the exogenous phytohormone application,
with different phytohormones acting sequentially to trigger various steps in the
flowering process.

Furthermore, Ammar et al. (1987) and Masmoudi-Allouche et al. (2010) reported
on the combined effect of cytokinin and auxin on date palm flowering. Ammar et al.
(1987) described the in vitro flowering in date palm seedlings using BAP and IAA
treatment. In this study, the cultures were composed either of the cotyledonary peti-
oles enclosing the embryos or the isolated embryos. The experiments were con-
ducted on basal MS (Murashige and Skoog 1962) media supplemented with agar
(7 g-'I"Y) and either sucrose (30 g-17!) or glucose (50 g-17!). The phytohormones TAA
and BAP were added to the basal medium either alone or in combination at different
concentrations. All the cultures were maintained in a growth chamber at 16 h pho-
toperiod at a constant temperature of 28 + 1°C. The authors reported that both male
and female inflorescences were produced in the case of embryos enclosed in the
cotyledonary sheath on a medium containing glucose (50 g-17!), IAA (1 mg1™!) and
BAP (1 mg-17Y). Interestingly, inflorescence production was reported to have always
been preceded by leaf initiation and to occur only in the absence of root develop-
ment. In the case of excised embryo culture, on the other hand, male and female
inflorescences were produced axillary to leaves, in branches. Such in vitro flower
formation was reported to have occurred on a medium supplemented with sucrose
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Table 28.2 Composition and concentrations of plant growth regulators of M1, M2, and M3
culture media

Culture medium Ml M2 M3
Nutrient solution MS +Y2 QL major salts MS +Y2 QL major salts MS
Plant growth regulators (uM) NAA: 2.68 No growth hormones

BAP: 4.44

Kin: 4.64

IPA: 5.28

(30 g'I'"), IAA (0.1 mg-1™") and BAP (10 mg-1"") and to be always preceded by the
development of very small leaves with reduced limbs.

In a study by Masmoudi-Allouche et al. (2010), in vitro flower induction experi-
ments were conducted on basal MS (Murashige and Skoog 1962) media supple-
mented with sucrose (50 g-17!), adenine (0.03 g-17"), L-glutamine (0.1 g-1"') and agar
(8 g-I""). In some cases, half-strength major salts of Quoirin and Lepoivre’s nutrient
solution (QL, Quoirin and Lepoivre 1977) were added to the basal MS medium (M1
and M2, Table 28.2). The plantlets were alternatively subcultured every 30 days on
M1 (hormone-rich medium) and M2 medium (hormone-free medium) or on M1 and
M3 medium (hormone-free medium) (Table 28.2).

The assays performed in Masmoudi-Allouche et al. (2010) involved three sets
of experimental protocols. While the first experimental set was exposed to light
(15 uM:m2-s71) at 16 h photoperiod, the second was exposed to continuous dark
and the third to sequential 4-week light/dark treatments. Each treatment was
applied to 24 explants of each cultivar (1 explant=1 replicate) and the number of
plantlets that showed initiation and development of inflorescences was recorded on
a monthly basis.

Moreover, the experimental battery of tests performed by Masmoudi-Allouche
et al. (2010) used a combination of cytokinins and auxin (M1) to evaluate their
effect on flowering induction. The findings generated from the data analysis revealed
that, in the absence of hormonal alternation (M1/M2 or M1/M3), no floral induction
was allowed by all the light/dark conditions tested. However, regardless of the light/
dark conditions used, the application of a hormonal treatment corresponding to the
monthly subculture alternation of M1/M2 or M1/M3 media allowed the induction
of an important flowering capacity for the different varieties tested.

More accurately, when the plants were cultured under light/dark alternations and
subjected to alternative subcultures of M1/M2 media, the cumulative 1-year flower-
ing rates reached 48% for the Arichti cv., while they did not exceed 25% for the
Deglet Noor and Boufeggous cvs. and 10% for the Bousthammi Noir cv. However,
when the light/dark alternation conditions were combined with a hormonal alterna-
tion between M1 and M3 media, the best flowering rates were obtained with the
Arichti cv. whose cumulative 1-year flowering rate increased to reach 58%
(Table 28.3). Furthermore, when the hormonal alternation of M1 and M3 media was
coupled with light (16 h photoperiod) and continuous dark conditions, the flowering
percentages for the Arichti cv. were 51% and 53%, respectively. These flowering
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Table 28.3 The effect of Cumulative 1-year

various PhySiCO‘Chemice_‘l Treatment condition flowering percentage
treatments on the flowering

M1I1/M3 alternation
percentage of date palm .
cultures of Arichti cv. that Light 51
underwent a monthly Dark 53
alternative subculture on M1/ 16 h light/dark alternation 58
M2 and M1/M3 media M1/M2 alternation
Light 25
Dark 40

16 h light/dark alternation 48

percentages were actually much more important when compared to those produced
in light (25%) and dark (40%) conditions in the case of a monthly alternation
between M1 and M2 media (Table 28.3).

The authors suggest that the acquisition of an important flowering capacity
occurred in plantlets that were subjected to sudden change from hormone-rich to -free
media. This flowering ability increased when the plants were subjected to a concen-
tration deviation involving both a medium that was rich in hormones and MS and
QL nutrients (M1), and a medium that was hormone-free and that contained only
the MS major salts (M3).

28.3.1.2 The Culture Period Effect

In a study by Masmoudi-Allouche et al. (2010) date palm plantlets were subcultured
for 45 instead of 30 days and were submitted to a hormone alternation between M1
and M2 or M3 media (Table 28.2). The percentages of flowering explants obtained
were even much more significant. For the Arichti cv., the cumulative 1-year flower-
ing rate increased from 25% to 43%. Moreover, although the pH of the culture
media was first adjusted to 5.8, it decreased during the culture period. In fact, after
30 and 45 days of culture, this decrease was of a 0.4 and a 1.8 pH unit, respectively.
This phenomenon revealed that active exchanges occurred between the culture
media and the tissues of the explant during the culture period and, might, therefore,
have created a stress condition due to the increase of the subculture period.

The effect of a chemical stress on the enhancement of in vitro flowering has pre-
viously been suggested by Thorpe (1980) for the common chicory (Cichorium inty-
bus) subjected to hydrous stress. Similarly, Neelu (1997) showed that flowering
induction can be achieved by chemical stress using a medium containing 100 mM
NaCl and an appropriate hormonal composition. These stress conditions favored the
induction of in vitro flowering on date palm tissues, which consequently allowed the
expression of new potentials that were not expressed under natural conditions. In
fact, the highest flower induction rates achieved through the joint alternation between
hormone-rich and -free media together with the light/dark changes could be attrib-
uted to an amplification in terms of stress condition and tissue disturbance, which
might have ultimately generated a high ability to undergo a reproductive morpho-
genesis and flower formation, as previously suggested by Tang et al. (1983).
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Table 28.4 The best cumulative means over 1-year flowering percentages of date palm plantlets
from the different varieties tested when cultured under light/dark alternations and subjected to
alternative subcultures of M1/M3 media

Cumulative 1-year flowering Time of initial flowering response
Date palm cultivar percentage (month)
Arichti 58 1
Deglet Noor 32 3
Boufeggous 28 3
Bousthammi Noir 13 5

The values represent the cumulative 1-year percentages of monthly means of 24 replicates each

28.3.1.3 The Genotype Effect

Very little data are available in the literature regarding the critical effect of genotype
on date palm flowering. To date, and to the authors’ knowledge, only one report, by
Masmoudi-Allouche et al. (2010), explored the genotype effect on date palm in vitro
flowering using several date palm cvs., namely Deglet Noor, Arichti, Bousthammi
Noir and Boufeggous. The offshoots that were investigated were collected from
Deglet Noor and Arichti cvs. in the south of Tunisia and from Bousthammi Noir and
Boufeggous cvs. in Morocco. An important flowering capacity was observed for the
different cultivars. However, the percentages of the neo-formed flowers and the ini-
tial response of the in vitro-grown plantlets were tightly dependent on the cultivar of
the date palm used (Table 28.4). The in vitro flowering efficiency observed in this
study varied with the date palm varieties used, which is in agreement with the results
described by Kenza and Chlyah (1998) that correlated in vitro differences in plant
tissue responses with genotype effect.

28.3.2 Histological Analysis of the In Vitro Flowering Process

Histological studies are useful in providing information concerning structural
changes during the course of flowering and to determine the optimal timing and
conditions for attaining maximal induction outcomes. Such histological examina-
tion is very scarce in the literature. In one of the few currently available histological
analyses that examined the floral initiation process in palm date, Masmoudi-
Allouche et al. (2010) identified the morphological changes that the in vitro plantlet
apical buds underwent to generate a floral state (Fig. 28.2a, b). In this study, the
samples were fixed in Svaloff Navashine solution (chromic acid 0.5%, glacial ace-
tic acid 5%, formaldehyde 15% and ethanol 5%) at room temperature, washed with
running water for 24 h, dehydrated in ethanol solution series (50°-100°) and then
immersed in xylene-ethanol baths as described by Masmoudi-Allouche et al. (2009).
Paraffin inclusion was subsequently performed and 10-pum-thick sections were
made using a rotary microtome. The sections obtained were stained with a Regaud
ferric hematoxylin solution (Regaud hematoxylin solution 10%, glycerol 10%)
(Masmoudi-Allouche et al. 2009) and then observed under a light microscope.
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Ln-2

Ln-5-

Fig. 28.2 Transverse sections on two different levels of the apical bud of date palm vitroplant cv.
Arichti that have reversed to the floral growth. (a) Transverse section on the basal level of the apical
bud showing the aspect of the last leaf structures formed at the time of the reversion to the floral
state. (b) Transverse section on the upper level of the apical bud showing the development of the
inflorescential axis on which two flowers were initiated. ia: inflorescential axis ; f/: flower 1 in
longitudinal section ; f2: flower 2 in transverse section showing, from the external to the internal
part, the 3 welded sepals (S), the 3 free petals (P) and the primordia of the reproductive organs of
the flower. Ln: leaf of rang n (last leaf that was formed before the reversion process). Ln-1, Ln-2,
Ln-3, Ln-4 and Ln-5: leaves of rang n-1, n-2, n-3, n-4 and n-5, respectively. Scale Bars: 1,200 pm

The findings presented in Masmoudi-Allouche et al. (2010) revealed that the api-
cal vegetative meristem of the vitroplants, which were submitted to the flower
inductive treatment, continued to form leaf primordia (Fig. 28.2a) according to the
usual phyllotaxis of 2/5 index (Bouguedoura 1980). It was then noted to undergo a
sudden change, without any transition, into a structure of inflorescential type
(Fig. 28.2b). In contrast, Bernier et al. (1981) claimed that the flower evocation in
the shoot meristem was accompanied by a number of events that affected the growth
habit of the plant including changes in phyllotaxis and leaf shape.
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Fig. 28.3 Date palm female
flower resulting from in vitro
culture in longitudinal
section. s sepal, p petal, ¢
carpel, st staminode, o ovule.
Scale Bar: 666 pm

Fig. 28.4 Mature in vivo
female date palm flower in
longitudinal section. s sepal,
p petal, ¢ carpel, o ovule.
Scale bar: 500 um

Starting from a female plant material, the authors obtained flowers of the same
sex. These in vitro female flowers were morphologically similar to those formed
in vivo. The histological examination of longitudinal sections that was performed on
in vitro and wild type date palm flowers showed that the in vitro flower structures
(Fig. 28.3) were similar to those of the natural female ones (Fig. 28.4). In fact, both
types of flowers were globular and consisted of three fused sepals, three free petals,
six staminodes (vestigial stamens) and three carpels that harbor ovules. This con-
firmed the mature state of both flower types.

28.3.3 Architectural Model in Relation to In Vitro Flowering

Architectural analysis methods have greatly increased our understanding of plant
structure and development and have helped construct the architectural models of
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several plant species. With regards to date palm, four architectural models have
been defined (Tomlinson 1961). Of special interest, the results of Masmoudi-
Allouche et al. (2010) revealed that, contrary to the natural flowering development,
the in vitro neo-formed inflorescences were completely uncovered, i.e. lacking a
spathe (inflorescence envelope). The authors attributed this distinct morphogenesis
to the inflorescential ontogenetic mechanism. In fact, under in vivo conditions, date
palm flowering is pleonanthic for, according to the Tomlinson model (Tomlinson
1961), the inflorescences evolve from the development of lateral buds located at the
leaf axils, and the bract situated at the axillary position of the inflorescential bud
develops into a spathe. However, under in vitro conditions, the first leaf axils of the
plantlets are empty (devoid of lateral buds), as is the case of plants that derive from
seedlings (Bouguedoura 1980). In that particular study, the in vitro flowering was
terminal (hapaxanthic), resulting from the development of the apical bud that was
devoid of any bract, which consequently gave rise to uncovered inflorescences.

The results of Masmoudi-Allouche et al. (2010) are in agreement with those of
Ammar et al. (1987) who induced sexuality in date palm seedlings and suggested
another model corresponding to the neotenous development of this tree as an herb.
The latter suggested that the neoteny interpretation cannot be made only when con-
sidering a variation in the original architectural model.

Unlike African oil palm (Elaeis guineensis) and coconut (Cocos nucifera), whose
architectural structures conform to the Corner model, the date palm has an architectural
structure that conforms to the Tomlinson model (Tomlinson 1961), and this is due to
this species’ capacity of ramification. Accordingly, only date palm can be vegetatively
propagated using its basal axillary buds (Drira 1983). Bouguedoura (1980) and Drira
and Benbadis (1985) defined the relationship between the developmental stage of
plants issued from offshoots and the nature of the axillary productions that differentiate.
The authors indicated that at the first phase of its development, the date palm produces
axillary buds that are both vegetative and inflorescential. The latter are, however,
abortive. It is the development of the vegetative buds only that permits a basal ramifica-
tion. The development of the inflorescential buds takes place later at the leaf axils.

Considering the abovementioned data (Bouguedoura 1980; Drira and Benbadis
1985), Ammar (1987) and Benbadis et al. (1985) reported that the multiple expres-
sions of the neoteny make the identification of the architectural model essential. These
authors suggest that the neotenic plants were different from the fundamental model
since they produce both lateral and terminal inflorescences. In fact, in date palm plants
issued from the in vitro development of excised embryos, the neoteny was expressed
in lateral inflorescences (pleonantic). These inflorescences may be attributed to the
developmental stimulation of inflorescential buds, which are normally abortive.
Concerning the neoteny that occurred in plants issued from the in vitro development
of embryos at the onset of germination, the authors indicated that it was terminal, and
therefore conforming to the Holtum model (Halle et al. 1978).

Furthermore, and in a previous study by Drira and Benbadis (1985), hormonal treat-
ment performed at precocious stages of floral differentiation was reported to induce
other morphogenetic programs into the floral meristem, leading to the emergence of axes
from the staminodes and the carpels of the flower. Masmoudi-Allouche et al. (2010),
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on the other hand, reported that the use of combined hormonal and physico-chemical
factors induced the reduction of the inflorescential system, which became limited to
the differentiation of either a single flower or a unique axis carrying many flowers.

Taken together, the findings reported by Drira and Benbadis (1985) and
Masmoudi-Allouche et al. (2010) confirm the hypothesis of Nozeran (1954) that the
trimeric flower of date palm corresponds to one group which is more ramified but
highly contracted by the phylogenesis. Its original structure is, therefore, completely
masked. This compacted group can appear only accidentally and in particular situ-
ations, such as in vitro culture conditions.

28.3.4 Photoperiodic Requirements of In Vitro Flowering

In a study by Masmoudi-Allouche et al. (2010), the authors explored the mechanism
of in vitro flower induction control in relation to the photoperiodic requirements in
date palm. Such in vivo photoperiodic requirements for date palm flowering are not
yet fully known. Nevertheless, under in vitro conditions, flowering induction was
obtained by varying the nature and concentration of the hormonal factor in both
continuous dark and 16 h light photoperiod exposure. These data provide additional
evidence confirming that date palm flowering occurred in both long-day (16 h pho-
toperiod) as well as short-day conditions. Similarly, in vivo date palm flowering
usually lasts (Northern Hemisphere) from March to May but, in some cases, can
extend from January to the end of September, including both short and long-day
conditions. These observations provide further evidence that date palm is able to
flower, whatever the photoperiod is, as long as a sufficient photosynthetic activity is
properly available. Under the in vitro culture conditions presented in the mentioned
study, the availability of organic nutrients in the medium was sufficient to ensure
flowering in continuous darkness.

28.4 Genes Controlling the Flowering Process

Bernier et al. (1999) indicated that the flowering process is controlled by several tens of
genes. They also suggested the existence of an inhibitory system that is able to block
the expression of floral identity meristem genes controlled by a flowering repressor
gene (embryonic flowerl, EMF1). The activity of this system induces an obligatory
vegetative growth in most plants. Nevertheless, when blocked, the plant would be able
to flower spontaneously after germination. The authors added that this gene complex is
present in all plants. The characterization of Arabidopsis thaliana flowering mutants
suggested that a very complex system controls the flowering process in plants.
According to Calonje et al. (2004), the genetic and molecular characterization of
the flowering process in different species reveals a conservation of the basic genetic
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mechanisms controlling the early stages of flower formation (Ng and Yanofsky
2001; Theissen and Saedler 1999). In monocots, however, SQUA-like genes do not
seem to be always functional orthologs of their Arabidopsis counterparts, based on
their relatively large number and expression patterns (Gocal et al. 2001; Schmitz
et al. 2000; Theissen et al. 2000; Yu and Goh 2000). All these data suggest that
flower initiation and development may involve common regulatory mechanisms to
all the angiosperms as well as species-specific mechanisms whose genetic and
molecular bases are yet unknown (Calonje et al. 2004).

In fact future research is needed to understand the genes controlling the flower-
ing process in date palm and to analyze their expression during the reproductive
organ development. This knowledge may offer a very important system to identify
a sex-marker for this dioecious species, particularly at a time when research studies,
namely the one conducted by Masmoudi-Allouche et al. (2009), asserted that in vitro
floral hermaphrodism induction could be successfully achieved. Genetic analysis
can, therefore, be conducted on the bisexual, as well as on the normal unisexual
female and male, date palm flowers.

28.5 In Vitro Induction of Bisexual Flowers

The plant reproductive systems that pattern floral and sexual differentiation can be
monomorphic, with a single bisexual flower type, or polymorphic, with two or more
flower types. The majority of flowering plants are hermaphroditic, developing
perfect flowers that contain both pistils and stamens. Hermaphroditic individuals
produce both male and female gametes (Irish and Nelson 1989).

In plants, the understanding of the sex determination system is closely con-
nected with the knowledge of how separate sexes evolved. The widespread view
that all flowering plants arose from a common hermaphrodite ancestor (Cronquist
1988) suggests that much of the floral developmental program is common to all
species. An early theory (Darwin 1877) claims that the first plant species were
hermaphroditic (Ainsworth 2000; Charlesworth 2002; Lebel-Hardenack and Grant
1997; Negrutiu et al. 2001). It suggests that, during evolution, 10% or so of these
plants have evolved, via different evolutionary routes, to floral unisexuality as the
spatial separation of their flowers generate evolution toward monoecy or dioecy
(Ainsworth 2000).

Date palm sexuality follows the dioecy system, which is a rare sexual system in
flowering plants, occurring only in 4—6% of the species (Ainsworth 2000; Guttman
and Charlesworth 1998; Renner and Ricklefs 1995; Tanurdzic and Banks 2004). In
some cases, however, apparent bisexual flowers seem to naturally occur within
female date palm trees (Demason and Tisserat 1980). In fact, in vitro production of
bisexual flowers in date palm species has been reported by Demason and Tisserat
(1980), who induced the in vitro carpel development in male flowers, and by
Masmoudi-Allouche et al. (2009), who induced the in vitro stamen development in
female flowers.
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28.5.1 In Vitro Carpel Development in Male Flowers

Demason and Tisserat (1980) described the occurrence of apparent bisexual date
palm flowers through a 2,4-dichlorophenoxyacetic acid (2,4-D) treatment of male
flowers. They postulated, however, that the staminodes in cultured pistillate flowers
did not expand under the culture conditions they used. The apparent bisexual flow-
ers harbored carpels without ovules.

28.5.2 In Vitro Stamen Development in Female Flowers

Masmoudi-Allouche et al. (2009) investigated the vestigial stamens (staminodes) of
female date palm flowers from different Tunisian date palm cvs. (Deglet Noor,
Gondi, Boufeggous, Allig, Mattata and Kentichi) and observed that those stamens
displayed a new and high capacity to proliferate under particular in vitro conditions
and hormonal treatment without blocking carpel development, leading to morpho-
logically typical hermaphrodite flowers (Fig. 28.5). The pollen mother cells isolated
appeared in the anther locules obtained and underwent an ordinary microsporogen-
esis process (Masmoudi-Allouche et al. 2009).

Among the different hormonal combinations tested, only the one including IBA
and BAP (Table 28.5), which were added at different concentrations in the MS basal
medium, showed an efficient reinitiating of anther development within the female
flower (Table 28.5). In fact, a remarkable proliferation of stamens (80-90%) in the
female flowers was obtained when the supplemented IBA/BAP concentrations cor-
responded to 4.92/4.44 pM and 9.84/4.44 pM (media 5 and 4, respectively;
Table 28.5). By lowering the IBA/ BAP concentrations to 2.46/2.22 uM (medium 3,
Table 28.5), an induction of about 50% was obtained within the cultured female
flowers. However, higher hormonal concentrations of 9.84/8.88 pM and
19.68/8.88 uM (media 1 and 2, respectively; Table 28.5) generated a low percentage
of hermaphrodite flower production.

The findings of Masmoudi-Allouche et al. (2009) confirm the early theory sug-
gesting that dioecious plants derive from a hermaphrodite ancestor. They support
the system reported by Lebel-Hardenack and Grant (1997), which postulated that in
many dioecious species, unisexual floral meristems are sexually bipotent and that a
change in the level or ratio of endogenous hormones can trigger a switch between
the alternative developmental programs of the sex-determining genes. As far as the
unisexual flowers are concerned, an abortion or arrest of the carpel primordial in the
male flower and the stamen primordia in the female flower occur in a later span of
time (Dellaporta and Calderon-Urrea 1994; Kater et al. 2001).

Such hermaphrodism control can provide new prospects and opportunities for
the investigation of the in vitro self-fertilization process. It can also offer useful
tools for further understanding the genetic mechanisms involved in the sex organ
development of date palm.
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Fig. 28.5 Wild type (a, b) and hermaphrodite date palm flowers differentiated in vitro (c—f).
A wild female date palm flowers; frontal (on the /eff) and profile (on the right) views. B wild male
date palm flowers; frontal (on the leff) and profile (on the right) views. C-F hermaphrodite flower
differentiated under in vitro conditions ; frontal (¢) and profile (d) views, in transverse (e) and
longitudinal (f) sections. S sepal, P petal, A anther, St stamen, C carpel. Scale bars: 1,600 pm
(a—d); 500 pm (e, f)
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Table 28.5 The percentage of hermaphrodite flowers induced in vitro by culturing
Deglet Noor female inflorescences on the different tested media for 15 days. About
500 flowers were used for each assay conditions by several repetitions

Medium IBA (uM) BAP (uM) Hermaphrodite flowers, (%)
1 9.84 8.88 5+0.6

2 19.68 8.88 30+1.15

3 2.46 2.22 501

4 9.84 4.44 82+1

5 4.92 4.44 90+1.5

28.6 Conclusion and Prospects

Date palm has a long juvenile phase that delays their reproductive development by
between 6 and 8 years. Although in vitro flowering induction has been reported for
several plant species, only a few studies have so far been carried out to with the aim
of accelerating the flowering time of date palm. In fact, the few studies currently
available in the literature indicate that in vitro flowering induction can be achieved
on plantlets regenerated from shoot cultures of different date palm cultivars under
particular in vitro culture conditions (Masmoudi-Allouche et al. 2010) and also on
young seedlings obtained from the germination of Deglet Noor seeds (Ammar et al.
1987). Interestingly, the in vitro flowers obtained were histologically and morpho-
logically similar to in vivo flowers.

In vitro flowering can be useful to the in vitro rejuvenation process which is
based on the changes in vegetative characteristics (Hackett 1985; Pierik 1990) and
on the flowering ability of cultured shoots (Harada and Murai 1998). These results
suggest that the neo-formed flowers have future prospects in developing renovation
programs for saving date palm germplasm losing senescence status. In vitro flower-
ing will assist to reinitiate the micropropagation process. Furthermore, the signifi-
cant shortening of the plant cycle through the control of in vitro flowering also
provides a valuable and promising system for early sex determination. In vitro flow-
ering will save time for date palm genetic improvement by using intra- or interspe-
cific crosses. It would help to reveal novel properties and characteristics pertaining
to fruit quality and stress resistance.

Moreover, bisexual flowers can be induced in vitro through hormonal treatment
of female inflorescences leading to high percentages of typical hermaphrodite flow-
ers (Masmoudi-Allouche et al. 2009). Such floral hermaphrodism control will
ensure to investigate the in vitro self-fertilization process and to identify the sex
markers and genes for sex maturation.
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