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INTRODUCTION

A review of literature plays an important role in
depicting quantum of work done in related area of
study. A brief review of literature on leaf clearing may
be helpful in grasping the existing scenario, more over
in understanding the significance of subject, untouched
areas and hence the scope of work to be carried out.

Leaf veins are hierarchical fine lines of variant sizes
and designs found on the surface of the leaf (Saba, et
al., 2012). This venation network is chiefly composed
of lignified xylem and phloem which has various
functions including transport of water and sugars,
mechanical support etc (Roth-Nibelsick, et al., 2001)
Leaf framework including size, shape margin, leaf
base, tip, veins and petiole plays important role in
classification, systematic and ecology (Ellis, et al.,
2009) The venation patterns are important features
for classification and evolution of angiosperms than
the other leaf characters, because their orientation
and quantitative characters are relatively stable at the
species level (Fang, et al., 2002; Haung, et al., 2004).
The plants can be identified on the basis of its external
structures such as leaf, seed, fruits and flowers in
accordance to the plant taxonomy theory (Goeau, et
al.,  2013). However, in various studies leaf
characteristic were found more significant in species
identification (Hoshang, et al., 2018). The study of
leaf architecture was initially explored by
paleobotanists in 1950s (Foster, A. 1936).The leaf

The clearing of leaves to reveal the leaf venation can be successfully accomplished by diverse methods.
Leaf venations are an important feature for botanists and taxonomists to identify and catalogue a
plant species, it has several waves of interest among morphologists and paleobotanists in studying of
plant material total as such. Cleared leaves of different plant species can be stained and mounted to
form ineradicable and permanent specimens applicable for research and class room study. The present
paper depicts the review of literature on leaf clearing and its significance in Plant Sciences.
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venations are applicable to extensive areas of
research, these include the evolution of leaf form and
function (Boyce and Knoll, 2002) genetic and other
mechanism in the ontogeny of leaf venations (Candella,
et al., 1999) applications in systematic and
evolutionary biology, veins are useful in taxonomy
(Ellis, et al., 2009)  and for studying climatic change
and macro evolutionary trends (Boyce, et al., 2009;
Brodribb and Field, 2010; Field, et al.,. 2011).  For
developmental biologists veins are the prominent
features in understanding vascular patterning and
tissue differentiation (Candela, et al., 1999; Scarpella,
et al. 2010; Sack, et al. 2012). Leaf vein impressions
are the most abundant plant macro fossils available to
paleobotanists, thus the ability to more rigorously
quantify vein geometry has the potential to aid attempts
to identify fossil samples with greater phylogentic
resolution (Behrenmeyer, et al.,1992). Levin(1929) 
explained that leaf venation patterns have high
taxonomic value and suggested that a species has a
constant number of veins that can be used for species
identification  Dilcher(1974)  stated that a study on the
nature and structure of leaf venation has significant
implications for the relationship between taxonomy
and phylogeny.

With suitable method of clearing the venation network
of diverse leaves can be exposed and can be largely
used for all the applications mentioned above. In
botanical and taxonomical research the technique of
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clearing leaves has been used over centuries and a
number of chemical clearing methods have been
developed Bates(1931);Foster(1949; 1950); Fuchs
(1963); Hearing and Nicholson (1964); Rodin and
Davis (1967); Morley(1968); Gardner(1975); Berlyn,
et al, (1976); Jackson and Snowdon (1990); Herr
(1971;1993); Liang and Herr (1994);  Sack, et al.
(2006); Dunber, et al. (2009);  Rolland-Lagan, et al.
(2009); Scoffoni, et al. (2011) and Perez-
Harguindeguy and Diaz (2013). There are reports in
the literature regarding leaf clearing technologies using
different chemical clearing agents such as sodium
bicarbonate, acidified chloral hydrate, NaOH,
trichloroacetic acid, trichloroethanol and phenol etc.
But nearly all the chemical clearing agents used are
harmful and yield fragile venation. Use of microbial
culture for leaf clearing is under trial by several
researchers and is eco friendly, toxicity free and the
products are strong, versatile and can be used widely
for a number of applications (Saima et al., 2019).

Various methods of leaf clearing described in the
literature.

Simple method of leaf vein clearing was described by
Irene(1878) who kept the leaves in a jar containing
one tea spoonful of muriatic acid in one gallon of rain
water and placed in warm place until the vegetable
matter was softened and easily removed. The leaf
clearing method developed by Coleman, et al. (1964)
involve an initial bleaching process, acidified with the
addition of acetic acid, this method was found very
useful to observe fungal hyphae on oak leaves from
litter and to differentiate hyphae inside the leaf from
those on the surface. Lersten(1967) mentioned the
use of acidified chloral hydrate as commonly used
leaf clearing solution. Dilcher (1974) during the study
of identification of angiosperm leaf remains, published
botanical review in which Dilcher mainly focused on
history of leaf preparation methods and listed many
of the clearing and mounting procedures used up to
the time. Mohan, et al. (1978) in their report mentioned
that leaf clearing can be attained by soaking portions
of leaves in a mixture of trichloroacetic acid and
phenol in 2:1 proportion for 10 -15 minutes at 600c

these can be stained with writing ink. The intensity of
staining does not change even in permanent

preparations and therefore specially beneficial for
studying the morphology of fungi parasitic on leaves.
The Leaf clearing solution consists of ethanol,
chloroform, lactic acid, phenol and chloral hydrate was
used for the clearing of wheat leaves for the detection
of rust and powdery mildew infection in leaf tissues
(Keane, et al., 1988)

Clearing of leaves was attained with 5% NaOH
solution followed by acetolyzation and further clearing
with 5% sodium hypochlorite to study the foliar
morphology of Gunnera insignis (Fuller and Hickey.
2005). Micheal, et al. (2001) reported the use of
sodium bicarbonate as a clearing agent in leaf clearing.
The combination of lactic acid with chloral hydrate
was found effective in clearing of free hand sections
of plant tissues, such sections could be mounted
directly in the clearing solution for bright field
microscopic observation (Alexandar, et al., 2005). The
method of boiling the leaves in the solution containing
NaOH was reported by Murgan, et al. (2007) to obtain
the leaf venations. Visikol clearing solution containing
trichloroacetic acid and trichloroethanol was found an
effective clearing agent in clearing whole mounted
fresh and dried material, it renders the tissue
transparent and allows the visualization of deeper
layers of tissues (Thomas et al., 2013).  Alejandra et
al. (2014) reported clearing by immersing the leaves
in 5.0 % solution of NaOH for one to several days at
40 – 45OC till the leaves were cleared. Fosters method
of clearing was used by Xiao, et al. (2017) in studying
the taxonomic and phylogenetic significance of leaf
venation characteristics in Discora plants.

There are some biological methods which have been
used in the past for the isolation of protoplast from
the leaves. The use of microorganisms to separate
plant vascular skeletons is not new. Loomis and Shull
(1937) suggested the immersion of leaves in an algae
tank until the mesophyll was eaten away by
microorganisms, leaving an intact vascular skeleton.
The recovery of rubber was done from cryptostegia
to isolate and measure the full extent of the leaf veins
as reported by Whittenberger, et al. (1945). The
method utilizing an anaerobic fermentation process
has been used for the isolation of protoplasts from
vegetable leaves as reported by White, et al. (1948).
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Evans, (1928; Loomis and Shull, 1937; Sharman,
1942) described methods for separating vein tissue
(xylem) from other plant tissues, the method developed
by Naghski and associates (1945) proved particularly
adapted for Cryptostegia leaf.  Whittenberger, et al.
(1948) reported the fermentation of leaves with the
pure culture of Clostridium roseum for the preparation
of vein skeletons and epidermis from leaves of a
number of species, fermentation was established in
the flasks by use of a water trap and by flushing with
carbon dioxide or nitrogen for 2-3 min, this anaerobic
bacterium was found vigorously digesting cellulose cell
walls but leaves lignified, suberized and cutinized walls
essentially unaltered. Sterility and aseptic conditions
were observed only in the preparation of the inoculum,
for Clostridium roseum maintains an essentially pure
culture when incubated anaerobically, even with an
unsterilized leaves. The majority of leaves cleared with
Clostridium roseum fermentation  were Liriodendron
tulipifera, Ligustrum japonicum, Salix vitellina,
Philodendron verrucosum, Cryptostegia grandiflora,
Coleus blumei, Poa pratensis and Saintpaulia
ionantha.

In this way leaf clearing can be attained with both
biological and chemical methods, biological methods
are much safer and less destructive to tissue
morphology of venation networks, but there are very
few reports on leaf clearing with biological methods.
The cleared leaves obtained from chemical clearing
methods used for the preparations of permanent
mounts cannot be used for longer periods because of
the disintegrated   nature of venation system,
unfortunately efforts to restore the damaged mounted
leaves are time consuming and expensive (Erika
Gonzalez, Smithsonian Institution, personal
communication, 2011). Most of the clearing methods
described in the literature are based on the use of
chemicals, linked with toxicity issues in which some
of the chemical viz chloral hydrate, the clearing ability
of chloral hydrate has been known for nearly a century
and has been widely used in the examination of
different plant structures (Lersten.1967) chloral
hydrate is a controlled substance and is banned in
several countries as longer exposure of this chemical
can lead to lot of health issues (Thomas, et al., 2013).

The resultant product in chemical clearing methods is

fragile with broken veinlet as the chemicals are harsh
on specimens and caused shrinkage on tissue structure,
hence deteriorated venation networks are difficult to
use for any application (Saima, et al., 2019).
Therefore there is a need to develop non toxic and
effective method of leaf clearing for plant related
studies.

Discussions

Leaf clearing has enormous applications in Plant
Sciences, it has been widely used for decades in plant
microtechnique for preparing whole mount specimens
(Alexander, et al., 2005). Whole leaf preparations are
much useful than thin sections in enabling the rapid
examination of whole infection process including leaf
surface and within leaf phases and measurement of
quantitative differences between infections (Kaene,
et al., 1988) Clearing has been also used for the
detection of various fungal diseases associated with
plants and it has been found effective to assist fungal
spore germination counts on several leaves (Gerrit, et
al., 1962). Even though leaf venations has broad
scientific applications, but the study of leaf veins is
often data limited (Price, et al., 2011) as there are no
sufficient techniques developed for long past period,
results in minimum use of such techniques and hence
reduction in the number of taxonomist to great extent
(Lisa, W. Drew.2011). The technique of leaf vein
clearing is the most effective way of exposing the
inner mantle of leaves for the applications related to
the Plant Sciences, thus by selecting the appropriate
method of clearing that results in stronger leaf venations
with unaltered morphology can be adapted for the
number of applications, the same technique can be
used for the preservation of endangered species which
later can be utilized as fossils in study of both evolution
and taxonomy.

Conclusion

The technique of clearing render the tissue transparent
allowing the observation of deeper layer of cells and
making it effective in research, educational and plant
related applications. Different chemical methods used
for clearing of leaves alter the tissue morphology. Due
to toxic nature of chemicals, these methods are always
linked with health issues. Hence there is a need to
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develop safer and toxicity free and moreover eco-
friendly leaf clearing technique. To satisfy the need
of time, various researchers are trying microbial
aspects to yield stronger and long lasting products.
Structures obtained by leaf clearing can be effectively
used for research in Plant Sciences.
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