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Abstract: Pollen is a unique plant tissue that potentially can be used and manipulated to the advantage of the geneticist, breeder,
Physiologist, or germplasm curator. Since pollen of most species is haploid and each cell is independent, pollen has the potential to
provide a microbial-like system for evaluation, assay, and selection. Whatever the interest and use, the viability of the pollen is necessary
information. The ability of pollen to germinate on artificial media is widely used as a test of viability, especially for bicellular pollen.
This requires a near-optimum germination medium and environment. Adequate media now exist for bicellular pollen from many
species. Plant Growth regulators released as secondary metabolites by applied hormones may contribute to the growth promoting effects
that enhanced early emergence of pollen tubes. The effect of either sucrose or boric acid individually showed good results, but sucrose in
combination with boric acid promoted pollen germination as well as tube development, because boron makes a complex with sugar and
this sugar-borate complex is known to be capable of better translocation than non-borate, non-ionized sugar molecules.
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1. Introduction

Pollen is anatomically simple compared to other highly
differentiated tissues and plant organs. The pollen grain used
to transport the male gamete to the female part of a flower,
plays a vital role in breeding programme and hence assists in
successful fruit-set. High crop yield generally depends on
viable pollen grains. Pollen fertility and viability have a
paramount importance in hybridization programme. A large
numbers of pollens have been successfully germinated under
laboratory conditions on relatively simple media. Pollen
performance in terms of germinating ability may have the
relative importance upon not only fruit-set but also the
flower-flower and flower-pollinator interaction. Pollen
germination and pollen tube growth are generally divided
into four phases; imbibition phase, lag phase, tube initiation
phase and rapid tube elongation phase Pollen tube growth
proceeds through tip extension and can be affected by many
factors, including temperature, medium osmolarity and the
availability of sucrose, calcium, zinc and boron [1], [2].
Calcium is required for maintenance of membrane integrity
[3], [4], [5], and increasing evidence suggests that boron
plays an important role in the growth and development of
vascular plants [6], [7].

2. Literature Surveyed

Germination requirements of pollen vary appreciably from
species to species. Apart from moisture, they generally
require a carbohydrate source, boron and calcium for
satisfactory germination and tube growth. Pollen grains
contain different biochemicals like sugar, starch, lipids,
phytic acid [8], [9] and m-RNA [9]. These storage products
get metabolized on germination and elongation of pollen
tube, thus play an important role in germination and in initial
stage of pollen tube growth [10], [9].

Sucrose is generally considered to serve two functions in the
medium, that of an energy source and an osmoticum. [11]
stated that the externally supplied sucrose maintains the
osmotic pressure and acts as a substrate for pollen
metabolism. [12], [13] recorded that for optimal germination
of pollen grains 7.5-20% sucrose solution was needed in
different cucurbits depending upon species. Evidence is

abundant that sucrose in the medium is metabolized by
germinating pollen [14]. For example 10% sucrose in
Bambusa vulgaris [15] and Datura metel L. [16] and Najas
marina [17] and 15% sucrose in Bassia latifolia [18], 11 to
15 % in Asclepias syrica [19], 20% in Abelmnoshus
esculentus [20], 30 % Catharanthus roseus [21], [22] proved
good for optimum germination. 15% sucrose in water
chestnut [23], 5% in selix species [24] proved good for
optimum germination.

Pollen germination and tube growth were increased with
increasing concentration (0.5-1.0 ppm) of Boric acid,
Gibberellic acid, IAA in a basic sucrose and agar medium,
without injurious effect. At the physiological level, Boron is
believed to control growth, membrane permeability and help
in translocation of sugar, while at the biochemical level it
controls several enzymes [25]. Several studies have
examined the impact of boron on development of
reproductive organs [26] Because pollen tubes represent a
fast growing system and are sensitive to boron deficiency
[27], the morphological effects of boron during pollen tube
growth in angiosperms have also been investigated [28].

Boron is an essential microelement required for growth and
development of vascular plants. Boron is believed to
promote pollen germination by affecting H*-ATPase activity,
which initiates pollen germination and tube growth [27].
Boron deficiency symptoms first appear at growing points,
such as root tips and pollen tube tips [29]. Boron deficiency
greatly reduces cell wall plastic extensibility and impairs
normal cell elongation in growing plant tissue [30]. Boron
deficiency also caused morphological abnormalities,
including swelling at the tip of the pollen tube. Similar
findings have been reported for pollen tubes in several
angiosperm species [31]. The role of boron has been
confirmed in germinating pollen and growing pollen tubes in
vascular plants [32]. The studies of [33] indicated that boron
is directly involved in pectin synthesis and thus indirectly
involved in development of pollen tube membrane. [34]
studied the effect of boron on the localization of pectins and
callose in the wall of pollen tubes in Picea meyeri. [13] also
reported the stimulatory effect of boron on in vitro pollen
germination of Pistacia vera.
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The beneficial effect of boric acid or borax in minute
quantity on pollen germination was proved my many
scientists [35]. They recorded a higher germination
percentage and greater length of pollen tube in boric acid
containing media than in boric acid free media. Their
presence reduced the number of tube bursts. In 0.01% boric
acid was standard for Zea mays [36]. Higher concentrations
were toxic and inhibited germination of pollen as well as
growth of pollen tubes [10]. 0.01% Boric acid was also
standard for Brassica oleracea with 500 pm tube length and
for Chrysanthemum [37]. 0.001% boric acid gave optimum
result in Sorghum bicolor L. Moench, [23], 0.04% in Datura
metel L. [16]. 0.01 M boric acid is required in Conospermum
sp. [38] while 0.01% is required is Picea meyeri [39], 0.001
% Boric acid was used with fresh willow pollen [24].

The effect of either sucrose or boric acid individually
showed good results, but sucrose in combination with boric
acid promoted pollen germination as well as tube
development, because boron makes a complex with sugar
and this sugar-borate complex is known to be capable of
better translocation than non-borate, non-ionized sugar
molecules [32].

[40] has shown that calcium plays a role in controlling the
permeability of pollen tube membrane. Besides sugar and
boron several other substances are also known to have a
stimulatory effect on the germination of pollens and the
growth of tubes. It is known that K* is required for both
pollen germination and pollen tube growth [41]. Colchicine,
IAA and manganese sulphate in higher concentration inhibits
growth of pollen tube [42].

0.03% concentration of CaCl, proved to be best the best for
Plumeria alba [43] and Zea mays [44] and Catharanthus
0.04% concentration of CaCl, was also best for Gossypium
hirsutum [22] and Datura metel L. [16]. 1.27 mM Ca
(NO3),.4H,0 for tobacco (Nicotiana tabacum) pollen [45]
250 mg Ca (NOg), required for ground nut i.e. Arachis
hypogaea [46], 2.12 mM Calcium nitrate for Sorghum [46]
and 300 ppm Ca (NO;),.4H,0 for Eucalyptus marginate
plant.

In Catharanthus 0.4% MgSO, gives an excellent result [21],
In Nicotiana tabacum L. 0.87 mM MgSQO,.7H,0 is required
[45], 0.42 mM MgSQ,.7H,0 required in Gossypium sp. [47].
0.001% of Potassium nitrate was also incorporated in the
standard media of Gossypium hirsutum [48].

Maintaining the germination capacity of stored pollen can be
useful in time saving in hybridization programs and also in
crops improvement. [49] reported germination of Olive
pollen improved markedly in storage conditions. According
to [50] the germination capacity of strawberry pollen
increased in low temperature. The pollen are of two types
Trinucleate and Binucleate, the former one is very hard to
germinate on artificial media while the later one is easy to
handle. At low temperature the pollen shows germination
capacity better than at high temperature. There are several
reports on pollen germination and viability of different taxa
with varied aims and objective Recently extensive studies
have been carried out on pollen storage, various methods
have been tried for successful storage of different taxa [51],
[24], [52], [53], [54], [55].

The apparent inability of pollen to synthesize ethylene and
its insensitivity to exogenous ethylene are unique. Pollen is a
rich source of auxin which induces ethylene synthesis in
stylar tissue of orchids, and eventually the other floral parts,
causing them to senesce [56]. Auxin stimulation of ethylene
synthesis in vegetative tissue and fruits is a general
phenomenon resulting in many diverse morphological and
physiological changes. [57] reported that ethylene increased
pollen germination only in the absence of boron in the
medium. [58] reports that ethylene increases pollen
germination and tube growth.

Pollen grains are rich in hormones, vitamins and amino acids
[14]. They generally do not require exogenous supply of
these substances for germination and tube growth. There are
a few reports in which auxins, gibberellins and cytokinins
promote germination and tube growth [60]. Absence of
calcium in the medium results in an increase in the
membrane permeability leading to the loss of internal
metabolites [20]. It is known that pollen germination and
tube growth are significantly regulated by the transport of
inorganic ions, such as Ca™ and K*, across the plasma
membranes of pollen and/or pollen tubes [2]. KNO3z may also
regulate the osmotic potential for the swelling of pollen
grains in poaceae plants [60].

3. Conclusion

Near similarity in the osmotic concentration of the nutrient
medium and that of the pollen is a pre-requisite for
germination and the percentage of germination and pollen
tube length are directly proportional to osmotic
concentration, while bursting is inversely proportional [61].
Sugar in the culture medium serves functions like
maintaining osmotic pressure of the medium and as a
substrate for metabolism of pollen. Satisfactory pollen
germination requires solution of sugar, especially sucrose
[21], [20] with or without other substances. In most of the
plant species tested sucrose is probably the best carbon
source both for pollen germination and tube growth followed
by glucose, fructose, galactose and lactose [62]. It was
generally presumed that sucrose is exogenously hydrolysed
by the invertase released by pollen and only hydrolysed
products are taken up by pollen [63]. Boron reduces bursting
of pollen tube [64] and stimulates pollen germination and
pollen tube growth in higher plants [65]. Many other boron
containing compounds such as butyl borate, borax, and
potassium tetraborate are also effective [66].

References

[1] T. Sawidis and H. D. Reiss, “Effects of heavy metals on
pollen tube growth and ultrastructure”. Protoplasma 185,
pp. 113-122, 1995.

[2] L. P. Taylor and P. K. Hepler, “Pollen germination and
tube growth”. Ann. Rev. Plant Physiol., and plant Mol.
Bio., 48, pp. 461-491, 1997.

[3] R. F. M. Van Steveninck, “The significance of calcium
on the apparent permeability of cell membrane and the
effects of substitution with divalent ions”. Physiol.
Plant. 18, pp. 54-69, 1965.

[4] Kell and E. Donath, “Effect of ionophore A-23187 on
plasma membrane integrity in isolated protoplasts of
Avena sativa”. Plant Sci. 69, pp. 135-138, 1990.

Volume 3 Issue 5, May 2014

Paper ID: 020131737

WWWw.ijsr.net

305



International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Impact Factor (2012): 3.358

[5] V. L. Sheen, E. B. Dreyer and J. D. Macklis, “Calcium-
mediated neuronal degeneration following singlet
oxygen production”. NeuroReport. 3, pp. 705-708,
1992,

[6] Cakmak, H. Kurze and H. Marschner, “Short-term
effects of boron, germanium and high light intensity on
membrane permeability in boron deficient leaves of
sunflower”. Physiol. Plant. 95, pp. 11-18, 1995.

[7] C. R. Stangoulis, R. J. Reid, P. H. Brown and R. D.
Graham, “Kinetic analysis of boron transport in Chara”.
Planta, 213, pp. 142-146 (2001).

[8] R. T. Bertain, “Paternity in plants”. In: Lovett Doust
(eds.) Plant reproductive ecology. Oxford University.
Press, New York, 30-39, 1988.

[9] G. Stephenson, C. W. Erickson, Lau Tc, M. Quesada
and J. A. Winsor, “Effects of growing conditions on the
male gametophyte”. In: Stephenson, A. G.; Kao, T. H.
(eds.) Pollen pistil interactions and pollen tube growth,
220-229, 1994.

[10] K. Vasil, “Effect of Boron on pollen germination and
pollen tube growth”. In: Pollen Physiology and
Fertilization. Ed. H. F. Linskens. North Holland
Publishing Company, Amsterdam, 1963.

[11]R. Shivanna and B. M. Johri, “The angiosperm pollen
structure and function”. Willey Eastern Ltd. New Delhi,
1989.

[12] Biswas, S. Mondal and S. Mandal, “Studies on in vitro
pollen germination of Solanum surattense Burm.f. and
Solanum nigrum L”. Science and Culture, 74(3-4), pp.
149-152, 2008.

[13] Acar, B. E. Ak and K. Sarpkaya, “Effect of boron and
gibberellic acid on in vitro pollen germination of
Pistachio  (Pistacia vera L.)”, African Journal
Biotechnology. 9(32), pp. 5126-5130, 2010.

[14]R. G. Stanley and H. F. Linskens, “Pollen: biology,
biochemistry and management. Springer-Verlag, Berlin,
Heidelberg, New York, 1974.

[15] C. Koshy and G. Jee, “Studies on the absence of seed-set
in Bambusa wvulgaris”. Research communications.
Tropical Botanical garden and Research Institute,
Palode, India, 2001.

[16] L. Katara, "Studies on pollen germination storage and
viability of Datura metel L.” M. Phil. Dissertation
submitted to Gujarat University, 2009.

[17]B. K. Jain and C. K. Shah, “Histochemical study of in
vitro pollen germination and tube growth of pollen in
Najas marina L”. Biovigyanam., 17, pp. 30-37, 1991.

[18]Singh and O. P. Singh, “Variation for pollen
germination and pollen tube growth in some germplasm
of Mahua”. Ad. Plant. Sci., 14(1), pp. 27-29, 2001.

[19]P. G. Kevan, D. Eisikowitet and B. Rathwella, “The role
of nectar in the germination of pollen in Asclepias syrica
L”. Bot. Gaz., 150, pp. 266-270, 1989.

[20]Y. B. Dabgar and B. K. Jain, “Effect of sucrose, boron,
calcium and magnesium during in vitro pollen
germination and tube growth in Abelmoscus esculentus
L. Moench”. J., Swamy Bot., 18, pp. 25-29, 2001.

[21]V. A. Patel, D. Patel and B. K. Jain, “In vitro pollen
germination and tube growth in Catharanthus roseus L.
The effect of sucrose, boron, calcium, magnesium and
nitrate”. Plant strc. Morpho., (ed.) E.L. Kothari, India,
pp. 129-135, 1997.

[22]Z. N. Rathod, “Studies on pollen germination storage
and viability of Catharanthus roseus Linn. and

Nymphaea stellata Wild. M.Phil dissertation submitted
to Gujarat University, 2001.

[23]Hoque and S. Arima, “In-vitro pollen germination and
tube growth in water chestnut”. Phytomorphology, 50,
pp. 313-316, 2000.

[24]R. F. Kopp, C. A. Mayard, P. Rocha de Niella, L. B.
Smart and L P Abrahamson, “Collection and storage of
pollen from Salix (Salicaceae)”. Amer. J. Bot., 89, pp.
248 — 252, 2002.

[25]S. Khattra and C. P. Malik, “In: Advances in Pollen
Spore Research” XIX Ed.C. P. Malik Today and
Tomorrow’s Printers and Publishers, New Delhi,
110005 (India) pp. 139 — 164, 1992,

[26]R. I. Rowe and C. D. Eckhert, “Boron is required for
zebrafish embryogenesis”. J. Exp. Biol. 202, pp.1649—
1654, 1999.

[27]G. Obermeyer and M. R. Blatt, “Electrical properties of
intact pollen grains of Lilium longiflorum:
characteristics of the non-germination grain”. J. Exp.
Bot. 46, pp. 803-813, 1996.

[28] Polster, M. Schwenk and E. Bengsch, “The role of
boron, silicon and nucleic bases on pollen tube growth”.
Z. Naturforsch. Sect. C. 47, pp. 102-108, 1992.

[29]W. D. Loomis and R. W. Durst, “Chemistry and biology
of boron”. BioFactors, 3, pp. 229-239, 1992.

[30]H. Hu and P. H. Brown, “Localization of boron in cell
walls of squash and tobacco and its association with
pectin. Evidence for a structural role of boron in the cell
wall”. Plant Physiol. 105, pp. 681-689, 1994.

[31]1X. D. Yang, S. Q. Sun and Y. Q. Li, “Boron deficiency
causes changes in the distribution of major
polysaccharides of pollen tube wall”. Acta Bot. Sin. 41,
pp. 1169-1176, 1999.

[32]R. J. K. Sidhu and C. P. Malik, “Metabolic role of boron
in germinating pollen and growing pollen tubes”. In :
Biotechnology and Ecology of Pollen edited by Mulcahy
et.al. (Springer, New York), pp. 373-378, 1986.

[33]R. G. Stanley and F. A. Loewus, " Boron and myo-
inositol in pollen pectin biosynthesis. In: Pollen
Physiology and Fertilization” (Ed. Linskens HF) North-
Holland publishing, Amsterdam, pp. 128-139, 1964.

[34] Wang, Qiunl Lo ingdou Lu, Xiaogin Wu, Yigin Li and
Jinxing Lin, “Boron influences pollen germination and
pollen tube growth in Picea meyeri”. Tree physiology,
23, pp. 345 - 351, 2003.

[35] Blaha and J. Schemidt, “Effects of boron on the pollen
ger-mination in fruit trees”. Shor. Cesk. Akad. Zem. 14
(2), pp. 186-192, 1939.

[36]P. L. Pfahler, H. F. Linskens, “In vitro germination and
pollen tube growth of maize. (Zea mays L.) pollen. VIII.
Storage temperature and pollen source effects”. Planta.,
111, pp. 253-259, 1973.

[37]1F. A. Hoekstra and J. Bruimnsma, "Viability of
compositae pollen: germination in vitro and influence of
climatic ~ conditions  during  dehiscence”. Z
pflanzenphysio., 76, 36-43, 1975.

[38] M. Stone, K. A. Seaton, J. Kuo and J. A. M. “Fast pollen
tube growth in Conospermum Sp Comb” Annals of
Botany, 93, pp. 369-379, 2004.

[39]Q. Wang , L. Lu, X. Wu ,Y. Li and J. Lin, “Boron
influences pollen germination and pollen tube growth in
Picea meyeri”. Tree Physiology. 23(5), pp. 345-351,
2003.

Volume 3 Issue 5, May 2014

Paper ID: 020131737

WWWw.ijsr.net

306



International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Impact Factor (2012): 3.358

[40]1D. B. Dickinson, Permeability and respiratory properties
of germinating pollen. Physiol. Plant, 20: pp. 118-127,
1967.

[41]Liu Min Fan, Yong Fel Wang, Hong Wang and Wei-
Hua Wu. “In vitro Arabidopsis Pollen germination and
characterization of the inward potassium currents in
Arabidopsis pollen grain”. Protoplasts. Journal of Exp.
Bot.,52 (361), pp. 1603-1614, 2001.

[42]T. L. Loo and Tang, “Pollen germination and pollen
tube growth in maize”. Amer. J. of Botany 31, pp. 365-
367, 1944.

[43]B. A. Johri, and K. R Shivanna, Physiology of 2-celled
and 3-celled pollen, Phytomorphology, 27, pp. 98-106,
1977.

[44]P. S. Cook and Walden, “The male gametophyte of Zea
mays L. in-vitro germination”. Can. J. Bot., 47, pp. 779-
786 (1965).

[45]L. Loguercio, “Pollen treatment in high osmotic
potential : A simple tool for in vitro preservation and
manipulation of viability in gametophytic populations”.
Braz. J. Plant Physiology, 14, pp. 1-9, 2002.

[46] R. Tuinstra and J. Wedel, “Estimation of pollen viability
in grain sorghum”. Crop Science Society of America,
40, pp. 968-970, 2000.

[47]J. J. Burke, J. Velten and M. J. Oliver, “In vitro Analysis
of cotton pollen germination”. American society of
Agronomy, 96, pp. 359-368, 2004.

[48]D. Shrivastava, “Advances in pollen spore research.
Vol-9: Studies in pollen Biology of certain cultivated
Malvaceae”. Ed. P K K Nair. Today and Tomorrow
Printers and Publicatios, pp. 14-17, 1982.

[49]Pinney and V. S. Polito, “Olive pollen storage and in
vitro germination, In: International Symposium on Olive
growing, Rallo, L., Caballero, J.M. and R.S. Rscabar
(Eds.). ISHS. Acta Horticulturae. 286(1), 1990.

[50]R. Aslantus and L. Pirlak, *“Storage of Strawberry
pollen”. IV International Symposium on Strawberry
pollen, pollen Eds. Hietaranta, M.-M Linn., Palonen and
Parikka, P. Acta Hortcultureae, 2, pp. 567, 2002.

[51]C. J. R. Thomas, “Studies on pollen germination of 40
plant species on sucrose gelatin and onion epidermis”.
Quekett J. Microscope, 38, pp. 463-472, 2000.

[52] H. L. Pasonen, P. Pulkkinen and M. Kapyla, “Do pollen
donors with fastest-growing pollen tubes sire the best
offspring in an anemophilous tree. Betula pendula
(Betulaceae)”. Am. J. Bot. 88, pp. 854-860, 2001.

[53]J. L. Poulton, T. Roger Koide and G. Andrew
Stephenson, “ Effects of mycorrhizal infection and soil
phosphorus availability on In vitro and In vivo pollen
performance in Lycopersicon esculentum (Solanaceae)”.
Am. J. Bot. 88, pp. 1786-1793, 2001.

[54]T. Kenta, K. Kentaro Shimizu, Michiko Nakagawa,
Kiyotaka Okada, Abang A. Hamid and Tohru
Nakashizuka, “Multiple factors contribute to out
crossing in a tropical emergent Dipterocarpus tempehes,
including a new pollen-tube guidance mechanism for
self-incompatibility”, Am. J. Bot., 89, pp. 60-66, 2002.

[55] G. Candace and L. S. Maureen, “Sunny-side up: flower
heliotropism as a source of parental environmental
effects on pollen quality and performance in the snow
buttercup, Ranunculus adoneus (Ranunculaceae)”. Am
J. Bot., 90, pp. 724-729, 2003.

[56]S. P. Burg and M. T. Dikmn, “Ethylene and auxin
participation in pollen induced fading of Vanda
blossoms”. Plant Physiol. 42, pp. 415-420, 1967.

[571J. W. Sauls and R. H. Biggs, “Ethrel, boron, sucrose and
cellulase effects on peach pollen germination”. Amer.
Soc. Hort. Sci. 67th Annual meeting Abstract: 341,
1970.

[58]R. W. Search and R. G. Stanley, “The effect of ethylene
on pollen tube elongation”. Plant Physiol. 43, pp. 552,
1968.

[59] Bose, “Effectof Gibberellin on the growth of the pollen
tube in Pisum sativum”, Nature (London), 184, pp.
1577, 1959.

[60]T. Matsui, K. Omasa and T. Horie, “Mechanisms of
opening in anther of two rowed Barley (Hordeum
vulgare L.)”. Annals of Botany, 86, pp. 47-51, 2000.

[61]G. S. Randhawa and C. P. A. lyer, “Pollen Physiology".
In: Advance in Palynology (Ed.) P.K.K. Nair, National
Botanical Gardens, Lucknow, India. pp. 327-352, 1964.

[62]S. Khattra and C. P. Malik, (1992). In: Advances in
Pollen Spore Research XIX Ed.C. P. Malik Today and
Tomorrow’s Printers and Publishers, New Delhi,
110005 (India) pp. 139 - 164.

[63] Nakamura, K. Yoshida and HSuzuki, “Hemicellulose of
The pollen tube wall of Camellia japonica”. Plant Cell
Physiol., 21, pp. 1383-1390, 1980.

[64]S. S. Bhojwani and S. P. Bhatnagar , “The Embryology
of Angiosperms”. Vikas Publishing House Pvt. Ltd.
New Delhi, pp. 33-54, 1992.

[65]S. Bhandal and C. P. Malik, “Effect of boric acid on
some oxido-reductases and hydrolases in Crotolaria
juncea pollen suspension culture”. In: recent advances in
pollen research (ed.) T. M. Varghese, Allied Publishers
Private Ltd. New Delhi, pp. 75- 81, 1985.

[66]R. G. Stanley and E. Lichtenberg, “The effect of various
boron compounds on in vitro germination of pollen”.
Physiol.Plant., 16, pp. 337-346, 1963.

Author Profile

Ruby Patel received her Bachelor ‘s degree in Botany
from M. G. Science Intsitute, Ahmedabad, Guijarat,
India, received her Master ‘s degree and Master in

L Philosophy in Botany from Department of Botany,
Umversny School of Sciences, Gujarat University, Ahmedabad,
India. She is doing Ph.D. as SRF-INSPIRE Fellow (DST) in Botany
from Department of Botany, University School of Sciences, Gujarat
University, Ahmedabad, Gujarat, India.

Archana U. Mankad received her Bachelor’s degree
in Botany from Daulatram College, Delhi University,
Delhi, India, received her Master’s degree in Botany
from Miranda House, Delhi University, Delhi, India,
and B.Ed. from Central Institute of Education, Delhi
University, Delhi, India. She received her Doctoral degree in
Botany from Department of Botany, University School of Sciences,
Gujarat University, Ahmedabad, Gujarat, India. She is a Associate
Professor and Head, Department of Botany, University School of
Sciences, Gujarat University, Ahmedabad, Gujarat, India.

Volume 3 Issue 5, May 2014

Paper ID: 020131737

WWWw.ijsr.net

307





