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Abstract.  Rumex vesicarius is an annual herb that has the capability of growing and flowering in three seasons: autumn, winter and spring in Riyadh, Saudi Arabia. Its reproductive growth is characterized by the formation of inflorescences. Each stem  terminates in an inflorescence.  The inflorescence is recognized as a raceme.  Flowers are bisexual, formed within the inflorescence acropetally. The development of vegetative and floral buds (inflorescences) of Rumex vesicarius were investigated using light microscopy.  Anatomical study revealed that floral differentiation of R. vesicarius occur0red in two distinct phases namely, the formation of the receptacle and the formation of the flowers.  These two phases occurred in nine successive  stages.  This study is the first report of the phases and  stages of development of inflorescences of R. vesicarius.
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Introduction

Rumex vesicarius is an annual herb which belongs to the family Polygonaceae [1].  It spreads throughout desert and semidesert areas of North Africa, Asia and Australia [2].  In Saudi Arabia, R. vesicarius is widely used as food, as a medicinal herb and as an antidote to scorpion stings [3].  Despite its importance, only  few studies have been conducted on R. vesicarius.

Studies on Rumex vesicarius have shown that its development occurs through two phases: a vegetative phase and a reproductive phase.  In the reproductive phase, floral apices replace vegetative apices through the development of inflorescences [4].  Mandaville [5] reported that flowers of R. vesicarius are clustered in the upper axis, forming terminal racemes.  Migahid [6] indicated that racemes are simple or panicled, loose, leafless, terminal and each bract supports a single, 1-3-flowered pedicel.  Chaudhary and Al-Jowaid [7] observed that flowers are bisexual.  Mandaville [5] 

indicated that  the flowers have 6 stamens and the ovary is one-ovuled.  Miller et al. [8] showed that flowers are solitary or paired.

No anatomical assessments of floral development of Rumex vesicarius have been carried out so far.  In the present investigation an anatomical study was conducted to study the course of floral initiation and development.

Materials And Methods

Rumex vesicarius seeds were collected from the desert of Riyadh area, Saudi Arabia.  Uniform seeds were sterilized using 10% sodium hypochlorite.  Seeds were sown in pots containing a mixture of peatmoss and sand (1:1).  Three seeds were sown in each of 150 pots and  placed in open air.  Pots were watered on alternate days throughout the growth period in three seasons autumn, winter and spring.  At emergence thinning was carried out leaving one seedling per pot.  When plants reached the flowering stage bud samples were collected for  anatomical study.

Vegetative and inflorescence buds were obtained from plants that  had just begun to unfold the inflorescences.  Fresh buds were sectioned at 25(, stained with safranin and light green stain [9].  Anatomical studies of the sectioned buds were made by the use of light microscopy (Leitz, MPS45).

Results

The inflorescences of Rumex vesicarius are racemese. Racemes are  panicled, leafless, terminal and each bract support a single 1-3-flowered pedicel.  Flowers are bisexual with six  stamens  and 1-ovuled superior ovary . 

From the microscopic observations of flower bud differentiation of Rumex vesicarius, it is apparent that the growing point of the vegetative bud is visualized as a flat apex, having a slight apical doming in the shape of a simple dome (Fig. 1).

The course of inflorescence differentiation occurred through nine successive stages:

Stage 1: The meristematic apex is transformed from a simple dome to a cylindrical body with a pronounced dome shape apex  (Fig. 2). 

Stage2: 
The inflorescence apex becomes nearly hemispherical in shape and enlarged (as long as broad).  This stage can be easily distinguished by its shape from the previous  mentioned shape in stage 1 (Fig. 3).


Fig. 1. Vegetative apex of Rumex vesicarius before transition to floral initiation.


Fig. 2. Floral development of Rumex vesicarius classified as stage 1.


Fig. 3. Floral development of Rumex vesicarius, classified as stage 2.

Stage 3:  The inflorescence apex shows a gradual further elongation, becoming narrow at the tip with a broad basal portion, thus, forming the peduncle subtended by the receptacle (Fig. 4).


Fig. 4. Floral development of rumex vesicarius, classified as stage 3.

Stage 4:  The bracts develop on the axis of the receptacle and the hemispherical shape of flower primordias develop (Fig. 5).


Fig. 5. Floral development of Rumex vesicarius, classified as stage 4.

Stage 5: The outer perianth segments (sepals) primordia is visible on the flower primordia (Fig. 6).


Fig. 6. Floral development of Rumex vesicarius, classified as stage 5.

Stage 6:  The outer perianth segments primordia show further development meanwhile, the inner perianth segments (petals) and the stamen primordias are formed.  The pedicels have also emerged and become  elongated   (Fig. 7).


Fig. 7. Floral development of Rumex vesicarius, classified as stage 6.

Stage 7: The stamen primordias become spherical in shape while the carpel primordia develops lobes on three sides in the center of the flower primordia.  Both outer and inner perianth segments grow in size and the outer perianth segments enclose the center of the carpel (Fig. 8).


Fig. 8. Floral development of Rumex vesicarius, classified as stage 7.

Stage 8: The differentiation of the stamen where the stamen primodias differentiate into anthers and filaments.  Each anther develops two lobes (Fig. 9).


Fig. 9. Floral development of Rumex vesicarius, classified as stage 8.

Stage 9:  The differentiation of the pistil where the pistil primordia enfolds forming a superior ovary (one-ovuled).  The apex of the pistil forms a style and a stigma that is observed as a terminal disc (Fig. 10).


Fig. 10. Floral development of Rumex vesicarius, classified as stage 9.

The inflorescence was finally formed.  Flowers  formed within the inflorescence acropetally so that the oldest developed flower was at the base and the youngest at the top of the inflorescence (Figs. 11,12).  It was observed that floral development occurred in all the studied season, autumn, winter and spring. The timing from seed emergence to flowering varied in the studied seasons, it was 154 days during autumn, 103 days during winter and 96 days during spring. Flowering in Rumex vesicarius is therefore not linked to seasonality when grown under cultivation. However, in the wild it will grow with the onset of the rainy season [4].


Fig. 11. An infloreswcence  of Rumex vesicarius, with flower buds at different stages of development.

Discussion

The transformation of the growing apex of Rumex vesicarius from a flat apex to a broad hemispherical dome-shaped apex is considered as the first anatomical sign of transformation of the apex from a vegetative to a reproductive meristem.  This  confirms the earlier observations of Salisbury [10, 11] and Damann and Lyons [12] in Chrysanthemum x superbum.


Fig. 12. Rumex vesicarius, in flowering stage.

However, the developmental sequence of the inflorescence in the studied species, Rumex vesicarius, was found to occur in two distinct phases namely, the formation of the receptacle and the formation of the flowers.  These phases occured in nine stages.  It was observed that towards the fourth stage, the processes centered on the development of a distinct receptacle from the meristematic apex followed by the formation of bracts and floral primordias, the elongation of the meristematic apex and the  narrowing  of its tip but with a broad basal portion, thus, forming the peduncle and the receptacle.  These observations were previously reported by Esau [13, 14] and Kaufman [15].

On the other hand, the initiation and differentiation of the different floral parts within the apex of the receptacle sequenced from stage 4 till stage 9. The initiation of sepal primordias was the major feature of stage 5, while petals and stamens initiation were apparent in stage 6.  In stage 7, the further development of the stamen primordias whereby they become spherical in shape and, the carpel initials developed forming three lobes.  In stage 8, the stamens differentiated into anthers and  filaments, the former then formed two lobes. By stage 9 the pistil primordia formed the ovary, style and stigma.  The development of both the stamens and the pistil are in accordance with what had been indicated by Esau [13, 14].

In conclusion the differentiation of the floral organs of Rumex vesicarius was in the order of sepals, petals, stamens and carpel primordias.  These observations are in agreement with the findings of Esau [13, 14] and Summerfield and Roberts [16].

Moreover, it was observed that the inflorescence of Rumex vesicarius can be recognized as a raceme whereby the flowers are formed acropetally.  This observation is in accordance with the findings of Miller et al. [8], Migahid [6], Mandaville [5] and Greyson [17].

As for the seasonal effect, it was observed that floral development and anthesis occurred during the three seasons: autumn, winter and spring in the same manner.  Therefore, it appears that floral initiation and development are independent of environmental influences (i.e. photoperiodism and vernalization) as indicated by Waering and Phillips [18].
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نشوء البرعم الزهري لنبات الحميض 

(.Rumex vesicarius L) وتطوّره

*مي محمد الرميح * ، فيصل عبدالله السعد * وارجموند سلطان وارسي **

* قسم النبات والأحياء الدقيقة و** قسم الكيمياء الحيوية، كلية العلوم، جامعة الملك سعود،

   ص. ب  22455،  الرياض 11495،  المملكة العربية السعودية

(قدّم للنشر في 13/3/1422هـ؛ وقبل للنشر في 30/1/1423هـ)

ملخص البحث. نبات الحميض (Rumex  vesicarius) نبات حولي، ينتشر في مناطق عديدة من المملكة العربية السعودية. ينمو ويزهر في ثلاث مواسم هي الربيـع والخريف والشتاء في مدينة الرياض. الأزهار خنثى في نورات راسيمية طرفية.  وفي هذا البحث ، أجـريت دراسـة تشـريحية لتـوضيح مـراحـل تكشف البرعم الزهري  لنبات الحميض(R. vesicarius)  حيث تم تمييز مراحل التكشف حتى اكتمال تكون البرعم الزهري الى مرحلتين هما، تكوين التخت وتكوين الأغلفة الزهرية. وقد أمكن تتبع  تسع مراحل مختلفة لتكشف أجزاء البرعم الزهري وهي:

مرحلة من 1 إلى 4: تحول القمة الخضرية إلى قمة زهرية ونمو التخت المكون لساق الشمراخ الرئيس، مرحلة 5: نشوء بادئات الكأس، مرحلة 6: نشوء بادئات البتلات والطلع، مرحلة 7: نشوء بادئات الكرابل مع استمرار تشكل الكأس، البتلات والطلع، مرحلة 8: تميز الطلع ومرحلة 9: تميز المتاع. وهناك شرحا مفصلا لكل هذه المراحل من تكشّف البرعم الزهري. 
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