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 Abstract 

Commercial micropropagation of date palm (Phoenix dactylifera L.) aims to maintain veg-

etative development to ensure clonal fidelity and efficient multiplication. The induction of 

reproductive structures under in vitro conditions is therefore considered undesirable and 

extremely rare. In this study, we report a well-documented case of premature inflorescence 

formation observed during hormone-free subculture in date palm cv. Khinazi. Among 

3658 culture jars maintained for a cumulative period of 471 days, only a single culture 

(0.027%) developed a floral structure. The culture exhibiting this unusual response origi-

nated from an offshoot collected while the mother palm was fruiting, and during initiation 

it had been given fairly high levels of 2,4-D. Moreover, this particular culture skipped the 

intermediate hormone-reduction stage altogether, it was moved straight from callus pro-

liferation to the hormone-free medium, instead of going through the gradual step-down 

normally built into the protocol. We believe this early flowering was likely driven by sev-

eral factors together leftover hormone effects, the donor plant's condition, and the sudden 

stop in growth regulators. This case shows how flexible date palm tissue can be after long 

periods in culture, and highlights why careful hormone management and donor selection 

matter in commercial micropropagation. 

 Keywords: Auxin; developmental instability; in vitro flowering; micropropagation; 
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خالد المير، الهيئة الليبية  :*¹الاول احثالب
  ، طرابلس ليبياللبحث العلمي

،  سيييييييييي لي ا  تريشييييييييييي       :الثاني احثالب
 . المراني للخدمات الزراعية ، الدوحة قطر

 

 Phoenixحااالااد ناااكوّ لنورة  نروّ تلقاااد تحتاااظرااد تماار الأقوا اللإكثقاااد قيقاااخ ا اثاااو الاا     لقك اا  النلإق 

dactylifera L. 
 .( إلى الح اظ على نمط نم Phoenix dactylifera Lيهدف الإكثار الدقيق التجار  لنخي  التمر ) اللإساانكح  

م خضيييير  يحم  ضييييم  الثبات ال راسي ا سييييتنتيييياخي وع ا و تياسر مرت عة. وعليل،  كعد  تح يز التراكي  التياسرية تح
 أمرًا غير مرغ ب فيل ونادر الحدوث للغا ة. تعرض هذه الدراسييييييييييييييية حالة م س  ة بدقة (in vitro)الظروف المخبرية 

 ركصييييييدت أسنا  الإكثار ال رعي  ي وسييييييط خانا م  الهرم نات لنخي  التمر صيييييين   خنيز  .لتي    ن رو زهرية مبكرو، 
ي مًا، لم يتط ر ترعي  زهر  إ   ي  471وعاَ  زراعة  رى الح اظ عليها ل ترو تراكمية بلغم  3658 م  أصييييييييييييييي  

خلان ط ر الإسمار، %. وقد نشيييييهت هذه المزرعة الشييييياةو م   تييييييلة  كمعم 0.027مزرعة واحدو   ط، بنتيييييبة قدرها 
( خلان D-2,4) حم  الخليكنائي عل رو ين عتيييييييييي س-2,4وعانم قد تعر ضيييييييييم لتراكيز مرت عة نتيييييييييبيًا م  حم  

نات، مرحلة البد  الزراعي. علاوو على ةلك، نك لم المزرعة مباشروً م  ط ر تياسر اليال س إلى وسط خانا م  الهرم  
ير دريجي ال سييييييييييييطة المكت بعة عادوً ضيييييييييييم  البروت ع ن. ون ترض أ  التهسمتجاوزوً بذلك مرحلة التخفي  الهرم ني الت

ة المنشه، المشترك لتراكم ي ا ا الهرم نات، والحالة ال تي ل  ية للنبات الأم، والتح  الم ا ئ لمنظمات النم  الخار ي
لأنتييجة  (plasticityلنمائية )قد  ك   ورا  التنشيييط المبكر لمتييارات النم  التياسر . وتكبرز هذه الملاحظة المرونة ا

لة، وتؤعد أهمية ضيييييييييييييييبط التح  ت الهرم نية يعنا ة ودقة انت ا   نخي  التمر  ي ظ  ظروف الزراعة المخبرية المط  
 النبات الأم  ي أنظمة الإكثار الدقيق التجارية.

خي  ن، ا كتيييييييييينات، التباي  الجتيييييييييد ، الإكثار الدقيقالنم ،  تاضيييييييييطراياالإزهار  ي ا نابي ، : الوحلإات اللإفناحرد
 .التمر
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INTRODUCTION 

Date palm (Phoenix dactylifera L.) is one of the most important perennial fruit crops in arid and 

semi-arid regions, particularly in the Middle East and North Africa, where it plays a significant 

economic and cultural role (Al-Habsi, 2025). Traditional propagation by offshoots is slow and 

limited in scale, restricting the rapid dissemination of elite cultivars (Manikandan et al., 2025; 

Shukla and Shukla, 2024). Consequently, micropropagation has become an important tool for 

large-scale clonal propagation of date palm, allowing year-round production of uniform planting 

material (Nimavat and Parikh, 2024). 

Despite its advantages, prolonged in vitro culture may induce developmental abnormalities due 

to hormonal imbalance, physiological stress, or genetic and epigenetic instability. These abnor-

malities may include vitrification, somaclonal variation, abnormal shoot formation, and other 

morphological deviations. Among these phenomena, premature flowering under in vitro condi-

tions is extremely rare in palms and is generally considered undesirable because it disrupts veg-

etative multiplication and may indicate instability in developmental regulation (Poethig and 

Fouracre, 2024; Sadka, 2025). 

In vitro flowering has been reported in several plant species under specific physiological condi-

tions or hormonal treatments (Das et al., 2025); however, reports in date palm are scarce. Such 

flowering events are often associated with hormonal stress, prolonged culture duration, or phys-

iological signals originating from donor tissues. In particular, this phenomenon is often thought 

to arise from an interaction between synthetic auxins such as 2,4-D and the physiological memory 

retained by the excised donor tissue, a possibility further explored in light of the present findings. 

The present study documents a rare case of premature inflorescence formation during microprop-

agation of date palm cv. Khinazi and examines the possible physiological and hormonal factors 

that may have contributed to this developmental deviation. 

To our knowledge, documented instances of spontaneous in vitro inflorescence formation in date 

palm are extremely rare, and reports describing such events under commercial micropropagation 

conditions remain limited. 

MATERIALS AND METHODS 

A basal offshoot of date palm Phoenix dactylifera L. cv. Khinazi was collected from a healthy mother 

plant located in northern Qatar during the fruiting stage. After removal of external tissues, the apical 

meristem was excised and subjected to standard surface sterilization procedures before in vitro cul-

ture. Explants were cultured on MS medium (Murashige and Skoog, 1962). The culture protocol 

consisted of five sequential stages with varying hormonal compositions and durations (Table 1): 

 

Table. 1: Stages, media composition, and exposure times during in vitro micropropagation of date palm. 

 Stage Medium Duration Notes 

1 Initiation  (Figure 1) MS + 2,4-D 100 mg L⁻¹ + 2-iP 3 mg 

L⁻¹ 

40 days 
Dark conditions 

2 Callus induction MS + 2,4-D 30 mg L⁻¹ + 2-iP 1.5 mg 

L⁻¹ 
60 days Two subcultures 

3 Soft Callus proliferation ( 

Figure 2) 

MS + NAA 5 mg L⁻¹ + 2-iP 0.5 mg 

L⁻¹ 

220 days Monthly subculture 

4 Multiplication MS + NAA 2 mg L⁻¹ + 2-iP 0.23 mg 

L⁻¹ 

18 months Standard protocol 
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Cultures in multiplication stage were maintained at 26 ± 2°C under a 16 h photoperiod with light 

intensity ranging between 2000–3000 lux. 

Monitoring of cultures 

A total of 3,658 culture jars were monitored during the hormone-free stage over a cumulative period 

of 471 days. Cultures were visually inspected during each subculture cycle for morphological abnor-

malities, including any signs of reproductive structure formation. 

RESULTS AND DISCUSSION 

Among all cultures examined, only one culture jar (1 out of 3,658; 0.027%) displayed premature 

inflorescence formation during the hormone-free stage. No additional reproductive structures were 

observed in any other cultures throughout the entire experimental period. 

The structure observed exhibited characteristics consistent with early floral differentiation, includ-

ing the presence of compact meristematic tissues and bract-like structures (Figure 3), suggesting 

that developmental instability arose from a combination of hormonal and physiological factors. No-

tably, the affected culture had been transferred directly from Stage 3 to Stage 5, omitting the grad-

ual hormonal reduction provided by Stage 4. This abrupt transition may have accelerated the shift 

from vegetative to reproductive development. 

 

 

 

 

 

 

 

Figure 1: Early responsive stage of date palm (Phoenix dactylifera L.) explants on initiation medium, prior to embryo-

genic callus formation. 

 

 

 

 

 

 

Figure 2: Onset of embryogenic callus formation in date palm (Phoenix dactylifera L.) explants. 

5 Free growth regulators MS without  plant growth regulators 16 cycles (30 

days each) 

Critical transition stage 
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Figure 3. Rare premature inflorescence formation observed during hormone-free subculture (Stage 5), indicating mor-

phogenic deviation from the expected vegetative pathway. 

The extremely low frequency of this event suggests that in vitro flowering in date palm is not a 

spontaneous or common occurrence, but rather the outcome of a specific combination of physiolog-

ical and hormonal conditions. 

Contributing factors: Several factors may have contributed to this developmental deviation. 

First, the relatively high concentration of 2,4-D applied during the initiation stage may have altered 

the developmental competence of the cultured tissue. Synthetic auxins are known to influence cellu-

lar reprogramming, and prolonged exposure to them may induce physiological or epigenetic 

changes (Abd Elaziem et al., 2022).. 

Second, the donor offshoot was collected during the fruiting stage of the mother palm. It is possible 

that endogenous reproductive signals or developmental cues present in the donor tissue were partially 

retained during the early stages of culture. Such physiological carryover has been suggested in other 

plant systems where explant developmental stage influences in vitro morphogenesis (Mirani et al., 

2024). 

Third, the omission of the intermediate hormonal-reduction stage may have created an abrupt with-

drawal of exogenous plant growth regulators. This sudden hormonal transition could act as a stress 

signal, potentially triggering developmental reprogramming and promoting the activation of repro-

ductive pathways. 

Finally, prolonged in vitro culture may increase the likelihood of developmental instability and 

somaclonal variation. Extended exposure to in vitro conditions can modify cellular regulation and 

may occasionally lead to unexpected morphogenic responses (Alemayehu, 2023). 

Taken together, these factors may have interacted to disrupt the mechanisms that normally maintain 

vegetative identity in date palm tissue culture, leading to premature activation of floral meristem 

pathways. 
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4. Implications for commercial micropropagation 

From a commercial perspective, premature flowering during micropropagation represents an unde-

sirable developmental deviation because it reduces multiplication efficiency and may indicate under-

lying physiological instability. The present observation suggests that careful control of hormonal 

transitions, particularly during the transfer to hormone-free media, is essential to maintain vegetative 

growth. 

In addition, the physiological status of donor plants should be considered during explant collection. 

Selecting donor material from non-reproductive phases may help minimize the potential carryover of 

endogenous signals that could influence in vitro developmental pathways This interpretation is con-

sistent with previous reports indicating that excessive auxin exposure and physiological memory can 

induce developmental reversion or phase transitions in palms (Al-Mazroui et al., 2006; Nimavat and 

Parikh, 2024). 

CONCLUSION 

This study documents a rare case of premature inflorescence formation during the micropropagation 

of date palm cv. Khinazi, occurs at a frequency of only 0.027% among more than three thousand 

cultures. Although rare, premature flowering during micropropagation carries significant commercial 

implications, as it reduces clonal multiplication efficiency and may indicate underlying epigenetic 

instability that could affect other traits. Our findings emphasize the importance of optimizing auxin 

concentrations, selecting donor material from non-reproductive phases, and adhering strictly to step-

wise hormonal reduction protocols to maintain developmental stability in date palm micropropaga-

tion systems. Future investigations employing molecular markers for floral identity genes and epige-

netic profiling may further elucidate the mechanisms underlying such rare developmental shifts. 
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