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Abstract:  Plant biostimulants are an emerging category of inputs into technologies for plant cultivation, which
activate plant metabolism and nutrient use efficiency. A microbial plant biostimulants consortium was
applied on Passiflora caerulea L., a medicinal and nutraceutical plant grown in greenhouse conditions.
The treatments were applied during P. caerulea vegetation, as a foliar treatment with a Trichoderma
consortium suspension of 108 cfu/ml, equiv. to 10 spores/ha. The treatment determined significant
quantitative changes on morpho-anatomical features, on the leaf lamina (lamina with 10-20% thicker,
palisadic cells with 10-20% longer, larger stomata and stomatal index increased by 15%), on the leaf
petiole (the diameter ~30% larger, conducting bundles, 20% more developed, the adaxial conducting
bundles, ~30% increase) and on the stem (the diameter with 15-20% larger, central cylinder with 15-
20% bigger, xylem vessels of more than 50 um diameter, with 20% more present). These morpho-
anatomical features demonstrate the plant biostimulants effects of Trichoderma consortium. The results
presented here sustain with morpho-anatomical data the accumulation the bioactive compounds,
mainly polyphenols and flavonoids with an increased antioxidant activity, which we already reported.
Larger stems and leaves of P. caerulea, allow accumulation at a higher level of bioactives compounds.

Key words: Passiflora caerulea, nutraceutical crop, plant biostimulants Trichoderma consortium, structural effects,
stems and leaves.

Introduction

The present scientific work is referring to Passiflora caerulea L. plants, which have
been treated during the vegetation period, with a suspension of Trichoderma-plant
biostimulants consortium, consisting of two strains applied together. This multifunctional
consortium was demonstrated to stimulate the early stage of plant development and to
promote the synthesis and accumulation of biologically active compounds [RAUT & al.
2014,2015; SESAN & al. 2018].

The morpho-anatomical researches carried out on the P. caerulea plants, treated
with Trichoderma, aim to identify the biostimulants effects of the treatment on the leaves and
stems development, reported in our previous paper [SESAN & al. 2018, in press],
emphasizing on the development of the conducting tissues and the leaf structures, involved
in photosynthesis. To the best of our knowledge such approaches haven’t been yet performed
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till now and represent the scientific novelty of this work, both at national and international
level of plant morpho-anatomical domain.

In this respect, two sets of data were used in this work: (i) the data of the Passiflora
caerulea untreated plants, published in 2016 in the scientific approach “Passiflora spp. — new
nutraceutical crop in Romania” [SESAN & al. 2016; SAVIN & al. 2016] and considered the
control plant and ii) the data of P. caerulea plants treated with Trichoderma consortium
bioproduct. It has to be mentioned here that both experimental treatments, untreated plants
(control) and plants treated with suspension of Trichoderma consortium, have been carried
during the 2015 vegetation period and the anatomical investigations have been performed in
the laboratory during 2015-2017.

Material and methods

Biological material consisted in leaves and stems of Passiflora caerulea plants,
treated on the early vegetation period, with a foliar suspension of Trichoderma (108ufc/ml),
in the watering standard of 200 I/ha [RAUT & al. 2014, 2015; SESAN & al. 2018].

The Trichoderma consortium contained in two plant biostimulants strains of
Trichoderma, both deposited on the National Collection of Agricultural and Industrial
Microorganisms (NCAIM), Budapest, Hungary, T. asperellum T36b, NCAIM F 001434 and
T. harzianum, Td50b, NCAIM F001412 [RAUT & al. 2014, 2015]. Preparation of
Trichoderma consortium suspensions for the foliar treatments: The two strains of
Trichoderma have been cultivated in Petri plates on the solid PDA medium, incubated for 5
days at 28 °C, spores having been collected in sterile distillate water. For each Trichoderma
isolates spores having been counted at the value 108 cfu. The mixing rate of two isolates for
obtaining Trichoderma consortium was 1:1.

The samples for anatomical analyses were collected on 23 of June 2015, from the
Hofigal experimental field and preserved in 70% ethylic alcohol.

For histo-anatomical evaluation, the usual investigation and evaluation methods
used in plant anatomy have been applied [SERBANESCU-JITARIU & al. 1983; SARBU &
al. 2014; SESAN & al. 2016].

The Passiflora leaves and stems have been cross cut (anatomical knife), in the
median zone of lamina segments, petiole and stems internodes from the median zone of the
stems. Sections have been processed in accordance with the standard stages of the double
staining technique [SERBANESCU-JITARIU & al. 1983]. Two differential and successive
colorants have been used: lodine green and Carmin Alum. To highlight the starch, I1K has
been used. Paradermal sections were prepared, in order to observe the characteristics of the
epidermis and the lacunose parenchyma cells, in apical view.

The microscopic analysis of the slides has been performed in normal and polarized
lights (crystals study), with an optical microscope, DOCUVAL type. Microphotographs have
been carried out, on the same microscope, using a Nikon D90 digital camera.

Results and discussions

Histo-anatomical evaluation

Leaves (PLATE | — II, Figures 1-9, Table 1)

Lamina. From the morphological point of view, the Passiflora caerulea lamina is
simple, palmat-partite, with 5 unequally lobes (segments), ovat-lanceolate with acute apex,
serrate border and penat nervation. The lamina segments are approximately 230-260 pum
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width, hypostomatic and develop a dorsi-ventral structure. Tector or secretor trichoms were
not observed on the level of the lamina epidermis (Figure 1, 2).

Median nervure of the leaf segment (500-550 pum width), has an adaxial part
approximately flat and an abaxial one, with a proeminent semi-circular shape (Figure 1).

Epidermis presents proper epidermal cells, of a heterodiametric form (20-30 pm
width x 60-80 um length), with extern tangential wall thickened (~3-4 um thickness) and
covered with a cuticle of about 1-3 um thickness (Figure 3, 5). At the level of the median
nervure the epidermal cells are smaller and approximately isodiametric. Abaxial epidermis
presents also stomata cells and stomatal annexes cells (Figure 4, 5).

Stomata (18 um width x 24 um length) are as anomocitic and anisocitic types and
are present only at the level of abaxial epidermis (460- stomata / 1 mm?).

Conducting tissues are organised in conducting bundles of collateral type: 1 — large
bundle, disposed in the compact ground parenchyma of the median nervure of the leaf
segment and 6-8 small bundles, located in the secondary nervures, at the mesophyll level
(Figure 1). In all the conducting bundles, the xylem belt is adaxially oriented.

Mesophyll is differentiated in two zones: palisadic tissue, adaxially located and
consisting in 1 — layer of vertically elongated assimilatory cells (90-120 pum length) and
lacunose parenchyma, abaxially located and composed of spherical, slightly elongated cells
and groups of more elongated cells (Figure 2, 4). Gaps of different sizes are present between
the cells of the lacunose parenchyma.

Mechanical tissue consists in an angular collenchyma, observed / detected only in
the median nervure of the leaf segment, where forms, 3-4 layers adaxially and 1-2 layers
abaxially (Figure 1).

Calcium oxalate druses (15-25 um diameter) are frequent in the structures of the
lamina, where are arranged in rows, along the nervures (Figure 6).

Petiole (2.7 mm diameter) has a cylindrical form, is relatively circular in sectional
view (Figure 7) and presents an adaxial shallow groove only in its lower zone. The petiole
structure is of mono-symmetrical type, with separated conducting bundles.

Epidermis presents small cells, with an isodiametric shape in cross section, and
extern tangential wall slightly thickened. Stomata are present, but tector or secretor trichoms
missing (Figure 7, 8).

Mechanical tissue is represented by 3-4 subepidermal layers of angular
collenchyma, with a discontinuous disposition (Figure 8).

Ground tissue consists of a lax parenchyma, composed of spherical and
isodiametric cells, with thin walls (Figure 8).

Conducting tissues are organised in 10-12 conducting bundles of opened collateral
type (vascular cambium is present) of different sizes: an adaxial large bundle (550 pum width
X 700 um length) and 10-12 smaller bundles (Figure 7, 9). Each of the conducting bundles
has amilifera sheath (Figure 9).

Calcium oxalate druses are frequent in the petiole structure, being located both in
the phloem parenchyma and ground parenchyma.

Stem (PLATE Ill, Figures 10-11, Table 2) has a cylindrical shape, irregular-ribbed,
of about 2.8-3.3 mm diameter and developed a secondary structure (Figure 10).

Epidermis consists of approximately isodiametric cells in cross section, with
slightly thickness walls, covered with a cuticle of 4-5 um thickness.
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Cortex is differentiated in an extern subepidermal zone, consisting in an angular
collenchyma and an intern zone, represented by a lax parenchyma. The angular collenchyma
it is more developed (3-4 layers) at the level of ribs. The last layer of the cortex is represented
by the amilifera sheath (Figure 11).

Central cylinder is voluminous (2.5-3.0 mm diameter) and has in the center a large
pity cavity (1.0-1.2 mm diameter), formed by the disorganization of the central zone of the
ground parenchyma. From the activity of the vascular cambium are formed the secondary
conducting tissues. These are organized in two rings: an outer ring of secondary phloem and
an inner ring of secondary xylem (xylem vessels up to 150 um diameter). The primary xylem
is located in the inner part of the secondary xylem ring, near the pith cavity and the primary
phloem at the periphery of the secondary phloem ring. Packs of sclerenchymatic
periphloemic fibres of different sizes, accompany the phloem (Figure 11).

Calcium oxalate druses are abundant in the structure of the stem and are located in
different types of cells as epidermal, cortical, phloemic parenchyma cells.

Storage cells (PLATE IV — Figures 12-14).

Possible storage cells for phytochemical products were identified in the lamina of
Passiflora caerulea. These are some of the cells of the lacunose parenchyma and the adjacent
cells of the stoma (Figure 12, 13, 14).

Comparative aspects

The comparative analyses of the morpho-anatomical data obtained from the two
types of Passiflora caerulea plants, untreated plant (control plants — SESAN & al. 2016) and
treated plants with Trichoderma, have allowed the demonstration of the biostimulatory
effects of the treatment on the development of the leafs and the stems.

Some quantitative changes were observed in treated plants as compared to untreated
plants (Tables 1-3).

Table 1. Analyzed Passiflora caerulea leaf parameters (control and treated with Trichoderma
consortium bioproduct)
Measurements / size

Median bundle
dimensions

Petiole diameter

nervure

Petiole bundle

60-80 um length
150-160 um width
170-180 um length

1.5 mm
(1.4-1.7 mm)
8-9

6

D ar;:ﬁai ers Control Treated V\_/ith Tl_'ichoderma

(SESAN et al. 2016) consortium bioproduct
Median nervure of leaf lobe 300-350 um thickness 500-550 pm thickness
Leaf lamina 180-220 pum thickness 230-260 pum thickness
Cells in adaxial (superior) 20-30 pm width x 60-70 pm 20-30 pm width x
epidermis length 60-80 um length
Cells in abaxial (inferior) 20-40 um width x 40-80 um 20-30 um width x
epidermis length 40-80 pum length
Epidermis — extern wall 3.5 um thickness 3.4 um thickness
Cuticle 1.2 ym 1.3 um
Stomata dimensions 10 pum width x 18 pum width x

22 pm length 24 pum length

Stomatal index 390 stomata/mm? 460 stomata/mm?
Palisadic cells dimensions 9-10 pm width 15-16 pum width

90-120 pm length
200-230 pm width
220-240 pum length
2.7mm
(2.5-3.0 mm)
10-12
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Petiole adaxial bundle 250 pm width x 550 pm width x
300 pm length 700 pm length
Druses size 15-20 pm diameter 15-25 pm diameter

Table 2. Analyzed Passiflora caerulea stem parameters
(control and treated with Trichoderma consortium bioproduct)
Measurements / size

Stem parameters Control Treated with Trichoderma
(SESAN et al. 2016) consortium bioproduct

Stem diameter 2.4-3.0 mm 2.8-3.3mm
Diameter of central cylinder 2.0-2.2 mm 2.5-3.0 mm
Diameter of pity cavity 0.8-0.9 mm 1.0-1.2 mm
Xylem vessels diameter 10-100 pm 10-150 pm
Number of xylem vessels 25 34
larger as 50 pm
Epidermis cells cuticle 6-7 pm thickness 4-5 pm thickness

Table 3. Quantitative changes observed in the Passiflora caerulea plants treated with
Trichoderma consortium bioproduct as compared to control plants
Quantitative changes of treated plants with Trichoderma consortium
bioproduct
- Lamina with 10-20% thicker
- Palisadic cells with 10-20% longer
The leaf lamina - Larger stomata
- Stomatal index, 15% increase

The organ

- The diameter with ~30% larger
The leaf petiole - Conducting bundles with 20% more developed
- The adaxial conducting bundles with ~30% bigger

- The diameter with 15-20% larger

- Central cylinder 15-20% bigger

- Xylem vessels of more than 50 pm diameter, 20% more
developed

The stem

The data from tables 1-3, revealed that: (i) the mesophyll is more voluminous,
palisadic cells and stomata are larger and the stomatic index is higher; (ii) the petiole has a
larger diameter, has more conductive tissue and higher bundles and (iii) the stem is thick, and
the conducting tissue from its secondary structure is better represented.

Morpho-anatomical data are important for the autentification of these features in
different plants as Passiflora caerulea [VANDERPLANK, 2000; ULMAN &
MacDOUGAL, 2004; SESAN & al. 2016], Panax quinquefolius [L1 & al. 2014], Buttia
[SANT’ANA-SANTOS & al. 2018] a.o.
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Conclusions

Basic morpho-anatomical features of Passiflora caerulea plants, treated with
Trichoderma, have not changed, compared with the untreated plants. In this respect, the
following structural aspects are common both types of plants: (i) the leaf lamina has a dorsi-
ventral structure, is hipostomatal and with lack of trichoms; (ii) the leaf petiole has a mono-
symmetrical structure, with distinct conducting bundles of open collateral type; (iii) the stem
has a circular outline, irregular ribbed and a secondary structure, with concentric rings of
secondary xylem and phloem; (iv) the mechanical tissue consists of collenchyma in leaf and
of collenchyma and sclerenchyma in stem; (v) calcium oxalate crystals of different size are
present in both studied organs.

The treatment determined significant quantitative changes on morpho-anatomical
features, on the leaf lamina (lamina with 10-20% thicker, palisadic cells with 10-20% longer,
larger stomata and stomatal index increased by 15%), on the leaf petiole (the diameter ~30%
larger, conducting bundles, 20% more developed, the adaxial conducting bundles, ~30%
increase) and on the stem (the diameter with 15-20% larger, central cylinder with 15-20%
bigger, xylem vessels of more than 50 um diameter, with 20% more present). These morpho-
anatomical features demonstrate the plant biostimulants effects of Trichoderma consortium.

Storage of phytochemical products is related to stomatal annexes cells and lacunose
parenchyma cells from the leaf.

Morpho-anatomical data are important for the autentification of these features in
different plants as Passiflora caerulea [VANDERPLANK, 2000; ULMAN &
MacDOUGAL, 2004; SESAN & al. 2016], Panax quinquefolius [LI & al. 2014], Buttia
[SANT’ANA-SANTOS & al. 2018] a.o.

To the best of our knowledge such approaches haven’t been yet performed till now
and represent the scientific novelty of this work, both at national and international level of
plant morpho-anatomical domain.
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PASSIFLORA CAERULEA L. TREATED WITH TRICHODERMA PLANT BIOSTIMULANTS...

PLATE |
Passiflora caerulea — LAMINA
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PLATE Il
Passiflora caerulea— PETIOLE
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Figure 8
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PASSIFLORA CAERULEA L. TREATED WITH TRICHODERMA PLANT BIOSTIMULANTS...

PLATE Il
Passiflora caerulea — STEM
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PLATE IV
Passiflora caerulea— STORAGE CELLS
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Figure 14
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PASSIFLORA CAERULEA L. TREATED WITH TRICHODERMA PLANT BIOSTIMULANTS...

Explanation of plates and figures

PLATE I (photo: Anca Sarbu) — Passiflora caerulea - LAMINA

- Cross section through median zone of the leaf segment, with evidence of the median nervure,
colorants lodine green and Carmin Alum (Figure 1)

- Cross section through the median zone of leaf segment, with evidence of epidermis and mesophyll,
colorants lodine green and Carmin Alum (Figure 2)

- Adaxial epidermis (superior) in apical view (Figure 3)

- Cross section through the median zone of leaf segment with evidence of epidermis and
assimilatory cells, colorants lodine green and Carmin Alum (Figure 4)

- Abaxial epidermis (inferior) in apical view (Figure 5)

- Paradermal section through the leaf segment, with evidence of lacunose parenchyma, abaxial
epidermis and calcium oxalate crystals in apical view, using polarized lights (Figure 6).

PLATE Il (photo: Anca Sarbu) — Passiflora caerulea — PETIOLE
Cross section through the petiole, colorants lodine green and Carmin Alum (Figure 7)
- Cross section through the petiole, with evidence of epidermis, collenchyma and ground
parenchyma, colorants lodine green and Carmin Alum (Figure 8)
- Cross section through the petiole, with evidence of the lateral bundles, colorants lodine green and
Carmin Alum (Figure 9)

PLATE 111 (photo: Anca Sarbu) — Passiflora caerulea — STEM
- Cross section through the median zone of the stem, colorants lodine green and Carmin Alum
(Figure 10)
- Cross section through the median zone of the stem, with evidence of epidermis, cortex and of
central cylinder elements, colorants lodine green and Carmin Alum and 11K (Figure 11)

PLATE IV (photo: Anca Sarbu) — Passiflora caerulea — STORAGE CELLS
- Paradermal section through the leaf segment, with evidence of lacunose parenchyma and storage
of phytochemicals products (Figure 12)
- Paradermal section through the leaf segment, with evidence of phytochemicals products
accumulation in the cells (Figure 13)
- Paradermal section through the leaf segment, with evidence of the abaxial epidermis, the stomata
cells and the accumulation of phytochemicals products in the adjacent cells (Figure 14)
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Abstract:  The Euphorbia genus is unitary by the presence of the characteristic inflorescence named cyathium,
but presents a remarkable morphological diversity of aerial vegetative organs. Species that originated
in the tropical zones, especially South-African ones stand out by the presence of some epidermal
appendages little known (trichomes, spines, leaf scars). Of those, the spines are the most conspicuous
and intriguing from a structural point of view; the botanical terminology used for describing their
features is critically presented. The representatives of the Euphorbia genus cultivated in Botanical
Garden lassy greenhouses were morphologically analysed and a detailed description of epidermal
appendages resulted, which is useful in clearing taxonomical aspects.

Key words: epidermal appendages, Euphorbia, leaf scar, spine shields, vegetative organs.

Introduction

The Euphorbia genus presents an impressive morphological variability, correlated
with the huge number of comprised species (approx. 2000) and the diversity of their habitats.
Already vast, the genus was enriched by the immersion of taxa from Monadenium,
Pedilanthus and Synadenium genera [BRUYNS & al. 2006; STEINMANN, 2003],
determined by the last molecular genetic studies.

Characteristic for this genus is the presence of a particular inflorescence, named
cyathium [BERRY & al. 2016; BROWN & al. 1925], which was intensively studied,
morphologically and structurally. Quite frequently the inflorescence can't be seen at
cultivated species, which originated from tropical and subtropical areas because of its lack of
blooming. In this case the features of the aerial vegetative organs can be useful in
identification, but in ecological, horticultural, pharmacological etc. studies as well.
Anatomical and/or morphological studies on representatives of this genus are quite rare
[ZAHRA & al. 2014] and focused mostly on species originated from the northern hemisphere
[GALES & TOMA, 2006; TALEBI, 2017]. The epidermal appendages are less studied at this
genus, and sometimes these bear particular characteristics, rarely seen in the vegetal domain
(especially at South African species).

The studied epidermal appendages from the vegetative organs are trichomes, spines
and leaf scars.

The importance of the study of trichomes in resolving taxonomical [COURT, 2000]
and ecological aspects is widely recognised, but in the case of the Euphorbia genus these
studies are few and focused especially on herbaceous, non-succulent species [THAKUR &
PATIL, 2012; ZAHRA & al. 2014].
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The spines present at succulent species which originate from arid areas (especially
South Africa) are structures which frequently cause confusions with cactuses, these two
groups of plants being the best known examples of convergent evolution. Otherwise spurges
are considered homologous of cactuses in African arid areas. The presence of the spines
together with the stem’s appearance are the reasons for these expression used in the
description of spiny succulent spurges: cactus-like [GILBERT & CARTER 1984;
NEUWINGER 1996], cactiform [EVANS & al. 2014; ARCO AGUILAR & RODRIGUEZ
DELGADO, 2018]. The spines of the Euphorbia genus are different from those of cactuses
(most of them are of stipelar origin and are developed on a specific structure named spine
shields), and in comparison with them [DREZNER, 2017; GEBAUER & al. 2016] are less
studied (or not at all), structurally and functionally. About the Euphorbia genus’s spines
general aspects are known, which are applicable for all spinescent species and just a few
papers remember their ecological role [RABESANDRATANA, 1984], without a subject
focused analysis.

Probably the reduced frequency of information about spines (comparatively with
those refering to cactuses’ spines) can be the source of the inexplicable mistake of some
botanists who mentioned that in the case of Euphorbia canariensis the leaves turned into
spines [ALVAREZ ESCOBAR & RODRIGUEZ DELGADO, 2014]. This mistake is that
much more regretable because it appeared in a paper that reached a great number of
specialists from various domains (agriculture, cultural anthropology, biology, ecology,
pharmacognosy, linguistics) comparatively with their valuable work [DIAZ HERNANDEZ &
RODRIGUEZ DELGADO, 1995] used strictly in botanical domain.

Leaf scars can’t be considered epidermal appendages in the classical sense, but at
some of the analyzed species these represent obvious characters, easy to analyze and always
presented. They are mentioned in the description of some species in specialty literature
[CARTER & LEACH, 2001].

Material and methods

The studied material is represented by vegetative organs of 26 taxa from the
Euphorbia genus belonging to the collection cultivated in greenhouses of “Anastasie Fatu”
Botanical Garden lassy.

The vegetal matter comes from species with ages between 30 and 40 years old (E.
aphylla Brouss. ex Willd., E. canariensis L., E. grandicornis Goebel ex N. E. Br., E.
grandidens Haw., E. ingens E. Mey ex Boiss., E. ramipressa Croizat, E. tirucalli L., E.
trigona Mill.), between 15 and 20 years old (E. guentheri (Pax) Bruyns, E. myrsinites L.),
between 10 and 12 years old (E. bicompacta Bruyns var. rubra (S. Carter) Bruyns, E.
bubalina Boiss., E. caerulescens Haw., E. cotinifolia L., E. flanaganii N. E. Br., E. ferox
Marloth, E. globosa (Haw.) Sims, E. lactea Haw., E. milii Des Moul., E. pulcherrima Willd.
ex Klotzsch, E. stenoclada Baill., E. umbellata (Pax) Bruyns), and between 5 and 10 years
old (E. leuconeura Boiss., E. pteroneura A. Berger, E. tithymaloides L.).

The number of items from each species varies: 1 (E. ingens, E. grandidens and E.
stenoclada), 2 (E. bubalina, E. caerulescens, E. ferox, E. lactea, E. ramipressa), 3-15 (the
rest of the species).

The study was focused on three types of epidermal appendages: spines, trichomes
and foliar scars from vegetative aerial organs.
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In order to observe the spines and the leaf scars 20 spiny structures were analyzed,
along with scars from the mature sections (at least 2 years old). In order to observe trichoms
20 leaves collected from species whose leaves last for at least a few months were analyzed.
In the case of E. myrsinites, the aerial leaf stems last only for one vegetative season, dying in
winter.

The information from specialty literature [BERRY & al. 2016; CARTER, 2002;
CARTER & LEACH, 2001; CARTER & RADCLIFFE-SMITH, 1988; CREMERS, 1978;
JSTOR 2013; SWANEPOEL, 2013] was compiled with the observations realized with the
help of an Optika stereo microscope (spines and leaf scars), and an Optika microscope
(trichomes). The most relevant aspects have been photographed with a Canon A540 camera.

Results and discussion

The most obvious and interesting epidermal appendages at studied spurges are the
spines. The succulent species of the Euphorbia genus from the arid areas of South Africa are
considered homologous of the cacti in the American areas with similar weather conditions.
In accordance with the theory of convergence evolution, spines are present as a result of
adaptation to a harsh environment and often these two groups of plants are mistaken for each
other. This confusion is facilitated as well by the fact that cultivated representatives of
Euphorbia rarely bloom (ex. E. trigona, E. canariensis).

At the African species described in Flora capensis [BROWN & al. 1925], the spines
are of three types conform to their provenance:

1. the apex of the branches turned into a sharp spine (ex. E. stenoclada);
2. the peduncle of the inflorescence turned into a sharp spine (ex. E. ferox);
3. spines in pairs named “stipular spines”, differently disposed towards leaf scars (ex.

E. caerulescens).

BROWN (1925) come into notice that this last type of spines can’t be considered
stipules in the real sense of the word, but the term is used in specialty literature [CARTER,
2002] referring to the Euphorbia genus. The second type of spines is designed by DOREEN
COURT (2000) as peduncular spines, meanwhile MAPAYA (2003) names them
“inflorescence thorns because they are homologous with inflorescences” or their withered
and retained central axes.

The characteristic structure on which the spines develop is most frequently named
spine shields [CARTER & LEACH, 2001]. In Flora of Tropical East Africa [BEENTJE
& CHEE, 2014] it is shown that this term is rarely used and it is defined as a “horny pad from
which the spines stick out”. In a precedent work [SCHMIDT & al. 2002] this structure is
identified by the term warty cushions, which appears in COATES PALGRAVE’S work
(2013) as well, but apparently with a different signification. Spine shields are a defining
character for African spiny succulent species and their features can be diagnosis characters.

DORSEY & al. (2013) point that spine shields “typically bears two or four spiny
outgrowths”. These outgrowths are interpreted by CARTER (1994) as “a pair of spines and
a pair of stipules modified as prickles”. These prickles [CARTER & LEACH, 2001] are
named dorsal spines by MAPAY A or rudimentary spines by SWANEPOEL.

Secondary spines are named those which flank the floriferous eyes [CARTER &
LEACH, 2001].

The features of epidermal appendages from species of the Euphorbia genus
collection cultivated at Botanical Garden lassy are presented below:
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E. aphylla: leaf scars sparse, apparently punctiforme, approximately 0.2 mm
diameter, whitish.

E. bicompacta var. rubra: leaf scars elliptical, reniform or semilunar, 1 cm apart,
obvious especially due to light brown colour on green surface of the photosynthetic stem; 3-
18 mm length, on old stem they are bigger due to increase in thickness.

E. bubalina: leaf scars semicircular to triangular, approximately 1.5 mm length, 1.5-
2 cm apart, disposed at apical end of tuberculate segments.

E. caerulescens: spine shields whitish-grey connected in a horny edge, on the most
part of edges stem; spines in pair, 0.5-1.2 cm length, whitish with deep brown apex, straight
or slightly curved, made an angle of 120 degrees.

E. canariensis (Plate I, D): spine shield almost circular or elliptical, decurent,
approximately 3 mm diameter, approximately 1mm apart, reddish-brown becomes soon light
brown. Spines in pairs shining brown disposed throughout angles of stem, + 4 mm length,
horizontal spreading, making an angle of approximately 180 degrees, straight or “cow-horn”
shaped, very sharp.

E. cotinifolia (Plate I, B): non-glandular trichomes unicellular cylindrical reddish
on the upper side of the petiole of the young leaves, soon caducous.

E. ferox (Plate I, H): spines (modified peduncles) solitary or rarely 3, disposed along
the 8 angles, mostly 3.8-7.6 cm apart, 1.3-3.2 cm length, stout, very rigid, woody, straight or
variably curved and more or less horizontally spreading except the few at the apex, brown
becoming grey.

E. flanaganii: leaf scars semicircular, whitish, at the apical end of the tuberculate
segment from the lower part of the branches or on the tubercles of the central stem.

E. globosa (Haw.) Sims: leaf scars irregular-ovate or semicircular, approximately
0.5 mm length, on the apex of the tubercle.

E. grandicornis (Plate I, A): spine shields fusiform, grey or brownish joined in a
continuous horny edge. Spines in pairs very stout, 15-70 mm long, 2-3 mm thick at the base,
but reduced to c. 3 mm length at the constrictions of the branches, 2-3 cm apart, widely
diverging at an angle of 160-180 °, grayish or pale brown, the apex darker and sharp; prickles
minute, 1-2 mm length, below the spines; secondary spines on one side and the other of the
flowering eyes, 1-2 mm long.

Leaf scars between the spines, semicircular to triangular

E. grandidens: on main stem spine shield obovate, isolated, 1.5-2.5 cm apart, 1.5-8
mm length; spines pair, 2-9 mm length, black at the apex, rarely parallel, most frequent
divergent (till 180 degree). On the terminal branches spine shields decurent transversely
elliptic; spineless or with a pair of reduced spines, 1.5-2.5 mm length, 2.2 cm apart, divergent
at an angle of 100 degrees, straight or cow-horn shaped; prickles minute, sometimes
squamiform.

E. guentheri (Plate I, C): a cluster of 5 spines on each tubercle of the stem; 3 of
them are disposed on a triangular shape, 1-2 mm length, solid, the central one reclined; the
two other spines smaller (Imm length). Leaf scars approx. 1mm, almost circular, above and
bordered by spines.

E. ingens (Plate 1, J, K,): Spine shields oval or obovate, 12-18 mm apart, 4-5 mm in
diameter, extending 5 mm above to include the flowering eye. Spineless or with a pair of
spines 2-5 mm length, straight, divergent at an angle of 120 degrees. Spines and spine shields
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are initially brown but soon becoming corky, rusty-brown and disintegrating or grey on old
segment of the stem.

E. lactea: Spine shields light brown, decurrent, lanceolate, wider in medial zone,
where are the spines, sometimes comprises flowering eyes on the upper part. Spines in pair,
2-6 mm length, divergent at an angle of 60 degrees, dark brown and very sharp at the apex,
most of them down curved.

E. leuconeura (Plate I, C, D, I, J): cartilaginous stipules light brown or whitish-
grey, divided in numerous bristles up to 5 mm length, joined and making a continuous edge.

Leaf scars linear to reniform, 1.5-2.5 cm apart; sometimes joined with branches’ scars;
obvious especially due to light brown colour on green surface of the photosynthetic stem.

E. milii (horticultural varieties) (Plate I, F, Plate Il E, H): trichomes unicellular
whitish on stem, petiole, base of leaf and lower half of spines, at the mature ones only in
basal part. The most trichomes are simply, cylindrical, with acuminate or rounded apex; a
few trichomes are clavate.

Spines in pairs (rarely 1 or 3) flanking the leaves or leaf scars, the pairs
approximately parallel; spines 1-2 cm length, straight, grey with brown apex, very sharp,
divergent at an angle of 45 degrees.

Leaf scars semicircular or reniform, approximately 2.5 cm length, gray.

E. myrsinites L.: leaf scars semilunar, approximately 3 mm length, light brown,
alternate disposed and at an angle of 45 degree towards the stem.

E. pteroneura (Plate 1, J): leaf scars semicircular or semilunar, 3-7 mm length,
disposed on demarcation line of segments of the branches, 2-5 cm apart, alternate disposed.

E. pulcherrima (horticultural varieties): non-glandular trichomes multicellular
uniseriate crisped, whitish, uniform disposed on lower side of leaf lamina, numerous; similar
on upper side in lower third, on veins and edges of the lamina, otherwise rarely or absent.

E. ramipressa (Plate I, B, I): spine shields obovate (on old stem) or pentagonal,
slightly decurent. Spines in pairs, darker at the apex, straight or curved (cow-horn shape),
divergent at an angle of 120 degrees. Above the spines are two rudimentar prickles as a
foliaceous squame, with approximately circular shape. Sometimes spine shields are reduced
in dimension, the spines are very small or absent. On the old lignified stem, spine shields are
more decurrent and sometimes joined in a subcontinuous series.

E. stenoclada (Plate I, G): on juvenile form of the plant terminal branches have the
apex transformed in spine, brown, approximately 2 mm length.

E. tirucalli (Plate Il, F): The extreme tips of young leafy branchlets sparsely
tomentose with curled white hairs.

Foliar scar semicircular, light brown, approximately 1 mm length, perpendicular on
the stem surface. Most often on one side and the other are stipular remnants, as two blackish
squama.

E. tithymaloides: non-glandular trichomes multicellular uniseriate, whitish,
frequent on petiol, midvein and edges of the foliar lamina, more rarely on foliar lamina.

Leaf scars elliptical or almost triangular, with angle rounded, 7 mm length,
approximately 2 cm apart.

E. trigona (Plate I, E): Spines paired, 4 mm length, straight, divergent at an angle
of 120 degrees, shining reddish-brown, become whitish-grey on old stems. The bases of the
spines obovate, usually distinct, sometimes joined. On upper side rudimentary prickle.

Leaf scars bordered by bases of the spines, shape variable (circular, semicircular or
polygonal), 2-3 mm length, whitish.
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E. umbellata (Plate Il, A, G): non-glandular trichomes bulbose on edges of the lamina.

Leaf scars semilunar or elliptic, up to 1 cm length, alternately disposed,
approximately 2.5 cm apart, obvious especially due to light brown colour on green surface
of the photosynthetic stem. At the apex of the branches scars are 7 mm long, but they can get
to 12 cm due to increase in thickness, in this case the shape is almost elliptic.

Most of the species mentioned in specialty literature are glabrous or, on the contrary,
only have non-glandular trichomes [LUZ & al. 2015; TALEBI & al. 2017; ZAHRA & al.
2014], as can be seen in the analysed taxa. In the case of E. pulcherrima the trichomes were
only observed on the inner side, instead of both, as it appears in Flore des Mascareignes
[RADCLIFE-SMITH, 1982].

The spiny structures are simple (E. stenoclada) or more complicated, a veritable
armature (E. grandicornis, E. guentheri); in succulent species the “cow-horn” shape is
frequent. All three types of spines mentioned by BROWN are present on our material, but
for the type of spine represented by E. stenoclada, PEIRSON & al. (2013) uses the expression
“spine tipped branches”. In addition, only RADCLIFE-SMITH used the term shields
”écusson” in French) in the description of E. milii and spinescent stipule (“stipules
épineuses” in French) for the spines.

Spine shields are characteristic for Euphorbia species and may be isolated or joined,
making a continuous edge. The colour is mostly light brown, but can become rusty-brown
(E. ingens) or gray. At E. canariensis CARTER (2002) mentioned a blackish colour, never
seen in our material.

Leaf scars vary from almost indistinguishable (punctiform, about 1 mm length e.g.
E. tirucalli) to conspicuous, visible from a considerable distance (e.g. 12 mm length on an
old stem of E. umbellata). The disposition toward the stem is different; at E. umbellata the
scars are parallel with axes of stem/branches, at E. tirucalli they are perpendicular, and at E.
myrsinites they form a 45 degrees angle. When it comes to species with tuberculous stems,
the scars are disposed on the apex of the tubercles, like in the case of E. guentheri.

The leaf scars of E. canariensis bear in the centre five green formations which can
be rudiments of leaves, as VIERA Y CLAVIJO (1942) suggest. In fact at this species the
leaves are never seen and are not mentioned in any botanical description.

Conclusions

Trichomes, spines and leaf scars were treated as epidermal appendages first of all
from the point of view of their disposition towards the surface of the stem, and secondly from
the point of view of their provenance.

The epidermal appendages of aerial vegetative organs from the Euphorbia species
present distinctive features valuable from a morphological point of view. The trichomes are
only non-glandular and present at few species, especially non-succulent. The spines are
variable in shape, colour and position and some of them are developed on a special structure,
named spine shields. The leaf scars can be a valuable character, by their different shape and
disposition around the stem surface.

The results of the observations are mainly available for cultivated items.
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Explanation of the plates

Plate | (scale bars = 1 cm)
A. Euphorbia grandicornis — spines shields with spines on branche: 1 — spine shields, 2 — spines, 3 —
prickles, 4 — leaf scar

E. ramipressa — spines shields with spines on tertiary branch

E. guentheri — clusters of spines and leaf scar with a drop of latex on stem

E. canariensis — spines shields with spines on secondary branch

E. trigona — spines and leaf scar on secondary branch

E. millii — tertiary branch with spines and leaf scar

E. stenoclada — spine on terminal branch

E. ferox — spine on stem
E. ramipressa — old stem with subcontinuous lines of spine shields and spines
J. K. E. ingens — stem with spines on rusty, respectively grey spine shields

B.
C.
D.
E.
F.
G.
H.
l.

Plate 11 (scale bars = 1 cm)

A. E. umbellata — trichome on margin of the leaf (700 x)

B. E. cotinifolia — trichomes on petiol of juvenile leaf (350 x)

C. E. leuconeura — cartilaginous stipules on edge of branche

D. E. leuconeura — cartilaginous stipules with bristles on edge of branche (100 x)
E. E. milii — clavate and cylindrical trichomes on surface of branche (700 x)

F. E. tirucalli — leaf scar with stipular remnants on terminal branch

G. E. umbellata — leaf scar on tertiary branch

H. E. milii — leaf scar on tertiary branch

I. E. leuconeura — leaf scar on secondary branch

J. E. pteroneura — leaf scar on secondary branch
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Abstract:  The floral vasculature aspects of twenty-four species belonging to six monocotyledonous families are
dealt with. These selected taxa include 23 horticulture species cultivated in Egypt and the remainders
is among the wild flora of Egypt. A great attention has been focused by phylogenetists on the
position of the ovary with respect to the other parts of the flower. In this connection, the nature of the
inferior ovary is generally discussed on the basis of two theories; appendicular and axial. It is
fortunate that the vascular skeleton can still be regarded as the most conservative character and that it
may be rather conclusive in the determination of the nature of the inferior ovary. In the present study,
the different patterns of floral vascularization are presented in cumulative tables and figures to
facilitate the comparative study. Moreover, an interpretation to the observed variations is also tried to
reach at the relations between the taxa studied and to determine the nature of the hypanthium.

Keywords: Epigynous flower, floral vasculature, hypanthium, inferior ovary, monocotyledons.

Introduction

More than other plant part the flower has always received a great attention on
telling evolutionary pathways; and of all the floral phenomena that of the inferior ovary has
doubtless been extensively discussed [DOUGLAS, 2003; BASSO-ALVES & al. 2017].
Since the nineteenth century two theories about its nature have received strong support and
simply presented, these are the appendicular theory and the axial theory.

Under the appendicular theory, also called the Candollean theory and the
concrescence theory; the ovary becomes inferior by the adnation of the bases of the outer
floral whorls to the gynoecium; while the axis forms no part of the ovary wall. Supporters
to this theory were VAN TIEGHEM (1871), DE CANDOLLE (1891), SWAMY (1948),
BLASER (1954), DOUGLAS (1957), STEBBINS (1977), KHALIFA & al. (2009). Under
the axial theory, also called the receptacular theory, the inferior ovary is considered to
consist of tissues of the axis that form an invaginated floral receptacle surrounding the
gynoecium and adnate to it. Among the holders of this theory were PAYER (1857),
DOUGLAS (1957) and EAMES (1974).

Not easy as above either theory can be accepted since the whole situation is further
complicated by the so-called hypanthium. This hypanthium is an expression of the tendency
for the floral parts of different kinds to fuse together to form one morphological entity
which often resembles the calyx in texture thus giving an impression of a calyx tube
[GUSTALSSON & ALBERT, 1999]. The degree of fusion of petals (or inner perianth) and
the stamens to this tube as well as their leveling is so diverse that many versions of epigyny
do exist, and thus causing controversy about the nature of the inferior ovary whether totally
axial, totally appendicular or partially this or that. More difficulty is confronted for the

Received: 21 December 2017 / Revised: 9 October 2018 / Accepted: 31 October 2018



THE NATURE OF THE INFERIOR OVARY IN SOME MONOCOTYLEDONOUS FAMILIES

hypanthium, although appearing as a simple morphological structure, yet it is actually
compound anatomically.

In spite of this, many cases in the dicots have been correctly comprehended and
the nature of the inferior ovary has been satisfactorily assigned. In monocots, however the
case is not as easy as in dicots. This is because as STEBBINS (1977), states, epigyny in
monocots is derived by routes which differ from those of the dicots. However, he directed
the attention towards the following points: 1- In most monocotyledonous hypogenous
flowers the rule is the undifferentiating of the perianth into sepals and petals. If any
differentiation occurs, it will be so weak. That the intercalary concrescence between the
members produces a floral tube ending into a single series of free perianth lobes. 2- In some
genera the stamen filaments are adnate to the perianth tube and the structure is somewhat,
but not completely, analogous to the hypanthium of the Rosales. 3- The epigynous flowers
in most of the Amaryllidaceae are probably derived from such perigynous flowers but the
direct origin of epigyny from hypogyny, at least in monocots is certainly a possibility. 4-
The determination of the nature of the inferior ovary represents a remarkable controversy if
one has to decide whether it is axial, appendicular or both. The latter case originates
through the adnation of the floral parts on one hand and the concavity of the receptacle
makes at least a part of the ovary wall to be axial [PURI, 1951; KAPLAN, 1967,
CRONQUIST, 1968].

Again and over a century the problem of the nature of the inferior ovary received
its due attention. The comprehensive review by DOUGLAS (1944) represented a trigger for
diverse interpretations and conclusions. In the same review it became clear that the internal
region of the ovary wall is truly carpellary, but great controversy arose about the nature of
its outer region. As regards this latter region one group of workers believed in its
appendicular nature [DUCHARTRE, 1841; LESTIBOUDOIS, 1855; TREVIRANUS,
1861; KOEHNE, 1869; VAN TIEGHEM, 1870; BOUTINEAU, 1883; SAUNDERS, 1925
a,b,c; KOZO POLJANSKI, 1926; DOWDING, 1931; EAMES, 1931; EAMES & MAC
DANIELS, 1947; OKIMOTO, 1948; SWAMY, 1948; BLASER & EINEST, 1950;
ROSTOGI, 1951; KHALIFA & al. 2009]. The second group of workers considered it to be
receptacular [DUCHARTRE, 1842; TREVIRANUS, 1859; HENSLOW, 1891,
KIRKWOOD, 1905; JUDSON, 1929; SMITH & SMITH, 1942; SHARMA, 1949]. As a
compromise, EAMES (1974) stated that the inferior ovary had developed in two
morphologically different ways by adnation of the floral appendages and by hollowing the
axis tip.

The interpretation of the nature of inferior ovary is not easy to explain when the
force of connation has resulted in some events as syncarpy, and when the adnation produces
unions of floral parts, delimitation of the receptacular tissue is mostly impossible and
interpretation of the basic flower structure in syncarpous ovaries would differ widely. Thus,
the validity of using the anatomical method in determining the nature of inferior ovary
becomes of vital significance. It is fortunate that the vascular skeleton can still be regarded
as the most conservative character and that it may be rather conclusive in the determination
of the nature of the inferior ovary. Moreover, an interpretation to the observed variations is
also tried to reach at the relations between the taxa studied and to determine the nature of
the hypanthium.
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Material and methods

Twenty-four species belonging to six monocotyledons families are dealt with.
These taxa include 23 horticulture species cultivated in Egypt and the remainder is among
the wild flora of Egypt. All taxa were identified after TACKHOLM (1974), BAILEY
(1976), HUXLEY & al. (1992) and BOULOS (2000 & 2009). Herbarium specimens were
kept at the Botany Department Herbarium, Faculty of Science, Ain Shams University. The
families and the taxa studied are cited in Table 1 and arranged according to APG Il (2003).
The different localities of the taxa studied are also cited in Table 1. The flower buds of the
studied taxa were fixed and preserved in F.A.A. embedded in paraffin wax, then serially
sectioned at 10-15u according to conventional method [JOHANSEN, 1940]. Sections
stained in crystals violet-erythrosine (saturated in clove oil) combination. Some photos
were presented to clarify critical cases.

Table 1. The different localities of the studied taxa [the taxa are arranged according to APG Il (2003)]

Family Genus Species Locality
A. americana L. OBG
Agave A. lophantha Schiede ex Kunth. OBG
A. sisalana Perrine OBG
Clivia C. miniata (Lindl.) Bosse ZBG
C. augustum Roxb. 7BG
. C. bulbispermum (Burm.f.) Milne-Redh. &

Crinum . BGA
Schweick. BGA

Amaryllidaceae C. x powellii Baker

. C. capitulata Kuntze.

Curculigo = Molineria capitulata (Lour.) Herb. OBG
Furcraea F. foetida (L.) Haw. OBG
Hippeastrum H. vittatum (L'Hér.) Herb. BGA
Hymenocallis H. caribaea (L.) Herb. OBG
Narcissus N. tazetta L. OBG
Pancratium P. maritimum L. Mma.
Bromeliaceae Billbergia B. nutgns__H. Wendl. ex Regel BGA
B. x windii Baker BGA
Cannaceae Canna C.indica L. BGA
Antholyza A. aethiopica L. ABG
Iridaceae Freesia F. refracta (Jacq.) Klatt BGA
Gladiolus G. x gandavensis Van Houtte BGA
Iris I. X germanica L. BGA
Musaceae Musg _ M. nana Lour. BGA
Strelitzia S. reginae Banks OBG

- A. speciosa Schum.
Zingiberiaceae Alpinia = Eptlingera elatior (Jack) R. M. Sm. OBG
Hedychium H. coronarium J. Koenig OBG

Abbreviations: ABG = Alexandria Botanical Garden, Alexandria University, Alexandria; BGA = Botanical Garden
of Ain Shams University, Cairo; Mma = The Western Mediterranean Costal Region (Sea shore, sand dunes),
Alexandria-Matruh road; OBG = Orman Botanical Garden, Giza; ZBG = Zohria Botanical Garden, Giza.
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Results and discussions

The results obtained in this study are concerned the different patterns of floral
vascularization and their discussion is subsequently presented.

I. The pedicel vasculatures (Table 2)

Within the studied taxa the pedicel vasculature ranges between the numerous, scattered
vascular bundles (14 taxa) (Figure 1 a) or in the form of number of vascular bundles definitely
arranged. These are either 6 bundles in Clivia miniata and Narcissus tazetta (Figure 1 b); or the
supply is formed of outer 6 bundles and one inner vascular mass in Antholza aethiopica, or outer
12 bundles and 6 inner vascular masses in Crinum x powellii; or outer 16 bundles and inner 7
vascular masses in Hedychium coronarium (Figure 1 ¢) or 9 vascular masses forming a ring in
Alpinia speciosa; or a central hexagonal stele in Freesia refracta and Gladiolus gandavensis
(Figure 1 d). In the remaining two taxa Curculigo capitulate and Crinum bulbispermum the
pedicel vasculature is in the form of numerous vascular bundles arranged in a ring (Figure 1 €).

I1. The perianth leaves vasculatures (Table 2)

A. The outer perianth leaves vasculatures

1. Outer median tepal bundle

The origin of these bundles is either independent in 17 taxa (Figure 1 a) or dependent
in the remaining taxa. It could then be mentioned that the dependent state is either resulting from
the incorporation of such bundles with outer staminal traces (Agave americans, Anotholyza
aethiopica and Gladiolous x gandavensis) (Figure 2 e) or from the incorporation of such
bundles with both the outer staminal traces and the carpellary dorsal bundles (Hymenocallis
caribaea, Narcissus tazetta, Billbergig nutans and Iris x germanica) (Figure 2 d). The initial
number and the final number of the outer median tepal bundles is one for each tepal in all the
taxa under investigation.

2. The outer marginal tepal bundles

The origin of the outer marginal tepal bundles in the taxa studied is either independent
in 12 taxa (Figure 1a) or dependent in the other 12 taxa. The dependent case is resulting from the
incorporation of such bundles with the other bundles. Thus, the following forms are observed:
with outer staminal strands in Clivia miniata, with outer staminal and carpellary dorsal strands in
Crinum x powellii and Hippeastrum vittatum, with inner median and marginal tepal strands in
the all studied taxa of the family Iridaceae (Figure 2 e & f) and with inner marginal and outer
marginal tepal strands in Crinum bulbispermum, Curculigo capitulata, Narcissus tazetta,
Pancratium maritimum and Billbergia nutans (Figure 2 d). The initial number of the outer
marginal traces varies. It is either two traces in seven taxa (Figure 2 c), six traces in eight taxa, 2-
5 traces in Crinum x powellii, nine traces in Crinum bulbispermum or numerous traces in seven
taxa. Generally, in the taxa studied there are numerous outer marginal bundles (Figure 5 a)
except in Clivia miniata where there are only six bundles.

3. The outer androperianth strands

Generally, absent in 15 of the 24 taxa studied. However, the results obtained indicated
the presence of such strands in the remaining nine taxa (Table 2). The level of differentiation and
separation of these strands to their components is different. Thus, the following types are
presented: separation at the base of the ovary in Agave americana, Hymenocallis caribaea and
Billbergia mutans, separation at the middle of the ovary in Crinum x powellii, separation at the
top of the ovary in Hippeastrum vittatum, Antholyza aethiopica, Gladiolus x gandavensis and
Iris x germanica (Figure 3 b), and separation at the top of the very long collar “Androperianth
tube” in Narcissus tazetta (Figure 4 d, e).
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B. The inner perianth leaves vasculatures

The characteristic features of the vasculature of the inner perianth leaves (median,
marginal and androperianth strands) of the different taxa under investigation have been indicated
and presented in cumulative and comparative patterns (Table 2).

111. Floral cup (Table 2)

A. Casing

Consequently, it could be said that the nature of casing in the present work is
represented in the following three types:

1. The casing is totally appendicular in the three studied taxa of Agave species, Crinum
augustum, Curculigo capitulata and Furcraea foetida (Figure 2 a, b, c).

2. The casing is nearly receptacular in Narcissus tazetta (Figure 2 d).

3. The casing is receptacular and appendicular in the remaining 17 taxa (Figure 2 e, f).

B. Collar

The collar is present in most of the studied taxa (21 taxa). In the remaining studied
taxa, the collar is totally absent (Crinum x powellii, Canna indica and Musa nana). The nature
of the collar if present is appendicular in all of the taxa studied except Narcissus tazetta (Figure
4 a-e). The extension of the collar above the ovary level is either short in 11 taxa, medium in
Clivia miniata and Strelitzia reginae, long in 5 taxa, or very long in Crinum bulbispermum,
Narcissus tazetta and Pancratium maritimum.

IV. Androecium vasculatures (Table 3)

In all the taxa studied of Amaryllidaceae and Bromeliaceae, the number of fertile
stamen is six in two whorls. In Iridaceae it is only three fertile stamens whereas in Canna indica
(Cannaceae) it is half stamen (Figure 5 €). Musaceae (Musa nana and Strelitzia reginae) possess
five stamens; three outer and two inner and in Zingiberaceae (Alpinia speciosa and Hedychium
coronarium) it is only one fertile stamen (Figure 5 f).

The plan of androecium vasculature in all the studied taxa is composed of one trace for
each stamen. These traces remain unbranched in 18 taxa (Figure 5 a, b, ¢). The staminal bundles
are branched in both filaments and anthers forming a few bundles which trespass and enter into
the anther in 5 taxa (Figure 5 d, e, f). In Gladiolus x gandavensis, the staminal supply is
originated as one bundle which is then splitted into three bundles in the staminal filaments.

The androgynoecium strands is recorded only in 14 out of the 24 taxa studied. The
androgynoecium strands show considerable variation with regard to their differentiation and
separation levels. Thus, the following levels can be observed:

Level 1: Separation at the middle of the ovary in Crinum bulbispermum, Hymenocallis
caribaea, Pancratium maritimum and Billbergia nutans.

Level 2: Separation at the top of the ovary in 10 taxa refer to Table 3 (Figure 3 b, c).

V. Gynoecium (Table 3)

In all the taxa studied, the gynoecium consists of three fused (syncarpous) unlobed
carpels. Each carpel has three locules with many ovules in each. It has long been established that
the carpel is a 3-traced organ, one dorsal and two ventral bundles [EAMES, 1953] it is believed
that this 3-traced condition is the most primitive and this has been modified by both reduction
and fusion [EAMES, 1929; FAHN, 1982 & PANDEY, 1982]. In the studied taxa, the gynoecium
and its vascular supply has been found to behave in the following manner:

A. Ventral bundles

Just below the detection of the locules the floral stele is differentiated showing the
following types; forming numerous traces in 12 taxa (Figure 1 a), forming six traces in 3 taxa,
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forming three vascular bundles or masses in 5 taxa, forming one vascular mass in 3 taxa and
undetected vasculature in Agave lophantha. The behavior of ventral bundles has been found to
behave in the following manner:

Type I. Ventral bundles arising separate and numerous for each carpel
la. The numerous bundles originate free. At a higher level, they undergo branching in the
placental tissue for feeding the ovules and the septal regions. At the upper portion of the ovary or
at the base of style, the ventral bundles fade out gradually afterwards (do not extend beyond the
ovular supply).

Ib. Similar to the type la but the ventral bundles extend beyond the ovular supply, then fade out
gradually till they completely become lost at the base of the stylar tissue.

Ic. The numerous ventral supplies fuse forming three pairs (two for each carpel) then branch for
feeding the ovules and the septal region. Afterward the six ventral bundles are extended for the
style and reaching the stigmatic tissue.

1d. The numerous ventral bundles originate free. At a higher level they undergo branching in the
placental tissue for feeding the ovules only. At the upper portion of the ovary the ventral bundles
extend beyond the ovular supply then fade out gradually till they become completely lost at the
base of the stylar tissue.

Type I1. Ventral bundles arising separate, two for each carpel
l1a. The ventral bundles originate free. At a higher level, they undergo branching in the placental
tissue for feeding the ovules and the septal regions. Then at the base of the style the bundles fade
out gradually till they are completely lost in the stylar tissue. i.e. do not extend beyond the ovular
supply.

I1b. The ventral bundles originate free. At a higher level, they undergo branching in the
placental tissue for feeding the ovules only. Then the ventral bundles are extended for the style
and reaching the stigmatic tissue.

In type | and Il, if they were the case, this character would be a primitive trend
according to the principles of phylogenetic considerations [BESSEY, 1915; HUTCHINSON,
1948, 1973; TAKHTAJAN, 1969; STEBBENS, 1977; STACE, 1985]. Moreover, the feeding of
one carpel in this case by three or more vascular bundles (2 or more separate ventral and one
dorsal bundles) is regarded generally as the most primitive condition.

Type I11. Ventral bundles arising fused, one for each carpel
Illa. The two fused ventral bundles are first splitted forming 6 bundles (2 for each carpel). At
the placental tissue, they undergo branching for feeding the ovules and the septal regions, then
extend beyond the ovular supply and eventually fade out till they become completely lost at the
base of the stylar tissue.

I11b. Similar to the type Illa, but the ventral bundles extend to feed the style up to the stigmatic
tissue.

Type IV. Ventral bundles arising as a vascular mass for carpels
I\VVa. The vascular mass is first splitted forming six bundles (2 for each carpel). At the placental
tissue, they undergo branching for feeding the ovules and septal regions. Then at the base of the
style the bundles fade out gradually till they are completely lost in the stylar tissue, i.e. do not
extend beyond the ovular supply.

I1VVb. The vascular mass is first splitted forming six bundles (2 for each carpel). At the placental
tissue, they undergo branching for feeding the ovules and septal regions. Then extend beyond
the ovular supply then fade out gradually till they completely lost at the base of the stylar tissue.

The ventral supply continues to the top of the ovary, after supplying the ovules. This
case is recorded in most of taxa under study (15 taxa) (Figure 3 c). In the remaining taxa, it is
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both extended beyond the ovular supply and feed the style (Agave americana, A. sisalana,
Furcraea foetida and Iris x germanica) (Figure 5 b, c), or undetected (5 taxa) (Figure 3 b).

B. Septal bundles

These bundles, if detected, lie at the same radii of the ventral bundles. EAMES (1953)
stated that occasional species having branching ventral bundles and branches of these bundles
running towards the margin are rare. In this study, the septal are only undetected in Agave
americana, A. lophantha and Musa nana (Figure 2 c).

C. Dorsal carpellary bundles

The ovarian dorsal supply consists of one dorsal carpellary bundle per carpel. In this
study, all the taxa studied persist in the stylar tissue and extend for feeding the stigma (Figure 4
a-e) except in Canna indica. In general, the total number of carpels can be traced easily by
counting the number of stylar bundles. The origin of the carpellary dorsal supply is either
dependent (15 taxa) or independent (9 taxa). In the former case, the carpellary dorsal supply is
conjoint with complex vascular cord (Table 2 and 3).

D. Carpellary wall bundles

The carpellary wall bundles are lying on either side of the dorsal carpellary bundles
and adjacent to each other. The carpellary wall bundles, if present fade out at the base of the
style. These bundles are recorded in 8 taxa out of 24 taxa studied (Table 3, Figure 2 b).

E. Stylar supply

EAMES (1953) mentioned that the traces of the carpel may pass as unbranched
bundles to the style or the stigma, or may branch in varying degrees. The results obtained in this
study, indicate various behaviour patterns of the stylar supplies. The main variations can be
presented as follows: 1 - The stylar supply is formed of 3 bundles representing the extension of
the dorsal carpellary bundles. This type has been recorded in most of the taxa studied (19 taxa)
(Figure 4 a-d). 2 - The stylar supply is formed of 3 dorsal bundles and extension of the carpellary
ventral bundles, this type is observed in four taxa (Figure 4 b, ¢). In Canna indica the stylar
supply is not detectable (Figure 4 e).

The results obtained in this study, indicate the presence of a number of analytic
characters of limited occurrence which help in the identification of different entities. They are
also called diagnostic or key characters. Among these characteristics are presence of staminal
cup (Hymenocallis caribaea and Pancratium maritimum), corona (Narcissus tazetta), half fertile
stamen, petaloid stamens in Canna indica (Figure 4 e), leafy styles in Iris x germanica (Figure 4
c), posterior inner staminode in Musa nana and Strelitzia reginae and labellum in Alpinia
speciosa and Hedychium coronarium (Figure 4 f).

The nature of floral cups in longitudinal sections (Figure 6 a-h) can be determined
from the way in which their vascular traces are conjoined with the vascular stele of receptacle or
the pedicel. Thus, in most perigynous and epigynous flowers, these vascular traces are separated
from the receptacular stele and extend through the androperianth tube. This indicates that this
organ is formed as a result of fusion of the bases of sepals, petals and stamens. In other flowers
the vascular stele run off and gets fused upwards till the periphery of the receptacular tissues
“Hypanthium”. This means that such structure hypanthium is an extension of the receptacle i.e.
does not result from the adnation of floral parts. Consequently, and because of the difficulty of
differentiating between the true hypanthium and the floral cup, the floral vasculature behavior
should be consulted. In this respect, the main floral patterns are recorded: 1- almost all traces run
fused throughout the casing and very long collar, the separation of vascular cords or strands is
taking place at the top of the collar tissue. Thus, the nature of epigyny is totally receptacular
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(Figure 6 a). 2 - The vascular supply of outer whorls consisting of partial independent traces
which separate from the common vascular cords (strands) at the middle or the top of the ovary.
Thus, the nature of epigyny is semi-appendicular (Figure 6 b-g). 3 - The vascular supply
consisting of totally independent traces which run off distinct below the level of the locules.
Thus, the nature of epigyny is totally appendicular (Figure 6 h).

In view of the above discussion the subsequent suggested interpretation may be
presented. It is of primary importance to draw attention towards what is meant by epigyny. The
phenomenon of epigyny is the reversed topographical position of the ovary relative to the other
floral organs. In hypogenous flowers the shoot apex is convex and its upper most part carries the
gynoecium which is superior to the other floral organs. Evolution, as phylogenetis agree implies
a cessation of the apical growth of the shoot apex and the activity of the sub-apical cells to grow
and form a cup-shaped receptacle. The floral organs, other than the gynoecium occupy the rim
of this concave receptacle while the ovary becomes immersed to various levels with the
adnation of its wall to the receptacular tissue. The inferior ovary which results in a way other
than this is believed to be a false case of epigyny. If this is to be convincing, then the
hypanthium, whatever its aspect does not share in this way of transformation, viz. from
hypogyny to epigyny. In this study, the controversial nature of the hypanthium decided
according to the following view-points:

a. The term has been applied to the whole perianth-tube, which is a result of adnation of
stamens to all the perianth leaves. In this study, this is not accepted and the whole structure
is better termed the “androperianth”.

b. The same tube is suggested, here to be formed of two parts; a lower one capping the ovary
and termed a “casing” and an upper one termed a “collar”.

¢. Unless the ovary becomes inferior through the concavity of the receptacle, the
phenomenon is considered as “False epigyny”.

d. The nature of any organ is decided according to the above considerations.

The acceptances of the above inference, the different states of epigyny as a character
are the following:

I. The true inferior flower, ovary wholly receptacular.

The outer floral whorls (androperianth tube) have no own vascular system. It consists
of dependent traces which run off fused and later become separated from the common vascular
cord “strands” at the top of the collar tissue. Thus, the nature of both casing and collar is
receptacular (Narcissus tazetta).

1. The false inferior flower

A. The ovary semi-appendicular

The outer floral whorls “androperianth tube” have own vascular system consisting of
partial independent traces which separate from the common vascular cord “strands” at the
middle or at the top of ovary. Thus, the nature of casing is receptacular and appendicular
whereas the collar, if present is appendicular (17 taxa).

B. The ovary wholly appendicular

The outer floral whorls (androperianth tube) have their own vascular system consisting
of totally independent traces which run off distinct at a level lower than that of the locules. Thus,
the casing and the collar, if present are appendicular (Agave americana, A. lophantha, A.
sisalana, Crinum augustum, Curculigo capitulata and Furcraea foetida).
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Figure 1. Variations in the pedicel vasculature in some of the taxa studied. a. Agave americana,
b. Clivia miniata, ¢. Hedychium coronarium, d. Freesia refracta, e. Curculigo capitulata.

Abbreviations: C.D.B.: Carpellary Dorsal Bundle; I.M.T.Tr.: Inner Median Tepal Trace; I.St.Tr.: Inner
Staminal Trace; Ma.Tr.: Marginal Trace; O.M.T.Tr.. Outer Median Tepal Trace; O.St.Tr.: Outer

Staminal Trace.
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Figure 2. Variations in the casing vasculature in some of the taxa studied. a. Agave americana,
b. Agave sisalana, c. Furcraea foetida, d. Narcissus tazetta, e. Gladiolus x gandavensis, f. Iris x
germanica. Abbreviations: C.D.B.: Carpellary Dorsal Bundle; C.W.B.: Carpellary Wall Bundle;
I.LM.T.St.Strand: Inner Median Tepal Staminal Strand; I.M.T.Tr.: Inner Median Tepal Trace; 1.St.Tr.:
Inner Staminal Trace; O.M.T.St.C.D.Strand: Outer Median Tepal Staminal Carpellary Dorsal Strand,;
O.M.T.Tr.. Outer Median Tepal Trace; O.M.T.St.Strand: Outer Median Tepal Staminal Strand;
O.St.Tr.: Outer Staminal Trace; Sept. B.: Septal Bundle.
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Figure 3. Variations in the vasculature at the top of the ovary in some of the taxa studied. a. Hymenocallis

caribaea, b. Antholyza aethiopica, c. Freesia refracta.
Abbreviations: I.M.T.Tr.: Inner Median Tepal Trace; I.St.Tr.: Inner Staminal Trace; O.M.T.Tr.: Outer

Median Tepal Trace; O.St.C.D.Strand: Outer Staminal Carpellary Dorsal Strand; St.C.D.Strand:
Staminal Carpellary Dorsal Strand; V.B.: Ventral Bundle.
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Figure 4. Variations in the collar vasculature in some of the taxa studied. a. Crinum bulbispermum,

b. Antholyza aethiopica, c. Freesia refracta, d. & e. Narcissus tazetta.
Abbreviations: I.M.T.Tr.: Inner Median Tepal Trace; I.M.T.St.Strand: Inner Median Tepal Staminal
Strand; 1.St.Tr.: Inner Staminal Trace; O.M.T.Tr.: Outer Median Tepal Trace; O.M.T.St.Strand: Outer

Median Tepal Staminal Strand; St.Tr.: Staminal Trace; Sty.B.: Stylar Bundle.
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Figure 5. Variations in the stamens, style and stigma vasculature, in some of the taxa studied. a. Crinum
x powellii, b. Furcraea foetida, c. Iris x germanica, d. Agave americana, e. Canna indica, f. Alpinia

speciosa.
Abbreviations: 1.St.B.: Inner Staminal Bundle; O.St.B.: Outer Staminal Bundle; Sty.B.: Stylar Bundle;

V.B.: Ventral Bundle.
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L.M.T.St.Strand

.M.T.St.Strand %
0.M.St.C.D.Strand "\,
'

Figure 6. Longitudinal sections showing the significance of floral vascularization in the interpretation
on the nature of epigynous flowers.

Abbreviations: C.D.B.: Carpellary Dorsal Bundle; I.M.T.Tr.. Inner Median Tepal Trace;
LLM.T.St.Strand:  Inner Median Tepal Staminal Strand; [1.St.Tr.. Inner Staminal Trace;
O.Ma.T.St.Strand: Outer Marginal Tepal Staminal Strand; O.M.T.St.Strand: Outer Median Tepal
Staminal Strand; O.M.T.St.C.D.Strand: Outer Median Tepal Staminal Carpellary Dorsal Strand;
O.M.T.Tr.: Outer Median Tepal Trace; O.St.C.D.Strand: Outer Staminal Carpellary Dorsal Strand;
O.St.Tr.: Outer Staminal Trace; Sty.B. Stylar Bundle; V.B.: Ventral Bundle.
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Abstract:  The extent of genetic variability among 19 accessions of tomato was studied using genetic variability
parameters. Four-week old seedlings were transplanted in a well levelled field with 0.6 x 0.6 spacing
and replicated three times in randomized complete block design. High significant differences among
the accessions for all attributes studied. Cluster analysis based on 37 agro-morphological attributes
separated accessions into two distinct groups according to the fruit types. Values for genotypic and
phenotypic coefficients of variation showed variability among the accessions. Correlation analysis
showed fruit/plant is positively and significantly correlated to plant height, number of branches/plant
and leaf length. Very high genetic advance and heritability estimates for leaf length, leaf width, days
to flower, days to 50% flowering, number of fruits/plant, fruit length, fruit diameter, fruit weight and
1000 seed weight suggest simple inheritance system and thus amenability for these attributes to
selection in tomato improvement.
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Introduction

Tomato (Solanum lycopersicon L. syn. — Lycopersicon esculentum Mill.,
Lycopersicon lycopersicum (L.) Karsten ex Farw.), is one of the most important vegetable
crops grown over the world because of its wider adaptability, high yielding potential and
suitability for variety of uses in fresh as well as processed food industries. It is one of the
most important vegetable crops grown in Nigeria and utilized in almost every household for
preparation of several dishes. Tomato plays an important role in human nutrition by providing
essential amino acids, vitamins and minerals [SAINJU & al. 2003]. Its vitamin C content is
particularly high [RKANYOMEKA & SHIVUTE, 2005]. It also contains lycopene, a very
potent antioxidant that may be an important contributor to prevention of cancers [AGARWAL
& RAO, 2000]. With production of over 150 million tons of fresh fruit on 3.7 million hectares
tomato exceeds the production of all other crops, with the exception of the potato and sweet
potato [FAOSTAT, 2010]. Production in Nigeria has more than doubled in the last 10 years
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with the production in 2001, amounting to about 879,000 tonnes [AKANBI & OLUDEMI,
2003]. However, commercial tomato production in Nigeria relies mostly on exotic
introductions. The production of which is essentially restricted to the Northern Guinea
Savanna and the Sudan ecologies due to favourable climatic conditions, particularly high
insolation and low relative humidity. In nearly three decades up to 2013, no tomato variety
has been released in Nigeria [NACGRAB & NASC, 2013]. The need therefore, to explore
the production capabilities and potentials of long forgotten indigenous land races and other
ecotypes has never been more urgent.

The concept of heritability which specifies the proportion of the total variation
among a species due to genetic components combined with genetic advance. These are good
parameters for determining gene action involved in the inheritance of any trait and by
extension help in deciding the best breeding method to apply for improving such trait. High
heritability indicates less environmental influence in the observed variation [SONGSRI & al.
2008; EID, 2009], while high heritability accompanied by high genetic advance is an
indication of additive gene action for such trait, making it most amenable to selection
[TAZEEN & al. 2009]. Determining the variability of yield and yield related components
will enable the plant researcher to deduce the extent of environmental influence on yield,
considering that yield and its components are quantitative characters and are affected by the
environment.

This study was carried out to determine the extent of genetic variation and
agronomic evaluation among available tomato accessions with the specific objective to use
suitable genetic parameters such as phenotypic and genotypic variances, phenotypic and
genotypic coefficients of variation and genetic advance as a basis for future breeding work
in tomato.

Material and methods

Nineteen (19) accessions of tomato held in National Genebank at the National
Centre for Genetic Resources and Biotechnology (NACGRAB) were planted for 2013 rainy
season. The accessions were first planted in nursery trays placed in a mesh house after
relevant seed treatment with Mancozeb®. Top soil was used for planting. Seedlings were
transplanted at four weeks after planting (WAP) to NACGRAB research field, Moor
Plantation (224m, 7°23°, 3°50"), Ibadan, Nigeria. Seedlings were transplanted unto a well
ploughed, harrowed and levelled field. Inter and intra-row spacing was 0.6 x 0.6m. Each
treatment accession was in single 6 meter row plot. Total field size was 33m x 12m. The
treatments were replicated thrice and laid out in a Completely Randomized Block Design.
Recommended cultural practices were followed and irrigation was employed in the month of
August when there was no rainfall. Data were recorded from five pre-tagged plants of each
treatment. Attributes measured and recorded using descriptors for Tomato (Solanum spp.)
[IBPGR, 1997] included: Leaf type, inflorescence type, stem pigmentation, stem pubescence,
predominant fruit shape, colour of immature fruit, colour of ripe fruit, plant height (cm),
number of branches per plant, leaf length (cm), leaf width (cm) number of leaflets, number
of days to first flowering, number of days to first fifty per cent flowering, number of days to
ripening of first fruit, number of days to maturity, number of fruits per inflorescence, number
of fruits per pedicel number of fruits per plant, peduncle length (cm), fruit length (mm), fruit
diameter (mm), weight per fruit (g), weight of 1000 seeds (g) and fruit yield per plant (g).
Quantitative data obtained were subjected to Analysis of variance and significance means
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were separated using Duncan multiple range test (DMRT) using PBTools [PBTOOLS, 2014].
Mean values were used to estimate Genotypic and Phenotypic coefficients of variation as by
[SINGH & CHAUDHURY, 1985]. The broad sense heritability and genetic advance were
calculated as proposed by [JOHNSON & al. 1955] and simple linear correlation coefficient
was determined according to [SNEDECOR & COCHRAN 1967]. A correlation matrix was
drawn up using the linear correlation coefficients. UPGMA cluster analysis was used to
construct a dendogram to ascertain the genetic relationships among the tomato accessions.

Results and discussions

Growth parameters

There were statistically significant differences among the accessions on ftraits
analyzed (Table 1). However, accession NG/Mr/MAY/09/005 had higher mean plant height
while variety NG/AA/SEP/09/045 recorded the least values. The mean number of branches
of accessions showed that NG/SA/01/10/002 recorded highest mean values while
NHGB/09/113 recorded the least value. The mean number of leaflet showed significant
difference among the accessions, NG/MR/MAY/09/005 recorded the highest values while
NHGB/09/114 recorded the least. NG/MR/MAY/09/005 had highest mean leaf length value
while NG/AA/SEP/09/042 had the least value. NG/OE/MAY/09/019 had highest mean leaf
width  value while NG/RM/JAN/10/001 had the least wvalue. Accessions
NG/0E/MAY/09/019; NG/AA/SEP/09/050 and NG/AA/SEP/09/013 had highest mean
pedicel length while accession L00170 recorded the least values.

Yield and Yield Components of Different Tomato Accessions In Ibadan
Nigeria.

Yield and Yield Components of the Different Tomato Accessions were statistically
significant among the accessions (Table 2). However, accession NG/Mr/MAY/09/005 had
least mean number of days to flowering while NG/AA/SEP/09/013 recorded the highest mean
number of days to flowering. Least mean value of days to 50% flowering was recorded for
NG/AA/SEP/09/037 while highest mean value was recorded for NG/AA/SEP/09/042.
Accessions NG/AA/SEP/09/013 and NG/AA/SEP/09/044 recorded least mean value for
number of fruit per pedicel per plant while NGHB/09/114 and NG/RM/JAN/10/001 recorded
high mean values respectively. NG/OE/MAY/09/019 and NG/AA/SEP/09/013 recorded high
mean values for fruit weight while NG/RM/JAN/10/001 and L00169 recorded least mean
values. Highest mean value for fruit length was recorded by NG/AA/SEP/09/037 and the
least mean value recorded by NG/RM/JAN/10/001. Highest mean value for fruit width was
recorded by NG/AA/SEP/09/013 while NG/RM/JAN/10/001. Highest mean value for fruit
per plant was recorded by NG/RM/JAN/10/001 and NG/01/MAY/09/019 recorded the least
mean value for this trait. Mean highest number of days to maturity was recorded for
NG/AA/SEP/09/045 while L0O0169 had the least mean values. NG/AA/SEP/09/050 had the
highest mean value for days to first fruit ripening while L0O0169 had the least value. Highest
mean value for fruit yield per plant was recorded for NG/SA/01/10/002 while L00169
recorded least mean value. NG/MR/MAY/09/005 recorded highest mean value for 1000 seed
weight while NG/AA/SEP/09/050 recorded the least mean value.
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Genetic diversity

Genetic diversity analysis for the accessions based on morphological characteristics
measured, revealed that genetic distance ranging from 0.30 to 0.49 (Fig. 1). In this study, the
cluster analysis based on 37 agro-morphological attributes that separated accessions into two
distinct groups at 0.32 coefficient, which were according to fruit types — into cherry and
classic fruit groups corresponding to varietal types (Figure 1). Cluster 1 included five
accessions all of which are from south western Nigeria, while cluster 2 had 14 varieties from
South-West Nigeria, South-South Nigeria and Republic of Benin (Table 3). Thirty-two of the
37 attributes recorded had morphological variation in 19 tomato accessions studied. The 20
qualitative attributes had two to nine numbers of observable types. Eight attributes (40%) had
more than two types, of which fruit shape had the largest variation with six types (slightly
flattened, flattened, cylindrical, rounded, ellipsoid and high rounded). There were no obvious
differences for five attributes (leaf type, division of leaf blade, stem pigmentation, abscission
layer and flower colour) among the accessions studied.

Genetic variability

Analysis of variance for the means of all the measured attributes showed significant
differences (P < 0.001) among the accessions (Table 4). Values of genotypic and phenotypic
variances were lowest in peduncle length and highest in fruit yield per plant. Higher values
of genotypic and phenotypic variances were observed respectively for plant height (21.89,
40.75), number of branches (319.60, 499.91), leaf length (31.08, 31.95), number of leaflets
(203.41, 441.06), days to flower (33.23, 41.75), days to 50% flower (86.43, 105.79), days to
fruit ripening (21.27, 36.65) fruit per plant (4349.08, 4826.12), fruit length (144.05, 149.06),
fruit diameter (144.09, 160.49), weight per fruit (672.56, 772.6), day to maturity (28.07,
31.94) and fruit yield per plant (775796.12, 1049841.90). The genotypic coefficient of
variation (GCV) ranged from 6.06 in days to fruit ripening to 118.51 in fruit per plant.
Similarly, PCV ranged from 7.96 (days to fruit ripening) to 124.84 (fruit per plant).

Estimates of broad sense heritability (H?b) and genetic advance

Estimates of heritability in the broad sense were very high for leaf length (97%),
leaf width (88%), days to flower (80%), days to 50% flowering (82%), fruit per plant (90%),
fruit length (97%), fruit diameter (90%), fruit weight (100%) and 1000 seed weight (Table
3). Peduncle length (39%), number of leaflets per plant (46%) and number of days to fruit
ripening (58%) had low to moderate heritability (Table 5). Very high genetic advance and
heritability estimates were recorded for leaf length, leaf width, days to flower, days to 50%
flowering, fruit per plant, fruit length, fruit diameter, fruit weight and 1000 seed weight.

Character association

Fruit yield per plant is positively and significantly (P<0.05) correlated to plant
height (r = 0.481), number of branches per plant (r = 0.471) and leaf length (r = 0.507).
Positive and significant association of number of fruits per plant with number of fruit per
inflorescence (r = 0.726) is an indication of increased number of fruits with increased number
of fruit bearing inflorescence. Weight per fruit which is a function of fruit size had predictably
positive and significant association (r = -0.582) with fruit length and fruit diameter. In this
work, number fruit per plant was negatively and significantly correlated with fruit diameter
(r =0.582). Number of branches had a significantly positive relationship with plant height (r
= 0.782) and number of leaflets per plant (r = 0.861) while maintaining negative and
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significant relationships with days to flower (r = -0.752), days to 50% flowering (r = -0.609),
days to fruit ripening (r = -0.499), and days to maturity (r = -0.505) — Table 6.

Table 1. Means of agronomic attributes of nineteen tomato accessions in Ibadan, Nigeria

Accessions Plant Number No of Leaf Leaf Pedicel
height of leaflet length width length
(cm) branches (cm) (cm) (cm)
NG/SA/01/10/002 17.15 11.00 51.11 37.87 23.00 0.60
NGHB/09/120 16.2 7.28 51.0 29.07 21.80 0.50
NG/AA/SEP/09/045 5.90 6.00 25.0 27.60 20.47 0.53
NHGB/09/113 7.81 4.34 18.67 27.60 20.47 0.53
NG/AA/SEP/09/044 13.72 9.33 59.0 27.77 19.57 0.50
L00170 14.48 6.27 31.0 33.00 20.10 0.33
NG/OE/MAY/09/019 9.63 5.55 26.06 37.70 27.00 0.70
NG/AA/SEP/09/050 13.0 7.00 19.0 27.60 20.57 0.70
NG/SA/07/10/002 12.53 6.28 29.72 30.90 20.57 0.37
NG/AA/SEP/09/040 12.05 6.00 37.12 23.27 18.17 0.37
NG/MR/MAY/09/005 24.67 10.78 73.78 42.20 26.03 0.60
NG/AA/SEP/09/037 22.29 8.55 56.55 30.97 20.27 0.50
NG/RM/JAN/10/001 8.54 6.89 26.44 19.77 12.50 0.50
NG/MR/MAY/09/006 17.95 6.77 40.89 32.20 21.07 0.50
NGHB/09/114 6.14 4.55 18.55 26.00 17.10 0.42
NG/AA/SEP/09/013 13.09 7.66 41.18 29.90 20.30 0.70
NG/AA/SEP/09/042 6.91 5.06 20.89 19.30 13.7 0.40
L00169 9.60 7.17 45.0 28.20 16.7 0.37
NG/AA/SEP/09/053 18.01 8.67 63.56 34.37 25.10 0.50
F test *kk *kk *k* *k* *kk *
MSE 2.67 0.89 9.39 0.68 1.09 0.07
H? 0.78 0.80 0.72 0.99 0.91 0.66

*, *** = significant at 5% and 0.1% probability levels respectively.
MSE = Standard error of mean
H? = Heritability
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Figure 1. Dendogram of 19 tomato accessions based on 37 agro-morphological attributes and

generated from average taxonomic distance matrix by UPGMA in NYSY Spc
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Figure 2. Genetic diversity as exhibited in fruits of 19 tomato accessions used for this study
1 — NGJ/SA/01/10/002, 2 — NGHB/09/120, 3 — NG/AA/SEP/09/045, 4 — NHGB/09/113, 5 —
NG/AA/SEP/09/044. 6 — L00170, 7 — NG/OE/MAY/09/019, 8 — NG/AA/SEP/09/050, 9 -
NG/SA/07/10/002, 10 — NG/AA/SEP/09/040, 11 — NG/MR/MAY/09/005, 12 — NG/AA/SEP/09/037,
13 — NG/RM/JAN/10/001, 14 - NG/MR/MAY/09/006, 15 - NHGB/09/114, 16 — NG/AA/SEP/09/013,
17 — NG/AA/SEP/09/042, 18 — L00169 and 19 — NG/AA/SEP/09/053.
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Table 3. Accession names and sources of accessions used for the study

S. No. Accession 1D Source Region, Country
1 NG/SA/01/10/002 Quagbo market Republic of Benin
2 NGHB/09/120 Agho, Delta state South-South, Nigeria
3 NG/AA/SEP/09/045 Igede, Ekiti state South-West, Nigeria
4 NHGB/09/113 Agbo, Delta state South-South, Nigeria
5 NG/AA/SEP/09/044 Igede, Ekiti state South-West, Nigeria
6 L00170 Ido, Oyo state South-West, Nigeria
7 NG/OE/MAY/09/019 Omi adio Oyo state South-West, Nigeria
8 NG/AA/SEP/09/050 ljero ekiti, Ekiti state South-West, Nigeria
9 NG/SA/07/10/002 Quagbo market Republic of Benin
10 NG/AA/SEP/09/040 Ika ejigbo, Osun state South-West, Nigeria
11 NG/MR/MAY/09/005 Osiele, Ogun state South-West, Nigeria
12 NG/AA/SEP/09/037 Osun state South-West, Nigeria
13 NG/RM/JAN/10/001 Ido, Oyo state South-West, Nigeria
14 NG/MR/MAY/09/006 Omida, Ogun state South-West, Nigeria
15 NHGB/09/114 Sapele, Delta state South-South, Nigeria
16 NG/AA/SEP/09/013 Osun state South-West, Nigeria
17 NG/AA/SEP/09/042 lloko ijesa, Osun state South-West, Nigeria
18 L00169 Ido, Oyo state South-West, Nigeria
19 NG/AA/SEP/09/053 Oja oba ado, EKkiti state South-West, Nigeria

Table 4. Analysis of variance for different characters in tomato accessions
. Accession P-value Coefficient of
Attribute mean F - value < variation

Weight/fruit (g) 36.74 21.26 0.001 27.16
1000 Seed weight (g) 2.29 16753.0 0.001 0.35
No of days to flowering 42.40 12.69 0.001 12.98
No of days to 50% flowering 49.40 14.39 0.001 8.79
No of days to fruit ripening 76.04 5.15 0.001 5.16
No of days to fruit maturity 78.65 20.96 0.001 2.54
Plant height (cm) 13.14 4.48 0.001 33.05
Number of leaflets 38.66 3.57 0.001 39.87
Number of branches 7.11 4.38 0.001 14.06
Peduncle length (cm) 0.51 2.95 0.05 22.97
No of fruit/inflorescence 5.14 11.79 0.001 14.06
Fruit length (mm) 35.98 87.20 0.001 6.22
Fruit diameter (mm) 38.01 27.35 0.001 10.66
No of fruit/peduncle 55.69 28.35 0.001 39.25
Leaf length (cm) 29.63 108.36 0.001 3.15
Leaf width (cm) 20.07 22.02 0.001 6.49
Fruit yield per plant (g) 1269.64 15.75 0.001 2.54
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Table 5. Estimates of phenotypic variance (c?p), genotypic variance (c%g), heritability (H%b),
genotypic and phenotypic coefficients of variability and genetic advance
for various attributes of tomato accessions

2

Attributes &g op e (HO Ag GCV  PCV GA
Plant height 21.89 40.75 18.86 54 3560 4858 53.75
s 319.60 499.91 180.31 64 1768 2211 29.12
branches/plant
Leaf length 31.08 31.95 0.87 97 1882  19.08 38.23
Leaf width 11.89 13.55 1.70 88 1718 1837 3311
Number of 203.41 441.06 237.64 46 3890  57.29 54.43
leaflets/plant
No of days to
el 33.23 41.75 8.53 80 1359 1524 24.98
Noofdaysto50%  gg /g 105.79 1937 82 1882 2082 3504
flowering
Noofdaystofruit ;. 36.65 15.39 58 606 796 9.52
ripening
No of 1.88 2.40 052 78 2667 3015 48.60
fruit/inflorescence ' ' ' ' ' '
No of fruit/plant 4349.08 4826.12 477.04 90 11851 12484 23174
Peduncle length 0.01 0.02 0.01 39 18.54 29.53 23.98
Fruit length 144,05 149.06 5.01 97 3336 3393 67.55
Fruit diameter 144.09 160.49 16.40 90 31.58 33.33 61.64
Weight/Fruit 672.56 772.6 99.6 100 7558  75.63  135.60
Days to Maturity 28.07 31.94 3.88 88 6.72 7.17 12.98
1000 seed weight 0.35 035 0.0 100 2585 2885 53.24

Fruit yield/plant 775796.12 1049841.90  274045.48 74 63.37 80.70 122.85
6%g = genotypic variance, 62g = phenotypic variance, GCV = genotypic coefficient of variation, PCV
= phenotypic coefficient of variation, GA= Genetic advance, H?b = heritability in broad sense
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Discussion

The low yield obtained for some of the accession used might be due to non-
development of flowers into fruits on the plants pedicels. The poor fruit set may be as a result
of high diurnal temperatures and relative humidity that are not conducive for good fruit set
[OLANIYI & al. 2010] .The observed differences in growth and yield components of the
various accessions suggest that this might be attributed to the differences in ecological
distribution as revealed in the various collection locations. Also, the variation in the
agronomic and yield components traits analysed is most likely to be due to genetic variability
existing among the accessions since they were grown under the same environ-mental
conditions.

Genetic diversity can be estimated using measurements of morphological attributes.
This is a simple technique for quantifying genetic variation and assessing genotype
performance under appropriate growing environments [FUFA & al. 2005; SHUAIB & al.
2007]. The precise, fast and reliable identification of important plant varieties is essential in
agriculture and plant breeding purposes [WEISING & al. 2005]. Clustering of accessions
used in this study into cherry and classic fruit groups corresponding to varietal types was
similar to the results of KWON & al. 2009, who characterized 63 tomato varieties of Korea
using SSR markers and morphological descriptors. Non-significant association between the
clustering pattern and geographical origin of these materials is in agreement with the report
by HU & al. 2012 in their work with 67 argentine tomato varieties. HU & al. 2012, also
reported that fruit shape had the most variable types (seven). The 19 accessions used for this
study may be identified as distinct varieties. However, molecular characterization using SSR
markers is on-going to ascertain this result.

Highly significant differences among the accessions for all attributes measured is an
indication of enough genetic variability and diversity of the accessions hence the scope for
improvement of this crop. Similar observations have been reported on 14 characters [SINGH
& RAJ, 2004; HIDAYATULLAH & al. 2008] in tomato. [MOHAMMED & al. 2012] also
had similar findings of significant differences for all the traits they studied. Moreover, higher
values of genotypic and phenotypic variances observed for plant height, number of branches,
leaf length, leaf width, number of leaflets, days to flower, days to 50% flower, days to fruit
ripening, fruit per plant, fruit diameter, fruit weight, day to maturity 