Bocconea 28: 189-206
https://doi.org/10.7320/Bocc28.189
Version of Record published online on 22 November 2019

Cristina Salmeri

Plant morphology: outdated or advanced discipline in modern plant
sciences?*

Abstract

Salmeri, C.: Plant morphology: outdated or advanced discipline in modern plant sciences? —
Bocconea 28: 189-206. 2019. — ISSN: 1120-4060 printed, 2280-3882 online.

In the last decades, with the increase of molecular studies, the study of plant forms has gone
through a steady decline in interest, and researches on this topic are often neglected and under-
estimated. Notwithstanding, comparative morphology as integrative discipline still assumes a
pivotal role in modern sciences, remaining fundamentally relevant to nearly all fields of plant
biology, such as systematics, evolutionary biology, ecology, physiology, genetics, molecular
biology, not to mention also agriculture, bioengineering, and forensic botany. Contrary to com-
mon belief, plant morphology is not a conservative finished science, but, like other sciences, it
is open to constant innovations involving both concepts and methods. This contribution aims to
promote a reflective discourse on the role of plant morphology in modern sciences and provides
some examples of significant supports from plant morphology to different botanical issues.

Key words: Systematics, plant micromorphology, seed coat sculpturing, leaf anatomy, ecomor-
phology, climate adaptation.

Introduction

Despite the increasing societal awareness and sensitivity about the knowledge of bio-
logical diversity and ecosystem functioning as pivotal matters for nature conservation on
which human health and well-being fundamentally depend, studies in morphology-based
classical taxonomy have increasingly become marginalized and considered less significant
than other scientific methods in plant biology. This has led to a progressive decline in
attention both at research institutions and funding allocation, and nowadays most scientists
and academic students think of plant morphology as just a classical and largely outdated
field of research.

Plant morphology is a biological discipline that aims at understanding the biology of
plant organisms on the basis of their structural appearance, so it essentially consists in the
scientific investigation on the plant forms and/or structures.

*Article first published online on 25 September 2019 in Flora Mediterranea 29: 163-180.
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As a discipline, plant morphology can be intended in either a narrow or a broad sense. In
narrow sense, plant morphology is the science of external forms and their relationships
expressed at the whole plant down to the organ level of organization. In broad sense, plant
morphology includes forms and structures at each level of organization, that is whole plant,
organs, tissues, cells, cell organelles, etc.; in this respect plant morphology also involves
micromorphology, anatomy and cell ultrastructure (Sattler 1978; Sattler & Rutishauser 1997).

Traditionally, the study of plant morphology takes its origin in the history of botany.
From early times, great importance was made in the geometrical appearance of plant
organs and consequently many taxonomic groups (especially genera and species) were
named accordingly to their morphological characters. Similarly, also several plant families
have had their taxonomic name based on characteristics of the shape of flowers or other
morphological features (Betz 2006; Cervantes & de Diego 2010). Since the introduction of
the term intended as a scientific discipline by Goethe (1790), modern plant morphology
has resulted from an eventful history (Kaplan 2001; Clapen-Bockhoft 2001).

Contrary to a widespread misconception of being conceived as the science of static
forms, plant morphology has showed an intrinsic dynamic essence. Firstly, it deals with the
topological and sequential changes of plant forms and structures throughout the time, dur-
ing ontogeny and phylogeny. In addition, it has dynamically changed over time and
improved its theoretical and analytical approaches embracing new technologies and tools,
without neglecting traditional methods (Sattler 1990; Liem 1991; Ledford 2018).

Progresses in plant morphology have influenced research in various disciplines of plant
biology which fundamentally use or imply morphological concepts, such as systematics,
evolutionary biology, ecology, physiology, genetics, molecular biology. Even in the current
times of genomics (plus many other “omics” topics) and functional ecology, when trait-based
approaches are essential for studying and understanding plant functions and species relation-
ships, it is clear that plant morphology, used as comparative and integrative approach, still
assumes a pivotal role, remaining fundamentally relevant to nearly all fields of plant science
(Sattler & Rutishauser 1997; Kaplan 2001; Scotland & al. 2003; Pochynok 2012;
Schonenberger & von Balthazar 2012; Schonenberger & al. 2016; Bucksch & al. 2017).

Lots of studies have demonstrated how vegetative and reproductive characters, and
their anatomical and/or micro-morphological structures, can be informative for phylo-
genetic studies and helpful to solve systematic problems at various levels. Most pheno-
typic traits show adaptive variation and different range of plasticity which have proved
to be of great ecological and physiological significance and useful, for instance, in
reconstructing plant adaptation to past climatic conditions or establishing defence
mechanisms and structural changes in response to stress, climate changes and plant
invasions, which all are basic information for nature conservation. Meanwhile, under-
standing patterns and origins of such morphological modifications and how plant traits
connect to gene activity across species is crucial to address main evo-devo questions.
Not to mention the basic role of plant morphology in other applied sciences, such as
agriculture, bioengineering, and forensic botany.

Notwithstanding, plant morphology and the strictly related descriptive taxonomy are
often considered a lower form of science, not fashionable and very far from the biggest
challenges facing humanity. If not associated to molecular and phylogenetic data, they are
in general underappreciated in many highly visible journals and inadequacy of research
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funding in these field is disproportionate relative to other disciplines in biology (PysSek &
al. 2013; Tahseen 2014; Coleman 2015), even though it seems that in the last decade tax-
onomic publications increased faster than those from other biological fields and reached
high citation performances (Steiner & al. 2015).

This contribution intends to promote a reflective discourse aiming to change the current
scientific culture towards a better acknowledgment and academic evaluation of research in
plant morphology as the backbone of many other fields of plant biology and applied bio-
sciences. Examples of fundamental interrelations between plant morphology and other
biological disciplines are provided.

Material and Methods

Macromorphology

Studies on gross morphology were performed on both living wild plants collected from
many localities of the Mediterranean area (exsiccates are preserved in CAT) and cultivated
plants (10 to 30 individuals per species). Qualitative and quantitative morphological fea-
tures were examined and recorded under a Zeiss Stemi SV11 Apo stereomicroscope at 6—
66x magnification, on fresh samples when possible. Morphological comparison was also
based on herbarium collections from various botanical museums and literature data. Both
vegetative and reproductive characters were chosen according to their diagnostic value for
discriminating among the investigated taxa and populations.

Micromorphology

Micromorphology was studied under a Zeiss EVO LS10 scanning electron microscope
(SEM Zeiss, Oberkochen, Germany) using mature dehydrated samples set onto aluminium
stubs with double adhesive tape and coated with gold prior to observation. Scanning elec-
tron micrographs were performed at an accelerating voltage of 10 kV and 18-1000x mag-
nifications, depending on samples size. Terminology used for leaf surface and seed-coat
sculpturing was based on Wilkinson (1979) and Barthlott (1981, 1984).

Leaf anatomy

Leaf blades of maximum size in their optimal vegetative development were used for the
anatomical study. Cross sections 25 pm thick were made using a Leica CM 1900® cryostat
(Leica, Wetzlar, Germany) at a temperature of -20 °C, then stained with 1% w/v aqueous
Safranin. Vascular patterns were emphasized through leaf clarification based on the Fuchs’
method (Fuchs 1963) modified by avoiding leaf tissue maceration in dried oven at 60°C.
Semipermanent slides were mounted with glycerol/water 1:1 and sealed with transparent
nail polish. Photographs were taken under Zeiss Axioskope 2 light microscope equipped
with digital camera.

Statistical analyses

Micro-morphological and anatomical characters were measured from five to ten differ-
ent samples for each investigated species/population. Measurements were done using the
Zeiss AxioVision Rel. 4.8.2 image analysis software.
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Statistical analyses were computed on both quantitative and qualitative morpho-
anatomical parameters and performed using XLSTAT 2018.1.1 software (Addinsoft) on
Microsoft Excel platform. Simple descriptive statistics of the intra- and inter-phenetic
diversity (mean, standard deviation, range, median, and so on) were calculated from the
data. The statistical effect of climate conditions on leaf traits among different populations
was estimated by simple and multiple linear regression models. Mean annual precipitation
(MAP) and mean annual temperature (MAT), from each population site, were used as the
explanatory variables. De Martonne Aridity index (expressed by the formula Al,=
MAP/MAT + 10) was also calculated and tested as potential predictor for climate influence
on leaf structure. Multivariate analyses were performed in order to assess the similarity or
dissimilarity among populations and the degree of separation of different groups. A step-
wise discriminant factorial analysis (DFA) was employed on measured data (using the
method of inclusion and removal at each step) The determination of the most discriminat-
ing variables was carried out by means of Fisher’s coefficient at the significant threshold
value of 0.05. The posterior probability of classification of each sample (cross validation)
and the Wilks’ lambda value of each variable were also calculated. Principal coordinates
analysis (PCoA) was carried out on general dissimilarity matrix from 23 qualitative mor-
phological characters.

Results

Descriptive morphology and taxonomic issues

The comparative study of plant structures, at both macro- and micromorphological
level, has always been the backbone of plant Systematics. There exist lots of review sum-
marising the main role of structural aspects in systematic botany at different taxonomic
levels, where the comparative morphology appear to be still necessary and helpful, and
reliable determination keys based on morphological characters continue to be a major
information source for species identification and distinction (e.g. Greuter 1973; Ronse &
al. 2010; Endress 2011; Kendorff & al. 2015; Mannino & al. 2015; Nardi 2015; Brullo &
Erben 2016; lamonico 2016; Brullo & al. 2018; Colasante 2018). It may help in areas and
at levels of the tree of life where molecular studies are difficult for some reason.

This is the case of wide complicated genera, such as the genus A//ium whose systematic
arrangement in subgenera and sections is largely based on specific combination of discrim-
inant morphological features (Fritsch 2001; Khassanov & al. 2011; Govaerts & al. 2018;
Brullo & al. 2019), which was in many cases confirmed by molecular approaches (Friesen
& al. 2006; Nguien & al. 2008; Hirschegger & al. 2010; Li & al. 2010). The role of com-
parative morphology in Allium taxonomy was also essential to clarify the systematic posi-
tions and relationships within several species’ complexes, many of which have proven to
include cryptic species. This is, for example, the case with the A/lium cupanii Raf. group
where a distinctive combination of morphological diagnostic features, i.e. fibrous and
more or less markedly reticulate outer bulb tunics, basally adherent or detached, filiform
leaves, with cylindrical to semicylindrical outline, subglabrous to densely hairy leaf indu-
mentum, persistent spathe, with 1 or 2 valves basally connate, partially sheathing the
flower pedicels, few-flowered inflorescence, usually fastigiate and unilateral, arranged in
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2 or 4 bostryces when the spathe is 1-valved or 2-valved respectively, perigon cylindrical
to urceolate, white-pinkish to pink-purplish, simple stamen filaments included into the
perigon, ovary with well-developed nectariferous pores, covered by a membranous plica,
and capsule included into the perigon, suggested a more appropriate inclusion of this group
in the autonomous sect. Cupanioscordum Chesm., also confirmed by molecular investiga-
tions; the intrinsic variability in these morphological traits allows to identify five distinct
series and many new species whose populations were all formerly identified sub A. cupanii
(bulb coats basally attached) or sub A. hirtovaginatum Kunth (bulb coats basally detached)
(Brullo & al. 1995; Brullo & al. 2015; Salmeri & al. 2015). Another investigated critical
group in the genus Allium was the Allium paniculatum L. complex. Based on literature and
many herbarium collections, A. paniculatum was frequently conceived as having an
extremely wide geographic distribution (from West to East Europe, North Africa and Asia),
both in synanthropic and wild habitats, and a large morphological variability. Detailed sur-
veys on herbarium collections, including the type specimen of the species, and on living
plants from lots of different territories of the Euro-Mediterranean and Irano-Turanian
regions, actually revealed that many different taxa of 4. sect. Codonoprasum Rchb., all
characterized by big size, diffuse and densely flowered umbrella, very long spathe valves,
long pedicels, and cylindrical-campanulate perigon, have been wrongly attributed to A.
paniculatum, thus affecting records on the geographic distribution and morphological
characterization of this species. Thus, while the true A. paniculatum resulted to be native
and circumscribed to the far eastern European territories (Ukraine and Russia), many other
allied but distinct taxa (previously treated as 4. paniculatum) have been described and well
discriminated on the basis of the combination of a few relevant morphological traits
(Brullo & al. 2001; Brullo & al. 2008; Salmeri & al. 2015).

Then again, comparative morphological analyses concerning vegetative and reproduc-
tive structures, such as bulbs, leaves, inflorescence and seed, were crucial to assess the cur-
rent systematics of the complex genus Scilla L. sensu lato, leading to its splitting in differ-
ent closely related, but taxonomically well-differentiated natural genera within the
Hyacinthaceae family, largely confirmed by molecular data (Speta 1998; Pfosser & Speta
1999, 2004). Most of these features are easily detectable also in the field and have proven
very useful in discriminating among the Italian squills (Fig. 1), for which identification
keys to the existing genera and species were also implemented (Brullo & al. 2007).

Other useful examples come from leaf morphology and anatomy, which provided rele-
vant elements for characterizing and discriminating species of the genus Dittrichia
Greuter. This genus is represented by five distinct taxa, all distributed in the Mediterranean
area, from West (D. viscosa, D. revoluta, D. maritima) to East (D. orientalis), and partly
extended into the Irano-Turanian region (D. graveolens). Despite a certain intraspecific
variability (Brullo & al. 2004), clear and stable interspecific differences were found in the
leaves (but not only), regarding their shape and size, types of margin, apex, venation, and
hairs, plus some anatomical aspects of palisade and spongy tissues, which can be consid-
ered valuable characters supporting the distinction at specific level (Fig. 2).

Insights from comparative micromorphology
Plant micromorphology is the study of finer details of external features, based on micro-
level analyses of leaves, pollens, seeds, petals and other plant organs. The diversity of plant
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Fig. 1. Scatter plots resulting from principal coordinates analysis (PCoA) on Scilla s.1. species based
on a data matrix of 23 morphological data.

Fig. 2. Morpho-anatomical leaf variation in Dittrichia species: a, D. viscosa; b, D. graveolens; c, D.
maritima; d, D. orientalis; e, D. revoluta.
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surface structures arises from the variability of cell shape and size, and stratified
microstructures of the cell surfaces, such as cuticle layers, epicuticular wax crystals, cutic-
ular folds, hairs and glands. Almost unlimited different combinations of these cellular
sculptures generate the high structural and functional diversity which characterizes land
plants’ surfaces (Barthlott & al. 2017).

The surface of plants is the critical interface for the interaction with the environment
and fulfils many different functions (mechanical protection, attachment and particle adhe-
sion, water loss reduction, light reflection, temperature control, air retention, wettability)
related to ecological adaptation and/or reproductive strategies (Barthlott 1981, 1984;
Bargel & al. 2004; Koch & Barthlott 2006). Furthermore, with exception of fossil pollens
and spores, cuticles represent the most widespread unaltered fossil plant remains and are
known from the Devonian to the recent times (Taylor & al. 1989). Thus, comparative stud-
ies of micromorphological features can provide significant insights into physiological
properties and ecological responses of plants to environmental constraints and aid in sys-
tematic and evolutionary questions in extant and fossil plants, as highlighted by a vast
existing literature (e.g. Stace 1965;, Jones 1986; Kessler & al. 2007; Ickert-Bond & Rydin
2010; Albert & Sharma 2013; Anil Kumar & Murugan 2015; Arabi & al. 2017;
Ickert-Bond & al. 2018;, Sur & al. 2018; Scoppola & Magrini 2019).

Examples of micromorphological surveys include comparative analyses of seed coat
sculpturing. The seed coat is the direct interface between embryo and external environ-
ment, acting as main modulator in the plant life cycle with key functions of regulation and
protection. The taxonomic value of the macro-and micro-morphological characters of
seeds and outer coats has been clearly demonstrated, being very conservative and stable
features. In the genus Brassica L. sect. Brassica, with 20 taxa ten of which strictly endemic
to Sicily, seed morphology and seed coat patterns provided useful information for discrim-
inating among close taxa, especially those at subspecific level. Eighteen exomorphic
parameters, including shape, size, color, surface texture, from 50 seeds for each accession
(see Salmeri & al. 2011) were investigated. SEM analysis was carried out on 5-10 seeds
from each sample, considering the arrangement and shape of epidermal cells, the architec-
ture of anticlinal and periclinal cell walls (primary sculptures), their fine cuticular orna-
mentations (secondary sculptures).

Seed coat sculptures at low magnification (20x) showed a reticulate pattern, but higher
magnifications (200-600%) revealed more complex networks, identifiable in 4 basic sub-
types, i.e. simple reticulate, micro-reticulate, reticulate-foveate, reticulate-rugose, on
account of their finer structuring. Significant differences were found in the overall cell
shape (+ polygonal or irregular) and the size, height and alignment of the meshes, which
may be lax to compact, sharply angled to smooth, regular or irregular. Great variation
among different taxa and populations was also observed in the anticlinal and periclinal cell
walls and cell lumen, which can be straight to + undulate, depressed, concave, flat or con-
vex, smooth to + markedly wrinkled, foveolate and / or papillose. Clear differences and
very characteristic architectures were highlighted in most of the investigated species
(Salmeri & al. 2011), with very close taxa such as the B. villosa and B. rupestris complexes
(Fig. 3) characterized by well-defined sets of microsculptures valuable as discriminant fea-
tures at specific and subspecific levels. In addition, seed coat microsculpturing can be help-
ful in the management of seed accessions in the seedbanks’ collections.
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Fig. 3. Seed coat microsculpturing of some Sicilian taxa of Brassica sect. Brassica (500%): a, B. vil-

¥ )
losa subsp. villosa; b, B. villosa subsp. bivoniana; ¢, B. villosa subsp. drepanensis; d, B. villosa
subsp. tineoi; e, B. rupestris subsp. rupestris; f, B. rupestris subsp. hispida

Comparative micromorphology of seed sculpturing is also relevant to assess dispersal
strategies and infer potential and effective pathways of the gene flow within and among
populations. A representative case is given by Daucus carota mericarps. Wild carrot fruits
are oblong-ovoid schizocarps, 2-4 mm long, at maturity splitting into 2 small mericarps,
with an outer convex surface provided with 5 primary short ciliate ridges and 4 secondary
higher ridges with hooked prickles. Due to their shape, wild carrot diaspores can be trans-
ported by both wind and animals. Experiments revealed that especially spines decrease the
fall of seeds in the air and that seeds were found to be scattered by wind over a distance
on average not longer than 3 m (Lacey 1981; Manzano & Malo 2006), but they can reach
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longer distances (rarely up 100 m away from the original area), especially when whole dry
umbels, curled into a ball, are detached from the host plants (tumbleweed effect). Actually,
the post-fertilization contraction of the umbels due to hygroscopic responses to air humid-
ity can also act as regulator of seed dispersal (through retention or release) in local
microsites (Lacey 1980; Heywood 1983). However, the commonest means of dispersal is
by attachment to animal fur or human clothing. Manzano & Malo (2006) demonstrated that
wild carrot mericarps attached to sheep fleece could be transported 400 km by transhumant
flocks, with about 7% remaining adherent for up to 6 months so that seed dispersal contin-
ues for a greater length of time. Thus, barbs and prickles undoubtedly favour seed dispersal
and the number and the distance over which propagules are scattered can differ depending
on scattering medium. A preliminary survey on different Sicilian populations of wild carrot
from internal and coastal sites revealed a great variation in the mass of pericarps (both size
and shape), but especially in the length and density of prickles along the ridges and in the
number (1 to 4-5) and orientation (</~/> 90°) of apical hooks (Fig. 4). These data, which
still need further samplings, could provide useful information to interpret and predict gene
flow among populations and hybridization patterns.

Ecomorphology and adaptive traits

Our current knowledge of biodiversity, adaptive strategies and ecosystem function is
largely founded on descriptive comparative morphology, which enables our understanding
of plant phenotypic plasticity and the related biological and ecological roles. The observa-
tion, description and documentation of variation in plasticity among and within popula-
tions allow to find adaptive explanations for specific forms and comprehend the ecological
and evolutionary consequences of their diversity. Lots of publications discussed on the
interaction of plant structures with environment or analysed how the environment condi-
tions might modify the phenotypic expression of intrinsic features (Rotondi & al. 2003;
Royer & al. 2005; Rozendaal 2003; Xu & al. 2009; Nicotra & al. 2010; Blonder & Enquist
2014; Angiolini & al. 2015; Yang & al. 2015; Mannino & Graziano 2016; Pilote &
Donovan 2016; Saatkamp & al. 2018).

One investigated species showing significant levels of leaf morphometric variation
across its populations was Pancratium maritimum L. In this widespread Mediterranean
coastal species different combinations of some key leaf traits, such as thickness of epider-
mis components, blade tissues, features and size of stomata apparatus, and leaf venation,
provide special morphological patterns which ensure populations to have a plastic eco-
physiological adaptation to the local microclimatic conditions (Perrone & al. 2015). In
fact, despite a main and rather stable morpho-anatomical structure, leaves in P. maritimum
populations revealed significant differences in the size, number, and/or type of several
micro-morphological and histological features. Single and multiple linear regression
analyses, conducted to clarify the statistical effects of different climate parameters (mean
annual precipitation, mean annual temperature, mean maximum temperature, aridity
index) on leaf traits of P. maritimum, indicated the existence of significant correlations,
positive or negative, between leaf plasticity and local climate. Thus, intra-specific variabil-
ity in functional leaf traits of P. maritimum, especially those related to stress tolerance
(thickness of cuticle and epidermis cells, cell size of palisade and spongy tissue, size and
density of stomata, size and number of intercostal areas with aerenchyma or mucilage)
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Fig. 4. Micromorphological fruit variation in some Daucus carota populations from Sicily: a, single
mericarp with barbs and hooked hairs (18%); b, detail of the tip of hooked hairs (600x).
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turned out to be a key aspect for long-term conservation, ensuring local adaptation to
microsite conditions (insolation, drought, sandblasting) and increasing plant aptitude to
adjust to climate changes.

Investigations on 6 different annual species of the genus Salsola sect. Kali Dumort, that
isS. kaliL., S. tragus L., S. australis R. Br., S. squarrosa Steven ex Moq. (formerly S. tra-
gus L. subsp. pontica (Pall.) Rikle), and 2 taxa recently described within the genus Kali
due to the previous taxonomic elevation of the homonymous section (i.e. K. basalticum
Brullo & al. and K. dodecanesicum Brullo & al.), also revealed significant morpho-
anatomical variations between species from maritime and inland areas, which clearly rep-
resent adaptations to survive under specific environmental conditions. Distinctive common
features in this taxonomic group are stems rigid, not articulate, cortex green to greenish-
red, with longitudinal chlorenchymatous striae, leaves linear-cylindrical, broadened at
base, provided with apical spine, bracts similar to the leaves, but smaller, membranaceous
perianth of 5 free segments, fruiting perianth usually winged, provided with unequal rudi-
mentary abaxial appendices, membranaceous fruits, above flattened. Nevertheless, the
species diverge in different combinations of morphological and anatomical characters,
mainly related to the habit, stem, leaves and bracts, indumentum and salt glands, shape and
size of flowers and fruits, which were proved to be directly involved in adaptive ecophys-
iological responses and/or reproductive strategies. As far as leaves are concerned, the
investigated species show a cylindrical to semicylindrical outline, rather reflecting the
same indumentum as the stem, no hypodermis, two concentric layers of chlorenchyma,
typical of C4 Kranz anatomy, water storage tissue with mucilage in the central part, one
central vascular bundle and 2 minor ones in the peripheral part, and 2 longitudinal col-
lenchymatic ridges which interrupt palisade and Kranz cells. As showed in Fig. 5, main
differences regarded the general leaf size (leaf area, leaf thickness), leaf indumentum, cell
size and tissue thickness (complex cuticle-epidermis, palisade tissue, and collenchyma),
which represent useful discriminant features among species (Fig. 6). Results from single
and multiple linear regressions carried out on some leaf morphological characters (Fig. 7)
suggested that climatic parameters have significant influence on leaf variability; in partic-
ular warming has positive relationships with leaf area and leaf thickness, while increased
precipitations seem to affect negatively the leaf size. This can be explained by the funda-
mental role of a well-developed water storage tissue in drought conditions.

Discussion

The examples provided have demonstrated that plant morphology can and should con-
tribute in a dynamic way to both basic and applied research, since today it has new and
more opportunities than ever before, especially due to new techniques for structural
research, such as SEM, confocal microscopy, microcomputer tomography and the modern
morphometric analyses, which are opening possibilities for a better understanding of
organisms’ evolution and a further integration of comparative morphological studies and
other biological disciplines.

Contrary to common belief, plant morphology is not a conservative finished science,
but, like other sciences, it is open to constant innovations involving concepts and methods.
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Fig. 5. Morpho-anatomical leaf variation in some annual Salsola species: a, S. kali; b, S. tragus; ¢, S. dode-
canesica (Kali dodecanesicum); d, S. squarrosa; e, S. basaltica (Kali basalticum); f, S. australis.
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Fig. 6. Similarities among Salsola species resulting from discriminant factorial analysis among based
on leaf parameters.
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Fig. 7. Scatter plots and linear regressions indicating correlations between some leaf features and cli-
matic parameters in Salsola species.

In fact, plant morphology has changed over time and improved its analytical approaches
embracing new technologies and tools, without neglecting traditional methods.

Notwithstanding, morphological studies and their main related discipline, the classical
alpha taxonomy, are still underestimated and somehow marginalized. Results from mor-
phology-based research are often poorly cited in top-ranking journals, maybe because
many authors tend to cite papers that support taxonomic treatments or reviews with molec-
ular data, rather than papers only based on classical taxonomy (Pysek & al. 2013). The low
number of specialists for particular limited groups further contribute to reducing the
chances of plant morphology papers becoming highly cited (Krell 2002). This has progres-
sively led to a worldwide decline in morphologists and taxonomists in general, which
could have a broad impact on plant biology research and biodiversity conservation.
Unfortunately, the simple assumption that biodiversity studies cannot advance without
morphologists is unlikely to produce an adequate increase in public funding and broad sup-
port (Pearson & al. 2011). Thus, now it should be time to re-evaluate the contribution of
plant morphology and contemporary plant morphologists at the level of modern botanical
and evolutionary research in order to avoid the loss of a wide baseline expertise and favour
the involvement of students and young researchers, especially through modern approaches
and high technical tools, in this field of botany sciences.
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