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Abstract

Introduction: Ajowan, belonging to Apiaceae, is one of the most medicinal plants in Iran and is naturally distributed in
Ethiopia, Egypt, and India. Despite the homogeneity of flower characteristics in the family, nevertheless, a high diversity
of flower morphology can be seen in this genus. Given the pharmacological importance of Ajowan, the developmental
stages of its male and female organs were examined.

Methods: Flower buds in different developmental stages were harvested, fixed in FAA, and maintained in 70% Ethanol.
After performing various steps, including clarification and embedding in paraffin, microtomy sections were made. The
Hematoxylin-cosin was used to stain the slices.

Results: Based on the results, the initiation pattern of floral organ development is acropetal, in which the sepals initiate
first, followed by petals, and finally, stamens. Initiation of gynoecium occurs with delay to the stamen. Isostemonous
stamens, secretory tapetum layer, tetrahedral microspore tetrad, spindle shape microspores, mature pollen with two-
celled and three germinal furrows.

Conclusion: Asynchrony of microspore development was observed in the anthers of the same plant flowers and the
pollen sacs of the same anther. Also, the development of male and female gametophytes was not synchronized in the
same flower. Inferior ovary, anatropous ovules, the linear type of megaspore tetrad, polygonum type of functional
megaspore formation, and embryo sac development are other characteristics of this plant.
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Figure 1- Blooming of Ajwan; A: compound umbel inflorescence and umbellet. B: buds
on the inflorescence. White color of petals is visible in bud status. um: umbel; umb:

umbellet; b: bract; br: bracteole.
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Figure 2- Developmental stages of reproductive meristem in Ajwan stained with hematoxylin-eosin; A: Longitudinal
section of reproductive meristem at initial formation stage (x10). B: Longitudinal section of inflorescence, Formation
of umbellet primordium (x40). C: Longitudinal section of bud (x40), forming primordium of stamen, petals, and
anthers. D: Longitudinal section of the umbel, male flower (yellow arrow). E: Longitudinal section of bud. um:
umbel; umb: umbellet; b: bract; br: bracteole; le: leaf; p: petal; st: stamen; o: ovule; sd: secretory duct.
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Figure 3- Developmental stages of anther to tetrad formation in Ajwan stained with hematoxylin-eosin
A, B: Longitudinal section of anther and forming of wall layers (x40). C: meiosis stages of PMC (x100),
tri-nuclear tapetum cells (yellow arrow). D: forming of dyad and tetrad, two-nuclear tapetum cells
(yellow arrow) (x40). Ps: pollen sac; st: stamen; PMC: pollen mother cell; ep: epiderm; en endothecium;
ml: middle layer; ta: tapetum; dy: dyad; te: tetrad; c: calluse; Mt: metaphase I; m: microspore.
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Figure 4- Developmental stages of microspores releasing from tetrad to pollen maturing and anther blooming in Ajwan
stained with hematoxylin-eosin; A: Longitudinal section of the anther (x10), Primarily round and then spindle shape. B:
immature microspores feeding and growing phase (x40. C: more developmental phase of mononuclear microspore with a
nucleus in the center and then margin (yellow arrow) for dividing (x40).
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Figure 4- (Continue); D: mitotic stages of pollen grains (x40). E, F: polar and equatorial view of
mature pollen grains (x100). yellow arrow indicates generative nucleus (in E) and sperms (in F), G:
anther blooming (x10). Ip: immature pollen; ps: pollen sac; ta: tapetum; ep: epidermis; en:
endothecium layer; mnp: mononuclear microspore in center; p: pore; ex: exine; in: intine; g:
reproductive nucleus; v: vegetative nucleus.
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Figure 5- Longitudinal sections (B, D) and cross sections (A, C) of Ajwan flower stained with hematoxylin-
eosin (x10). A: Anthers with four pollen sacs are almost the same size and phase. Ovary with two carpels,
each with one ovule primordium. B: anther with three active pollen sacs, pollen sacs of two anthers are not
in the same developmental phase (yellow arrow). Blue arrow: extraction and secretory duct. C: pollen sacs
in different sizes. Some of them are empty. D: male flower, not formation of style and ovule. Sd: secretory
duct; p: petal; an: anther; ps: pollen sac; tr: trichome; o: ovule; ov: ovary; co: ovary cavity.
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Figure 6- Longitudinal sections of flower (A) and ovary (B-F) of Ajwan stained with hematoxylin-eosin (x40); A: ovule
primordium formation (down). B: ovule primordium, nucellus, and initiation of funicule from placenta. C, D: megaspore

mother cell formation. E, F: division of mmc, linear tetrad and degeneration of tri micropollar megaspores. Sd: secretory
duct; o: ovule; ov: ovary; sty: stylopode; MMC: megaspore mother cells; nu: nucellus; pl: placenta; fu: funicule.
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Figure 7- Embryo sac formation in Ajwan stained with hematoxylin-eosin. (A, B) Iformation of
eight nuclear embryo sacs, Polygonum type (x100). (C, D) ovary with two carpels containing ovule
in embryo sac stage. Sd: secretory duct; ant: antipodes; es: embryo sac; sy: synergid cells; np:
nucleus polar; 0o: ovule cell.
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