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Abstract

Despite numerous reports on hard germination and growth of Bunium persicum, there is
no published study on B. cylindricum. Although the amount of essential oils and
phenolics is high in B. persicum, they are significant in B. cylindricum too. Plant
development from seed cultivation to seed production took 3-4 years including the
formation of cotyledon leaves, a uni- or bi-pinnate leaf, one tri-pinnate leaf, and two or
more tri-pinnate leaves (rosette) with long petiole in the fourth year. During
development, corm size increases, and in flowering years, along with rosette leaf
formation, flowering stems are also formed and their number depends on corm size.
Flowers were protandrous, without calyx with thin petals containing secretory
epidermis. Tapetum is the secretory type and pollen is tricolporate, prolate (P/E 1.7),
small size (24pum), ovate with striate-regulated sculpture. The Ovary is two-carpellate,
inferior with apical placentation which its two cylindric-linear mericarps are separated
acropetally from the carpophore at maturity.

Introduction

Bunium (Apiaceae) has about 14-17 species in Iran. Secondary metabolites of some species of
Bunium, especially B. persicum, have been studied. The antimicrobial, antioxidant, anti-
inflammatory, anti-diabetic, and other therapeutic properties of their essential oils have been
reported. The presence of numerous essential oils in B. cylindricum indicates its medicinal
importance. In some cases, the same names are used for different species, or different names are
used for different populations of one species. In addition, some people mix fruits (seeds) of
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different species of Bunium and sell them as B. persicum in the markets. Therefore, the correct
identification of species and their cultivation is important, particularly for species that are
marketed. There are several reports about hard germination and cultivation and growth
problems of B. persicum. However, there is no published study on the cultivation, life cycle, and
vegetative and reproductive structures of B. cylindricum, except general descriptions in plant
Flora's books. Kazemivash et al. (2020) reported that in B. persicum, the tapetum layer is
secretory type; pollen grains are ovate and bi-porate; gynoecium is two-carpellate with lower
ovary and schizocarpic fruits. Apiaceae pollen has been divided into five types: sub-rhomboidal
(P/E=1-1.5), sub-circular (1-1.5), oval (1.5-2), sub-rectangular (2), and equatorially constricted
(= 2). Fruit is a dry schizocarp composed of 2 mericarps that split apart at maturity acropetally.
Mericarps have secretory ducts that cause good aroma and flavor in many plants of this family
law. In the present study, species cultivation and seed formation were done for the first time.
Further, the structure and development of vegetative and reproductive structures were studied
and investigated.

Materials and Methods

The ripe seeds (mericarps) of B. cylindricum were collected from Sarduiyeh, Kerman
province, Iran. They are cultivated in petri dishes, pots, and in plant habitat in a garden.
Seed germination, the life cycle of the species, and different organ formation were
studied until flower and seed/fruit formation. Fresh structures (corms, leaves,
inflorescences, flowers, and fruits) in different developmental stages were studied and
photographed using stereo and light microscopes or the naked eye. The pollen structure,
P/E ratio, and pollen sculpture were studied using light and Scanning Electron
Microscopy (SEM). Fruit size and the number of fruits in the umbellate were surveyed
too. For anatomical studies, fresh flowers were fixed in FAA (formaldehyde: acetic
acid: 70% ethanol, 5:5:90, v/v/v) for 24 h, washed with distilled water 4 times (each
time for 5 min), dehydrated in 30%, 50%, 70%, 80%, and 100% ethanol series and
embedded in paraffin. Then, 5 pm sections were cut by a rotary microtome (Micro-Tec,
Germany), put on glass slides, stained by hematoxylin and eosin, observed by a light
microscope, and photographed. The mean of seed germination, the polar and equatorial
axis of pollen, and their ratio (P/E), as well as the average length of umbel rays and
fruit, were measured.

Results and Discussion

Bunium is one of the medicinal plants with high economic and export value. There are
no published studies on the cultivation, seed germination, and development of B.
cylindricum. The study of the life cycle of B. cylindricum showed that the species
produces flowers and fruits (seeds) 3-4 years after cultivation. In the first year,
cotyledon leaves and a small underground part (corm) are formed, and its size increases
during the following years producing compound rosette leaves and shoots. After
cotyledon leaves, a uni- or bi-pinnate compound leaf with long petiole, then in the next
year one tri-pinnate leaf and finally with increasing tuber size, tri-pinnate leaves (>2)
and flowering shoots are formed. There are several studies indicating hard plantation
and germination of Bunium using different treatments for breaking dormancy without
studying the next developmental stages till flowering. The present study optimized
cultivation, seed germination, and flower and seed production in B. persicum for the
first time. The abundance of flowers in broad umbellate inflorescences and secretory
structures of pistils and petals help to attract pollinators confirming Linder (1998) who
reported the effective role of inflorescences in pollination. Flowers were pentamerous,



protandrous, without calyx with thin petals containing secretory epidermis. Tapetum
was secretory type and pollen grains were tricolporate, prolate (P/E 1.7), small size
(24um), ovate with striate-regulated sculpture according to Punt et al. (2007), Cerceau-
Larrival and Roland-Heydacker (2013), Baser et al. (2021), and Kadluczka et al. (2022).
Studies in B. persicum indicated secretory tapetum and bi-porate. The gynoecium is
bicarpelate producing a schizocarp fruit in which its two mericarps are separated at
maturity. Its distinctive flavors are due to fruit secretory cavities.

Conclusion

There are several studies reporting hard plantation and seed germination of Bunium
genus, especially B. persicum. In this study, cultivation, seed germination, and seed
production of B. cylindricum were optimized. Seed germination was > 90% and
germinated seedlings produced fruits (seed) in the fourth year. Flowers were
pentamerous, protandrous, without calyx with thin petals containing secretory
epidermis. Pollen grains were tricolporate, prolate, small-sized, and ovate with striate-
regulated sculpture. The fruit is a schizocarp consisting of two fused carpels that
separate at maturity into two mericarps, each containing a single seed. Secretory ducts

are distributed in the fruit pericarp.

Keywords: Bunium cylindricum, Seed Germination and Growth, Inflorescence and
Flower, Cylindrical Fruit, Striate Pollen Ornamentation, Stylopodium and Carpophore.
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Figure 1- A-l, Cultivation of B. cylindricum, development of different leaves, corm and inflorescence. A. Plant
cultivation in pots containing perlite, B. Seedlings with cotyledon leaves planted in garden, C, D. Seedlings with a bi-
pinnate compound leaf containing a long petiole (in D., most of petiole length is in the soil), E Young plants with a
rosette and tri-pinnate compound leaf, F. Young plants with tri-pinnate leaves and long petioles at the beginning of
growth season (early spring), G. Flowering stem formation containing bi-pinnate leaves with relatively short petioles.
In this stage, compound umbellate inflorescences are developing, H and I. The mature plant in the flowering stage
containing 2-5 tri-pinnate leaves (rosette leaves) and flowering stems, bi-pinnate leaves and leaves were formed on
these branches. Corms can be seen in different developmental stages. Arrows indicate filiform leaves.
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Figure 2- A-D, Distribution B. cylindricum in its habitat and structure of compound inflorescences (umbels,
umbellate), and flowers. A. The species distribution with herbaceous appearance in the flowering stage (in a garden
in Sarduiyeh), B-D the structure of umbels, flowers and fruits, in figure B, the umbel rays with unequal length are
seen that internal rays as well as internal flowers are younger than outer ones. In C, actinomorphic flowers, stamens
alternate with calyx (star indicates young curved stamen), stylopodium and short styles-stigmas are evident, in D,
lower (inferior) ovaries developing into schizocarp fruits consisting of two mericarps are seen, the spherical
(glandular) stigmas, relatively long styles and fruits with unequal tail are seen. Petals are heart shaped and inward in
central part (main vascular bundle) (C, D). Sp: stylopodium, St: stigma, Br: bracteole, Ov: ovary, An: Anther.
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Figure 3- A-C) Petals anatomy. In the middle part of the petal, vascular bundles and secretory ducts are seen, also
there are more tissue layers in this part (A and B). C. Secretory epidermis in both outer and inner sides showing the
cone-shaped secretory cells. Vh: vascular bundle, Sd: secretory duct, Sc: secretory cells



VE) Sl cp o 5 ooty 65l oan)lgr Jle 01l (ALE ol

AY

3 Sl FEE 5 plsal 5l o 5 e b T
JKooay L (ovate) fpae 038 s
YE/IY sgd> b8 jeme &5 s (elliptic)
Cod 5 fas Son W plsial ssmn 5 fins S
s (F ) Sl (VVE) Y 5 V/O 0, PIE
A ges S Sl eslial L e 8 ksl
b 2B Ao e 53 Sl Sl eddig)sT e
sasST IS (Ba S s o8 wsSKes See
Sl 5 sdalie s Ol 1) 0T Ko s 503 8
Sy sl Ol S S sy Sea b os S

Lulsa> L Regulate , (Striate) s, - 5|

0 5 ¥ sl JS2) iz Strate-Regulate

100 pm ]

sl sy olas ¢Sl o el

LY (SO LY eyl Jols STl byl
b aY o (L) lads Y 5 (L) e
ya'u.]ocb}.f&u.n odalice Q‘J’ Lg‘.kdfl..«..:).:g
o;; s 3l o 5w g 5 Jee s
LS 55 oM o pe b oa (oBS
4&6&&blc;ﬁ@d§wi¢gﬁ):osf
Gl 6w Sl A a5 4 i ol
A e 51 SO BY e 0355 0 s
ldls by 5 STl 56,88 o (p g s2l)
s Gk s 3 GBS s e f

0 9 Llea o-\:.fi.f abjf sladls (&;ML&?OJJJ

003 0T 85,8 LS L oji ez b oS oSl kil B 5 A 5 B. Cylindricum s 63 & 5 ¢Sl jls b (A-H - JSs

J\,bb::‘._ij‘sﬁ.:uqdi_})l_“g\q\(u&_&4._“5\41.1;2%VL’&U%V}M}iwdbﬁe:ﬁ‘gha\}bcA):a‘f:ﬁ@

F}C):.:}_&;Aa.k_‘r.:abjj/él_h&‘:&ujd‘ﬂé}b&uﬁdb):dfw‘E)D):.:}Jdﬂau\i)abfjéb‘sud}lu
Ftogb LY Tp oSl i,y F ‘dfﬂlf:Pe u:JfJ:Ln Jshbs PMC .55 0 0dss a‘i}}“-;dl"ﬁ a:; sbals Cs 5a

ans Se e St o((SGIG LY) (6,8 il

Figure 4- A-H, anther and pollen structure in B. cylindricum. A, B. Anther structure comprising its four wall layers
and pollen sacs, pollen grains are differentiating and tapetum layer shows on and high stainability. D, E. Anther
dehiscence and releasing pollen grains. C, F. Respectively developing and mature pollen grains. PMC: pollen mother
cells, Pe: petal, F: anther filament, Tp: tapetum layer, Ft: fibrous tissue (mechanical layer), St: pore (stomium), Se:

septum
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Figure 5- A-C. Scanning electron microscope photographs of pollen grains in B. cylindricum, pollen grains are

prolate with striate, regulate or strate-regulate ornamentation.
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Figure 6. Anatomical charactristics of pistil, ovary, schizocarp fruit and its mericarps in B. cylindricum. St: stigma,
Ovu: ovule, Ova: ovary, En: endosperm, Ex: exocarp, Ed: endocarp, Me: mesocarp, Vb: vascular bundle, Co:

commisure, Sd: secretory duct, Per: pericarp
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Figure 7- Fruit structure in B. cylindricum, vb: vascular bundle, sd: secretory ducts (vittae), Co: Commissure, en:

endosperm, u: upper, m: middle, b: base
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Figure 8. Mature fruit in B. cylindricum, two mericarps are detaching from carpophore acropetally, bifid (cleft to
various degrees in apical side) carpophore is attached to fruit peduncle (tail).
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