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UNCARINA ROEOSLIANA RAUH ONTOMORPHOGENESIS IN EARLY STAGES
OF DEVELOPMENT

M. Gaidarzhy, O. Futorna, N. Nuzhyna

Mema. 3’sicysamu Mopghono2ito HACIHHA, GUABUMU OCOOIUBOCMI 11020 NPOPOCMAHH MA OOCAIOUMU PO3GUMOK
pocaun Uncarina roeoesliana Rauh (Pedaliaceae) na pannix cmadisx onmomopghoeenesy 6 368 3Ky 3 npobie-
MOIO CXOXHCOCMI HACIHHSL MA BUPOULYBAHHS IX 8 YMOBAX THMPOOYKYL.

Mamepianu ma memoou. J[ocriodxnceno 1ameHmHUll ma npe2eHepamusHull nepioou OHMoOMOppoceHe3y poCiut
Uncarina roeoesliana 3a ymoe eupowgyeanns y saxuwgenomy ipyumi bomaniunozo cady im. akao. O. B. @omina.
B pobomi euxopucmani 6Giomopgonoeiuni, itmpooyKyitiHi, 2icmoaociuHi Memoou.

Pesynomamu ma ix 06z06openns. Po3pobieno memoo RPUCKOpeHHsi CXOAICOCMI C8INCO3I0PAH020 HACIHMSL
Bemanosneno, wo nacinunu Uncarina roeoesliana eenuxi 3a posmipamu (61u3eko 7X5 MM), NEPEGANCHO WUUPO-
KOMPUKYMii, KOPUUHEB020 KOAbOPY 3 MALONOMIMHUM KPUIOM HO 8CbOMY HepuMempy HACiHunu. Jlop3anvha
cmopona opmye ckiaodxku, pyouux 3HAX00UMvbCst Ha MIKponiiapuii yacmuni nacinunu. Ilepuxninapni cminku
onyKai i yacmo Gopmyioms naninu. 3apooox GeruKull, 3atMae OLIbULY Yacmuny HACIHUHU, eHOOChepm bazamutl
Ha 1iniou, wo xapaxmepno i 01s npedcmasnuka yiei o poounu Sesamum indicum L. Hmosipno nasenicmo nanin
CHpUsiE HAKONUYEHHIO 80Jl02u O/l akmueizayiii pepmenmamuenol distbHocmi npu Habyxauui Hacinuk. Bci yi
0COOIUBOCTI NPOPOCTNANHS HACTHHSL Y32004CYIOMBCSL 3 EKOLOSIYHUMU YMOBAMU 8 MICYSX NPUPOOHO20 PO3NOBCIO-
0drcenst npedcmagnukie pooy Uncarina: 8UCOKUMU MEMNEPAMYPAMU, HEGENUKOIO KITbKICMIO 0nadié ma 3Hay-
HUM ROCYWnUsUM nepiodom. Hmogipro pociuni ybo2o 6udy 6ioHOCAmMbCA 00 MAKpobGiomuxis, mobmo docmam-
HbO 006820 MOJCYMb 30epicamu cxodxcicme nHaciuns. [popocmanns naozemue. Bnpoooesc 24 muoicnie po3eumxy
POCTUHU 00CA2ar0OMb GIP2IHIIbHOL cMadii po3eumKy: opmyoms pedbKkonooioHi Koperi, 5-6 nap 1ucmKia, 3 AKux
Ha MONOOUX POCIUHAX Y Yitl CMAOil 3a1umacmocsi mintbKu 061 napu, ma nomosujeny 6asaibhy yacmuny cmebnd.
Bucnosxu. Ilopisnioouu Uncarina roeoesliana 3 inuumu KayO0ekconooiOHUMU pOCIUHAMU MONCHA KOHCMAM)-
samu, Wo Ys pOCIUHA MAE BUCOKUL NOMEHYIAN OISl BUINCUBAHHSL 8 NOCYULTUBUX YMOBAX 3ABOSKU 30AMHOCME POC-
JIUHU HAKONUYY8AMU 80102y 8 6a3abHili yacmuni cmebdaa i m scucmomy Kopinnio. Ilpu yvomy pocauna npucmo-
CO8aHA 00 ICHYBAHHSL K 6 PENCUMI CHOKOIO, MAK i 8 PedlCUMi aKMUueHO20 poCmy, aie 8 OCMAHHbOMY GUNAOKY
MITLKU NPU HASLBHOCE 00CNAMHBOI KITbKOCMI 80102U 8 [PYHMI

Knrouosi cnosa: nacinuna, npopocmanus, pauni emanu OHmozeHesy, Kayoekconoodibna pociuna, enoemix Ma-
daeackapy
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1. Introduction

Succulents are plants that grow mainly in the de-
serts of Central America (Cactaceae) and Africa (Eu-
phorbiaceae), a small number of species of the genus
Crassulaceae is also found in temperate climates. The
main way of existence in extreme conditions in succu-
lents — the accumulation of large reserves of water in the
tissues and its extremely economical use. The bulk of
aquiferous tissue (hairs and ground cells of the epidermal
complex, hypodermis, inner layers of the mesophile,
wood and medullar parenchyma) is formed in the leaves
or stems. According to the literature, about 10 thousand
species and intraspecific taxa are succulent plants be-
longing to more than 60 families from both classes of the
division Magnoliophyta [1, 2]. Some families are repre-
sented exclusively by succulents (Cactaceae, Aloaceae,
Didiereaceae), but most families include species that are
representatives of other ecological groups of plants.
Since the structural organization of vegetative organs of

plants reflects at the same time a number of different
scales, different in pace and relatively independent in di-
rections, processes and phenomena: some general pat-
terns of plant morphogenesis, systematic and phylogenet-
ic position of the species, features of ecological habitats,
it is clear that members of a particular family have their
own anatomical and morphological and physiological
and biochemical features.

2. Literary review

One of the succulent plants is Uncarina roeosliana
Rauh from the family Pedaliaceae, which belongs to the
group of caudiciform succulents [1]. The family Peda-
liaceae has more than 60 species belonging to 13 ge-
nus’s. Its most famous representative is Sesamum indi-
cum Linne (sesame), which is widely used as an edible,
oily and medicinal plant [3]. Plants of the family Peda-
liaceae are common in Africa, Madagascar, Australia and
some islands near this continent. Representatives of the
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genus Uncarina are endemic plants of arid areas of the is-
land of Madagascar, there are now 13 species, most of
which were described in the 60s of XX century, and
some species even in 1995-1999. In particular, Uncarina
roeoesliana was described in 1995 [1]. Plants of this spe-
cies grow on sand dunes or in sparse forests in south-
western Madagascar, at an altitude of 100 to 500 m
above sea level. The climate of this area is arid or semi-
arid and is characterized by an average annual tempera-
ture of 25-26 °C, dry season up to 7 consecutive months
and rainfall from 350 to 900 mm per year [4].

Uncarina roeoesliana - is a weakly branched
dwarf tree, up to 1.5 (2) m tall with a thickened basal part
of the stem and succulent roots. Depending on the
amount of moisture in the dry season, plants can com-
pletely lose the leaves, which are collected in rosettes at
the ends of the shoots. The leaves are simple, with more
or less pronounced 3—5 laminas, densely covered on both
sides with trichomes. The flowers are collected in cy-
moid, reduced inflorescences, appear in the axils of the
leaves, bisexual, zygomorphic, with a short straight pe-
duncle, about 10 mm long, bright yellow [5].

We have not found any literature sources on the
morphology of Uncarina roeoesliana seeds and their ger-
mination. Since the features of the anatomical structure of
seeds and seed coatings are conservative and, due to evo-
lutionary irreversibility, have high diagnostic value, play-
ing in many cases a crucial role in taxonomic reconstruc-
tions [6-8], we investigated the ultrastructure of Uncarina
roesliana seed surface. Examining the external morpholo-
gy of seeds, we also tried to establish the causes of com-
plicated seed germination in the conditions of introduction.

In the collection of succulent plants of the Botanical
Garden named after acad. O. V. Fomin at the Taras
Shevchenko National University of Kyiv Uncarina roe-
oesliana has been grown since 2005. We previously studied
the morphology of the flower, the phenology of flowering
and the peculiarities of pollination, developed a method of
obtaining seeds under the conditions of introduction [5].
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3. Theaim and abjectives of the study

The aim of this work was to determine the mor-
phology of seeds, to identify the peculiarities of its ger-
mination and to study the development of Uncarina roe-
oesliana plants in the early stages of ontomorphogenesis
due to the problem of seed germination and cultivation
under introduction.

To achieve this goal, the following objectives
were set:

1. Study the seed morphology of Uncarina roe-
oesliana

2. Find out the features of growth and develop-
ment of plants in the early stages of ontogenesis

3. To develop a method of germination of seeds of
the studied plant species

4. Materials and methods

The latent and pregenerative periods of ontomor-
phogenesis of Uncarina roeoesliana plants under condi-
tions of cultivation in protected soil (greenhouses of the
Botanical garden named after acad. O. V. Fomin) have
been studied. By the term ontomorphogenesis we mean
the sequence of stages of development of an individual
from seed to natural death of plants at the level of indi-
viduals. The division of the pregenerative period into
separate stages took place according to the methods de-
scribed in the literature [9]. A detailed morphological de-
scription of the studied plants Uncarina roeoesliana is
given in [5].

Plants were grown on the succulent regime, in
the soil mixture for succulents [10]. The germination
of freshly harvested seeds was over 65 %. We found
that for faster germination of seeds must be kept in
distilled water from 6 to 12 hours. After that, the seeds
were sown in a sterile soil mixture and covered with a
thin layer of coarse sand. At a temperature of
+24-28 °C the seeds began to germinate for
8-10 days, but the maximum number of seeds germi-
nated for 16—18 days (Fig. 1).

16 18 20 22
day

Fig. 1. Germination of freshly harvested seeds of Uncarina roeoesliana

In the study of the stages of ontomorphogenesis,
measurements of the hypocotyl (basal) part were per-
formed in its central part, the epicotyl part at the level of
10 mm above the traces of cotyledons.

To study the ultrastructure of the seed surface, the
material was fixed on brass tables and sprayed with a thin
layer of a mixture of platinum and gold. The ultrastruc-
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ture of the surface was studied using SEM JSM-6060
LA. The terminology described by W. Barthlott was used
to characterize the ultrastructure of the seed coat [11, 12].

5. Results of theresearch
Latent period. The fruit of Uncarina roeoesliana
is a dithecal flattened capsule, slightly elongated in the
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lower part, which opens at the seam, which is located in
its central part. A characteristic part of the box are nu-
merous outgrowths with hooks, which is characteristic of
all members of the genus. When ripe, the fruits change
colour from bright green to light brown. When the fruit
falls off, a small crack first appears between the two
nests, which eventually expands, but the seeds are firmly
held in the fruit. Under artificial conditions, it is neces-
sary to carefully remove the seeds from the fruit. At arti-
ficial pollination we found in fruits from 15 to 18 seeds.

Seeds form is ovoid to broadly triangular, ellipti-
cal in cross section. The wing covers the seed around the
perimeter, wider in the extended part of the seed, size —
7.540.2 mm long and 5.2+0.1 mm in the widest part. The
colour of the seeds is brown, often with a grey tinge and
red spots (Fig. 2, 4).

The hilum is triangular, or teardrop-shaped, with-
out a roller, small, basal in position. Raphe is distinct, ex-
tending from the micropylar to the chalazal part of the
seed. The micropylar end is slightly pointed, the micro-
pyle stands out with a lighter colour.

The cuticle is grooved, the furrows are long, do
not overlap. Cells tests are polygonal, their boundaries
are clear. The periclinal walls of the seed coat cells are
convex, often forming papilla, their sculpture is grooved.
Anticlinal cell walls are not always thickened, straight.
The relief of the seeds is reticulate. On the dorsal side of
the dough seeds form folds (Fig. 3). The ventral side is
smoother and has folds closer to the micropilar part of
the seed (Fig. 4).

Fig. 3. Latent period. U
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Fig. 2. Latent period: a — the appearance of the seed;
b — ventral side of the seed (x10);
¢ — the dorsal side (x10)

1 ||, I
Itrastructure of the dorsal side of Uncarina roeosliana seeds under a scanning electron micro-

scope (SEM)
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Fig. 4. Latent period. Ultrastructure of the ventral side of the seed Uncarina roesliana under a scanning electron micro-
scope (SEM: q, ¢ — the upper part of the seed; b, d — the micropillary part of the seed)

The germ is large with well-developed almost
spherical cotyledons and a small hypocotyl and embryon-
ic root. Cotyledons with pronounced veining (Fig. 5, a).
Endosperm and embryo are rich in lipids
(Fig. 5, b).

Fig. 5. Latent period: a — the appearance of the germ
(magnification); b — endosperm with lipid inclusions
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Pregenerative period. Seedling. Germination is
above ground. The main root appears first, followed by
the hypocotyl and cotyledons. It should be noted that in
the early stages of germination (as soon as the primary
root began to grow), the hypocotyl has a thickening,
which disappears with further growth of the seedling and
begins to reappear in the seedling 4-5 weeks after germi-
nation (Fig. 6, a). The cotyledons of the green seedling
consist of a petiole 10 mm long and an almost rounded
lamina 224+3.2 mm long and 204+4.2 mm wide. The hypo-
cotyl and cotyledons are covered with trichomes. When
germinating seeds in the laboratory on the hypocotyl can
be seen trichomes at the initial stage of germination (Fig.
6, b). The first pair of leaves appears 10—13 days after
germination, the height of the seedling is 20-25 mm
(Fig. 7, a).

Fig. 6. The first stages of germination, the beginning of
seedling development: a — hypocotyl thickening; b — tri-
chomes on the hypocotyl
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Pregenerative period. Juvenile stage. Over the
next 5 months, the plants form a leaf series of 5-6 pairs
of leaves (Fig. 7, a, b).

Heterophylly is observed: the shape of the leaves
varies from round to broadly ovate, and the sizes from
36.1£6.3 mm long and 27.3£5.7 mm wide to 100.8+
+7.2 mm and 116.5£12.6 mm, respectively, the length of
the petiole varies from 30 to 100 mm. At 8-9 weeks, the
plants lose their cotyledons. During the juvenile period,
plants grow 5-6 pairs of leaves, two or three of which are
lost by plants at the end of this period. The leaves, coty-
ledons and epicotyl part of the stem are densely covered
with trichomes.

At the age of 4-5 weeks, the plants begin to in-
crease the size of the hypocotyl (basal) part of the stem. Its
diameter varies from 6.1+£0.5 mm to 21£0.2 mm at the end
of the juvenile stage, while the diameter of the epicotyl
part of the stem varies from 4.0£0.2 to 10.2+£0.1 mm.
Thus, if the diameter of the hypocotyl part increases 3.5
times during the juvenile stage, the epicotyl part above the
traces of the cotyledons only 2.5 times (Fig. 8).

The diameter of the main root also begins to in-
crease in plants at the age of 4 weeks. It can be formed
both singly and divided into two (3) equal in size roots.
Their diameter in the upper part corresponds to the diam-
eter of the hypocotyl part of the stem.

Pregenerative period. Virginial stage in Uncari-
na roeoesliana begins at the age of 23-24 weeks. At the
same time the leaves acquire the sizes and forms charac-
teristic of adult plants. Plants form a rosette of two pairs
of leaves, losing 3 previous pairs of leaves. The height of
the stem reaches 160—190 mm. The basal part of the stem
reaches 24-26 mm in diameter, the root system consists
of 1-2 (rarely 3) storage, vertical radish roots, 70—-80 mm
long, the diameter of which in the middle part is wider
than the hypocotyl (basal) part of stem (Fig. 8 ¢). As our
previous observations have shown, plants enter the gen-
erative period at the age of three to four years. In general,
at the virginal stage of development, the active growth of

height, and the expansion of the hypocotyl part of the
stem continues.

Fig. 7. Appearance of plants Uncarina roeoesliana
in the early stages of development. @ — seedling and the
beginning of the juvenile stage; b — completion of the ju-
venile stage (dead cotyledons), the formation of an ex-
panded basal part of the stem and the first two pairs of
leaves; ¢ — the volume of the root system at the virginal

plants decreases n stage of development
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Fig. 8. Increase in diameters of hypocotyl (basal) (a) and epicotyl (b) part of Uncarina roeoesliana stem

6. Discussion of theresults
The flora of Madagascar includes more than
10,000 species of plants. Among them are many endemic

species, genera and families. According to some data, the
number of such plant species reaches 85 %. However, all
researchers, without exception, note that the flora of the
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island is catastrophically rapidly losing entire plant
communities and an increasing number of endemic spe-
cies is becoming highly rare [13—15]. This is especially
true of many species of orchid and succulent families
[16].

Investigating the features of freshly harvested
seeds, we noted that only by soaking in water you can get
a relatively fast germination within 10-18 days. If the
seeds are sown dry, the seedlings appear singly, for
5—6 months or more. It can be assumed that the seed coat
has a sufficient number of inhibitors that allow for a long
time to maintain the viability of the seeds. Representa-
tives of the family Cactaceae from the genera Opuntia
and Tephrocactus have a similar feature, but the dorman-
cy of their seeds is not so deep. In addition to moisture,
high temperatures of + 30-35 °C motivate them to ger-
minate. [17].

The study of seed morphology under SEM
showed that the surface of the seeds and the wing is quite
loose and outwardly resemble a "collar structure", which
probably allows the accumulation of significant moisture
in the seed coat and thus reduce the concentration of in-
hibitors and promote lipid breakdown, which are storage
substances, to the formation of more available for seed
germination substances. The conclusions regarding lipids
should be revised taking into account the literature data
on the germination of oilseeds. The maximum activity of
enzymes that break down lipids (including lipoxygenase)
is manifested at seed moisture of at least 14-15 % and a
temperature of 50 °C [18].

It should be noted that the amount of lipids in the
seeds of the most famous member of this family —
Sesamum indicum L. is also quite high, up to 50-60 % [3].
All these features of seed germination are consistent with
the ecological conditions in the natural habitats of the ge-
nus Uncarina: high temperatures, low rainfall and a signif-
icant drought. Probably plants of this species are macrobi-
otics, i.e. can retain seed germination long enough.

It should be noted that Uncarina roeoesliana be-
long to the caudex-like succulents and, as well as Adeni-
um obesum (Forssk.) Roem. and Schult. (Apocynaceae)
have an enlarged basal part of the stem, formed from the
hypocotyl of the seedling, and a rod succulent root, the
diameter of which in the early stages of development is
almost the same as the diameter of the basal part of the
stem [19, 20]. But, unlike Adenium obesum, the leaves
of this plant have no xeromorphic features and wither

when there is a lack of moisture in the soil and high tem-
peratures in the environment. That is, despite the thick-
ened basal part of the stem and roots, plants of this spe-
cies are prone to leaf loss with insufficient moisture in
the soil. In this case, after the loss of leaves, the plants
experience a dry period without damage, which can last
up to 7 months in a row.

Study limitations. The presented results are an
integral part of the cycle of morphological studies Unca-
rina roeoesliana. Thus, at the first stage of research of the
endemic plant of Madagascar Uncarina roeoesliana we
described the morphology of the flower, studied the fea-
tures of pollination and developed a method of obtaining
seeds under the conditions of introduction. At the second
stage (this article) we studied the morphology of seeds,
plant development at the pregenerative stage of devel-
opment and developed a method of germination of seeds
obtained under conditions of cultivation in protected soil.

Prospects for further research. In the future it is
necessary to find out in more detail the structure of the
seed coat of Uncarina roeoesliana, the shelf life of seed
germination under different storage conditions, as well as
to identify substances that inhibit the germination of
seeds of this species.

6. Conclusions

1. Comparing Uncarina roeoesliana with other
caudex-like plants, it can be stated that this plant has a
high potential for survival in arid conditions due to the
plant's ability to accumulate moisture in the basal part of
the stem and fleshy root. In this case, the plant is adapted
to exist both in dormancy (losing leaves and using moist
roots) and in the mode of active growth, but in the pres-
ence of sufficient moisture in the soil. These features dis-
tinguish it from other caudex-like plants.

2. Examination of the morphology of Uncarina
roeoesliana seeds revealed an inconspicuous wing and
convex cell walls of the seed coat, which are likely to be
able to accumulate a significant amount of moisture to
activate the germination process.

3. A method of seed germination of Uncarina roe-
oesliana has been developed.
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