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Abstract: The present study aims at assessing the effects of ultraviolet (UVA;B) radiation in the leaves
architecture of viola tricolor. Fully developed third trifoliate leaves from the top on 30 DAS (days after
germination) viola tricolor under supplementary UV radiation (4 hours daily) were mentioned. UV (A;B) stress
induced change in the leaf morphology and caused several injuries in vein pattern which were not recorded in
normal plants. In general the leaves are simple, unifoliate (having a single leaf) with rounded shape in apex,
cordrate in a base and crenate type in margin. The first order veins, type’s include pinnate, the second order
veins will be reported brochidodromousand third order veins are ramified. The major vein's jacked by
paranchymatous bundle sheath. The areoles are variable in size. They are triangular, tetragonal or polygonal in
outline and with simple, linear and uni-veinlets with dichotomously branched vein endings. There is no
relationship between the size of areoles and the number of vein endings. This characters that consist of venation
pattern in viola tricolor under ultraviolet radiation were examined and have been seen significant difference.
Features that have been seen in treated sample is reducing of leaf surface, folding in some part of leaf margin,
irregular vein network that consist of vascular dissociation and without creation off usual areola with few blind
vein-ending.
Keywords: Viola tricolor, leaf architecture, venation patterns, Areola, UV radiation.
INTRODUCTION
Viola is a genus of flowering plants in the violet
family, containing between 525 and 600 species;
widely spread all over the world and about 30
species are growing wild in Romania. Viola
tricolor L. (wild pansy) is considered the most
important and used in traditional medicine to treat
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various skin conditions (eczema acne, pruritus),
bronchitis and rheumatism. Leaves are highly
polymorphic organs and provide sets of diverse
features. The vein's and veinlet's which form the
vasculature, called the "venation" is an important
feature of mature leaves. The taxonomic
significance of vein-islet areas and vein-endings
has been discussed [1-3]. The architecture of
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dicotyledons
and
angiospermous
leaves
respectively has been classified [4, 5]. Leaf
architecture was represented the placement and
form of those element constituting the out ward
expression of leaf architecture, including venation
pattern, marginal configuration and leaf shape [68].
The response of leaves to the forecasted increase in
climate stress occurrence is considered to be the
key issue in global climate change. Although leaf
productivity increased in most ecosystems during
the past century, several studies underlined an
emerging trend of heat and drought induced decline
and dieback at global scale. Generally combined
physical and biological causes contribute to
observed decline in foliage productivity. The
greenhouse gases accumulating around the earth
due to human activity, increases in thickness day
by day and the heat that normally would escape the
troposphere and enter the stratosphere no longer
does so, there by cooling the stratosphere. Colder
than normal temperatures act to deplete ozone
layer, allowing enormous ultraviolet radiation into
earth’s surface, affecting the plants in several
ecosystems. The epidermis of the leaves
constitutes a dynamic barrier between the plant's
internal and external environment. It is
impregnated with waxes and cut ins on the exterior
and possesses stomata to regulate the exchange of
gases [9-12].
UV radiation is the non-ionizing region of the
electromagnetic
spectrum
that
comprises
approximately 8%-9% of total solar radiation. UV
is traditionally divided in to 3 wavelengths. UV-C
(200-280nm) is extremely harmful to living
organisms, but not relevant under natural condition
of solar irradiation. UV-B (280-320nm) is of
particular interest because although this
wavelength represents only approximately 1-5% of
the total spectrum, it can have a variety of
damaging effects in plants [13-15]. UV-A (320Sep-Nov 2015
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400) represents approximately 6.3%of the
incoming solar radiation and is the least hazardous
part of UV radiation. Increased UV exposure has
been shown to alter the biotic relationships of
higher plants, as demonstrated by the changes in
plant disease susceptibility and the balance of
competition between plant species [16]. UV
radiation above ambient levels may inhibit plant
growth,
development,
reproduction,
and
photosynthesis. However, plant sensitivity to UV
radiation differs between species and varieties. It is
modified by the plant growth rate, developmental
stage, growth form and functional type.
Additionally, air temperature, atmospheric carbon
dioxide concentrations and soil nitrogen,
phosphorus and moisture content may affect plant
sensitivity to UV radiation [17, 18].
MATRIAL AND METHODS
The seeds of viola tricolor were brought from the
genetic resources center in Iran and grown in the
university botanical garden (day temperature
maximum 28± 2ºC, night temperature minimum 16
±2ºC, relative humidity 60 ± 5 %, 52 μmol m-2s-1
Photosynthetic Photon Flox Density, photo period
8 to 16h). Half of the samples were treated by UV
radiation. Light source was UV (A; B) lamps
(TL18W/009UVSunlamps, The Germany) with a
wavelength rang between (280-400nm).For one
month, treatment plants were exposed to UV
radiation 4 hours per day. The leaves were
collected at vegetative stage then their architectural
features were analyzed. In this study was presented
proper protocol to transparent of leaves. According
to this protocol, leaf samples were placed in 5%
HCL for 6 hours. However, in order of
development this time becomes longer.
Approximately, one other way to view leaf surface
is boiling in KOH 10% for 4-5 minutes. Then,
slides prepared from leaves and examined by the
microscope. Leaf size was measured using graph
paper. Areole size and number of vein endings
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were taken from different leaves. A terminology
has been defined and followed for the description
of leaf architecture [19].
OBSERVATION
Morphological description: Leaves are simple
and alternate arranged on the main axis and
petioles are in all cases. The petioles are about ¼½" long and relatively broad. At the base of each
leaf petiole, there is a pair of leafy stipules that
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clasp the stem. Lamina is more or less symmetrical.
The apex is acuminate or rounded, the base is cord
rate and the margin is crenate type, where it is
clearly lobed (see table 1). The venation is pinnate
where a single primary vein serves as the origin for
the higher order venation. The first, second and
third degree veins are major and the higher order
veins, the minor venation pattern (Fig. 2A). While,
in the treatment samples only the leaf apical has
been found folded and the number of lobes are
increased (Fig. 2B).

Table1: Qualitative Leaf Features of viola tricolor(Abbreviations see Chapter Material and Methods)
Name of
the species

Shape

Apex

Base

Margial

Texture

Primary
veins size

Marginal
ultimate
venation

Major venation
pattern

Viola
tricolor

Heat-shape
or arrow like

Rounded

cordrate

Crenate

Thin leaf
texture

Modrate

Complete

brochidromouse

Major venation pattern: The major venation
pattern conforms to “brochidodromous” type in all
samples. The central primary vein is the thickest
vein of the leaf and after its departure from the
petiole; it traverses straight or with slight curvature
at the lobe apex and the thickness gradually
decreases. The secondaries have their origin on
either side of the primary vein in an alternate
manner. The secondaries do not merge into the
margin. The number of secondaries on either side
of central primary vein is almost constant and angle
of divergence is acute (narrow to moderate). The
tertiaries which have their origin mostly from the
secondaries are markedly thinner than the
secondaries. The major veins as a rule are
multiseriate. Major veins are generally jacked by
paranchymatous
sheath
called
"bundle
sheath"(Fig.2W-X). Primary vein is straight but in
treatment samples may be straight or sinuous
(Fig.2D). The number of second degree veins on
either side of the primary vein reported 5and for
treatment samples Anticipated 5 0r 6.
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Minor venation pattern: The highest order veins
is identified up to 5 degree in control samples, but
in treatment one up to 6. The qualitative leaf
features and numerical data on the venation pattern
are charted in Table 1 and 2.marginal ultimate
venation is complete in both control and treatment
sample and veinlets directly adjacent to the margin
which form first, second and third external loop
(Fig.2E-F). The higher order veins are mostly
uniseriate and rarely biseriate. The areolas are
perfect and the shape may be triangonal, tetragonal
or polygonal (Fig. 2E). But in treatment sample the
areola shapes was seen irregular and rarely
imperfect (Fig. 2F). The size of the areole is not
constant, varies in this species. The plasticity of
venation characters is shown by the variation in
size, number of veinlets per areole and
organization of terminal vein endings in current
species.
Vein endings: The ultimate veins of the leaf are
either simple or branched. Simple vein- endings
may be linear or curved (Fig. 2I, J). The branched
ones may divide dichotomously once or twice and
Page 40

Academica Editores:

Acta Velit

branches may be symmetrical or asymmetrical
(Fig. 2H). The veinlet's are mostly uniseriate. They
may be long and thin or thick and short. In most of
the cases where areoles are devoid of vein endings,
a loop like structure is seen which is form due to
union of veins or tracheids (Fig. 2G). Loop
formation thus decreases the distance between the
vein and help in transporting system. As regards in
treatment sample has been observed few blind
vein-ending and rarely a large number of vein
endings are present in a big areole. The veinlet's are
mostly biseriate or maltiseriate (Fig.2K, L, M, N).
Occasionally, the loop formation can be seen in
treatment samples (Fig. 2T, U).
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Tracheids: The veinlets are associated with
terminal tracheids which increase in cell diameter
and are extra-ordinarily variable in size, shape and
nature. The tracheids are either uniseriate (solitary)
or biseriate. Uniseriate (solitary) tracheids are
elongated. The tracheids may be uniseriat or linear
(Fig. 2O, P). Uniseriate tracheids are elongated
(Fig. 2P). They are singly or in group and may
juxtaposed (Fig. 2P). Biseriate tracheids are
elongated. In the treatment samples has been seen
blind vein-ending (Fig. 2Q) and uniseriate
(solitary) tracheids are dilated (Fig. 2R).

Fig1: The different types of tracheids observed in the study can be classified as follows:
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Isolated tracheids: Tracheids either uniseriate
(solitary) lying free in the mesophyll tissue of the
areole is termed isolated tracheid that only has been
seen in treatment sample. Isolated tracheids have
been seen short (Fig. 2U) or elongated types (Fig.
2V).
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Areolation:
The smallest areas of the leaf tissue
a
bounded
by veins which form a contiguous field
t
over
e most of the area of the leaf are called areoles
and
d the appearance and characteristics of the

areoles are termed areolation. The areoles are
perfect and shape may be polygonal, tetragonal or
triangonal. The areole size is variable. In treatment
samples areolation patterns are unregulated and
unusual and The areola size are greater than control
samples (Fig. 2K, L). The number and size of
areoles, number of vein-endings, absolute veinislet (areole) number and absolute vein termination
number vary in different species and cultivars
(Table 2).

Page 41

Academica Editores:

Acta Velit

Vol: 2 Issue: 2,

2015

Table 2: Numerical Data on the Venation Patterns of the leaves of different viola tricolor samples
Name of
Viola
tricolor
samples
Control
treatment

Leaf
area
(mm2)

Leaf
length
(mm)

Leaf
width
(mm)

Leaf
thicknes
(µm)

6
4

35
45

25
20

75.8
122.9

Name of
Viola
tricolor
samples
Control
treatment

Vein lets
termination
number/mm2

Average size
of
areoles(mm2)

3.72
2.49

0.7
1.0

Absolute
areole
number
(000s)
66.1
75.2

Bundle sheath: All the major veins are jacketed by
paranchymatous bundle sheath cells which are
usually elongated in the direction parallel to the
veins and they are sinuous in treatment samples.
Bundle sheath cells arrangement did not show any
changes between control and treatment samples
(Fig. 2W, X).
RESULT AND DISCUSSION
Leaf venation in angiosperm varies both in pattern
[4] and regularity [4, 20]. The veins of first, second
and third order form major venation pattern and
those of subsequent orders constitute minor
venation patterns [21]. In present study the leaves
are simple, unifoliate (having a single leaf) with
rounded shape in apex, cordrate in a base and
crenate type in margin but in treatment samples,
leaves small, wrinkled, chlorate, shiny, thick and in
apex are folded. In cultivar of viola tricolor, the
major venation pattern is brochidromous type (this
term is reserved for that condition where adjacent
first order lateral joins one another) and the tending
to form an inter marginal vein. The result of this
study indicated that major venation pattern has not
significant change in the treatment samples. The
plasticity of venation varies in treatment and control
Sep-Nov 2015

Number of
2o along
one side of
midrib
5
5-6

Angle
between
1° & 2°
vein
75o-80o
60o-65o

Absolute
vein termination
number
(000s)
44.8
36.9

Vein islets
(areols)/ mm2

Veinlets
entering
areole/mm 2

6.06
5.27

4.16
3.32

Highest
vein order

Veinlets entering
areole per mm2

5
6

2
4

samples by variations in areole size and shape;
number of vein endings and other qualitative
features. The number of vein endings are in no way
connected to the size of the areole, as the nearby
areoles even though more or less equal in size vary
in their number of vein endings. Then has not been
observed any correlation during the present study in
both of control and treatment samples. Loop
formation is a common feature where there are few
vein endings or none in treatment samples. Marginal
ultimate venation is generally complete. The vein
endings has been classified into simple and
branched. Branched ones divide once, twice or
thrice dichotomously [4, 21, 22]. In the present
study of veins terminology reported that areoles are
variable in size and They are either triangular,
tetragonal or polygonal in outline and with simple,
linear and uni-veinlets with dichotomously
branched vein endings, but features that have been
seen in treated sample is irregular vein network that
consist of vascular dissociation, without creation off
usual areola with biseriate, maltiseriate and few
blind vein-ending. The principal and secondary or
minor vein-endings has been distinguished [23].
Minor venation pattern has been changed in
treatment samples. Study of xylem structure of veinendings has been made based on the number of
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terminal tracheids [2]. Mostly tracheids at the vein
endings increase the cell diameter and are
extraordinarily variable in size, shape and
orientation. Both uniseriate and biseriate tracheids
are observed in different samples. Isolated veins
reported the occurrence of in dicotyledonous leaves
for the first time [24]. Isolated tracheids are
uniseriate either short or long, are observed. Uni, bi
and tri veined leaves has been designated on the
basis of number of strands entering the base of the
petiole and serves as the origin for the higher order
venation [25]. In this study Leaf has one midvein
or primary vein then the first order veins are pinnate
type. The veins which are surrounded by
paranchymatous bundle sheath. Such ornamentation
is restricted to major veins all samples in viola
tricolor.
CONCLUSION
A total of viola tricolor species were collected and
preserved, observed, measured and characterized
based on leaf architecture characters. A key table of
this species based on leaf architecture was done.
The results proved that leaf architecture characters
are good taxonomic markers in plant identification
and classification and important anatomical features
to assess the shape and resistance of leaf. The leaf
attachment, laminar shape, base and apex shape,
margin type, blade class of the leaf are important
diagnostic characteristics in the study. The 2° and
3° vein category, spacing and angle are the most
useful characters in the study of treatment plants in
comparison with control plants.
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