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Abstract

The morphostructure of the bulbs of Oxalis incarnata in the conditions of dormancy and the plant's growth
and development are described. The plants were grown in two irrigation modes: 1) with regular irrigation
during the year, and 2) with limited irrigation in March-October and without irrigation in November-
February. The bulbs were analyzed by way of consequent detaching of the scales. Investigated bulbs
always had four fleshy scales, while the number of coriaceous and membranous scales varied. Coriaceous
scales, together with two fleshy outer scales, make a protective envelope of the bulb.

The overground shoot of O. incarnata, just like in other species of the genus, demonstrates monopodial
growth and can produce up to five levels of lateral branches. Elongated parts of overground shoots serve
for new territories’ useful occupation, while shortened parts produce new particles. Resting buds (bulbils)
of three types were observed in O. incarnata: underground axillary buds, overground axillary gemmae,
and terminal gemma. Our investigations showed polyvariance both of organogenesis of the resting buds
and ontogenesis of plants in general, depending on irrigation regimes. In the case of limited irrigation,
the plants of O. incarnata shed the leaves and can produce terminal gemma. While in the case of regular
irrigation during the year, they remain evergreen and form gemmae exclusively in the leaves’ axils. We did
not observe the formation of terminal gemmae in the case if axillary gemmae were present.

The root system of O. incarnata has a complex structure. It consists of two crowns of the filamentary
roots, contractile roots, and additional adventitious roots located along the underground part of the shoot
during its growth. Such structure of the root system probably ensures better absorption of the water.
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Introduction sylvatic endemic among all South African
representatives of the genus. Accordingly

Cosmopolite genus Oxalis L. (Oxalidaceae to Salter (1944), O. incarnata belongs to

R. Br.) comprises about 700 species (Knuth,
1930; Nesom, 2017). This is the only genus
among dicots representing true bulbs. The
genus Oxalis remains among the most diverse
(Proches et al., 2006; Zietsman et al., 2009)
but the least investigated in South Africa
(Gebregziabher, 2004). Oxalis incarnata L.,
together with other 122 Oxalis species, is
an endemic of the Cape Floristic Region
(Freiberg & Manning, 2013). It is the only
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the subsection Subintegrae of the section
Oppositae. Oberlander et al. (2011) attributed it
to the clade Caulescent, which is characterized
by the presence of stem. This species is mostly
distributed in a zone of coastal fynbos but
also occurs in fragmented forests near the
flowing water (Oberlander, 2009). It is a highly
decorative plant, which is often introduced
and even became a weed in many countries
(Randall, 2017). Expansion of this species
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observed in countries with a Mediterranean
climate (Discover Life, 2020).

In South Africa, many species depending
on local climatic conditions can demonstrate
an evergreen or deciduous growing strategy
(Proches et al., 2006). Similarly, O. incarnata
can remain evergreen in well-hydrated places
(Pacific Bulb Society, 2020).

Salter (1944) was the first, who outlined
the importance of morphology of both
overground shoots and bulbs for Oxalis
systematics. Estelita-Teixeira (1982) and
Zhila & Tymchenko (2014, 2016) investigated
the structure of the bulbs of certain South
American representatives of the genus. Ptz
(1994) and Gebregziabher (2004) paid attention
to bulbs’ morphology in South African Oxalis.
Nevertheless, despite the importance of such
investigations for understanding the new
territories’ occupation mechanisms, bulbs’
morphology of such aggressive weed as
O. incarnata was not studied yet.

Material and methods

The bulbs of O. incarnata were received
from the Botanical Garden of Karl-Franzens-
University (Graz, Austria) and planted in 2015 at
the M.M. Gryshko National Botanical Garden,
National Academy of Sciences of Ukraine.
Further investigations were carried out in
2016-2019. Plants were grown in pots in a cold
greenhouse applying two irrigation modes:
1) with regular irrigation during the year, and
2) irrigation in March-October and without
irrigation in November-February. Once per
month, five plants were randomly taken
for the analysis of bulbs’ morphostructure.
Scales of the bulbs were detached and
investigated using the light microscope MBS-
9. Provided description of the bulbs follows
the terminology of Fedorov et al. (1962).

Results and discussion

The bulbs of O. incarnata are oval, hooked,
1.5-2 cm long, with brown, pubescent covering
scales. The overground part of the stem is
glabrous. Among other South African Oxalis
representatives, O. incarnata is notable for
branched, zig-zag shaped, up to 30 cm long
stems, and axillary gemmae production.
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Phyllotaxis is complex, distichous, and
pseudo-whorled (Emshwiller, 1999). Some
nodes demonstrate a strictly distichous
position of the leaves. However, most of the
shoot has a mix of elongated (up to 8 cm long)
and significantly shortened internodes, where
the nodes can gather up to ten leaves.

Leaves are compound trifoliate, with
equal obovate leaflets, 4-16 x 5-22 mm each.
The abaxial side of the leaves is punctate.
Leaflets slightly pubescent, with reticulate
ornamentation, often with irregular row of
the oxalates seen along the margin. Leaf
base partly surrounds the stem (almost 1/2
of the node) and continues into the stipule-
like structures, which are about 3 mm
long. Petioles are glabrous, 7-12 mm long
(Nesom, 2017).

Solitary ~ flowers are  campanulate
elongated, 13-22 mm long. Pedicels are as
long as leaves, flaccid, with two opposite
bracteoles. Corolla is pale-lilac, at the base
- greenish. Sepals are slightly elongated
(4-6 mm long), acute, coriaceous, pubescent,
with oxalate deposits at the tips (Dreyer et al.,
2006; Nesom, 2017).

Bulbous representatives of the genus
Oxalis are sterile out of the natural range
of their distribution. Supposedly, such
species’ reproduction goes only through
the vegetative way due to pollination issues
caused by introduced plants’ clonal origin
(Young, 1958). Similarly, O. incarnata tends
to lose the heterostyly, and therefore - to
lose the ability for cross-pollination, even
in the natural conditions (Oberlander, 2009;
Turketti, 2010). Vegetative propagation of
such plants by bulbils became the primary
way of their dispersion. Propagative bulbils
develop both on the underground (Gray, 2011;
Groom et al., 2017) and overground parts of
the shoot. In the last case, bulbils (gemmae)
can develop in the axils (Nesom, 2017) or at the
shoot apex (Oberlander, 2009; Oberlander et
al., 2009). Axillary gemmae also occur in some
other South African Oxalis species, including
O. pocockiae L. Bolus, O. inaequalis Weintroub,
and O. convexula Jacq. (Oberlander et al,
2009; Pacific Bulb Society, 2020). Such axillary
gemmae are also known for many other plants
(Farrell, 2008). However, terminal gemmae are
reported only for O. incarnata and look to be
a unique feature of this species (Oberlander,
2009; Oberlander et al., 2009).
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Figure 1. The bulb (A) and overground shoot (B) of Oxalis incarnata: 1 - napiform contractile root; 2 -
filamentary roots (first crown); 3 - coriaceous scales; 4 - basal plate; 5 - outer thick fleshy scale; 6 - inner
fleshy scale; 7 - first membranous scale; 8 - axillary bulbil in the axil of the first membranous scale; 9 -
second membranous scale; 10 - first elongated internode; 11 - underground axillary bulbil; 12 - filamentary
stem’s root; 13 - stem’s root with irregularly-thickened areas; 14 - stem's filamentary roots (second crown);
15 - the first scale of overground part of the shoot; 16 - trophophylls; 17 - axillary gemmae; 18 - leaves in

a false whorl; 19 - terminal gemma.

The bulbs of South African representatives
of the genus are considered as annual (Salter,
1944). During the vegetation season, the
maternal bulb is wholly utilized to develop
roots, shoots, and daughter bulbs. However,
the bulbs’ descriptions often differ even for
the same Oxalis species, which probably
depends on the ontogenetic stage when such
a description has been performed. Salter
(1944) and Gebregziabher (2004) reported
South African Oxalis species to have the bulbs
constructed from basal plate, coriaceous
scales, fleshy scales, and young bulbil (the
axillary bud of the next vegetation year).
However, Ptz (1994) noted that the dormant
bulb of O. pes-caprae L. has only coriaceous
scales, fleshy scales, and undifferentiated
terminal bud in its center. At the beginning
of vegetation season, such terminal bud
develops into the shoot with adventive roots
and buds in the scales’ axils.

34

The bulbs of O. incarnata are imbricate.
In dormant conditions, the bulbs consist of a
basal plate and few fleshy scales and terminal
bud attached to this plate. After awake, the
maternal bulb starts to produce filamentary
roots around the basal plate, which form the
first crown (Fig. 1A - 2 & 4). After that, one
or two filamentary roots become thicker
and form napiform contractile roots (Zhila &
Tymchenko, 2016). The function of contractile
roots in O. incarnata (Fig. 1A - 1) has been
analyzed in detail by Thoday (1926) and Thoday
& Davey (1932). In the bulbous representatives
of the genus Oxalis, such roots usually serve
to strengthen the plant in the soil and for the
particular movement (Galil, 1968; Putz, 1994).
They also increase the absorption area near
the soil surface (North et al., 2008). Moreover,
it was noted that such contractile roots could
serve as temporary (ephemeral) storage
organs (Iziro & Hori, 1983). In general, the

Plant Introduction - 87/88



The morphostructure of Oxalis incarnata bulbs

genus’s bulbous representatives’ root system
combines features of both monocots and
dicots (Zhila & Tymchenko, 2016).

South African Oxalis have no regular
leaves (trophophylls) attached to the bulb’s
basal plate; all trophophylls are located in the
overground shoot nodes (Oberlander et al.,
2009). When the plant has already developed
overground shoot in the phase of active
growth, O. incarnata develops up to six
coriaceous scales at the basal plate (Fig. 1A
- 3). Such coriaceous scales are 3.5-4.0 mm
wide and 3.0-3.2 mm long, with three veins,
shortly pubescent on the abaxial side (with
denser pubescence at the tips) and glabrous
- on the adaxial one. Coriaceous scales
cover four fleshy scales (Fig. 1A - 5 & 6). Two
outer fleshy scales are more prominent and
thicker, 17.0-20.0 mm long, and the other
two inner fleshy scales are much smaller
(8.0-11.0 mm long) and thinner. Coriaceous
scales, together with two flashy outer scales,
make a protective envelope of the bulb.
The number of fleshy scales in O. incarnata
always remains invariable, while the number
of coriaceous scales can vary. Resting buds
can develop in the axils of both coriaceous
and flashy scales.

In O. incarnata, the terminal bud forming
the overground shoot, just like in other species
of the genus, demonstrates monopodial
growth (Jeannoda-Robinson, 1977; Shorina,
1983; Chub, 2008). Two first internodes of the
shoot are shortened; here are located very
narrow and thin membranous scales. The
first membranous scale is longer (2.5-3.0 mm
long) and holds the better-developed axillary
bulbil, which is elongated and with a sharp
tip. The second membranous scale is much
smaller, and the second bulbil forms much
later (Fig. 1A - 7-9). The next internode (Fig. 1A
- 10) is elongated, and the node holds the scale
(0.5-0.8 mm long) with spherical axillary bud
(Fig. 1A - 11). Later, this bud grows and goes out
of the bulb. Consequent elongated internodes
hold the scales, all about 1 mm long but vary in
their width. The number of these internodes,
hidden under the ground, depends on the
depth of sowing.

The underground part of the shoot located
between the bulb and the soil surface form the
filamentary roots, which are often irregularly
utricular and can ramify (Fig. 1A - 12-13). This
part of the shoot has a whitish color.
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The frontier internode (partly located in
the ground and partly open) is significantly
thickened. It holds many adventitious
filamentary roots, which form the second
crown (Fig. 1A - 14). Below this crown, the
internode is pinky, while above this level, it
becomes greenish. All other shoot elements
are located over the ground.

The overground shoot of O. incarnata is
monocyclic and survives only one vegetation
season (about six months). The first
overground node still forms a membranous
scale, which is more prominent (3.5-4.0 mm
long) than previous ones (Fig. 1A - 15). The
next leaves gradually obtain the structure
of the regular trophophylls. The lower
leaves are undeveloped (the leaf base is well
developed, but the petioles and laminae are
not developed). The middle formation leaves
are already well developed, have flashy base,
pronounced cylindrical petiole, and three
leaflets (Fig. 1B - 16). The internodes here are
elongated, 6.5-8.0 cm long.

The main shoot can ramify and produce
up to five levels of lateral branches. Lateral
shoots have a similar organization - the first
internode is shortened (up to 1 mm long), and
the first leaf is undeveloped, but all the next
internodes are elongated, and the leaves are
developed.

In the case of regular irrigation during
the year, the plants of O. incarnata remain
evergreen and form gemmae in the leaves’
axils (Fig. 1B - 17). In this case, shoots actively
ramify and, caused by elongated internodes, lie
down. They also produce additional points of
rooting in short internodes. As a result, several
grounded clones with their own root systems
and developed axillary gemmae (bulbils) in
the pseudowhorled leaves’ axils are present at
the end of vegetation season. These axillary
gemmae can serve for vegetative propagation
in the next year or complete the existing
plant’s shoot system.

In the case of seasonal irrigation, the
plants of O. incarnata shed the leaves and can
produce terminal gemma (Fig. 1B - 19). We did
not observe the formation of such terminal
gemmae in the case if axillary gemmae were
present. Each terminal gemma consists of
three outer coriaceous and four inner fleshy
scales and the bud inside of these scales. Below
such terminal gemma, shoot forms several
significantly shortened internodes, the basal
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of which can bear up to five regular leaves
or narrow scales. The uppermost shortened
internode bears three broad scales with three
rudimental axillary buds.

At the end of the vegetative season, the
overground shoots die, the gemmae (either
terminal or axillary) shed away and produce
new plants in the next vegetation season.

Conclusions

1. The root system of O. incarnata has two
crowns of filamentary roots and contractile
and additional adventitious roots, ensuring
better water absorption.

2. Resting buds are represented by three
types - axillary underground buds, axillary
overground gemmae, and terminal overground
gemmae.

3. Gemmae can continue the growth and
ramify during the current season on the
mother plant. Otherwise, gemmae can serve
for vegetative propagation and produce the
new plant in the next season.

4. In the case of regular irrigation, the
vegetative propagation of O. incarnata realizes
with the help of axillary underground buds
and axillary overground gemmae. In the case
of insufficient irrigation, it can be performed
through the axillary underground buds and
terminal gemmae.

5. Elongated internodes serve adjacent
territories’ occupation, while shortened ones
- for effective rooting and production of the
new particles with gemmae.
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MopdocTpykTypa umbynuH Oxalis incarnata

Anna Xwuna *, Onbra TUMUYeHKO

HauioHanbHWin 60TaHiuHMIA cag imeHi M.M. Tpuwka HAH YkpaiHw, Byn. Tumipsasescoka, 1, Kuis, 01014,
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Y poboTionucaHa MopdocTpykTypa unbynunHu Oxalis incarnata sk y CTaHi BiAHOCHOIO CMOKOH), Tak i BNPOLLECi
pOCTy i PO3BUTKY YNPOAOBX BereTauiinHoro nepiogy. POCIVHN yTPUMYBaNncs y ABOX PeXMMax NoanBsy:
1) piBHOMIpHOro MPOTAroM PoKy; 2) 3MiHHOIO (MOAVB Yy 6epe3Hi-XOBTHI, 6e3 NoANBY y NNCTONASi-/TIOTOMY).
LnbynanHn aHanisyBann WASXOM NOCAILOBHOMO BUAANEHHSA NYyCOK. JocaigxXeHi UMbynnHm 3axXan Manu
YOTUPU COKOBUTI NYCKW, B TON Yac AK KibKiCTb LWKIPACTUX | NepeTUHYACTUX Nycok BapitoBana. LLkipacTi
NYCKW Pa3oMm 3 BOMA 30BHILUHIMW COKOBUTUMM, OYEBUAHO, BUKOHYHOTb 3aXUCHY POJib.

HaasemHunin narin O. incarnata, SK i B iHLWMX NPeACTaBHUKIB POAY, AEMOHCTPYE MOHOMOAia/IbHe rany>XeHHs
i MOXe NpoAykyBaTu A0 M'ATU PiBHIB BiUHMX NaroHiB. BUAoBXeHi AiNSHKM HaA3eMHOro naroHa MoXyTb
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NoNAraT i BKOPIHHOBATUCS, 3aXOMJIHOHYN Npunerni TepuTopil, ToAi SK BKOPOYeHi AiNAHKN BiANOBIAa0Tb
3a BKOPiIHEHHs i dopMyBaHHA MapuiaibHUX OCO6MH. 3anexHo Big Micua 3aknagaHHa y O. incarnata
MOXYTb CAOCTepiraTucs 6pyHbBKN MOHOBAEHHS (LMBYNHKM) TPBOX TUMIB: aKCUASPHI MiA3eMHi, aKCUASPHI
Ha/A3eMHi BUBOAKOBI i TepMiHa/ibHi BUBOAKOBI. POC/IMHaM LbOro Buay npuTtamMaHHa Ak nonisBapiaHTHICTb
MPOXOAXEHHSA OpraHoreHesy 6pyHbOK MOHOBNAEHHS, Tak i MONiBapiaHTHICTb OHTOreHesy POC/INH B LLiJIOMY
3a/1eXKHO Bif, PEXNMIB 3BOJIOXKEHHS. Y BMMaAKY OBMEXeHOro noaney, POC/IMHN MOXYTb CKMAAT JINCTKU
i bopmyBaTV TepMiHanbHi NOBITPAHI BUBOAKOBI 6pYHBKN. 33 AOTPUMAHHS peXxurMy NOCTiInHOro Noamey
NPOTAroM poKy GOPMYITLCS MOBITPSAHI 6PYHbKM MOHOBNEHHS NMLle Yy nasyxax JNCTKIB, @ POoCInHa
3a/IMLLAETLCA BiYHO3e1eHO. OZHOYACHOrO YTBOPEHHS aKCUNAPHUX NOBITPSAHMX BUBOAKOBUX LIMOYNNHOK
i TepMiHaNbHWX NOBITPAHUX BUBOAKOBUX LIMBYIMHOK He CriocTepiranocs.

KopeHeBa cuctema O. incarnata Ma€e CknagHy CTPYKTYpY i CKNaAa€TbCs 3 ABOX KOPOH 3i LUHYPOMNOAIGHNX
KOPEHIiB, @ TaKOX KOHTPaKTUIbHMX KOPEHIB Ta 4OAATKOBMX KOPeHiB CHGOPMOBAHMX Y340BX OCi MaroHa npu
A0ro Nis3eMHOMY HapOoCTaHHi. Taka il CTpyKTypa, IMOBIPHO, MOK/MKaHa 3a6e3neynTi KpaLle NoranHaHHS
BOAN.

Kntouosi cnoBa: Oxalis incarnata, kopeHeBa cMCTeMa, LMOYNNHA, BUBOAKOBI LIMOYNNHKM, PEXIMM 3BONOXEHHS
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