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INTRODUCTION

India is rated among the few mega-diversity centres in the world.
However, in spite of the occurrence of different variety of plant forms, the actual
forest cover is only 64.20 million ha which works out to 19.52 percent of the
323 million ha total geographic area of the country, The National Forest Policy
(1988) fully reflects the concern for the protection of forests as well as
improvement in their productivity and aims at one third of the total land area to
be under forest or tree cover. Tropical forests provide a wealth of timber and
non-timber products, many of which have been traditionally used by local
people for generations. The current high rate of deforestation threatens the
genetic resources of these species, reducing the ability of these forests to meet
local requirements. The challenge is to increase the quality and quantity of
productivity per unit area. Now-a-days, indigenous species are increasingly
being planted for social forestry and environmental stability. Sufficient
information is available on the choice of species for different regions and
plantation zones. A number of species currently in use in plantations
programmes in the country. Prominent among these species are
Dalbergia sissoo, Tactona grandis, Alianthus excelsa, Anthocephalus cadamba,
Gmelina arborea, Casuarina equesitifolia etc. and different species of Acacia,
Albizzia, Prosopis, Terminalia, Bauhinia, Cassia, etc. Analysing the yield in a
number of plantations, it was observed that poor yield in many plantations is due

to poor quality of seeds.

Perennial habit of trees, phenomenon of juvenility, seasonal flowering,
long generation time and limited flowering periods, difficulty in experimental
manipulation due to large plant size are some of the reasons why research in

reproductive biology of trees has lagged behind (Sedgley and Griffin, 1989).
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Flowering of tree crops is a highly complex process, which involves many
developmental stages. These stages must proceed successfully for the realization
of yield potential. There have been few studies of floral induction in trees
(Hartly, 1970; Menzel, 1984, Sedgley, 1985; Westwood, 1978).

A number of physiological features associated with the reproductive
process can influence the breeding system of a plant species. These features
generally result in a breakdown or abnormality in the sequence of flower and
fruit development. Floral development in addition to floral initiation is
influenced strongly by temperature. Flowering in most woody perennials does
not appear to be under photoperiodic control except Rhododendron, Picea,
Hibiscus and Malus (Moss, 1969). In these trees, the differentiation of the

generative tissues appears to be particularly sensitive to temperature.

Low fruit set in nature may be largely due to a high incidence of
self-pollination and a high degree of self-incompatibility, but several other
causes such as resource limitation and position of fruit within inflorescence, may
also be involved (Bawa and Webb, 1984). The low fruit to flower ratio is
generally found in hermaphrodite plants, which exhibit self-incompatibility
(Sutherland, 1986).

There is an ever-increasing demand for timber as a raw material for
construction, fuel wood, furniture and industrial fiber. It is estimated that forest
in developing countries have declined by nearly half during last century and that
11 million hectares of tropical forest are currently being cleared for alternative

uses such as agriculture (Smith, 1985).

The National Commission on Agriculture in its report estimated the
requirements of industrial timber to be of the order of 47-64 million cubic
meters. Apart from this, the additional requirements for wood will be to the tune
of 48-66 million cubic meters. This gains added significance as the tree species
are of immense value for their timber and fuel wood purposes and as such, large

scale plantation of fast-growing trees are being raised for the above purpose.



The production of high percentage of viable seeds with a capacity to germinate

quickly is an ideal pre-requisite for the proliferation of such tree species.

Of late, there has been renewed thrust to impart greater impetus to the
various aspects of reproductive biology with a view to adopt either mono- or
mixed cultures of trees or both. Such studies encompass a broad spectrum of
features viz., phenology, floral biology, pollen-pistil interactions, pollen
viability, pollen germination and seed development resulting in the healthy

raising of tree seedlings.

The North-Eastern region of India is a treasure house of plant resources
and occupies a unique geographical position in terms of agricultural and
industrial production potential. The high rainfall and considerable variation in
ecological conditions prevailing in the region has resulted in an environment in
which a wide range of plants can be grown for the production of medicinal,
aromatic (perfumery) materials, timber wood, fuel wood, essential oils etc.
Despite varied flora in North-Eastern region, not many efforts have been made

to utilize the forest resources especially from industrial point of view.

The pentropical family Theaceae is one of the largest families of
Theales (s.1) and includes 25 to 30 genera (see Tsou, 1995). Many of its
members are common trees or shrubs in lowland forests. The genus Schima
occurs only in tropical and sub-tropical Asia (Tsou, 1997). The number of
species of Schima varies from one (Mabberley, 1987) to 30 (Wu, 1984).
Keng (1978) reduced all Malayan Schima species into Schima wallichii.
Mabberley (1987) took this single species to represent the whole genus.
Morphological, anatomical and embryological features support a multispecies
Schima (Tsou, 1997). However, members of Theaceae, to which Schima
belongs, besides having no means of vegetative reproduction, have multilocus
gametophytic incompatibility and hence rely on pollen-eating insects for
reproduction (Richards, 1986).

Schima wallichii (DC.) Korth. and Schima khasiana (Dyer) Bloemb. are

timber trees of commerce restricted to eastern Himalayas, N. E. region of India,



Bangladesh, Myanmar, Nepal, Bhutan and China. Meghalaya, the tiny hilly state
of North-Eastern region is blessed with a rich diversity of flora and fauna.
Among the various tree species known to grow in this region, important tree
species namely Schima wallichii is endemic to North-Eastern region and
Schima khasiana is endemic to Meghalaya (see Chauhan er al., 1996).
Schima wallichii trees occur in plains and on the hills between 1200-1700 m
altitude. Schima khasiana trees do not occur in plains and confined between
1200-2000 m altitude. In Meghalaya they are present mostly in sacred forests at
Jowai, Sohrarim, Pongtung etc. These two pioneer’species of sub-tropical broad-
leaved forests of North-Eastern India are useful for afforestation and
ecorestoratsun of degraded lands of this region. However, natural regeneration of
Schima ~vallichii and Schima khasiana suffers due to high seed sterility (50%),
poor seed germination and high (80 — 90%) seedling mortality (Boojh, 1981). In
Scnima khasiana, the distance from the parent tree decreases seed predation and
increases germination. Germination of seeds in case of Schima khasiana has
been found to be better in disturbed strands. An alteration in forest microclimate
and microsite characteristics, consequent upon the exposure of the forest floor to
insolation, favoured both seed production and germination in the shade-
intolerant Schima khasiana (Barik et al., 1996). High survivorship and high
growth rates of Schima khasiana seedlings in large gaps is indicative of the

regeneration niche preferred by this species (Rao et al., 1997).

Schima wallichii is an out breeding species and is also inefficient
reproductively (Chauhan ef al., 1996). The species suffers from more than 50%
seed sterility and approximately 80 — 90% seedling mortality (Boojh, 1981). The
investigations on pollen viability indicate that only one-third of pollen is viable

(Chauhan et al., 1996).

Keeping above facts in view, the present work hés been done on
phenology, floral biology, pollination mechanism, pollen-pistil interaction and
seed development in the important timber-yielding trees of North-Eastern region

of India.



REVIEW OF LITERATURE

Studies in floral biology are largely concerned with how flowers function
to promote pollination and mating. The role of pollination in governing mating
patterns in plant populations inextricably links the evolution of pollination and
mating systems (see Lloyd and Barrett, 1996). Floral biology provides necessary
background information, which may be utilized, for the production of fertile
seeds, raising of healthy seedlings and the trees. Many tree species display the
phenomenon of irregular bearing. Some fruit crops such as mango (Mangifera
indica) and most timber species show less regular periodicities in fruit and seed
production (Monselise and Goldschmidt, 1982; Owens and Blake, 1985). The
irregular bearing (inhibition of floral initiation, abscission of flower buds and
premature fruit shed) in various tree has been correlated with the depletion of
carbohydrate level in the trunk, branches and root (Smith er al., 1986,
Takeda et al., 1980) and growth regulators in plants (Luckwill, 1980,
Harshemesh et al., 1986).

A number of physical features associated with the reproductive process
can influence the breeding system of a plant species. These features generally
result in a breakdown or abnormality in the sequence of flower and fruit
development. There have been relatively few studies of floral induction in tree
crops (Hartley, 1970; Menzel, 1984; Sedgley, 1985, Westwood, 1978).

Phenological studies include observations on different phenophases such
as shoot grdwth, leafing, bud-initiation, bud-break, flowering, fruit development,
seed dispersal, seed germination and seedling establishment in nature. The
concept and significance of phenological studies have been discussed by Leith
(1970) and Leith and Radford (1971). These studies are important for a better

understanding of ecological adaptations of individual species and also from the



point of germplasm collection. Boes ef al. (1994) studied floral phenology and
morphology of black cottonwood (Populus trichocarpa). Semalty and Sharma
(1996) studied phenology and floral biology of Acer caesium. Diekman (1996)
has studied relationship between flowering phenology of perennial herbs and

meteorological data in deciduous forests of Sweden.

Temperature influences floral bud initiation and development of flower
in plants (Sedgley and Griffin, 1989). Barner and Christiansen (1960) reported
that fluctuating temperature adversely affected the fertility of developing buds in
Larix by disrupting meiosis. Flowering in most woody perennial does not appear
to be under photoperiodic control except Rhododendron, Picea, Hibiscus and
Malus (Moss, 1969). In these texa, the differentiation of the generative tissue

appears to be particularly sensitive to temperature.

In general, plant growth inhibitors such as Cycocel, Alar, TIBA reduce
vegetative growth and promote flowering in angiosperm tree species
(Cathey, 1964; Jackson and Sweet, 1972; Luckwill and Silva, 1979,
Ramirez and Hood, 1984, Embree et al., 1987). Plant growth regulators control
sex expression in plants. In Morus nigra, Morus alba and Morus latifolia
application of ‘Ethrel’ can induce the production of female flowers on male
plants (Jaiswal and Kumar, 1980).

Scanning electron microscopy is increasingly used in the study of the
reproductive biology of plants (Heslop-Harrison and Shivanna, 1977,
Matsubara, 1980; Sedgley, 1981; Sedgley and Blesing, 1982; Uwate et al., 1982;
Cresti et al, 1982, Owens and McGrath, 1984; Owens et al., 1984
Kreitner and Sorensen, 1985; Sedgley et al., 1985). In several species structure
of stigma (surface structure, papillae morphology, receptor sites), pollen
germination and pollen tube growth on the stigma have been studied using
scanning electron microscope (Konar and Linskens, 1966; Jensen and Fisher,
1969; Heslop-Harrison et al, 1975, Heslop-Herrison and Shivanna, 1977,
Matsubara, 1980; Tilton and Horner, 1980; Owens and Kimmins, 1981,
Cresti et al., 1982; Owens and McGrath, 1984; Owens et al., 1984).



Biochemical investigations of developing plant parts help to understand
the physiological processes associated with the development. Histochemical
investigations are better suited for the purpose (Hegde and Andrade, 1982).
However, investigations dealing with histochemical changes occurring at
different stages during the anther and ovule development in the angiosperms are
inadequate (Prasad, 1977, Shah, 1982, 1983). The physiology of female
gametophyte development in Capsicum annum is influenced by histochemical
constituents: polysaccharides, DNA, RNA, proteins ascorbic acid etc.
(Panchaksharappa and Prabhakar, 1978). Histochemical investigations of
embryological events in Nigella sativa revealed that the frequent occurrence of
infertile embryosac could be due to the lack of nucleic acids which are essential

for megasporogenesis (Jalan, 1978).

Living organisms possess several hundred macromolecular
proteinaceous substances, which function as biological catalysts. These
specialized proteins are synthesized within a cell and are specific in reaction.
The basic level of metabolic control exists at the enzyme level which are
produced through translation inside the cell and function under specific, well
defined range of pH, substrate, temperature, co-factors, concentrations etc.
(Malik and Singh, 1980). A number of enzymes are found with in the cell in
multiple molecular forms termed isozymes or isoenzymes (Markert and Moller,
1959). Several workers have attempted to investigate the role of different
enzymes in the intricate process of development and differentiation
(Nitsan, 1962; Scandalios, 1974, Arora et al,, 1974, Amison and Boll, 1974,
Nash and Davies, 1975, Wolter and Gordon, 1975; Grasso and Alicchio, 1981;
Asins et al., 1983; Kumar and Goswami, 1985). Peroxidases and esterases have
been used frequently for development and differentiation studies, separation of
cultivars, genetical diversity etc. (Scandalios, 1974; Arora et al, 1974,
Wolter and Gordon, 1975, Wehner ef al, 1976, Kuhns and Fretz, 1978,
Payne and Koszykowski, 1978; Subhash ef al, 1980; Vamos Vigyazo, 1981;
Brown and Munday, 1982; Tripathi et al, 1982; Asins et al, 1983;
Abbott et al., 1984).



Discussing the hormonal regulation of growth and development in higher
plants Galston and Davies (1969) concluded that four different hormones
(gibberllin, auxin, cytokinin, ethylene) can control the peroxidase. Singh and
Singh (1978) found higher level of peroxidase in dwarf varieties in comparison
to tall varieties of wheat. Discussing the role of cytokinin and peroxidase
interaction Galston and Davies (1969) stated that, in the pith cells of geranium,
kinetin promotes the formation of single peroxidase band, which is inhibited by
auxin. They further established that kinetin and auxin interact in the control of
peroxidase activity as they do in the control of growth. Rychter and Lewak
(1971) while studying the peroxidase of apple embryo examined the effect of
various growth hormones. They found benzyladenine to be stimulatory for the
appearance of two fast moving peroxidase bands. Jain er al, (1969) while
working on the effect of growth regulators on abscission and IAA-oxidising
enzyme system of dwarf bean seedlings observed inhibitory effect of kinetin on
TAA level. Cytokinin promoted peroxidase activity in lentil roots and barley
coleoptiles (Darimont et al., 1971), in sugar cane (Gaylor and Glasziou, 1969)
and in etiolated maize seedlings (Sharma et al,, 1976). In case of Lens roots,
increase in peroxidase activity was observed after the application of kinetin.
Mapson and Wardale (1972) while working on the aspect of involvement of
peroxidase in ethylene biosynthesis found that the IAA leads to the production
of ethylene, initiating oxidation. Different aspects of ethylene biosynthesis
related to auxins and peroxidase have been discussed in a detailed review by
Galston and Davies (1969).

The first stage in flowering process is floral induction or evocation, when
the vegetative meristem becomes programmed to change into a reproductive
meristem. Floral initiation is the first morphological change, which can be
detected in the bud. In many cases floral bud initiation may occur weeks or
months prior to macroscopic appearance of buds. Information about floral bud
development are available only for a limited number of tree crops such as
Populus, Tsuga, Magnolia, Eucalyptus, Artocarpus, Picea, Prunus, Acacia,
Cassia, Malus, Avocado, Litchi, Bauhinia, macadamia, Mpristica, Pyrus,



Mangifera, Betula, Peach, (see Fechner, 1972; Owens and Molder, 1974,1975;
Thien, 1974, Ashton, 1975; Sinha, 1975; Owens and Molder, 1976, 1979a;
Cresti et al., 1978 ; Buttrose et al., 1981; Sedgley, 1985; Dulberger, 1981;
Buban er al, 1982, Sedgley et al, 1983, Menzel, 1983, 1984
Ramirez et al, 1984, Moncur et al, 1985, Armstrong et al., 1986,
Banno et al, 1986, Scholefield et al, 1986, Shu et al, 1987,
Macdonald et al.,1987; Raseria et al.,1987).

Stigma plays an important role in pollen capture, recognition, selection
and germination of pollen. There is a great variation in the morphology of
stigma (see Heslop-Harrison and Shivanna, 1977, Cresti et al, 1992). The
angiosperm stigma may be papillate or non-papillate and at maturity may appear
wet or dry depending on the amount of extracellular secretion present. The
stigmatic secretion generally contains carbohydrates, proteins, lipids, water,
phenolics, aminoacids and alkaloids (Heslop-Harrison and Shivanna, 1977,
Heslop-Harrison and Heslop-Harrison, 1985; Knox ef al., 1986). A range of
enzymes has also been localized; the non-specific esterases are the predominant
ones. Cytochemical demonstration of non-specific esterases has become a
standard method of localization of the receptive surface of the stigma
(Shivanna and Rangaswamy, 1992). Enzymatic activity, including that of
esterase is detectable at the surface of the secretion in some species

(Vithanage, 1984; Sedgley et al., 1985).

In the dry stigma, extra cellular components are present in the form of a
thin extracellular membrane called the pellicle. The pellicle components
originate from the epidermal cells of stigma and/or stigmatic papillae and are
extruded on to the surface through discontinuities in the cuticle. In some
systems, the pellicle shows ATPase and carbonic anhydrase activity (in addition
to esterases and phosphatases); the pellicle also binds to lectins and contains
arabinogalactans, a group of carbohydrates with adhesive properties

(Heslop-Harrison and Shivanna, 1977).
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In the wet stigma, extracellular components are present in the exudate.
During the early stages of flower development, the wet stigma is comparable to
the dry type with a cuticle-pellicle layer. At later stages, secretions produced
from the cells of stigma accumulate below the cuticle-pellicle layer; eventually,
this layer is disrupted and the exudate spreads on the surface
(Shivanna and Sastri, 1981). The amount of exudate that accumulates on the
stigma is highly variable; it may be confined to the interstices of papillae or may
flood the entire surface. The exudate may be lipoidal, as in Pefunia and
Oenothera or aqueous, as in Lilium. The lipoidal component is considered to
prevent excessive evaporation and wetting by acting as a liquid cuticle.
Proteinase inhibitors have been reported on the stigma of Nicotiana
(Atkinson ef al., 1993). The phenolics and proteinase inhibitors have been
suggested to give protection against insects and pathogens. The stigmatic
exudate has also been reported to serve as a nutrient source for pollinating

insects.

In most species, which have been studied in detail, maximum secretion
precedes or coincides with flower opening. The stigma of species showing
gametophytic control tend to be wet at anthesis in contrast to those of
sporophytic species that have dry stigmas (Heslop-Harrison and Shivanna,
1977). During stigma development a cuticle is present over the surface of the
stigma. In some species, the cuticle persists until anthesis (Sedgley, 1979) where
as in others it is ruptured by the flow of secretion. In Prunus, a large increase in
secretion volume results from degeneration and collapse of the stigma papiliae
at or shortly after flower opening (Uwate and Lin, 1981a) but in some other
trees (e.g. Avocado, Amelanchier) the maximum volume of secretion is present
at flower opening and the papilla cells remain intact and show no signs of
collapse (Sedgley, 1979; Sedgley and Blesing, 1983; Olson, 1984). The stigma
cuticle is not generally a major barrier to pollen germination as in Prunus,
Avocado, but the cuticle is very thick as in Bauhinia and acts as barrier to pollen

germination. According to Owens (1985), rupture of this thick cuticle must
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occur (presumably by insect pollinators) to allow pollen germination and pollen

tube growth.

In most species maximum stigma receptivity occurs at or shortly after
anthesis e.g. Prunus (Uwate and Lin, 1981b), Avocado (Sedgley and Blesing,
1983), Amelanchier (Olson, 1984) exceptions being members of the Proteaceae
and Myrtaceae which show protandrous dichogamy e.g. Macadamia
(Sedgley et al.; 1985), Eucalyptus regnans (Griffin and Hand, 1979). In
Macadamia full receptivity does not occur until two to three days following
anthesis (Sedgley ef al., 1985) and in Eucalyptus until ten to fourteen days
(Griffin and Hand, 1979). The stigma may remain receptive only for a few hours
or for a few days e.g. peach, pear, cherry (El-Agamy and Sherman, 1987,
Herrero, 1983, Stosser and Anvari; 1982).

Detailed studies are available on structure, histochemistry and exudate of
stigma of Acacia (Kenrick et al., 1981b), stigma morphology of Angophora
(Boland et al., 1986), cytochemistry of stigma papillae and their secretions in
Annona (Vithanage, 1984), morphology, papillae structure and secretion in
Avocado (Sedgley et al,, 1978; Sedgley, 1979, Sedgley et al, 1983),
ultrastructure and histochemistry of Citrus stigma (Cresti et al., 1982), stigma
morphology of FEucalyptus (Boland et al., 1986), structure of stigmatic
micropyle of Larix (Fiordi, 1984), ultrastructure and histochemistry of the
stigma of Malus (Cresti et al .,1980), structure and cytochemistry of stigma of
Populus (Villar et al.,, 1987) , development of stigma in  Prunus
(Uwate etal, 1981 a, 1981 b).

The style can basically be one of the two types - solid and hollow
(Shivanna and Johri, 1985). The style consists of an outer epidermis, which
encloses parenchymatous cortical cells with one or more vascular bundles and
an area of transmitting tissue, which is continuous between the stigma and the
ovary. The cells are specialized for secretion. In the solid style, a core of
transmitting tissue, starting from the secretory tissue of the stigma, traverses the

whole length of the style. The transmitting tissue is made up of elongated cells
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connected end to end through the plasmodesmata with intercellular spaces filled
with products (Knox, 1984; Sanders et al., 1992). The intercellular substance is
predominantly composed of pectin but it also contains proteins, glycoproteins
and often lipids; it also responds to many enzymes, such as esterases,
acidphosphatases, and peroxidases (Shivanna and Sawhney, 1997). A number of
transmitting tissue-specific, proline-rich proteins have been localized in the
intercellular matrix (Gasser et al, 1993; Wang et al., 1993). The cells of
transmitting tissue exhibit normal ultrastructural profiles with numerous
mitochondria, active dictyosomes, rough endoplasmic reticulum, plastids and
ribosomes. Pollen tubes grow down the style through the intercellular matrix of

the transmitting tissue.

In the hollow style, the stylar canal originating from the stigma surface
traverses the whole length of the style and joins the ovarian cavity. The stylar
canal is bordered by one layer or a few layers of glandular cells called the canal
cells. The canal cells in the young bud are lined by a layer of cuticle and the
secretion product from the canal cells accumulated below the cuticle. The stylar
secretion is rich in carbohydrates and proteins and shows esterase and
acidphosphatase activity (Tilton and Horner, 1980). In some species, lipids have
also been reported in the stylar secretions (Shivanna and Sawhney, 1997). In
some systems, the proteins present on the surface of the stigma and in the style
show qualitative differences, which may be related to their function (Heslop-
Harrison and Heslop-Harrison, 1982; Miki-Hirosige et al., 1987).

The transmitting tissues or canal cells of the style continue into the ovary
as the placenta. The ovule, the seat of the female gametophyte (embryo sac)
develops on the placenta. The ovule essentially consists of one or two outer
coverings (the integument), the nucellus and the embryo sac. There is great
variation in the development and structure of the mature embryo sac
(Reiser and Fischer, 1993).\Iﬁ the Polygonum type of embryo sac development,
one of the two synergids degenerates prior to the arrival of the pollen tube into
the embryo sac. Together the egg, two synergids, and central cell have been

referred to as the ‘female germ unit’ (Huang and Russel, 1992) because this unit
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plays a direct role in pollen tube entry, the discharge of sperm cells and double
fertilization. A common feature of the tree crops is the occurrence of multiple
ovules of which only one normally develops to seed maturity
(Biradar and Mahabale, 1968). Multiple ovules are considered as an adaptation

for female selection of the most vigorous embryo (Sedgley and Griffin, 1989).

In several studies (see Schaal, 1980; Bawa and Webb, 1984) it has been
observed that if the number of ovules produced in a flower was greater than the
number of seeds matured, abortion of some ovules takes place. Seed yield is one
component of plants reproductive success (Devlin and Ellstrand, 1990). But to
arrive at plants total reproductive success it should be considered together with
that plant success in fertilizing ovules that mature into seeds. Detailed studies
have been carried out on the structural details of the ovule and embryo sac of
different angiospermic plant species (see, Maheshwari, 1950, 1963;
Tilton, 1981a; b; Tilton and Lersten 1981; Johri, 1984; Cresti et al, 1992,
Gasser and Robinson Beers, 1993; Russell 1993).

In angiosperms, the embryo sac is generally mature and receptive at the
time of anthesis, although there are some exceptions to this rule amongst the tree
crops such as Populus (Fechner, 1972), Betula (Macdonald and Mothersill,
1987) and also the fruit crops almond (Pimienta and Polito, 1983) and pear
(Herrero and Gascon, 1987).

In the members of Theaceae, the ovule is anatropous, bitegmic and
tenuinucellate. The imér integument forms the micropyle. The vascular supply
reaches upto the tip of the outer integument in Camellia sinensis
(Kapil and Sethi, 1963). A hypostase occurs in the ovule. In Ploiarium
alternifolium (Prakash and Lau, 1976), the megaspore tetrad is either linear or T-
shaped. Sometimes, the upper dyad cell degenerates before its division. The
chalazal megaspore is functional and gives rise to a Polygonum type of embryo
sac. The antipodals do not organize into cells and degenerate before the fusion

of polar nuclei or soon after it.
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Informations about ovule and embryo sac development is available for a
limited number of Theaceae tree species (see Bawa, 1970; Kobuski, 1948;
Kapil and Sethi 1963; Mathew, 1978, Mikatadze, 1975; Prakash and Lau, 1976;
Tsou, 1997; Venkataramani, 1950, Wu, 1960). Tsou (1997) investigated ovule
and embryo sac development in Schima superba kankoensis, Schima argentea
and Schima khasiana.

There is considerable variation in the size and shape of pollen grains
(Moore and Webb, 1978; Iwanami et al., 1998, Faegri and Iversen, 1989; Cresti
et al., 1992). One of the conspicuous structural features of pollen grains is the
ornamentation of the wall formed by the outer part of the exine
(Cresti et al., 1992) Evidence from different sources has conclusively shown
that the exine ornamentation is controlled by the sporophytic genome
(Shivanna and Johri, 1985). Plants have evolved and amazing range of
adaptations to achieve pollination (Free, 1970, McGregor, 1976, Real, 1983).
Both layers of the pollen wall, intine and exine contain considerable amounts of
proteins (Knox and Heslop-Harrison, 1970). Pollen wall proteins play an
important role in pollen-pistil interaction. The exine development of the
microspore takes place by the deposition of sporopollenin precursors on already
laid down jprimexine and by polymerization of precursors
(Wiermann and Gubatz, 1992).

Pollen morphology have been investigated in detail in a few species such
as Melia (Nair, 1959), Hevea (Rao, 1964), Myristica (Nair, 1972), Schima
superba kankoensis (Tsou, 1997). Among angiosperm species, pollen volume
varies by almost five orders of magnitude (Wodehouse, 1935; Muller, 1979),
implying diverse opportunities for pollen size evolution. On the other hand,
within species pollen diameter commonly has a coefficient of variation less than
5 % (Vonhof and Harder, 1995), suggesting that particular reproductive
condition favour specific pollen size. The correlation between pollen size and
mode of pollination (i.e., biotic or abiotic) is well known (Wodehouse, 1935,
Bolick, 1990; Ackerman, 1995). In particular, the correlation between pollen

size and pistil characteristics has been reported in many plant groups
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Pollen-tube abnormalities, such as tube arrest in the style, reversal in
direction, irregular growth and swelling of the tube tip in the micropyle, are
observed in Tectona (Tangmitcharoen and Owens, 1996; Palupi and Owens,
1997). The cause of these abnormalities is not clear. Pollen-tube arrest in the
style, as indicated by swollen tips was observed in Persea americana Mill.
(Sedgley, 1976) and Macadamia species (Sedgley, 1983). Swelling of tube tips
in the style is common in gametophytic self-incompatibility where tubes are
inhibited after penetrating the stigma and part of the style (Sedgley and Griffin,
1989). Bending of pollen tube tips is caused by incompatible pollen as reported
in Lycopersicon (Gradziel et al., 1993), Tectona (Paluppi and Owens, 1997).

A hypodermal archesporial cell (or two to three celled archesporium)
develops into the megaspore mother cell. The latter undergoes meiotic divisions,
and as a result dyads are produced. In Thea (Mikatadza, 1975), The micropylar
dyad may develop upto the binucleate embryo sac. The chalazal dyad functions
and the development of female gametophyta is of Allium type in Camellia
(Kapil and Sethi, 1963; Mathew, 1978) and 7Thea (Fagerlind 1939b;
Mikatadze, 1975). The synergids are ephemeral and exhibit hooks or hood like
expansions in Camellia sasanqua (Mathew, 1978). The antipodals may persist

upto or even after fertilization.

Information about pollen vectors is available for a limited number of
angiospermous cross pollinated tree species (Styles and Khosla, 1976),
Kaul, 1985; Harder, 1990; Wilson and Thomson, 1991; Inouye ef al., 1994).
Only recently attempts have been made to relate the evolution of breeding
systems in plants to interactions with their pollinators (Lisci et al., 1994). The
effects of pollen competition have been investigated both within species and to a

lesser extent, between species of Turnera (Baker and Shore, 1995).
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Information about pollination mechanism is available for a limited
number of tree species. Faegari and Vander Pijl (1979) have given an account of
floral syndromes associated with the major pollinator of tree crop species. The
number of pollen per flower varies considerably within species
(Vonhof and Harder, 1995). Members of Theaceae, to which Schima also
belongs, besides having no means of vegetative reproduction, have multilocus
gametophytic incompatibility. Therefore, these rely on pollen-eating insects for
reproduction (Richards, 1986). Pollinators preferentially visit plants based on
nonrewarding characters such as floral color, the numbers of flowers per
inflorescence and odor (Stanton et al, 1989). The interplay of attractants and
rewards cannot be easily elucidated (Shivanna and Sawhney, 1997). Color

changes in flowers are well known and some occur after pollination
(Weiss, 1991).

Self-incompatibility is a genetically controlled mechanism, which
reduces the prevalance of inbreeding depression in a population. Among the
angiosperms there has been considerable more work on the genetics and
physiology of the prezygotic than the postzygotic mechanisms as the former are
easier and quicker to detect (Sedgley and Griffin 1989). Most self-
incompatibility systems in tree genera appear to be gametophytic and this has
been demonstrated genetically in Prunus, Pyrus, Cornus and Citrus
(Crane and Brown, 1937, Lewis and Modlibowska, 1942; Soost, 1969,
Hummel et al., 1982). Ulmus americana appears to have a sporophytic self-
incompatibility system, but the genetic control has not been determined
(Ager and Guries, 1982). A sporophytic system with dominance relationship
between the alleles in pollen but not in the pistil is found in Cilanitida
(Jacob, 1980). In Theobroma cacao self-incompatibility system is controlled by
three loci and is under both gametophytic and sporophytic control
(Cope, 1962).All species with gametophytic self-incompatibility systems have
homomorphic flowers. Heterostyly and self-incompatibility occur in Durio
zibethinus, Averrhoa carambola, different species of Cordia etc. (Knight, 1965,
Opler et al., 1975; Chin and Phoon, 1982).
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Generally, sporophytic self-incompatibility results in inhibition on the
stigma (Ager and Guries, 1982) and in gametophytic self-incompatibility pollen
tube is inhibited in the style (Crane and Brown, 1937; Roy, 1938,
Raptopoulos, 1941; Ton and Krezdorn, 1967). There are, however, a number of
exceptions to this rule. In Cola nitida, the pollen tube growth is not inhibited on
the stigma though self-incompatibility is under sporophytic control
(Jacob, 1980). In Acacia retinodes the pollen tube growth is arrested in the
nucellus (Kenrick et al., 1986), in Castanea mollissima (McKay, 1942) and in
Theobroma cacao (Cope, 1962) fertilization does not occur though male
gametes are released into the embryo sac. Inhibition has been absorbed in the
stigma or in the ovary of apple and pear (Modlibowska, 1945; Williams, 1969),
in the stigma of almond and citrus (Pimienta et al., 1983; Kahn and DeMason,
1986) which show gametophytic control of self-incompatibility mechanism
operates in the ovary (Sedgley and Attanayake, 1988). In species showing
gametophytic control the pollen tends to be binucleate on release from the
anther, retains its viability in storage and germinates readily in vifro. On the
other hand, in species showing sporophytic control where pollen tends to be
trinucleate on release from the anther, rapidly loses its viability in storage and
germinates poorly in vitro (Brewbaker and Majumdar, 1961, Brewbaker, 1967).
The stigmas of species showing gametophytic control tend to be wet at anthesis,
in contrast to those of sporophytic species, which have dry stigmas
(Heslop-Harrison and Shivanna, 1977). As a result of gametophytic self-
incompatibility callose is deposited in the inhibited pollen tube whereas,
deposition of callose occurs in both the pollen and the stigma cells of species

showing sporophytic self-incompatibility (Knox, 1984 a).

Generally, there is a deposition of B-1,3-glucon callose within the
stigmatic papillae at the site of contact with incompatible pollen
(Heslop-Harrison, 1975). However, recent data suggest that this is related more
to the linkage of gametophytic proteins from necrotic pollen grains or tubes than
to playing a mechanistic role in the incompatibility reaction itself
(Elleman and Dickinson, 1994).
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To reveal the factors responsible for compatibility and incompatibility
reactions, Bredemeijer (1973) studied peroxidase isozyme pattern in the self-
incompatible clone of Nicotiana alata (S;S;) during growth and senescence of
the unpollinated styles and corolla. Bredemijer suggested that increase in the
particular isozymes during the growth of styles and the corollas are involved in
the suppression of auxin activity and, consequently in growth regulations.
Bredemeijer (1973) found that the increase of peroxidase isozyme 11 during the
growth of the style and its decrease after anthesis run more or less parallel with
the effect of floral development and floral ageing on compatible pollen tube
growth. Further, Bredemeijer (1976) found that in immature styles pollen tube
tips grow in a stylar part without peroxidase 10, whereas in mature styles the
tube tips grow in a stylar part with a high peroxidase 10 activity. Comparison of
peroxidase 10-activity and pollen tube growth in styles selfed at anthesis and
4 days after anthesis also reveals a positive correlation between tube growth
inhibition and peroxidase 10 activity. During maturation the peroxidase activity
of the style and the corolla increases resulting in qualitative and quantitative
changes. Bredemeijer (1976), therefore, suggested involvement of particular
peroxidase isozymes (Peroxidase 10) in the rejection of incompatible pollen.
Bredemeijer (1976, 1977) also considered a possible relationship between
peroxidase release from cytoplasm to walls and intercelluler spaces, and
inhibition of pollen tube growth suggesting a possible relationship between the
variations in peroxidase activity in the style and the physiological barriers

preventing self-fertilization.

Postzygotic self-incompatibility mechanisms are suspected to occur in
Eucalyptus  regnans (Griffin et al, 1987), Camellia sinensis
(Serrhini et al., 1985; Tilquin et al., 1985), Mangifera (Sharma and Singh,
1970), Rhododendron (Williams et al., 1984). Embryo abortion due to
inbreeding depression is generally considered to act via accumulation

deleterious recessive alleles (Griffin ef al., 1987).

Low fruit to flower ratio is generally found in hermaphrodite plants

which exhibit self-incompatibility (Sutherland, 1986). Angiosperm tree species
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tend to be outcrossing and to have a lower reproductive efficiency then other
plants (see Sedgley and Griffin, 1989). Environmental variables influence floral
physiology either by altering sex expression or by inducing sterility. Low
temperature including frosts, nitrogen, zinc deficiency etc. induce sterility in

trees (see Sedgley and Griffin, 1989).

The abnormalities involving total sterility are most common features of
the cultivated plants. Male sterility may be partial or total and the breakdown or
abnormality may occur at any stage of stamen or pollen development
(see Soot and Cameron, 1975; Zielinsky and Thom;;son, 1966). Partial female
sterility has been reported in a number of species e.g., abscission of pistillate
flower in Walnut (Catlin et al., 1986), occurrence of male and female sterility
have been reported in Citrus (Naithani and Raghuvanshi, 1958) and Quercus
(Kaul, 1985).

Low fruit set in nature is largely due to a high incidence of self-
pollination and a high level of self-incompatibility, but several other causes,
such as resource limitation and position of fruit within inflorescence, may also
be involved (Bawa and Webb, 1984). Self-incompatibility have been reported in
many tree species. In Gmelina arborea (Bolstad and Bawa, 1982), where no
self—pollinated. flowers develop into mature fruits, although many of the fruits
develop to different sizes before they abort. Self-incompatibility can act in the
stigma, style or ovary (Seavey and Bawa, 1986). In Tectona grandis
gametophyte self-incompatibility occurs with some pollen tubes being inhibited
in the style but most are inhibited in the ovary. The stigma was found to be of
little importance in pollen recognition and rejection. Outcrossing did not appear
to be controlled by pollen-tube growth in the style. The study suggested that
there is no or little competition among pollen tubes for space and little direct
contact with stylar tissues, which may reduce incompatibility reactions. A large
number of pollen tubes reach the ovary than the number of ovules and final
inhibition then occurs within the ovule (Tangmitcharoen and Owens, 1997). The
extent of self-incompatibility in 7Tecfona grandis varies from 96-100%

(Hedegart, 1973) and commonly less than 1% of self-pollinated flowers develop
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into fruits (Hedegart, 1976). Tangmitcharoen and Owens (1997) reported that
the number of pollinated pistil was not the major factor limiting Tectona fruit
production, but rather, the high incidence of self-pollination, thus flowers abort
because of lack of fertilization, probably resulting from self-incompatibility.
Usually gametophytic self-incompatibility is indicated by pollen tube arrest at a
certain stage of pollen-tube growth. The arrest occurs in the nucellus in Acacia
retinodes and in the micropyle in Theobroma cacao, or the pollen tube is able to
penetrate the synergid and fertilization tasks place but the zygote and/or the
endosperm fail to develop, as in Rhododendron species (Cope, 1962;
Williams et al., 1984; Kenrick et al., 1986). In Tectona grandis, incompatibility
can occur in many stages of pollen tube growth and even much later, following
fertilization (Palupi and Owens, 1997).

The suspensor, after becoming anchored in the endosperm proper
reaches its maximum length at the heart-shaped embryo stage, which is a
common feature in angiosperm embryogenesis (Yeung and Mienke, 1993). At
the cotyledon stage, the suspensor starts to degenerate in 7ectona grandis and
Vicia faba (Johanssen and Walles, 1994). The Tectona grandis suspensor is
always uniseriate (Palupi and Owens, 1997), in Lippia nodiflora it becomes
massive (Pal, 1951). Embryo development in Tectona grandis is of the Solanad
type (Pal, 1951; Palupi and Owens, 1997).

In both Gmelina and Tectona grandis ovules are fertilized but the fruits
fail to mature because of embryo abortion, which results because of failure in
endosperm development (Bolstad and Bawa, 1982; Palupi and Owens, 1997).
Experimental studies on Arabidopsis thaliana and several other species have
shown that the growth of the suspensor during early developmental stages may
be inhibited by the embryo proper (Raghavan, 1976, Marsden and Meinke,
1985). According to Weins ef al. (1987), the tilting or shift from the normal
position of the embryo of Fpilobium anguistifolium is also a manifestation of
failing embryos. Cesation of embryo growth has been reported to be preceded

by the disfunction of the endosperm in Medicago sativa, Pontederia sagittata
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and several other Solanum species (Cooper et al, 1937, Beamish, 1955,
Scribailo and Barrett, 1991).
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MATERIAL AND METHODS

PHENOLOGY

Phenological observations were recorded for three consecutive years
(1996 - 1999) in four trees of S.wallichii and S.khasiana each growing at NEHU
campus, Mawlai, Umshing, Shillong (altitude 1500m) and at Shillong Peak,
Upper-Shillong (altitude 1950m) respectively (Fig.1). The trees at both the sites
were observed regularly from February 1996 onwards to record data on shoot
growth, leafing, bud-break, initiation of floral buds, flower development, seed
dispersal, seed germination and seedlings establishment. A particular
phenophase was considered to have started when about 10% of the trees at
respective site were in that phase. Completion period of a given phase was

recorded when that phase was over in 90% trees.

The studies pertaining to floral biology were started from the very
beginning of the bud stage of flower. The twigs were marked for counting
various floral stages at different time intervals. The flowering was recorded by
counting the average floral stages on different twigs and 10 replicates in each
case. The formation of first floral bud was considered as floral initiation. Full

bloom was taken as the stage when more than 90% flowers had opened.

For fruit setting, fruit development and fruit retention studies, four trees
of each species were selected. Two branches of each tree were tagged and
observations were recorded after 15 days intervals starting from hand
pollination. The length and diameter of the mature fruits were calculated with
the help of slide caliper. Number of seeds per fruit was also determined in each
treatment. Percentage of filled seeds was determined by dissecting the embryos
from the seeds. Seed efficiency (SE) was calculated as the number of filled

seeds divided by seed potential multiplied by 100. To determine filled seeds per
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fruit, embryo dissection test was done. Data on different phenophases, seed
dispersal, seed germination and seedling establishment in nature were recorded
visually in the field conditions. Simultaneously, data were recorded on

maximum and minimum temperature, relative humidity and daylength.

FLORAL BIOLOGY

Data on floral bud initiation and floral biology were recorded visually in
the field conditions. For floral biology, twenty fleral buds, from four trees of
both the species, were tagged at the time of slitting of the corolla. These were
observed continuously to record data on anthesis, anther dehiscence, stigma
receptivity and pollination. The insects foraging on the anthers and those
involved in pollination were also éollected. Twigs of both the species from
different trees, bearing flower buds about to anthesise, were brought to the
laboratory. The cut ends of the twigs were immersed in water. On anthesis of
flowers, floral parts were measured and counted in atleast twenty flowers,
belonging to four different trees of both the species, to determine respective

sizes and numbers.

Ten anthers from ten different trees of each species were fixed
individually for 2 h in FAA to determine the number of pollen/anther. FolloWing
Solomon (1986), these were first hydrolyzed separately in 1N HCI at 60°C for
2.5 h and then homogenized in 0.5 ml of 3:1 lactic acid: glycerin solution. The
homogenized sample was mixed for 30 seconds on vortex mixture. The number
of pollen/anther was determined by placing 0.01 ml of homogenized solution on
a haemocytometer covering it with a coverslip. All the pollens present in the
suspension were counted using a microscope. The observations were made on
the total volume of 0.5 ml/anther. All observations were added to determine the
number of pollens in an anther. The mean number of pollen per anther was
calculated from the recordings thus made for the ten homogenized anthers. This
mean value was multiplied with the number of stamen in a flower to determine

the total number of pollens in a flower. This was done for 20 flowers from each
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species separately. Diameter of the pollen was measured in 100 pollen, mounted
in a drop of glycerine, under a microscope. Volume of the pollen was calculated

using the formula: V = 4nr’/3 where V = Volume, r = radius of the pollen.

Flower anthesis and stigma receptivity data were recorded in the floral
bud anthesised in the laboratory. Data were recorded by tagging 20 about to
anthesise flower buds belonging to four different trees of both the species. The
specific time of splitting of corolla, anthesis of flower (the time when anther
becomes visible in an anthesising floral bud), receptivity of stigma (appearance
of stigmatic fluid on the stigma) and end of étigma receptivity (drying or
re-absorption of the stigmatic fluid) were recorded for each bud at hourly

interval.

ULTRA STRUCTURE OF STIGMA AND STYLE

Using scanning electron microscope (SEM), stigmatic surface, external
and internal surfaces of the style in both the species were studied
morphologically at two developmental stages of flowers (5mm bud and
pre-anthesis). The following methods were employed for SEM studies:

1. Flowers were collected and fixed in FAA.

2. Longitudinal sections of style and stigma were cut and washed in

distilled water.
3.The materials were then gradually brought to pure acetone before
performing critical point drying.

4. The critical point dried materials were gold-coated (200A) and scanned
in a JEOL 35 SEM Operated at 15 KV at the Regional Sophisticated

Instrumentation Center of North-Eastern Hill University, Shillong.



25

POLLEN GERMINATION AND POLLEN TUBE GROWTH

The basal medium of Brewbaker and Kwack (1963) was used for in-vitro
pollen germination studies. The optimal requirements of pollen germination and
pollen tube elongation were worked out by altering one factor at a time. The
Brewbaker and Kwack’s medium was modified by incorporating the optimal
requirements of S.khasiana pollen and was used for the study of pollen
germination and pollen tubé growth in S.khasiana. Modified Brewbaker and
Kwack’s medium (Chauhan and Katiyer, 1996) was used for the study of pollen
germination and pollen tube growth in S.wallichii. Variability in pollen
germination and pollen tube growth between different individuals of a
population and different flowers of an individual tree were investigated by
collecting pollen from 4 different trees. Pollens from 40 flowers per tree were
collected by dusting on a butter paper. The pollens of a tree were mixed together
and germinated on modified Brewbaker and Kwack’s medium. Per tree 5 slides
were incubated. At the end of the incubation period the germinating pollen and
pollen tubes were fixed by putting a drop of FAA (50% ethanol: glacial acetic
acid: formalin, 10:1:1). Per slide 5 microscopic fields were observed for
recording data on percent pollen germination. All the 5 slides were scored. Thus
altogether 25 observations were made for a tree. Pollen germination was
determined by taking mean of all the 25 readings. This gave data regarding
pollen germination for a particular tree. Similarly, pollen tube elongation was
found out by measuring 25 pollen tubes per slide from 5 microscopic field. For
this purpose also all the 5 slides were scored. The mean length of the 125 tubes
so measured gave tube growth in a particular tree. Variation of germination and
tube elongation between different flowers of a tree were investigated by
collecting pollen from five different flowers per tree. The pollens were
germinated separately. Germination percentage and tube growth were recorded

as described above.

The effect of flower age on pollen germination and pollen tube growth
was investigated by collecting flowers, belonging to four trees, that had

anthesised at the same time. Pollen from such flowers were collected separately
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at 6, 12, 18, 24 and 30 h after anthesis. Pollen grains were germinated and data
were recorded on pollen germination and tube elongation as mentioned above.
Effect of light of various colour on germination and tube elongation was
investigated with the help of cellophane paper of different colours. Two layers
of cellophane paper of one colour were used to cover the light source for
providing light of a particular colour. The colours tried were white (fluorescent),
violet, blue, green, yellow and red. The data were analyzed either with the help
of student’s ‘t> or ANOVA to find out the significance of the results.

Since, the optimal requirements of pollen gérmination and pollen tube
elongation were worked out by Chauhan and Katiyar (1996), in case of
S.wallichii, these aspects were investigated only in S.khasiana.

POLLEN STORAGE

The following protocol (Shivanna and Rangaswamy, 1992) was used for
pollen storage studies:

1. Six airtight humidity chambers were maintained using desiccators.

2. Fused Calcium Chloride (CaCl;) was used for obtaining about 0% RH,
saturated solution of CaCl,.6H,O was used for obtaining about 32% RH and
saturated solution of CuSO4.5H,0 was used for obtaining RH of about 98%.

3. One humidity chamber from each RH group was kept at room

temperature (20 + 2°C) and in freezer of a refrigerator (-5 + 1°C).
4. The chambers were allowed to equilibrate for about 24 hours.

5. Fresh pollens collected from just anthesised flowers were mixed

thoroughly to make the sample homogenous.

6. A small amount of the pollen was used to test its viability using

acetocarmine method.

7. The collected pollens were dried over silica after putting them in

unsealed bottles. The samples were stored in multiple sets.
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8. Pollen samples were stored in sets in each humidity chamber

maintained under the six RH and temperature combinations.

9. Pollen viability tests were done after one month, six months and one

year intervals.

Pollen viability of stored pollen grains were tested and compared with
control using acetocarmine method. For preparing acetocarmine solution, 1%
acetocarmine stain was used (55 ml of distilled water, 45 ml of acetic acid and
l1g of carmine stain powder were mixed, boiled .and filtered). A drop of
acetocarmine solution was placed on a clean glass slide. Pollen grains (air-dried)
were dusted on the solution of acetocarmine. A cover slip was placed over it and
the slide was gently warmed over a spirit lamp. The slide was left for sometime
to cool down and allow the pollen grains to stain sufficiently. For calculating
pollen viability, pollen grains were observed under the microscope and total
number of viable and non-viable pollen grains were counted from five
microscopic fields. Three replicates were maintained from each treatment group.
Viable pollen grains stained deep red while non-viable pollen grains did not

stain.

POLLEN - PISTIL INTERACTION

Aniline blue fluorescence method (Martin, 1959; Kho and Baer, 1968;
Dumas and Knox, 1983; Kenrick and Knox, 1985) was employed to study
pollen germination and pollen tube growth in the pistil. Stepwise methodology is

as follows:

1. For the study of pollen-pistil interaction, path of pollen-tube,
fertilization etc. controlled pollination was made and materials were collected at
regular intervals (1 h,3 h,6 h,9h, 12h, 15h, 18 h, 21 h, 24 h, 27 h, 30h,
36h, 48h, 64h, 72h, 96h, 120h, 144h, 168 h, 192 h, 216 h, 240 h).

2. The pollinated pistils were fixed for about 24 h in FAA and then
stored in 70% ethanol.
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3. After rinsing with distilled water, they were cleared in 8N NaOH at

room temperature for 2-4 d or until most of the tissues became transparent.

4. The pistils were then transferred in petridishes and rinsed carefully

with distitled water.

5. The pistils were left in decolorized aniline blue (water-soluble aniline
blue 0.005% in 0.05 M Na,HPO,. PH was adjusted to 11 and the solution was

stored (in brown bottle) overnight and then mounted in glycerine.

6. To achieve required degree of spreading of the tissue, gentle pressure

is applied on the coverglass.

7. The preparations were observed under fluorescence microscope using

suitable combination of filters.

EMBRYO DEVELOPMENT

Pistils from the flower buds, flowers and ovaries in all stages of
development were collected from four different plants of each species and were
fixed in FAA for 24 hours. The fixed materials were then stored in 70% ethanol.
The ovules were then dissected from the ovaries and were transferred directly to
4 Y4 clearing fluid consisting of 85% lactic acid, chloral hydrate, phenol, clove
oil and xylene- 2:2:2:2:1, by weight (Herr, Jr.1971). After treatment for 24 h at
room temperature, the ovules appeared nearly transparent under phase contrast

microscope equipped with transmitted light.

The transparent ovules were transferred to special slides for microscopic
examination with a small amount of clearing fluid (Herr, Jr. 1971). To prepare
special slides, two cover glasses were affixed with dendrite 1 cm apart on a
microscopic slide. The slide was kept for three days to ensure adequate
hardening of the mounting medium. A drop of clearing fluid with one ovule was
placed in the center of the 1cm space, and a cover glass was placed over the
preparation so as to rest on the two mounted cover glasses. When the coverglass

is lightly and repeatedly pressed with dissecting needle midway between the
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support covers, the cells of the ovules gradually became spread apart. This
squash procedure does not disrupt the structural integrity of the individual cells.

For the study of developing embryo same methodology was employed.

SEED GERMINATION

Seeds of S.wallichii and S.khasiana were germinated in petriplates on
Whatman filter paper moistened with 10 ml of glass double distilled water in
BOD incubator at 20 + 1°C in dark, in pots filled with' mixture of garden soil and
cow dung manure in 3:1 ratio, in open garden soil and” m natural habitat.
Hundred seeds constituted one replicate. Embryos were dissected out from the
seeds manually to find out whether all the seeds had normal development.
Depending on the presence or absence of embryo, the seeds were classified as

filled and empty respectively.

Seeds were also germinated in petriplates on Whatman filter paper
moistened with 10 ml of glass double distilled water in BOD incubators at
20 + 1°C and 25 + 1°C temperatures and in continuous light, dark and 16 h dark
8 h light conditions to find the effect of temperature and light conditions on seed
germination in both the species. The intensity of light was 532 lux. Emergence
of radical was considered as germination. Data was recorded regularly till the
germination was over. Data were collected on days to commence the
germination, days taken to complete the germination and total germination

percent.

The effect of temperature and light treatments on seed germinability of
both the species was tested with two-way ANOVA (Fixed effect model). For
determining germination in soil, seeds of both the species were sown in pots
filled with mixture of garden soil and cow dung manure in 3:1 ratio. Data on
germination were recorded for 65 days. The emergence of plumule above soil
was considered as germination. The data were collected on seedlings emergence

above soil, days for germination to be occurred and percent germination.
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Seed viability was also determined with the help of tetrazolium salt
(Kuo et al., 1996). For this purpose, seeds of both the species collected in 1996
and 1997 were soaked in glass double distilled water for 24 h at room
temperature (20 + 2°C). The soaked seeds were decoated manually. Data were
recorded on the number of filled (embryo present) and unfilled (lacking embryo)
seeds. The embryos obtained from seeds collected in 1996 and 1997 were
incubated in 1% tetrazolium solution (w/v) at 30 + 1°C for 3 h and 6 h
respectively. The seed viability was determined using three replicates of
hundred seeds each. Seed viability is expressed as percentage seeds having
germinable embryos. Differentiation between germinable and non-germinable
embryos was made on the degree of tetrazolium staining. Germinable embryos
stained dark whereas the non-germinable embryos were those that stained light

or did not stain.

For studying germination in natural condition, seeds of both the species
were sown in garden soil and forest soil and germination was recorded for 90

days.
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RESULTS

GENERAL CHARACTERS

Schima wallichii

Schima wallichii is an evergreen tree attaining a height of 15-50 m
(Fig. 2). It is characterized by showy white flowers and very thick, soft and
reddish-brown bark. The bark contains numerous needle-shaped crystals of
oxalate which are responsible for intense itching if the bark is allowed to come
in contact with the skin. Due to presence of this thick bark, the tree can stand

fire to a considerable extent.

The leaves are simple, alternate, oblong to lanceolate, evergreen and
exstipulate. Leaf base is cuneate and leaf apex ranges from acute to acuminate,
entire to undulate and glabrous above. Lateral nerves are mostly forked.
Leaves are 8-17 cm long and 2-6 cm broad. Petioles are 0.3 to 3.5 c¢m long,

glabrous and pedicels are about 2.5 mm thick.

The flowers are white, 3-4 cm across, in recemes or panicles, usually
axillary, solitary/paired, fragrant, actinomorphic, hermaphrodite and
hypogynous. Sepals are 5, glabrescent, somewhat round, ciliate along margin
only and measure 2-3 mm long and about 3-4 mm broad. They are persistent
and slightly connate at the base. Aestivation is quincuncial. Petals are
5, glabrescent, obovate to ovoid, about 20 mm long and connate at the base.
Nectaries are present at the base of the ovary. Stamens are numerous,
yellowish, almost free, but adnate to the base of the corolla. They are tightly
packed in a floral bud but these unfold at the time of anthesis. The mean
number of stamens per flower is about 176 but the number varies between the
flowers of the same tree. Stamens are of variable size ranging from 3-12 mm.

Usually longer stamens are found at periphery and smaller stamens are close to
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the pistil. Stamens are shorter than the pistil. Anther is a four- lobed structure
and is about 2.5 mm long and basifixed. Carpels are 5-6 and are syncarpous.
Ovary is superior measuring about 3 mm and 4 mm in length and diameter
respectively. It has 5-6 locules depending on the number of carpels present per
locule. Ovules are three in number and placentation is axile. They are
campylotropous. Ovary is hairy at base. Fruit is fleshy and loculicidal capsule
having winged seeds. Mature fruits measure about 16 mm in diameter. Each
fruit contains an average of 15 seeds.

Schima khasiana

The trees are evergreen and attain a height of about 20 m (Fig. 4). They
are characterized by its sharply serrate leaf margin, silky flower buds which
remain tomentose throughout, reddish brown to dark brown and very thick but
soft bark. The bark is nearly smooth and contains numerous needle-shaped
crystals of oxalate. These crystals are responsible for the intense itching of the
skin. Due to presence of calcium oxalate crystals in the bark, the tree can

withstand fire to a considerable extent.

The leaves are simple, alternate, oblong to lanceolate, evergreen and
exstipulate. Leaf base is cuneate and leaf apex ranges from acute to acuminate,
glabrous, coriaceous and sharply serrated margin. Lateral nerves are scarcely
forked, leaves are 9-20 cm long and 3-7 cm broad, petioles 0.3 to 3.5 cm long,

glabrous, and pedicels are about 3 mm thick.

The flowers are white and 5-6 cm across. The flower buds are
tomentose throughout, in recemes or panicle inflorescence. Flowers are usually
axillary, solitary/paired, fragrant, actinomorphic, hermaphrodite and
hypogynous. Sepals are 5; silky tomentose outside, measure 3-5 mm long and
about 3 mm broad. They are persistent and slightly connate at the base.
Aestivation is quincuncial. Petals are 5, silky tomentose outside, obovate to
ovoid, about 30 mm long and connate at the base. Aestivation is quincuncial.

Nectaries are present at the base of the ovary. Stamens are numerous,
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yellowish, almost free but adnate to the base of the corolla. They are tightly
packed in a floral bud but these unfold at the time of anthesis. The mean
number of stamens per flower is about 189 but the number varies between the
flowers of the same tree. Stamens are of variable size ranging from 6-17 mm.
Usually shorter stamens are close to the pistil. They are shorter than the pistil.
Anther is four-lobed structure and is about 2.1 mm long and basifixed. Carpels
are 5-6, measuring about 3 mm and 4.5 mm in length and diameter
respectively. It has 5/6 locules depending on the number of carpels present per
locule. Ovules are 3 in number and placentation is axile. Ovules are
campylotropous. Ovary is hairy at base. Fruit is fleshy and loculicidal capsule
having winged seeds. Mature fruits measure about 22 mm in diameter. Each
fruit contains an average of 15 seeds.






Fig.4: Schima khasiana
A tree in flowering stage.
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PHENOLOGY
Schima wallichii

The new leaves appear in the month of January (Fig. 3) and continues
upto the last week of February. During this period the average maximum
temperature ranges between 15 and 18.5°C, minimum temperature between
5 and 8°C, relative humidity between 62 and 78%, average rainfall between
0.46-0.54 mm and the day length between 10.40 and 11.30 h. Solitary floral
buds enclosed by two bracts or leaves appear in the month of February-March
as small round axillary protubqrances (Fig. 3). To begin with these are gréen in
colour. The average maximum temperature ranges between 18.5 and 22°C and
the minimum in the range of 8 and 12.5°C; relative humidity between
61 and 62%, rainfall from 0.54 to 1.5 mm and the day length remains between
10.50 and 12.15 h. Last year’s fruits appear on the tree, these become very
hard and the colour turns to brownish-black during this period. Seed dispersal
starts in the last week of April when the average maximum temperature ranges
between 14 and 25°C; average relative humidity remains about 60%, rainfall
remains 1.09 mm and the daylength ranges between 12.10 and 12.30 h.
Dispersal of seeds continues for a few days. The tree appears very fresh with
light green new leaves. In the month of May-June; when the average maximum
temperature ranges between 24 and 24°C, the minimum ranges between
16 and 17°C, relative humidity ranges between 76 and 83%, rainfall between
5.86 and 12.22 mm and daylength ranges between 12.30 and 13.25 h; the buds
measure approximately 8.90 + 0.33 mm in diameter. At this stage, the petals
become white in colour and start anthesising. Anthesis of the flower buds
begins with the slitting of the corolla at the tip of the floral bud. During the
months of October-November; when the average maximum temperature ranges
between 18.5 and 24.5°C, minimum ranges between 11 and 14.5°C, relative
humidity ranges between 65.5 and 70.5%, rainfall between 0 and 2.31 mm and
the daylength ranges between 10.40 and 11.55 h; most of the mature leaves

become red and yellow in colour and leaf fall occurs (Fig. 3). The tree looks
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very dry during this time of the year. The tree bears new developing fruits.
Some empty seeded fruits (of previous year) are also found on some branches.
Developing fruits become harder and the colour changes from greenish-brown

to brownish-black.

In the last week of May, when the average maximum temperature
ranges between 16 and 24°C, relative humidity remains about 76%, rainfall
remains 5.86 mm and the daylength ranges between 12.30 and 13.10 h; new
seedlings emerge on the ground. The number of seedlings decreases with the

passage of time.

Schima khasiana

The new leaves appear in the month of February (Fig. 5) and continues
till March when the maximum temperature ranges from 18.5 and 21°C, and the
minimum from 2.5 and 8.5°C, relative humidity ranges from 70 and 71%,
rainfall between 0.3 and 2.4 mm and the daylength remains between 10.50 and
12.10 h. Solitary floral buds enclosed by two bracts or leaves appear in the
month of April-May as small protuberances. To begin with these are green in
colour. The maximum temperature ranges between 12 and 13.5°C, the
minimum between 4 and 12.5°C, relative humidity ranges from 64 and 83%,
rainfall remains between 1.35 and 8.75 mm and the daylength remains between
12.10 and 13.10 h. The tree suffers from frequent hail fall during the part of the
year. Area around and under the tree remains partially covered by broken
branches, flower buds and leaves. The last year fruits remain green. But the
fruits of last-last year start dispersal of seeds. Seed dispersal continues for few
days. During this period of the year, a tree bears new flower buds, last year’s
developing fruits and fruits of last-last year (20 months old). The tree appears
very fresh with light green new leaves. In the month of July-August; when the
average maximum temperature ranges between 22 and 23.5°C, the minimum
between 15.5 and 16°C, relative humidity ranges between 90 and 93%, rainfall

remains between 3.78 and 532 mm and daylength ranges between
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12.30 and 13.25 h; the buds measure approximately 21.78 mm in diameter. At
this stage the petals become white in colour and start anthesising. Anthesis of
the flower bud begins with the slitting of the corolla at the tip of the floral bud.
In the month of September, a tree bears newly formed fruits (Fig. 5),
developing last year’s fruits and many empty seeded fruits of last-last year
(about 24 months old). The style and stigma remain attached with the newly
formed fruits (ovaries). During the month of November, when the average
maximum temperature ranges between 5 and 17.5°C, relative humidity about
92%, rainfall remains scanty and the daylength remains between
10.40 and 11.10 h; most of the leaves turn yellowish - red in colour and the

colour of the last year’s fruits become greenish-brown. The fruits become hard.

During the months of December-January, when the maximum
temperature ranges between 12.5 and 17°C, the minimum between
1.5 and 2.5°C, the relative humidity remains between 68-80%, rainfall between
0-0.42 mm and daylength ranges between 10.30 and 10.50 h; leaf fall occurs
(Fig. 5) .The ground remains covered with yellow and red coloured leaves. The
tree looks very thin and dry. Last- last year’s fruits (16 months old) become hard
and the colour changes from greenish-brown to brownish-black. Last year’s

fruits remain green in colour.

Many new fruits (about 6 month’s old) are destroyed by the combined
effects of wind and rain during February and March. The tree bears current
year’s green fruits (6 months old), last year’s fruits (18 months old) and many
empty seeded fruits of last-last year. In the month of June, when the maximum
temperature ranges between 15.5 and 21.5°C, relative humidity remains 91%,
rainfall 12.74 mm and daylength ranges between 13.10 and 13.25 h, new

seedlings emerge on the ground (Fig. 5).
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FLORAL BIOLOGY
Schima wallichii

The buds measure approximately 8.90 + 0.33 mm in diameter in the
months of May-June. At this stage, the petals become white in colour and start
anthesising. Anthesis of flower bud begins with the slitting of the corolla at the
tip. The slit gradually widens and opening of the flower is completed in 11-16 h
(Fig. 6A,B). The flowers begin to anthesise at approximately 4.00 h and the
process continues upto 15.00 h in the afternoon. The flowers are white and
measure 3-4 cm across (Fig. 7A,B). Flowers are axillary, solitary or paired

having 5 sepals, 5 petals, 176 + 6.31 stamens and 5-6 carpels (Table 1).

Sepals are glabrescent, round, ciliate measuring 7.39 + 0.24 mm? in area.
Petals are glabrescent, obovate-ovoid upto 20 + 0.13 mm long and measure
322.6 + 8.83 mm?” in area. The aestivation is quincuncial. Stamens are yellowish,
almost free and adnate to the base of the corolla. They are tightly packed in a
floral bud but on anthesis these unfold (Fig. 7A,B). The number of stamens
varies between the flowers of the same tree. Stamens are of variable sizes
ranging from 3-12 mm. Usually longer stamens are found at periphery and
smaller ones are close to the pistil. 85% of the stamens measure between
6-12 mm and 15% stamens are 3-5 mm long. Anther is a four lobed structure
and is 2.5 + 0.8 mm long. Anther dishiscence takes place after anthesis. About,
5708 + 321 pollen grains develop in each anther and about 1004608 + 36011
pollens are produced in each flower. Each pollen measures 18 + 0.4 um in
diameter and has a volume of 3054.51 + 186.70 um® (Table 1). However, many
of the pollen grains are sterile. Acetocarmine staining test revealed
42.00 + 1.26% pollen viability. The sterile pollen did not stain and appeared
empty. Conversely, the fertile pollen grains were stained and appeared filled.

Wilting of the stamen occurs about 42 h after anthesis.

Ovary possesses hairs at the base and supports a cylindrical style that is

7.75 £ 0.2 mm long and 2.3 + 0.06 mm in diameter. Style ends in a 5-6 lobed



Table 1: Floral characters of Séhima wallichii.

Character Number Size
Length (mm) | Breadth (mm) Diameter Volume (um’)
Sepal 5 2.09+0.03 3.54 £0.09
Petal 5 20.00£0.13 16.13 £0.43
Stamen 176 £ 6.31 3-12
Pollen/anther 5708 + 321 18.0 £0.4(um) | 3054.51+ 186.7
Pollen/flower | 1004608 + 36011
Stigma 1 2.75 £ 0.08 2.75+0.08
Style 1 7.75+0.20 2.30 £ 0.06(mm)
Ovary (Carpel) 5-6 2.90 £0.06 4.35 £ 0.17(mm) 43,11 £3.06
Seeds/Fruit 15 9.20+0.29 5.60 £0.22

+ =SE
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stigma that measures 2.75 + 0.08 X 2.75 + 0.08 mm in length and breadth
(Fig. 8A). At a time when flower bud is of 5 mm diameter, the stigma side
shows rugulate patter (Fig. 8B). At this stage, stigma from downside shows
reticate pattern (Fig. 8C). Both rugae and reticulae are very prominent. At this
stage stigma surface shows prominent lobes (Fig. 9A) which later on develop
foveolate pattern (Fig. 9B). The cup-shaped structures on the stigma surface

help in retaining more stigmatic fluid.

Style is slender and comprises compactly arranged cells (Fig. 10A). At a
time when flowers are of 5 mm diameter, the epiciermal cells of the style show
depressions (foveolate pattern). The cuticle forms a rugulate covering over the
stylar cells (Fig. 10B).

At the time of anthesis, stigma lobes become very distinct (Fig. 11A).
When viewed under SEM, the central portion of the stigma shows papillate
surface (Fig. 11B). The cells of the stigma towards periphery show foveolate
pattern having distinct rugae (Fig. 11C). Style, when cut longitudinally, shows
compactly arranged transmitting tissue surrounded by large parenchymatous
cells (Fig. 12A). Style when viewed externally shows distinct striate pattern
(Fig.12B). Ovary is penta-to hexa-carpellary measuring 2.9 + 0.06 and
435+ 0.17 mm in length and diameter, respectively. The ovary has 5-6 locules
depending on the number of carpels present. Each locule has 3 owules.
Placentation is axile and ovules are campylotropous. The fruit is a loculicidal
capsule having winged seeds. Fruit measure 16.4 + 0.47 mm in diameter.
Average 15 seeds are produced in each fruit (Table 1). Schematic presentation

of events from anthesis till withering of style is shown in Figure 13.

Schima khasiana.

The buds measure approximately 21.78 + 0.67 mm in diameter during
the month of July-August. The petals become white in colour and start

anthesising. Anthesis of flower buds begins with the slitting of the corolla at the
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tip of the floral bud. The slit gradually widens and opening of the flower is
completed in 12-20 h (Fig. 14 A-C). The flowers begin to anthesise at
approximately 3.00 h and the process is complete around 1500 h. The flowers
are white and measure 5-6 cm across (Fig. 15 A-C). Flowers are axillary,
solitary or paired having 5 sepals, 5 petals, stamens 189 + 3.00 and carpels 5-6
(Table 2). Sepals are glabrescent, round, ciliate measuring 13.95 + 0.45 mm? in
area. Petals are glabrescent, obovate—ovoid, silky tomentose outside upto
29.29 + 2,76 mm long, measuring 572.91 + 6.55 mm” in area. The aestivation is
quincuncial. Stamens are yellowish, shorter than the pistil, almost free and
adnate to the base of the corolla (Fig. 15C). They are tightly packed in a floral
bud and gradually unfold during anthesis. The number of stamens varies
between the flowers on the same tree. Stamens are of variable size ranging from
6 tol7 mm. Longer stamens are found usually at periphery while shorter
stamens are close to the pistil. About 80% of the stamens measure between
12-17 mm and the rest 20% are 6-12 mm long. Anther is 2.2 + 0.05 mm long
four lobed structure. Anther dehiscence occurs after anthesis. About, 5492 + 50
pollen develop in an anther and in one flower about 1037988 + 49878 pollen
grains are produced. Each pollen measures 37.40 £ 0.12 um in diameter and has
a volume of 27399.26 + 1026.0 um’. Acetocarmine staining test revealed
57.21 + 1.08% viability in pollen grains. Stamen wilt about 50 h after anthesis.
Ovary has hairs at the base and supports a cylindrical style that is 5.70 £ 0.9 mm
long and 2.20 + 0.07 mm in diameter. Stigma is 5-6 lobed and measures
5.70 = 0.09 mm (length) and 5.70 £+ 0.009 mm (breadth) (Fig. 16A). In a bud of
5 mm diameter the stigma side under SEM showed compactly arranged rugae
(Fig. 16B). When stigma was observed from downside, a distinct reticulate
pattern was seen (Fig. 16C). The stigma surface showed compact reticulae
(Fig. 17A,B). The depressions were very prominent and provided more surface

area for deposition of stigmatic fluid.

Style is cylindrical and is composed of compactly arranged cells

(Fig. 18A). 5 mm bud stage, style shows longitudinal rugae traversed by



Table 2: Floral characters of Schima khasiana.

Characters Number Size
Length(mm) | Breadth(mm) | Diameter Volume(pm®)
Sepal 5 4.56 +0.06 3.06£0.09
Petal 5 29.29 £2.76 19.56 £ 0.85
Stamen 189 £3.00 6-17
Pollen/anther 5492 £+ 50.00 374 £0.12 (um) | 27399.26 + 1805.06
Pollen/flower | 1037988 + 49878
Stigma 1 5.70 £0.09 5.70 £0.09
Style 1 5.70 £0.09 2.20 £ 0.07(mm)
Ovary (Carpel)5-6 3.06 £0.07 3.81 1+ 0.09(mm) 28.74 +2.17
Seeds/Fruit 15 12.3+0.24 7.38 £0.06

+ =SE
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prominent radial walls (Fig. 18B). Cuticular ruguae are present throughout the

length of style.

At the time of anthests, stigma lobes become distinct (Fig. 19A) and are
covered with copious secretion. The stigmatic papillae are compactly arranged.
A Distinct depression is seen where stigmatic lobes meet (Fig. 19B). The
stigmatic papillae are clearly visible inside the stigmatic exudate (Fig. 19C).

Prior to pollination, style when cut longitudinally shows compactly
arranged cells (Fig. 20A). Either side of transmitting tissue is composed of
parenchymatous cells (Fig. 20A). When viewed externally the styler cells show
a distinct rugulate pattern (Fig. 20B). The rugae show cuticular striations, which
run on the surface both radially and longitudinally.

Ovary is penta-to hexa-carpellary measuring 3.06 + 007 and
3.81 £ 0.09 mm in length and diameter, respectively. The ovary has 5-6 locules
depending on the number of carpels present. Length and diameter of ovary is
given in Table 2. Each locule has 3 ovules. Placentation is axile and ovules are
campylotropous. The fruit is a loculicidul capsule having an average 15 winged
seeds (Table 3). Fruit measures 20.52 + 1.14 mm in diameter. Seed setting was
more in S.wallichii than S.khasiana and the former species showed better
reproductive success. Schematic representation of events after anthesis till

withering of stigma, style and petals are given in Figure 21.



Table 3: Fruit size and seed production per fruit in Schima species.

Species Fruit Seed efficiency | Reproductive
- Seeds per fruit
Length(mm) Diameter(mm) (%) success (%)
S.wallichii 2.92+£0.20 432+0.29 15 80.05 + 0.4 44
LS.khasiana 3.02£0.09 3.92+0.07 15 59.84 +1.33 36

+* =SE
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Fig.7: Schima wallichii

A. Unfolding of flower bud. Note tightly packed stamens.
B. Flower showing glistening drop of stigmatic exudate and nectar.

(nt-nectar; se-stigmatic exudate)






Fig.8: Schima wallichii scanning electron

micrographs showing

A. Stigma of flower bud of diameter Smm (15KV X 94),

B. Stigma from side of flower bud of diameter Smm (15KV X 1800),

C. Showing a portion of stigma from down side of flower bud of
diameter Smm. Note reticulate pattern (15KV X 3200).

(s1-Stigma lobe)






Fig.9: Schima wallichii scanning electron

micrographs showing

A. Middle portion of stigma of flower bud of diameter Smm
(15KV X 2600),

B. A part of stigma surface showing foveolate pattern. Note rugulate
pattern (15KV X 2000)






Fig.10: Schima wallichii scanning electron

micrographs showing

A. L.S. part of style of flower bud of diameter Smm (15 KV X 1500),
B. External surface of the style of flower bud of diameter Smm. Note
foveolate pattern (1SKV X 1600).






Fig.11: Schima wallichii scanning electron

micrographs showing

A. Stigma surface before pollination (15KV X 32),

B. A part of fig. A magnified. Note papillate surface (15KV X 360),

C. A part of fig. A further magnified to show details of stigma surface
(15KV X 1000).

(ps- papillate surface)






Fig.12: Schima wallichii scanning electron

micrographs showing

A. L.S. part of style of a pre-pollinated flower (15KV X 400),
B. External surface of the style of a pre-pollinated flower. Note
rugulate ornamentation (15KV X 2000).
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Fig.14: Schima khasiana

A. Flower buds,

B. Twig showing new flower buds and fruits of previous year
(10 months old),

C. Flower bud (arrow) just before anthesis.
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POLLEN GERMINATION

Data on the effects of sucrose, boron, calcium, magnesium, potassium
and agar presented in table 4 show that pollen germination pollen tube growth
were significantly higher at 15% sucrose, 50 ppm boron, 300 ppm calcium,
300 ppm magnesium, 150 ppm potassium and 0.8% agar than other
concentrations. Data on the effect of temperature on pollen germination and tube
elongation is given in Table 5. It is evident from the results that 25°C was the
optimum temperature for pollen germination and pollen tube elongation in
S.khasiana. (Table 5).

In order to determine the optimum pH for pollen germination pollens
were incubated at different pH and results are given in Table 6. Maximum
pollen germination (51.99%) and tube length (302.70 um) were observed at
pH 7.3.

Pollen grains were germinated both in Brewbaker and Kwack (1963) and
modified Brewbaker and Kwack (1963) media. Better germination of pollen
(51.62%) and maximum pollen tube elongation (302.10 um) was found in
modified B'and K medium (Figs. 22A,B, 23A,B, 24).

The effect of light quality on pollen germination and tube elongation in
S.khasiana revealed that white and yellow wavelength had no effect but violet,
blue and green light were inhibitory to germination and tube growth. Red light
caused significant stimulation of germination and tube growth over other light

conditions (Table 7).

Pollen germinability and tube growth between different trees of
S.wallichii and S.khasiana varied significantly (Tables 8,9). Further, pollen
obtained from different flowers of the same tree both in S.wallichii and
S.khasiana exhibited variation in germinability and elongation of pollen tube
(Tables 10,11). Flower age had a bearing on the germinability of pollen and tube

elongation in both the species. In S.wallichii, both germination and tube
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elongation rate increased upto 24 h after anthesis of the flower, but both
declined 30 h after anthesis. Maximum pollen germination and tube elongation
in S.wallichii occurred 24 h after anthesis. In case of S.khasiana, germination
and tube elongation rate increased upto 18 h after anthesis, but both declined
24 h after anthesis and the decline were significant in comparison to the pollen

obtained from flowers anthesised earlier than 24 h (Tables 10,11).

Pollen grains of Swallichii and S.khasiana were stained with
acetocarmine to determine their viability. Viable pollen grains were stained deep
red stain (Figs. 22C, 23C). Non-viable pollen graiﬁs did not take stain. Viability
percentage varied in both the species (Table 12). In Brewbaker and Kwack’s
medium, S.wallichii showed 26% germination while 41% pollen germinated in
S.khasiana (Table 12). When modified Brewbaker and Kwack’s medium was
used the percentage germination increased to 36% in S.wallichii and to 52% in
S.khasiana (Table 12).

Effect of temperature and relative humidity was studied up to one year
(Table 13). At room temperature (20°C), 28% pollen grains remained viable
at 0 and 32% RH after one month in S.wallichii. Viability percentage decreased
to 24% at RH 98%. After six months, there was a marked decrease in viability at
all temperéture and RH regimes except at -5°C. After one year almost all pollen
became non-viable at all temperature and RH regimes except at -5°C when 20%

pollen retained their viability (Table 13).

When pollen grains were kept in refrigerator (-5°C), after one month
more pollen grains (30%) were found to be viable as compared to pollen grains
stored at RH 3Z and 98%. After 6 months, polien grains stored at % RH gave
better result and 24% pollen grains remained viable as compared to 15 and 12%
at RH 32 and 98% respectively. After one year pollen grains remained viable at

all the three RH percentage but maximum viability was observed at 0% RH.

In S.khasiana also, similar results of effect of temperature and relative
humidity percent were obtained (Table 13). 0% RH and pollen stored in

refrigerator were found to be best for increasing pollen viability.



Fig.22
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Table 4: Pollen germination and pollen tube elongation
in Schima khasiana.

Factor Pollen germination Tube elongation (um)
(%)
SUCROSE (%)
5 25.74+1.27 175.63 £ 9.52
10 39.55+1.42 293.85+ 11.03
15 41241 1.81" 314.70 £ 13.84"
20 19.00 % 1.61 108.60 £ 12.55
LSD (p=0.05) 4.98 36.8
BORON (ppm)
50 46,85+ 1.52* 293.40+11.43"
100 4252+ 1.11 263.55+ 6.63
150 28311192 177.80 + 11.82
200 14.37£0.95 9045+ 5.65
LSD (p=0.05) 4.14 30.24
CALCIUM (ppm)
100 10.82 +0.40 83.40 +£3.54
200 17.23 £1.27 142.05 +3.35
300 46.8111.50" 307.2017.29°
400 15.66 + 0.83 150.75 £9.02
LSD (p=0.05) 3.12 17.01
MAGNESIUM (ppm)
100 1592+1.33 116.70 + 17.84
200 21.4811.07 142201 5.91
300 48.51 £2.39" 29730+ 4.20°
400 41.86 £ 1.07 266.551 2.62
LSD (p=0.05) 5.07 30.56
POTASSIUM (ppm)
50 26.25 £ 1.00 199.35 + 13.37
100 4723 £231 297.60+ 2.82
150 47.62+3.42" 29790+ 7.05°
200 27.76 +2.81 194.10 + 5.62
LSD (p=0.05) 9.36 23.3
AGAR (%)
0.4 16.28 £ 0.67 66.60 + 4.08
0.6 49.75 £0.95 293.70 £ 4.91
0.8 52.65+2.62" 310.50 +7.40*
1.0 26.00 £ 1.44 177.60 £9.27
LSD (p=0.05) 511 20.56
+ =SE * Significantly different from other values of a given
treatment.

(Significance tested with one way ANOVA)



Table S: Effect of temperature on pollen germination and tube elongation

in Schima khasiana.
Temperature ( °C) Germination (%) Tube elongation (um)
20 20.82 + 0.87 137.55 + 6.05
25 40.75 + 3.49° 303.60 + 7.05°
30 3351 + 1.83 295.65 + 5.71
35 NIL NIL
+ = SE * Significantly different from others treatments.
Significance tested with student’s “t’test (p=0.05)




Table 6: Effect of pH on pollen germination and tube elongation in

Schima khasiana.

pH Germination (%) Tube elongation (um)

6.0 23.96 + 097 99.15 + 14.84

7.0 4405 + 1.74 27735 £ 792

7.3 51.99 +296° 30270 + 7.40°

8.0 26.74 + 221 15945 + 7.28
LSD (p =0.05) 6.99 30.81

t

]

SE  ‘Significanly different from others treatments
Significance testified with students ° t * test (p = 0.05)

Table 7: Effect of light of different colours on pollen germination
and tube elongation in Schima khasiana. |

Light colour Pollen germination (%) Tube elongation (jum)

Dark - 47.77+ 0.35° 196.05 + 12.93°

White 50.49 + 0.68 29145+ 05.76

Violet 46.60 + 1.69° 22740+ 14.90°

Blue 47.28 + 2.49° 23220+ 14.18°

Green 46.04 + 520° - 26640+ 16.05°

Yellow 51.01+ 0.14 271.40 £ 10.35

Red 66.89 + 2.98% 324.40 £ 0526

LSD (p =0.05) 2.32 20.88
+ =SE * Significantly different from white light

® Significantly different from dark and light of all other colours.
(Significance tested with ANOVA)



Table 8: Pollen germination and tube growth in pollen obtained from different trees of
Schima wallichii.

Source of pollen Germination Tube growth
(%) Range (um) Range
1 3409+ 3.12° 28.12 - 45.73 31788 £ 24.01° 277.20 - 408.60
2 2949+ 2.07 25.38 - 36.31 220.56 + 4.51 208.20 - 232.80
3 39.96+ 1.23° 37.64 - 44.50 513.96 + 2391° 435.60 - 565.80
4 2491+ 1.19 22.69 - 28.35 17496 + 6.45 162.00 - 195.60
LSD (p =0.01) 4.81 48.87

+ =SE

? Significantly different from others.

Table 9: Pollen germination and tube growth in pollen obtained from different trees of
Schima khasiana

Source of pollen Germination Tube growth
%) Range (em) Range

1 39.52+1.72 36.32 - 44.34 286.05 +7.80 268.80 - 306.00
2 3291 +142 30.00 - 36.36 251.25+ 8.14 228.00 - 263.40
3 4936+ 1.84° 4537-5427 326.00 + 4.97° 294.60 - 338.00
4 43.78 + 0.94 41.56 - 45.75 301.05 + 4.39 294.00 - 313.80
5 51.35+1.81° 4778 -55.69 373.05+ 5.24° 298.80 — 342.80

LSD (p = 0.01) 5.13 21.45

+ =SE * Significantly different from others.




Table 10: Effect of flower age on pollen germination and
tube growth in Schima wallichii.

Age from the time of Germination Tube growth (um)
anthesis (%)

6 2420+ 241 166.68 + 23.93

12 26.18 £0.95 243.96 £ 20.43

18 33.38 £0.65° 326.04 £14.41°

24 39.90 + 1.23% 513.96 +23.91*

30 23.07+1.72 369.00 + 8.27

LSD (p =0.05) 4.57 58.83
+ =SE * Significantly different from No. 6, 12and 30h old flowers.

® Significantly different from others.

Table 11: Effect of flower age on pollen germination and
tube growth in Schima khasiana.

Age from the time of Germination (%) Tube growth
anthesis (pm)

6 46.96 + 1.06° 229.80+ 4.88°
12 5124+ 1.97° 260.85 + 10.88*
18 6138+ 0.71* 309.75+ 10.83®
24 30.65 £ 2.66 185.70 + 12.31
30 2585+ 1.88 136.95+ 5.65

LSD (p =0.05) 6.11 34.23

+ =SE * Significantly different from 24 & 30 h old  flowers.

Significantly different from others.



Table 12: Pollen viability (%) and its germination (%) in B.K.
and M.B.K. media.

Germination (%)

Species Viability (%)*
B.K. medium M.B.K. medium
S.wallichii 42.00 +1.26 26.13 +0.84 36.03 + 1.88
S.khasiana 57.21+1.08 41.00+18 5162 +2.19
+ SE  *(Acetocarmine staining test).




Table 13: Effect of temperature (°C) and RH (%) on viability of stored pollens of Schima species.

Pollen viability (%)
Species Temperature (°C) RH (%) Afterone month |  After sixmonths | After one year
0 28+1.26 81092 8§+0.30
Room (20 £2°C) 32 28+ 108 64083 0
98 24 +£0.84 3+0.67 0
S.wallichii
0 30+£1.33 24 +£0.84 20+ 0.95
Refrigerator(-5 £ 1°C)
32 28 £0.87 15+0.91 8§+ 1.00
98 25+1.388 121162 3+0.83
0 50t1.11 274231 7+1.07
Room (20 +2°C) 32 48+192 24 £1.33 2+0.40
S khasiana 98 40 £ 0.95 17 £1.08 0
0 53 £1.07 374095 32+£181
Refrigerator(-5 £+ 1°C)
32 50+231 30144 14 £ 0.67
98 47 +1.44 19 £1.07 24033
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POLLINATION
In both S.wallichii and S.khasiana flowers are large and showy. Anthesis

begins in the early hours of morning i.e. at 4 AM. in S.wallichii and 3 AM. in
S.khasiana. The petals open slowly and the process continues till evening, when
the anthesis is complete. Sufficient quantity of nectar is produced between petals
and stamens. Stamens are indefinite in number and produce large number of
sticky pollen grains. Both nectar and pollen grains attract insects that in search
of food visit the flowers both during day and night.

Varied types of insects belonging to the order lepidoptera, diptera and
hymenoptera visit the flowers. They may be categorised in two different types,
one category of insects only forage anthers, while the other category feed on
stigmatic exudate and nectar (Figs. 25A-C, 26A,B). Both types of insects move
from flower to flower. The insects, which feed on stigmatic exudate and nectar,
remain attached with the branches of the tree. Flies and bees, particularly the
small carpenter bees (Ceratina sp.) were found to forage pollen and nectar
through out the day. Formicidae (ants) were found to forage nectar and took
little or no part in the transfer of pollens. Honeybees (Apis mellifera)

occasionally visited flowers during afternoon.

The insects during their visit to different flowers came in contact with
dehisced anthers. It was observed that the anthers away from the pistil were first
to dehisce followed by sequential dehiscence from periphery to the centre. This
may be viewed as adaptation to facilitate pollination by making pollen grains
available to different categories of insects visiting at different time. Pollen grains
being sticky in nature got stuck to the body of the visiting insects. When the
pollen grains of the same flower were dusted on the stigma of the same flower,

they did not germinate or germination was very poor.






Fig.26
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POLLEN - PISTIL INTERACTION
Schima wallichii

Pollen grains are spherical (18 + 04 um diameter). Under SEM, they
show reticulate ornamentation (Fig. 27). Vectors carry the pollens to the stigma
surface which is of wet type (Fig. 28A,B,C). The stigmatic exudate appears as a
glistening drop on stigma surface, 2 h after anthesis in nearly 25% flower and
90% stigma is wet in 8 h after anthesis. Amount of stigmatic secretion increases
with the passage of time and varies between diﬂ'érent flowers. Stigma remains
receptive for about 36 h after anthesis. The disappearance of stigmatic exudate
marks the end of stigma receptivity. Simultaneously with the wetting of the
stigma, nectar appears at the base of the ovary suggesting presence of nectary.
Withering of the stamens occurs 42 h after anthesis (Fig. 13). Both stigma and
style wither almost 48 h after anthesis and petals fall off almost 50 h after
anthesis indicating the end of life span of different parts of a flower (Fig. 13).

Pollen grains after landing on the stigma hydrate quickly. The pollen
tubes emerge from the pollen aperture adjacent to the stigma surface within 3 h.
after pollination (Fig. 29A). All pollen grains do not germinate. Pollen tubes
pass through the intercellular space between papillae and grow along the surface
of the transmitting tissues of the style. Pollen tube growth was fast during the
first 12 h after pollination (Fig. 29B). Pollen tubes vary in width and number of
callose plugs. Callose plugs are formed at irregular intervals in the pollen tube
all along the length of style. As a result, intensity of fluorescence of pollen tube
and callose plug varies. Pollen tubes at the upper part of the style lose

fluorescence quickly while in the lower part they fluoresce for a longer period.

No abnormalities in pollen-tube growth such as meandering tubes,
irregular tubes and forked tips were found. Most pollen tubes reach the ovule.
However, a few pollen tubes with swollen tips become arrested in the lower

portion of the ovary.

Majority of the pollen tubes penetrate between papillae. The first few

pollen tubes were observed to reach the embryo sacs 96 h after pollination
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(Fig. 30 A, B). Between 96 and 120 h period, most of them had reached the
ovule/embryo sacs (Fig. 31A, B). Beyond this time until 240 h after pollination,

number of pollen tubes entering the ovule/embryo sac did not increase.

The fluorescence test shows that the receptive synergid fluoresces more
brightly and fertilization occurs when the pollen tube tip fuses with the
fluorescing synergid. This is followed by the appearance of fluorescing debris at

the chalazal end of the synergid, indicating degeneration of the synergid wall.

Schima khasiana.

In this species the stigmatic exudate appears, as a glistening drop on
stigma surface, in nearly 25% flower 3 h after anthesis and 90% stigma is wet
10 h after anthesis. Amount of stigmatic secretion increases with the passage of
time and varies between stigma of different flowers. Stigma remains receptive
for about 40 h after anthesis. The stigma loses its receptivity with the
disappearance of stigmatic exudate. At the time of wetting of the stigma, nectar
appears at the base of the androecium, near the ovary. Withering of the stamen
occurs 50 h after anthesis. Stigma and style wither almost 60 h after anthesis and

petals fall off about 65 h after anthesis.

Pollen grains begin to germinate after reaching the stigma. Most of the
pollen grains adhere on the upper surface of the stigma (Fig. 32A) and only a
few pollen grains were observed on the lowerside of the stigma  (Fig. 32B).
Pollen grains hydrate quickly after landing on the stigma (Fig. 33A). The pollen
tubes emerge within 6 h after pollination (Fig. 33B, 34A,B). A few pollen
grains, including the pseudopollen grains do not germinate on the stigma. The
pollen tubes pass through the inter cellular spaces between papillae (Fig. 34B)
and grow along the surface of the transmitting tissues of the style. Pollen tube
growth was very fast during the first 24 h after pollination (Fig. 35A). In the
transmitting tissue, pollen tubes vary in width and number of callose plugs.
Callose plugs are formed sporadically in the pollen tube all along the style

length. As a result, the intensity of the pollen tube and callose plug fluorescence
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varies along the style length. While the pollen tubes at the upper part of the

style lose fluorescence, the tubes in the lower part continues to fluoresce.

Abnormalities in pollen tube growth such as pollen tube arrest in the
style, reversal in growth direction, irregular growth by thickening in some part
of the tube, bending of the tube tip in the micropyle, forming a hook shaped tube
tip after entering the micropyle, forked tips etc. were not observed. However,
some cases swelled tips are arrested in the lower portion of the ovary and only a

few pollen tubes are able to reach the ovule/embryosac.

The first few pollen tubes were observed ‘to reach the base of the style
96 h after pollination (Fig. 35B). they reached the ovary 168 h (Fig. 36A) the
ovule/embryosac 196 h after pollination (Fig. 36B). Between 192 and 216 h,
most of the pollen tubes had reached the ovule/embryosacs. Observation of the
pistils 240 h after pollination indicated that number of pollen tubes entering the
ovule/embryosac did not increase after 216 h (Fig. 37).

The receptive synergid fluoresces more brightly and fertilization
occurred when the pollen tube tip fused with the fluorescing synergid. This is
followed by the appearance of fluorescing debris at the chalazal end of the
synergid, indicating degeneration of the synergid cell wall. Subsequently, both

synergids degenerate as the endosperm begins to develop.
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EMBRYOGENESIS
Schima wallichii

The zygote does not divide until about 12 weeks after fertilization. The
time between fertilization and zygote division varied from 12 to 14 weeks.
Globular proembryo formation takes place within 14 to 18 weeks
(Fig. 38A-D, 39AB,C) All embryos have long suspensors. The suspensor
elongates and pushes the embryo proper between the endosperm cells. It is not
until the late globular stage that the embryo increases in volume. Following the
globular stage, the embryo becomes heart-shaped (Fig. 39D). Further
differentiation results in the development of late heart-shaped, torpedo stage and
fully developed embryos (Fig. 40A,B,C). Development of two slender and long
cotyledons takes place about 22 weeks after fertilization. In some embryo sacs
no indication of embryo development was found, although there was indication
of the endosperm formation. After 24-26 weeks of fertilization, the cotyledons
were found to be well differentiated (Fig. 40C). The mature embryo occupies the
major part of the seed. In some ovules, occurrence of twin embryos was noticed

but the percentage occurrence of twin embryos was negligible (less than 0.5%).

Schima khasiana.

The time between fertilization and the zygote division varied from
12 to 15 months. Globular proembryo formation takes place within 14 to 16
months (Figs. 41A-D, 42A). All embryos have long suspensors consisting of
numerous cells. The suspensor elongates and pushes the embryo proper within
the endosperm cells. In some ovules, twin embrybs was noticed (Fig. 42B). The
percentage occurrence of twin embryos was less than 0.3. It is not until the late
globular stage that the embryo increases in volume. Further differentiation in the
globular embryo results in formation of heart-shaped embryo (Fig. 42C).
Development of the two slender and long cotyledons occurs about 14 to 17
months after fertilization (Fig. 42D). In some embryo sacs there was no

indication of embryo development, although endosperm was formed. As seed
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matured, the cotyledons became thick and filled the entire space of embryo sac.
That happened 17 to 19 months after fertilization (Fig.43). A comparative
account of embryogenesis in Schima wallichii and Schima khasiana is given in

Table 14.












Fig.40



Table 14: Embryogenesis in S.wallichii and S.khasiana.

S.wallichii S.khasiana
Type of embryo sac development Polygonum Polygonum
Type of fertilization Porogamous Porogamous
Type of endosperm development Nuclear Nuclear
Initiation of endosperm tissue Within 4 weeks Within 4 months
formation
Zygote division After 12 weeks After 12 months
Development of globular pro-embryo During 14-18 During 14-16

weeks months

Formation of heart-shaped embryo

During 20-22

During 16-18

weeks months
Development of cotyledons During 24-26 During 17-19

weeks months
Occurrence of twin embryos 0.5+ 0.05 0.3 +0.03

( % of total ovules )

¢ SE










Fig.43
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SEED GERMINATION
Germination of seeds in different conditions

In both the species mature fruits are loculicidal capsules those contain
winged seeds (Figs. 44AB, 45A B). The seed may be filled or unfilled
(Figs. 44C, 45C). In case of Swallichii, 71% seeds were filled
while in Skhasiana only 17% seeds were filled. Tz test revealed
92% and 32% embryo viability in S.wallichii and S.khasiana respectively
(Table 17; Figs 48A-C, 49A-C). In the former on an average 64% seeds
germinated whereas in latter average germination percentage was 13%
(Table 15) when seeds were germinated in dark on moist Whatman filter paper
at 20°C in BOD incubator (Figs. 46A, 47A).

Embryo germination in laboratory condition at 20°C was 90% in
S.wallichii and 16% in S.khasiana (Table 16, Figs. 46B, 47B). Whereas, in
soil (pot) it was 47% in S.wallichii and 8% in S.khasiana (Table 17).

When only filled seeds were germinated in pots filled with garden soil
and manure mixed in 3:1 ratio, the germination declined to 49% and 11% in
S.wallichii and S.khasiana respectively (Table 17, Figs 46C, 47C). When
randomly collected seeds were germinated in pots only 36% and 11%
germination took place in S.wallichii and S.khasiana respectively (Table 18).
Thus percentage germination of S.wallichii seeds in pots was more (49%) when
only filled seeds were used and it declined (36%) when randomly collected
seeds were germinated (Table 18). Seedlings of Swallichii and S.khasiana
emerged after 12 days of sowing and the emergence was complete after
28-30 days. However, in about 65 days after sowing of the seeds, on average
36% and 11% seedlings survived in S.wallichii and S.khasiana respectively
(Table 18). When randomly collected seeds of both the species were sown in the
open plot, germination varied between 33 to 35% in S.wallichii and 6 to 11% in
S.khasiana (Table 19; Figs. 50A,B, 51A). When seeds were taken randomly and
sown in natural condition i.e. in the forest soil, the average germination was

found to be 40% and 8% in S.wallichii and S.khasiana respectively (Table 20).
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In S.wallichii percentage germination was found better in forest soil than in

garden soil.

Effect- of different temperature (20 and 25°C) and light conditions
(continuous light, dark and 16 h dark + 8 h light) on the germination of seeds of
both the species revealed that compared to S.khasiana, seed germination started
earlier in S.wallichii in both the temperature regimes and in all the light
conditions (Table 21). However, at 25°C, germination was over earlier in
S.khasiana in comparison to S.wallichii in all the light conditions (Table 21).
Seed germination commenced first in both the spécies when seeds were kept in
complete dark both at 20 and 25°C. S.khasiana seeds germinated last in
continuous light at 20°C. Germination was faster at 25°C and completed early in
dark. However no definite response was evident in S.wallichii seeds (Table 21).
Compared to 20°C, seed germination was over in less time at 25°C in both the
species. In case of S.wallichii percentage germination was better at 25°C when
seeds were germinated in 16 h dark and 8 h light condition. While, in case of
S.khasiana germination was found better at 20°C in complete dark. There was
marked increase in percentage germination at 25°C when seeds were germinated
in complete light condition (Table 21). However, in complete dark, there was

marked decrease in germination percent at 25°C compared to 20°C.

To observe effect of seed coat on germination filled seeds and embryos
of both S.wallichii and S.khasiana were germinated in pot soil. In S.wallichii
filled seed germination started on 13* day and completed on 28" day of sowing.
The highest germination occurred on 27" day and the mean germination after
30 days was found to be 49%. On the other hand, the embryos started
germination on 12" day and it was completed on 26™ day of sowing. The highest
germination occurred on 20" day after sowing and the mean germination after
30 days was found to be 47% (Table 22). Germination of embryos started and
completed earlier than the seeds but percentage germination was found slightly
more in case of seeds. In S.khasiana filled seeds started germination on 12" day
and completed on 28" day after sowing. The day of highest germination was

found to be 27" day and the mean germination after 30 days was 11%. On the




51

other hand embryos started germination on 12® day and germination was
completed on 20" day after sowing. The highest germination occurred on
18" day and the mean germination after 30 days was found to be 8% (Table 22).
Thus, though completion time of embryo germination was less (20 days) than
the seed germination (28 days), percentage of seed germination was better

(11%) than embryo germination (8%).

Surviving seedlings in pots developed normally (Fig. 51B) and showed
fast growth (Figs.50C, 51C). Three months old seedlings (Fig. 51B) were found
suitable for planting in the field. "
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Table 15: Percentage occurrence of filled seeds in Schima species and

their germination at 20°C.

Species Year | Total Filled seeds (%) Germination (%)
seeds | Range Mean Avg. | Range Mean
1996
500 70-176 73.00 56 — 80 69.59
S. wallichii 71
1997 500 68 — 71 69.66 54 - 62 59.20
1996
500 8-28 16.00 8-18 . 12.00
17
S. khasiana | 1997 | 500 | 18-19 | 18.67 616 13.20




Table 16: Embryo germination at 20°C in Schima species.

Species No. of seeds Seeds with Mean embryo
embryo(%) germination (%)

S. wallichii 500 70.80 £ 0.08 89.83 +£3.04

S. khasiana 500 17.00 £ 1.33 16.00.+ 8.33




Table 17: Viability and germinability of seeds of Schima species.

Species Embryo viability Germination (%)
(%)
(Tz staining test)
Seed Embryo
Lab. Pot Lab. Pot
S.wallichii 92.03 (£ 1.87) 6439+ 1.73 |48.67 £2.08 89.83 + 3.04 46.67 £ 1.67
S.khasiana 32.00 (£ 2.73) 1260+ 046 |10.67+3.87 |16.00+833 |8.33+3.04




Table 18: Germination of Schima seeds in pots containing garden soil.

Total Day of Day of Day of Mean
Species Year no. beginning peak completion | germination
of after 65
seeds days (%)
1996 300 13 28" 28% 33.66
S.wallichii ®%) (48%) (“8%)
1997 300 12th 27t 30% 37.34
(9%) (51%) (51%)
1996 300 12% 28t 28" 9.33
S khasiana (4%) (12%) (12%)
1997 300 12" 28t 28% 12.0
(5%) (16%) (16%)




Table 19: Germination of Schima seeds under field condition.

Total no. Day of Day of Day of Mean
Species Year of seeds | beginning peak completion | germination
after 65 days
(%)
1996 300 13" 29" 30* 34
S.wallichii (4%) (44%) (44%)
1997 300 13® 26" 30" 35
(5%) (48%) (48%)
1996 300 13" 29" 29" 6
S.khasiana 2%) (9%) (9%)
1997 300 12" 29" 29™ 11
(3%) (15%) (15%)




Table 20: Germination of Schima seeds in forest soil.

Total no. Day of Day of Day of Mean
Species Year of seeds | beginning peak completion | germination
after 65 days
(%)
1996 300 15% 30® 30% 40.66
S. wallichii (11%) (47%) 47%)
1997 300 13 26" 27 38.33
(12%) (50%) (50%)
1996 300 15% 30% 30t 6.33
S.khasiana (2%) B%) (8%)
1997 300 13% 27® 27" 9.66
(G%) (13%) (13%)




Table 21: Effect of temperature and light conditions on seed germination of Schima species.

Jemperature
condition 20°C 25°C
Species Days to start Days to Germination | Days to start Days to Germination
Light germination complete % germination complete %
condition germination germination
Light 31 26" 62.40 + 138 o 23" 50.80 + 1.03
16h dark
+ th th nd rd
S.wallichii 8h light ! > 0680+ 187 ? z TLeoE 13
Dark ond 20 61.20 + 1.27 2 23 68.00 +0.08
Light 11t 28t 6.80 +0.46 st 18" 16.40 + 1.04
16h dark
+ th th th th
S khasiana S gt 7 26 13.20 + 1.04 5 18 15.60 +1.38
Dark 4t 25t 16.80 + 0.80 4t 16" 13.60+ 0.04



file:///Temperature

Table 22: Effect of seed coat on germination of seeds in Schima species.

Species

Seed / Total Day of Day of Day of Mean
Embryo | number | beginning peak completion | germination
after 30
days (%)
Seeds 150 13% 27" 28" 48.67 +2.08
S.wallichii
Embryos 150 12* 20" 26 46.67+£1.67
Seeds 150 12* 27% 28" 10.67 £ 3.87
S.khasiana
Embryos 150 12" 18 20" 8.30 +3.07
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DISCUSSION

The phenology relates growth habit of a species to the physical
environment and helps in understanding the seasonal aspects of various
ecological phenomena. Therefore, the important phenophases such as the
bud-break, leaf-flush, flowering, fruit formation and maturation and seed
dispersal of Schima wallichii and Schima khasiana were studied at regular

intervals for three consecutive years.

The first stage in the flowering process is floral induction or evocation,
when the vegetative meristem changes into reproductive meristem. Flowering is
essentially a growth process, but the nature of stimulus required to tigger this
process is not yet known (Sedgley and Griffin, 1989). In S.wallichii, floral bud
initiation starts in the month of February and flowering takes place in the month
of May or may extend upto June end. In S.khasiana, floral bud initiation starts in
the month of April. Flowering occurs during July and August. Most tropical and
sub-tropical tree species have been reported to have a very short interval
between floral initiation and anthesis. For example, one to two months in
Artocarpus, Litchi and Durio (Sinha, 1975; Soepadmo and Eow, 1976, Menzel,
1984), one month in Mangifera (Scholefield et al., 1986), and three months in
Citrus (Lord and Eckard, 1985, 1987). Peak leaf-fall in both the species occurs
between October and January, followed by appearance of new leaves and
initiation of floral buds in the spring. Thus, slow down of vegetative growth and
a period of ecodormancy appear to be important prerequisite for the floral
initiation (Sedgley and Griffin, 1989). In Citrus, low temperature between
10 and 20°C, or a period of water stress for four to five weeks have been
reported to promote floral initiation (Hall et al, 1977, Southwick and

Davenport, 1986). Water stress is particularly important in the tropical and
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sub-tropical trees such as Litchi, Citrus, Shorea (Menzel, 1983; Southwick and

Davenport, 1986, Burgess, 1972).

In the present study, both the species displayed the phenomenon of
irregular bearing, producing good fruits in alternate years. Most timber species
show poor periodicity in fruit and seed production (Monselise and Goldschmidt,
1982, Owens and Blake, 1985). In the present case, irregular bearing may be the
result of poor floral initiation. Monselise and Goldschmidt (1982), Luckwill
(1980), Monselise and Goldschmidt (1982) reported similar observations in
Citrus, Malus, Mangifera. Luckwill (1980) has suégested that floral initiation is
inhibited by gibberellins produced by the developing seeds. Similar evidence of
inhibition of floral  initiation by seeds has also been reported in Olea

(Stuttle and Martin, 1986).

Late maturation and lengthy retention of fruits provide better chances
for wind dispersal during early spring, when strong dry winds blow in Schima
growing regions. Similar observations has been made by Semalty and Sharma

(1996), in Acer caesium in central Himalayas.

In S.wallichii flower buds start anthesising in May-June. Anthesis of
flowers begins with the slitting of corolla at the tip of the bud. The slit gradually
widens and opening of flower is completed in 11-16 h. The anthesis begins at
approximately 4.00 h in the early morning and continues upto 15.00 h in the
afternoon. In S.khasiana, the flower buds anthesis occurs in July-August and is
similar to that of S.wallichii except that it is slower in the former. Jerstedt (1980)
pointed out that the developmental changes and movements leading to opening
of flower are often related to differential growth rates or changes in turgor more
out of supposition. Initiation of floral bud and early stages of flower
development coincided with wide diurnal temperature fluctuation (8 - 22°C in
S.wallichii and 4 - 14°C in S.khasiana) and low relative humidity (mean 62% in
S.wallichii and 74% in S.khasiana). But during the post anthesis diurnal
temperature fluctuation was low (16 - 24°C in S.wallichii and 15 - 23°C in

S.khasiana) and relative humidity was high (mean 79% in S.wallichii and 92%
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in S.khasiana). Temperature is known to influence floral bud initiation and
flower development in plants (Sedgley and Griffin, 1989). Bamer and
Christiansen (1960) reported that fluctuating temperature adversely affected
fertility of developing buds in Larix by disrupting meiosis. This could probably

be the reason for low pollen viability in both the species.

Flowers of both the species are white in colour. S.khasiana flower is
larger (5-6cm across) than S.wallichii flower (3-4 cm across). Mean number of
stamens per flower, size of the stamen and number of pollens per flower varied
widely in the two species of Schima. These observ;nions support the conclusions
of Vonhof and Harder (1995), that the number of pollen produced in a flower

varies considerably between species.

Like other members of Theaceae, Schima also having no means of
vegetative reproduction has multilocus gametophytic incompatibility. They rely
on pollen-eating insects for reproduction (Richards, 1986). This could be the

reason for excessive pollen production in these species.

Pollen germination, however, is the surest test of pollen fertility and
therefore is important for undertaking any breeding programme (Semalty and
Sharma, 1996). The pollen germination tests revealed 62- 75% pollen sterility in
S.wallichii and 47-60% in S.khasiana. Varying proportion of sterile pollens have
been reported by Soost and Cameron (1975), in Citrus cultivars. In some lemon,
lime and orange cultivars where the pollen viability is low (25%), meiotic
abnormalities are frequently observed (Naithani and Raghuvanshi, 1958;
Iwamasa, 1966). Post-meiotic pollen degeneration also occurs in Pyrus
(Zielinski and Thompson, 1966). Devlin and Ellstrand (1990) emphasised that
seed yield is one component of reproductive success of plants. But to arrive at
plant’s total reproductive success, it should be considered together with the
success in fertilization of ovules that mature into seeds. The high pollen sterility
in presently studied Schima species adversely affects fertilizing ability of pollen
and thus reproductive success of the species. The development of mature fertile

male gametophyte depends on nutrients provided by anther sporophytic tissues
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(Christopher er al., 1996). Deficiency in carbohydrate metabolism in the anther
leads to abnormal pollen development (Sawhney, 1992) and is often correlated
with pollen sterility (Banga et al., 1984). Size, volume, number of pollen per
anther and pollen per flower differ in both the Schima species. Similar
observation has been made in Chinochloa (McKone, 1990), Plantago lopus
(Sharma et al., 1990), Solanum torvum (Chauhan and Katiyar, 1990),
Mercurialis annua (Lisci et al, 1994) and papilionaceous legumes
(Vonhof and Harder, 1995). Variation in the size and shape of pollen grains
have been reported by many workers (Moore and Webb, 1978,
Iwanami et al., 1988; Faegri and Iversen, 1989; Cresti et al., 1992). One of the
conspicuous structural features of pollen grains is the ornamentation of the wall
formed by the outer part of the exine (Cresti et al., 1992). Evidences from
different sources have conclusively shown that the exine ornamentation is
controlled by the sporophytic genome (Shivanna and Johri, 1985). Pollen
morphology has been investigated in detail in Melia (Nair, 1959), Hevea
(Rao, 1964), Myristica (Nair, 1972) and Schima superba kankoensis
(Tsou, 1997). Among angiosperm species, pollen volume varies by almost five
times (Wodehouse, 1935; Muller, 1979), implying diverse opportunities for
pollen size evolution. However, within species variation is less than 5%
(Vonhof and Harder, 1995) suggesting that reproductive conditions may
influence the pollen size. Variation in pollen grain size varies considerably less
than the wvariation in number of pollen grains produced per flower
(Vonhof and Harder, 1995), suggesting that natural selection optimises resource
investment  per offspring and not the  offspring  number

(Smith and Fretwell, 1974; Lloyd, 1987).

In both species of Schima, first few flowers in the inflorescence are
generally bigger and produce more pollen and nectar. They make the flowers
more attractive to insects visitors. Usually, fruit abortion is common in flowers,
which develop at the end of the flowering season. The flowers that develop at
the end of the flowering season also produce small fruits. They contain mostly

non-viabie seeds, which are smaller in size and usually without embryos
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(unfilled seeds). This suggests that pollination success may be greater in flowers
developing early and during peak flowering period, than in those which develop
at the end of the flowering period. Similar were the findings of
Tangmitcharoen and Owens (1997) in Tectona grandis. Besides, there are many
other factors, such as position of developing fruits on the inflorescence
(Bawa and Webb, 1984), which affect fruit development. The number of pollen
produced by a flower increases the probability that sufficient number of pollen
grains will reach a stigma (Cruden, 1977). In both species of Schima, pollen
ovule ratio (P/O) was high (66974 in S.wallichii and 69200 in S.khasiana). The
development of mature fertile male gametophyte depends on nutrients provided

by anther sporophytic tissues (Christopher et al., 1996).

The stigma is categorised as wet on the basis of a free flowing surface
exudate secreted by stigmatic cells (Dumas ef al., 1978; Sedgley, 1981; Knox et
al., 1989). Both Schima species have wet and papillate stigma. The stigmatic
papillae differ from the transmitting tissue cells in shape and content of
cytoplasmic organelles (Knox, 1984). The stigmatic secretion reportedly
contains lipids, aminoacids and perhaps sugars (see Baker, 1973) and are
thought to prevent drying of the stigmatic surface, this provides a suitable
medium for pollen germination (Baker et al., 1973). Small amount of stigmatic
secretion was observed in the Schima species which partly comes from cells
beneath the papillae or from the transmitting tissue and partly from the papillae
themselves. The stigma secretions might be smeared onto the bodies of insects
as they contact the surface of the stigma as reported by Baker et al. (1973), in

some other species.

The stigma and transmitting tissue secretions have many functions, such
as attraction and nourishment of floral visitors (Lord and Webster, 1979), pollen
adhesion to pollinators (Kandasamy and Kristen, 1978), pollen-stigma
recognition (Clarke er al, 1979, Knox, 1984), pollen-tube growth
(Sanders and Lord, 1992) and pollen-tube penetration of ovules
(Franssen-Verheijen and Willemse, 1993). According to Richards (1990),

stigmatic exudate performs three functions — adherence of pollens to stigma,



57

serves as a medium for pollen germination and provides nectar reward to insects
in Garcinia hombroniana. In both species of Schima stigmatic exudate seems to
perform two functions namely adherence of pollen to the stigma and as a
medium for pollen germination. Nectar appears at the base of the ovary almost
simultaneously with the wetting of stigma or stigma receptivity as has been

reported by Tangmitcharoen and Owens (1997) in Tectona grandis.

The stigma papillae and the transmitting tissue of both hollow and solid
styles have secretary cells which produce the medium (Knox, 1984), for pollen
tube growth from stigma to the ovule (Webe;, 1994). The species under
investigation have closed stylar system as is found in many dicotyledons
(Knox, 1984) consisting two major parts, the stigma and the transmitting tissue.
Both species produce large number of flowers. Flower has long pedicel, large
sepals and petals. Nectaries are present at the base of the stamens. Anthers
distant from stigma and stamens are shorter then the pistil. Large number of
pollen grains and many ovules are produced per flower. Flower has very high
pollen/ovule ratio. All these characters imply that both of them could be
outbreeding species (Wyatt, 1983). High pollen/ovule ratio and high pollen
sterility suggest that both the species are inefficient reproductively
(Richards, 1986).

Pollen viability should be considered different from germinability, for
instance, self or cross incompatible pollen, though viable may or may not
germinate on stigma. In an artificial medium, viable pollen may fail to germinate
due to lack of certain essential factors. It is however necessary that viable pollen
should give high percentage of germination for guessing the effective
fertilization (Semalty and Sharma, 1996). By the acetocarmine staining tests it
was observed that in S.Ahasiana the number of viable pollen grains were more

(57.21 + 1.08%) than that of S.wallichii (42.00 £ 1.26%).

Binucleate pollen generally germinates readily in  culture
(Mulcahy and Mulcahy, 1983). This was also found true for Schima pollens in

which germination began within an hour of pollen being placed in the
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Brewbaker and Kwack’s medium. The rate of pollen-tube growth varies widely
in different species. Brewbaker and Majumder (1961) found that in vitro growth
of binucleate pollen tubes is about 10% less than in vivo pollen-tube growth due
to limited reserve food in the pollen. But, there may be extreme variations in
in vivo and in vitro pollen-tube growth rates in angiosperms (Hoekstra, 1983).
Rapid in vivo pollen-tube growth has been reported in Acacia retinotes where
pollen tube reaches the ovule within 11 h (Kenrick and Knox, 1985). In
Eucalyptus woodwardii pollen-tube growth is very slow and takes 10-20 d to
reach the ovule; in Banksia coccinea it takes 6 d'(Fuss and Sedgley, 1991). In
Schima wallichii pollen tube takes about 5 d and in S.khasiana about
9 d respectively to reach the ovule.

The results of the present study are in agreement with the results of
Brewbaker and Majumder (1961) and Tangmitchroen and Owens (1997), who
reported that in vitro growth of binucleate pollen tubes was approximately 10%
less than in vivo pollen tube growth. In vitro binucleate
pollen-tube growth consists of two phases — autotrophic and heterotrophic
(Rosen and Gawlick, 1966 and Rosen, 1971). In the first phase pollen tubes
grow on their own reserves. The growth during the first phase is relatively slow
and free of callose plugs (Mulcahy and Mulcahy, 1983). This phase ends with
gamete formation Brewbaker (1967). Pollen-tube growth in vitro or in an
incompatible style, may terminate at this point. The heterotrophic phase is
observed only in vivo in a compatible style. During this phase, pollen tubes grow
rapidly and form callose plugs, indicating a shift to heterotrophic nutrition
(uptake of substances from the pistil). This may account for the limited pollen-
tube growth under in vitro condition in both species of Schima. The media used
for in vitro pollen germination of these species might not contain the nutnents
needed for transition to the second phase. Similar findings have been reported
by Tangmitcharoen and Owens (1997) in Tectona grandis. In nature during the
pollination period, slow pollen tube growth and exposure to unfavourable
conditions, such as rain, hailstorm and wind, cause abundant loss of unfertilized

flowers in both the Schima species.
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Pollens obtained from different trees showed significant differences in
germinability and tube growth. Intraspecific variation in pollen germinability
has been reported in Zea mays (Pfahler, 1968), Triplochiton scleroxylon
(Leaky et al, 1981, Oni, 1990), Asclepias speciosa (Bookman, 1984) and
Asclepias exaltata (Shannon and Wyatt, 1986). Such a variation might either be
due to differences in age of the trees in natural population or variation in the
amount of nutrients available to each tree because of micro-environmental
differences (Oni, 1990). Further, pollens obtained from different flowers of an
individual tree of S.wallichii and S.khasiana’also exhibited variation in
germinability and tube elongation. Such a behavior may be due to difference in
partitioning of assimilates and maternal investments in floral structures of
different flowers of a tree (Oni, 1990).

Nutrient status of sporophytic tissues of anther influences the formation
of mature fertile male gametophyte (Sawhney, 1992). The intra-flower
variations observed in germination and pollen tube elongation in Schima
indicate above possibilities. Flower age may also has a bearing on the
germinability and tube growth in both S.wallichii and S.khasiana, since both
declined, 30 and 24 h after anthesis respectively. The decline was significant
in comparison to the pollens of flower which anthesised 24 h earlier.
Aging of the pollen upto 24 h improved pollen germination in
Brassica oleracea (Chiang, 1974) and Brassica juncea (Rao ef al., 1992).
Hoekstra and Bruinsma (1978), stated that the male gametophyte of higher
plants is metabolically active during microspore maturation, germination and
pollen tube elongation. The most important physiological processes in pollen are
related to respiration, reserve mobilization, nutrient uptake, biosynthesis of
intine and pollen tube wall. Therefore, physiological variation in flowers of
different ages might have also affected pollen germinability and tube elongation.
Optimal pollen germination and tube elongation occurred 24 h and 18 h after
anthesis in S.wallichii and S.khasiana respectively. Therefore, for a successful
breeding programme of S.wallichii and S.khasiana, pollens collected 24 h and

18 h-after anthesis respectively, may be used considering the degree of pollen
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sterility in these species. Unlike Schima species, in Garcinia homobroniana the
pollen germination decreased as flower age/pollen age increased
(Richards, 1990). In Asclepias exaltata, however, flower age has little effect on

pollen germinability (Shannon and Wyatt, 1986).

Violet, blue, green light and total darkness significantly inhibited
germination and tube elongation in S.khasiana. Red light, however, significantly
stimulated germination and tube elongation over other light conditions. Thus,
lights of different colour influenced pollen germination and tube elongation in
S.khasiana. Similar observations have been repor;ed by Chhabra et al. (1979),
Seema and Rajeev (1982), Katiyar (1989), Chauhan and Katiyar (1996).
Chhabra et al. (1979) suggested involvement of phytochrome in pollen
germination and pollen tube growth. Significant effect of red light on pollen
germination and tube elongation suggests involvement of phytochrome in the
present case. Red light effects pollen by influencing synthesis of phytochrome
protein and its biological manifestation (Sharma and Malik, 1978).
Bindra and Malik (1985) suggested that red light induced stimulation of pollen
tube elongation in Crotolaria juncea is due to its effect on synthesis of
membrane components. Blue light induced inhibition of pollen germination and
tube elongation is possibly mediated through its effect on the endogenous level
of IAA (Chhabra ef al., 1979). Unlike S.wallichii (Chauhan and Katiyar, 1996),
dark and white light showed different effects on pollen germination and tube
elongation in S.khasiana. Similar were the findings of Seema and Rajeev (1982)

in Cicer arietinum.

In all species pollen viability decreases with time (Pacini et al., 1997).
Binucleate pollen generally survives longer than trinucleate and germinates
readily in vitro (Stanley and Linskens, 1974). Entomophilous species generally
have longer pollen viability (Pacini et al., 1997). Both species of Schima are
entomophilous, therefore retain viability for a longer period. The loss of pollen
viability in different species have been correlated with water loss and
maintenance of the dehydrated state both in nature and in the laboratory

(Heslop Harrison and Heslop-Harrison, 1985, Linskens and Cresti, 1988;
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Lisci ef al., 1994). In extreme cases, such as in Cucurbita pepo, water
loss and decrease in volume occur at the same pace leading to death,
(Nepi and Pacini, 1993). Pollen can be stored for long periods at low
temperature after controlled drying in gramineae (Barnabas and Rajki, 1981).
S.wallichii pollens retained 20 + 0.9% viability at 0% relative humidity
and -5 * 1°C. temperature after one year. S.khasiana pollens retained 32 + 1.8%
viability at similar conditions after one year. Viability of pollens of both species
decreased with increasing relative humidity and temperature. Viability also
decreased with the passage of time. In most cases, low temperature and low
humidity prolong pollen viability (Shivanna and Rangaswamy, 1993). In cases
where partial dehydration facilitates conservation of viability, the mechanisms
and rates at which rehydration occurs are important factors in determining the
percentage of pollen germination (Shivanna et al., 1991). In the similar way
species sensitive to dehydration show increased viability after controlied
hydration (Shivanna and Heslop-Harrison, 1981). Rehydration at high humidity
(RH 85-95%) increased germination of pollen grains of Epilobium angustifolium
under ir vitro condition (Heslop-Harrison and Heslop-Harrison, 1993).

Informations about pollen vectors are available for a limited number of
cross- pollinated tree species (Styles and Khosla, 1976; Kaul, 1985; Harder,
1990; Wilson and Thomson, 1991; Inouye et al., 1994). Recently attempts have
been made to relate the evolution of breeding systems in plants to interactions
with their pollinators. Pollinators preferentially visit plants based on
non-rewarding characters such a floral colour, number of flowers per
inflorescence and odour (Stanton et al., 1989). The interplay of attractants and
rewards cannot be easily elucidated (Shivanna and Sawhney, 1997). In both the
Schima species anthers open after the flower. Pacini (1992) opined that anthers
might open before or after the flower according to the sequence of male and
female receptivity in a given species. In entomophilous angiosperms, the pollen
is held in the anther until the arrival of a pollinator and the possibility of
compatible pollination depends on pollinator efficiency and on chance

(Lisci et al., 1996).
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Faegri and Pijl (1979) suggested that in insect-pollinated plants, nectar
and pollen are the major rewards and are presented only at certain times. This
appears true for both the species of Schima investigated. It is likely that pollen is
the chief attraction in Schima because it is produced in large numbers and over a
long period of time. Whereas, nectar is presented in relatively small amount over
a short period of time. Insects that are primarily polien collectors are usually
thought to be more effective pollinators than those that are nectar collectors
(Jay, 1986). However, nectar foragers have been found to be effective
pollinators in almond orchards (Estes et al., 1983) Hodges (1995) found that an
increase in nectar production by Mirabilis multiflora resulted in an increase in
flower visits and significantly increased pollen removal from the anthers and
deposition on the stigma. Insect activity was highest during daytime from
700 h-1600 h coinciding with peak pollen presentation and nectar secretion
period. Members of family Theaceae, to which Schima belongs, besides having
no means of vegetative reproduction, have multilocus gametophytic
incompatibility. Therefore, they rely on pollinating insects for reproduction
(Richards, 1986). A similar situation exists in S.wallichii and S.khasiana. This

may also be the reason for excessive pollen production in these species.

The major causes for limited fruit set in both the Schima species appear
to be insufficient insect pollinators and their effectiveness. Insects forage mostly
flowers of the same tree or nearby relatives, which contribute to inbreed fruits.
Since, S.wallichii grows in fairly dense population; its trees may be close
relatives. S.khasiana grows in limited areas and their population density is also
thin. The distribution of species may result in lack of heterozygosity, inbreeding,
low fruit set and low seed germination rate in Schima. Insufficient insect
pollinators and their effectiveness limit fruit set in Tectona grandis

(Hedegart, 1973; Tangmitcharoen and Owens, 1997).

Low fruit set after cross-pollination in many tropical tree species

probably results from three factors (Bawa et al., 1985) :

1. An artifact of hand-pollination (Bawa et al., 1985)
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2. A predetermined abortion rate (Bawa and Webb, 1984) and

3. Inbreeding depression from close relative cross-pollination

(Haber and Frankie, 1982).

In the present case, these factors might not have contributed significantly
to the relatively low fruit abortion and maximum fruit set in both species of
Schima which are cross- pollinated. It is likely that the insects affect primarily
self-pollination because they tend to stay on a single flower for sometime prior
to moving to another flower of the same tree. Rarely they move to different
trees. Honeybees (Apis mellifera) have been recognised as an effective
pollinators in many tropical trees (Cruden et al., 1990; Sedgley et al., 1992;
Ish-Am and Eisikowitch, 1993). Honeybees occasionally forage on Schima and
in the afternoon; therefore they may not be the effective pollinators than
carpenter bees which are present in large numbers. Carpenter bees (Ceratina sp.)
were found to forage pollen and nectar all the day. Butterflies and most flies
feed on nectar rather than pollen, and thus do not purposely contact anthers in
the flowers. Thus, honeybees and butterflies, which visit flowers infrequently,
may not be regarded as important pollinators. Formicidae (ants) were found
collecting nectar all the day during the flowering period but they took little or no
part in the transfer of pollen. Tangmitcharoen and Owens (1997) reported that
the major problem in Tectona grandis pollen transfer is due to insufficient or

ineffective pollinators.

The processes from pollination until the entry of pollen tubes into the
embryo sac are referred to as pollen - pistil interaction or the progamic phase.
This phase plays an important role in determining the breeding system of the
species/population (Richards, 1986). During pollen-pistil interaction, pollen is
selected for quality and compatibility (Shivanna and Johri, 1985). Problems in
pollen-pistil interaction could be responsible for the abortion and abscission of
flowers and premature fruit shed in both Schima species. Irregularities in ovule
development have been found in megagametophyte of several species

(Shuraki and Sedgley, 1997). In Phytolacca americana ovule abortion occurs
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either during the formation of the female gametophyte or at the globular embryo
stage after fertilization (Mikesell, 1988). In Prunus dulcis, there is callose
deposition in the chalazal region or in the integument layers, which may block
the flow of nutrients to the ovule (Pimienta and Polito, 1982). Pre-anthesis ovule
degeneration aﬁd post pollination degeneration of embryo sac have been
reported in Pistacia (Grundwag and Fahn, 1969; Grundwag, 1975). To ensure
good seed set, excess pollen relative to the number of ovules is necessary to

allow for pollen-tube competition (Spira et al., 1992).

Despite abundant pollen growth on the st{gma, relatively few Pistacia
embryo sacs were penetrated by pollen tubes (Shuraki and Sedgley, 1994). In
some species low fertilization and fruit set have been attributed to slowness of
pollen tube growth or the distance between the stigma and the ovule
(Yano et al., 1975, Bassiri ef al., 1987). In addition, higher fertilization and
lower fruit abscission has been reported with few pollen grains on the stigma,
which may be related to less competition between pollen tubes in the polien tube
pathway (McGranahan et al., 1994; Stanton, 1994). Many workers suggested
that pollen competition might be an important component of natural selection
through gametophytic selection (Mulcahy, 1979; Mulcahy and Mulcahy, 1987).
Shaanker and Ganeshaiah (1990) found that pollen deposition pattern regulates
the seed number per fruit in multi-ovulated species. Stigmas of multi-ovulated
species generally receive more than enough pollen to fertilize all the ovules in
an ovary. Many investigators have found that seeds produced under intense
pollen tube competition have significantly better germination, seedling growth
and seedling survival than those produced with little or no pollen tube
competition (Mulcahy and Mulcahy, 1987). In Betula pubescens, an increase in
pollen lode on stigma increased pollen germination. Also, the length of the
longest pollen tube per style increased with increasing number of pollen tubes in
the same style. The effects of pollen competition have been investigated both
within species and to a lesser extent, between different species of Turmera

(Baker and Shore, 1995). The continual rapid pollen-tube growth in the stylar
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canal of these species may be related to the movement of specific proteins from

the transmitting tissue, as suggested by Mascarenhas (1993).

Based on the observations of in vivo pollen-tube growth in both species
of Schima, it may be concluded that the period of the first phase of in vivo pollen
tube growth was very short. Within 6 h following pollination, callose plugs were
found near the upper portion of the style, which coincide to the first phase of
growth. The density of pollen deposited on the stigma is reported to affect both
polien germination and rate of polien-tube growth in some tropical forest trees
(see Ganeshaiah et al., 1986). Artificial-pollination study showed that this might
not be true for the Schima species. The density of pollen deposited on the stigma
of both the species did not affect the number of pollen tubes entering the
micropyle in any pollination trial. There was little pollen tube competition in the
styles and an increase in pollen load on ihe stigma resulted in a proportional

increase in the number of pollen tubes penetrating the base of the style.

Camellia sasanqua, a member of family Theaceae shed pollen at the
two-celled stage (Mathew, 1978). In species having gametophytic
self-incompatibility, pollen tends to be binucleate and germinates readily in vitro
(Brewbaker and Majumdar, 1961; Brewbaker, 1967). In these species, pollen
tubes tend to be inhibited in the style (Mulcahy and Mulcahy, 1983).
Incompatible pollen-tube arrest within the ovary, described as late-acting
self-incompatibility has been reported to occur primarily in woody species
(Seavey and Bawa, 1986, Sage et al., 1994). Late acting self-incompatibility has
been reported to be important in the breeding systems of many angiosperms and
may be more important in woody angiosperms (Seavey and Bawa, 1986;
Sage ef al., 1994). Late acting self-incompatibility has been classified into four
categories- ovarian inhibitions of incompatible pollen tubes before reaching the
ovule, pre-fertilization inhibition in the ovule, post-zygotic rejection of the
embryo and ovule inhibition. Late-acting pollen-tube inhibition has been
reported in some hardwood species such as Acacia retinodes
(Kenrick and Knox, 1985), Eucalyptus woodwardii (Sedgley and Smith, 1989),

where the system appears to be associated with inhibition after pollen tubes
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enter the ovule. Thus, self-incompatibility can act in the stigma, style or ovary
(Seavey and Bawa, 1986). In Tectona grandis gametophytic self-incompatibility
occurs as some pollen tubes being inhibited in the style and most are inhibited in
the ovary. The fluorescent studies of pollen tubes in the pistil demonstrated little
importance of the stigma in pollen recognition and rejection. In both Schima
species outcrossing also did not appear to be controlled by pollen-tube growth in
the style. In both species, pollen tubes are mostly inhibited at the base of the
style or near the ovule; however, a post-zygotic stage is not ruled out.
Sharma and Singh (1970) reported post-zygotic' outcrossing mechanisms in
Mangifera indica. Thus, both the Schima species may be gametophytically
self-incompatible. According to Sedgley and Griffin (1989) in gametophytic
self-incompatibility the polien-pistil interaction is genetically controlled by the
haploid (gametophytic) genome of each pollen tube as it penetrates the diploid
pistil. Tangmitcharoen and Owens (1996), reported that the number of pollinated
pistil was not the major factor limiting fruit production in Tectona grandis, but
rather, the high incidence of self-pollination; thus, flower abort because of lack
of fertilization, probably resulting from self-incompatibility.

In both Schima species, swelling of pollen tube tips in the upper portion
of the ovary or in the lower portion of the style has been observed. Pollen-tube
abnormalities, such as tube arrest in the style, reversal in direction, irregular
growth and swelling of the tube tip in the micropyle, have been observed in
Tectona grandis (Tangmitcharoen and Owens, 1996, Palupt and Owens, 1997).
The reasons of these abnormalities are not clear, incompatible pollen, may
contribute to most of the above abnormalities. Pollen-tube arrest in the style due
to swollen tips was also observed in Persea americana (Sedgley, 1976), and
Macadamia species (Sedgley, 1983). Swelling of tube tips in style is common in
gametophytic self-incompatibility where tubes are inhibited after penetrating the
stigma and part of the style (Sedgley and Griffin, 1989). Bending of pollen tube
tips caused by incompatible pollen has been reported in Lycopersicon
(Gradziel ef al., 1993) and Tectona grandis (Palupi and Owens, 1997). Thus,

swelling of pollen tube tips may be due to incompatibility of pollen a common
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feature of gametophytic self-incompatible species such as Persea americana

(Sedgley, 1976), and Macadamia species (Sedgley, 1983).

In Swallichii, division of zygote and globular embryo formation

(12 weeks and 14-18 weeks respectively after fertilization) took place earlier
than S.khasiana (12-15 months and 14-16 months respectively after
fertilization). In S.wallichii differentiation of cotyledons was also earlier
(24-26 weeks after fertilization) than S.khasiana (17-19 months after
fertilization). The development of embryo is much slower in case of S.khasiana
than S.wallichii. This is because the seeds of S.khasiana take much more time to
become mature than that of S.wallichii. Both species show occurrence of long
suspensors. The suspensor, after becoming anchored in the endosperm proper,
reaches its maximum length at the heart-shaped embryo stage, which is a
common feature in angiosperm embryogenesis (Yeung and Mienke, 1993). The
suspensor reaches its maximum length at the heart shaped embryo stage. Similar
findings have been reported by Palupi and Owens (1997) in Tectona grandis and
Tsou (1997), in Camellia, Franklinia and some Schima species. Maximum
embryo abortion takes place during the heart-shaped stage of the embryo. In
many ovules there was no indication of endosperm development. Therefore, it
appears that embryos are aborted because of improper endosperm development,
which may occur at any stage during development. Abnormal development of
the endosperm proper may be due to high incidence of selfing which results in
self inviability as reported in Gmelina arborea (Bolstad and Bawa, 1982) and
Tectona grandis (Palupi and Owens, 1997). At the cotyledon stage, the
‘suspensor  starts degenerating in Tectona grandis and Vicia faba
(Johanssen and Walles, 1994). The Tectona grandis suspensor is always
uniseriate  (Palupi and Owens, 1997), but in Lippia nodiflora it becomes
massive (Pal, 1951). The suspensor may have an important role in early embryo
development, such as nourishing the embryo proper at the early stages and
supplying some important phytohormones as observed in phaseolus coccineus
(Cionini er al, 1976). Removal of suspensor at the cotyledon stage in

phaseolus coccineus does not affect embryo development. That is the time when
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suspensor starts to degenerate in Tecfona grandis and Vicia faba (Johanssen and

Walles, 1994).

Experimental studies using Arabidopsis thaliana and several other
species have shown that the growth of the suspensor during early developmental
stages may be inhibited by the embryo proper (Raghavan, 1976, Marsden and
Meinke, 1985). According to Weins et al. (1987), the tilting or shift from the
normal position of the embryo of Epilobium angustifolium is also a
manifestation of failing embryos. Cessation of embryo growth is preceded by
(i) disfunction of the endosperm in Medicago sativa, Pontederia sagittata and in
several species of Solanum (Cooper et al., 1937, Beamish, 1955; Scribailo and
Barrett, 1991), (ii) anatomical changes in the integumentary and nucellar cells
in Phaseolus vulgaris (Sage and Webster, 1990), and (jii) callose deposition in
the chalazal part of the ovule in Prunus (Pimienta and Polito, 1982). Most of
these are observed in Butomus umbellatus but it is not clear whether these are

the manifestations or causes of embryo abortion (Fernando and Cass, 1996).

The occurrence of multiple embryos or polyembryony was found in both
species of Schima. Polyembryony is relatively uncommon in angiosperms
(Sedgley and Griffin 1989). However, polyembryony resulting from adventive
embryogeﬁy is characteristic feature of angiosperms, though there are
exceptions. A small percentage (0.3 to 0.5%) of twin embryos found in
Schima wallichii and Schima khasiana. Seedlings from the multiple embryos
(two) survived normally after germination. In this investigation, the origin of the
embryos was not determined. In case of adventive embryony multiple embryos
commonly survive in the mature seed and multiple seedlings emerge following
germination (Sedgley and Griffin, 1989). Polyembryony has also been reported
in a number of species such as Citrus, Mangifera, Alnus, Shorea, Populus,
Pistacia, (Soost and Cameron, 1975, Davis, 1966, Kaur ef al, 1978,
Grundwag and Fahn, 1969).

Low fruit to flower ratio is generally found in hermaphroditic plants

which exhibit self-incompatibilituy (Sutherland, 1986). Low fruit set in nature
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may be largely due to a high incidence of self-pollination and a high level of
self-incompatibility, but several other causes, such as resource limitation and
position of fruit within the inflorescences may also be involved
(Bawa and Webb, 1984). Fruit to flower ratio in both species of Schima is very
low. However, the causes of such a low ratio are not fully known since different
aspects of reproductive biology of these species are poorly understood.
Self-pollination in Zizyphus results in smaller fruits and these selfed fruits have a
greater tendency to drop pre-maturely (Ackerman, 1961). Premature fruit shed is
also common in Persea americana (Sedgley, 1976). Large number of fruits are
shed within a month of anthesis when the embryo is at the globular stage
(Sedgley, 1980). This has been shown to be due to genetic selection during the
period of early fruit development (Degani ef al., 1986). Premature fruit shed
occurs in both species of Schima when the embryos are at late globular stage or

early heart stage.

In both species, controlled pollination showed that fruits from
self-pollinated flowers have a greater tendency to drop prematurely than from
fruits produced from cross-pollinated flowers. Similar findings have been
reported by Ackerman (1961) and Sedgley er al. (1990) in Zizyphus and
Macadamia where fruit set from self-pollination had a greater tendency to drop
prematurely than from cross-pollination. In these species cross-pollination also
increased fruit production. In general, high fruit abortion occurs when substrate
requirement for fruit production is high but resources are limited
(Ehrlen, 1991; Ramirez, 1993). In both Schima species, some fertilized pistils
might not be able to compete with more vigorous ones for substrate, therefore
leading to their abortion. Palupi and Owens (1997) reported that in
Tectona grandis, many fertilized pistils failed to compete with more vigorous
pistils and aborted. The abortion of fertilized pistils may be the result of
substrate competition between the growing fruits. However, other unfavourable
abiotic factors such as rain, hailstorm and wind may also affect fruit and seed set

in Schima species.
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Temperature is important in determining the effective pollination period,
stigma receptivity (Burgos et al, 1991), ovule longevity (Eaton, 1959
Stosser and Anvari, 1982b), pollen germination (Escobar ef al., 1983) and
pollen-tube growth both in vitro (Escobar er al, 1983) and in vivo
(Cuevas, 1994). All of these may affect fertilization and fruit set. The most
favourable temperature for maximum fruit set in Olea europaea at 25°C, when
pollen tube growth is faster, more abundant and fertilization is early. At 20°C
pollen tube growth was slower, resulting in delayed and reduced fertilization and
therefore lower fruit set. Extreme temperatures can cause seed abortion,
therefore eliminating or diminishing fruit set (Sedgley and Annells, 1981,
Cuevas ef al., 1994). Fruit set in Olea europaea was completely inhibited when
temperature was high during the flowering period (Cuevas ef al., 1994). In both
species, flowering occurs during the rainy season and insect activities on a rainy
day were found less than that of a sunny day. The stigmas of both species of
Schima remain most receptive during the day. High temperature on a sunny day
may cause drying of the stigmatic surface resulting in less effective pollination
or pollen germination, thus reducing fruit set. A similar condition was also
observed in Tectona grandis (Tangmitcharoen and Owens, 1997) where
flowering - during rainy season reduces pollinators activities and high
temperature during day causes drying of stigmatic exudate resulting in less

effective pollination, pollen germination and fruit set.

Examination of seeds collected from S.wallichii and S.khasiana revealed
presence of two types of seeds - filled and unfilled in both the species. The
filledseeds have mature embryo while the unfilled ones were without embryo. In
case of S.wallichii, 71% seeds were found filled while in S.khasiana only 17%
seeds were found filled. When they were germinated in dark on moist Whatman
filter paper at 20°C in BOD incubator, average germination of filled seeds was

significantly higher (64%) than the unfilled seeds (13%).

When the filled seeds were germinated in pots filled with soil,

germination declined to 49% in S.wallichii and 11% in S.khasiana. Occurrence
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of empty (unfilled) seeds have been reported in many species such as
Emblica officinolis (Srimathi et al, 1997), Anogeissus pendula,
Terminalia myriocarpa (Gupta, 1997). Seedlings of both the species emerged
after 12 days of sowing of seeds and the emergence was complete within

28-30 days.

Embryo viability tested with Tz test, was higher (92%) in S.wallichii
thaﬁ S.khasiana (32%). As a result, 90% embryos germinated in S.wallichii and
16% in S.khasiana. When they were germinated' in the laboratory at 20°C in
dark. In soil germination declined to 47% and 8% respectively. In both species
entire process of embryo germination was completed earlier than the seeds.

Thus, the seed coat has slowed germination process in both species.

Effect of different temperatures (20 and 25°C) and light conditions
(continuous light, dark and 16 h dark + 8 h light) revealed early germination in
S.wallichii than S.khasiana at both temperature regimes under all three light
conditions. At 25°C germination in S.khasiana was completed earlier than
S.wallichii. Complete dark condition initiated early germination in both the
species. Whereas, continuous light at 20°C initiated germination of S.khasiana
seeds. At 25°C, and completed darkness was the favourable condition for
germination in S.khasiana seeds. However no such definite response was seen in
S.wallichii. In case of S.wallichii germination was better at 25°C in
16 h dark and 8 h light cycle. In complete dark, there was marked decrease in
germination. Thus, temperature did not have significant affect on the

germination of S.wallichii seeds (both 20°C and 25°C were equally favourable).

Small proportion of filled seeds and lower percentage of viable embryos
could be the reasons for poor regeneration of S.khasiana through seeds in nature.
Contrary to this, greater proportion of filled seeds in S.wallichii with higher
percentage of viable embryos are the causes of better natural regeneration. Tree
species like Anogeissus pendula, Terminalia myriocarpa, Cupressus species,

some time produce as high as 90% empty seeds (Thapliyal, 1997).
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SUMMARY

Present study includes observations on phenology, floral biology,
pollen-pistil interactions, pollination, pollen viability, pollen germination,
embryogenesis and seed germination in S.wallichii and S.khasiana in order to
ascertain possible causes of low fruit and seed set, poor seed germination and
high seedling mortality.

Both Schima wallichii and Schima khasiana displayed the phenomenon
of irregular bearing. Both species studied are biennial in their fruiting and
produced good fruits only in alternate years. Irregular bearing may be the result
of poor floral initiation. In Schima, late maturation and lengthy retention of
fruits provides better chances for wind dispersal during early spring, when
strong dry winds blow. In Swallichii, opening of flower is completed in
11-16 h. The anthesis of flowers begins at 4.00 h in the morning and continues
upto 15.00 h in the aftemoon. In Skhasiana, opening of flower is slow
completing in 12-20 h. Flowers begin to anthesise at 3.00 h in the early morning
and continues till 15.00 h in the afternoon. In S.wallichii flowers measure
3-4 cm across. The mean number of stamens per flower is 176 + 6.31 and about
5708 + 321 pollens develop in an anther. In S.khasiana, a fully developed flower
measures 5-6¢m across. The mean number of stamens per flower is 189 + 3.00.
Almost 5492 + 50 pollens develop in an anther. Schima show multilocus
gametophytic incompatibilities therefore, rely on pollen-eating insects for
reproduction. This could be the reason for excessive polien production in these
species. However, large proportions of the pollens are sterile. Acetocarmine
staining iests revealed 42 and 57 percent pollen viability in S.wallichii and

S.khasiana respectively.
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The pollen germination tests revealed that 62- 75% pollen sterility in
S.wallichii and 47-60% in S.khasiana. High pollen sterility adversely affects
fertilizing ability of pollen and reproductive success of the species. In
S.wallichii, each pollen measures 18 + 0.4um in diameter and has a volume of
3054.51 + 186.70 um®. Whereas, pollen diameter (37.40 + 0.12 um) and volume
(27399.26 + 1026.0 pum®) are larger in S.khasiana. Number of pollen per anther
and pollen per flower differ in both the Schima species. The number of stamen is
more (189 + 3.00) in S.khasiana than S.wallichii (176 + 6.31) but S.wallichii
anther produces more (5708 + 321) pollens (sméller in size) than S.khasiana
(5492 + 50). Fruit abortions were more common in those flowers, which
developed at the end of the flowering season. The flowers that develop at the
end of the flowering season produce small fruits containing high proportion of
non-viable seeds of smaller size usually without embryos (unfilled seeds). This
suggests that pollination success may be greater in those flowers which develop
early and at the peak of the flowering period, than in those which develop at the
end of the flowering period. In both species, pollen production is prolific as
shown by high pollen ovule ratio. The pollen/ovule ratio (P/O) was 66974 in
S.wallichii and 69200 in S.khasiana.

Both species have wet and papillate stigma. The stigmatic exudate seems
to perform only two functions namely adherence of pollen to the stigma and as a
medium for pollen germination. Nectar appears 6 h after anthesis and remains
for about 36 h in S.wallichii and 40 h in S.khasiana. Thus, appearance of nectar
and wetting of stigma was synchronous. Both species produce large number of
flowers. Flower has long pedicel, large sepals and petals. Nectaries are present
at the base of the stamens. Anthers distant from stigma and stamens are shorter
then the pistil. Large number of pollen grains and many owvules per flower.
Flower has very high pollen/ovule ratio. All these characters imply that both of
them could be outbreeding species. High pollen/ovule ratio and high pollen

sterility suggest that both the species are inefficient reproductively.
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Pollen tube takes 92-120 h in S.wallichii and 192-216 h in S.khasiana to
reach the ovule. During the pollination period, slow pollen tube growth and
unfavourable conditions, such as rain, hailstorm and wind, cause abundant loss
of unfertilized flowers in both the Schima species. Pollens from different plants

revealed significant differences in germinability and tube growth. Also, pollens
obtained from different flowers of the same tree exhibited differences in
germinability of pollen and elongation of tube. Flower age had a bearing on the
germinability of polien and tube elongation in both the species. In S.wallichii,
both germination and tube elongation rate increased upto 24 h after anthesis of
the flower, but both declined I;O h after anthesis. Maximum pollen germination
and tube elongation in S.wallichii occurred 24 h after anthesis. In case of
S.khasiana, germination and tube elongation rate increased upto 18 h after
anthesis, but both declined 24 h after anthesis and the decline were significant in

comparison to the pollen obtained from flowers anthesised earlier than 24 h.

The effect of different colours of light on pollen germination and tube
elongation in . khasiana revealed that violet, blue, green light and total darkness
significantly inhibited germination and tube elongation. Red light had a
significant stimulatory effect on germination and tube elongation. Many workers
have suggested involvement of phytochrome in pollen germination and pollen

tube growth. This appears to be true in the present investigation.

Viability of pollens of both the species decreased with increase in
relative humidity and temperature conditions. Viability also decreased with

time.

The pollen is held in the anther until the arrival of a pollinator and
possibility of compatible pollination depends on pollinator’s efficiency. This
appears to be true for both the species. It is likely that pollen is the chief
attraction to pollinators since it is produced in large numbers over a long period
of time. The nectar is present in relatively small amount for a short period.
Insect activity was highest during daytime, coinciding with peak pollen

presentation and nectar secretion period. The major causes of limited fruit set
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could be insufficient insect pollinators and their ineffectiveness. Insects forage
mostly among the flowers of the same tree, which may contribute to inbreed
fruits. Lack of heterozygosity, low fruit set and poor seed germination are

responsible for low density and sparsely distributed trees of Schima.

Problems in pollen-pistil interaction in both the species may be another
reason for abortion and abscission of flowers and premature fruit shed. Based on
the observations of in vivo polien-tube growth in both the species, it may be
concluded that the first phase of in vivo pollen-tube growth was very short.
Within 6 h after pollination, callose plugs were found near the upper portion of
the style, which coincide thé first phase of growth. The density of pollen
deposited on the stigma did not affect the number of pollen tubes entering the
micropyle in any pollination trials. There was no evidence of pollen tube
competition in the styles and an increase in pollen load on the stigma resulted in

a proportional increase in the number of pollen tubes penetrating the base of the
style.

In both species, majority of pollen tubes are inhibited at the base of the
style or near the ovule, however, a pést—zygotic stage is not been ruled out.
Thus, they may be gametophytically self-incompatible. Swelling of pollen tube
tips in the -upper portion of the ovary or in the lower portion of the style was
observed. Swelling of tube tips in the style is common in gametophytic
self-incompatibility where tubes are inhibited after penetrating the stigma and
part of the style. Thus, swelling of pollen tube tips may be due to incompatibility

of pollen, a common feature of gametophytic self-incompatible species.

In S.wallichii zygote does not divide until 12 weeks after fertilization
whereas, in S.khasiana it takes place after 12-15 months of fertilization. In the
former cotyledons are well differentiated within 24-26 weeks but in the latter it
takes place after 17-19 months of fertilization. Thus, development of embryo is
much slower in case of S.khasiana. Both the species showed long suspensors
reaching its maximum length at the heart-shaped embryo stage. No indication of

endosperm development was observed in many ovules. Thus, the embryo may
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be aborted because of improper endosperm development. Abnormal
development of the endosperm proper may be due to a high incidence of selfing.
Small percentage (0.5-0.3%) of polyembryony was seen in both the species.
Seedlings from the multiple embryos survived normally.

Low fruit to flower ratio is generally found in hermaphroditic plants,
which exhibit self-incompatibility. Low fiuit production compared to the
abundance of flowers suggested self-incompatibility. Maximum premature fruit
shedding occurs when the embryos are at late globular stage or early heart stage.
Controlled pollination showed that fruits from sélf-pollinated flowers have a
greater tendency to drop prematurely than those produced from cross-pollinated
flowers. Some fertilized pistils might not be able to compete with more vigorous
pistils and may abort as due to substrate competition between the growing fruits.-
Flowering occurs during the rainy season and insect activities on a rainy day
were found less than that of a sunny day. The stigmas of both the Schima species
remain most receptive during the day. During sunny days, high temperature may
cause drying of the stigmatic exudate, adversely affecting pollination and pollen
germination, thus reducing fruit set.

Examination of seeds collected from S.wallichii and S.khasiana revealed
presence of two types of seeds - filled and unfilled in both the species. The
filledseeds have mature embryo while the unfilled ones were without embryo. In
case of S.wallichii, 71% seeds were found filled while in S.khasiana only 17%
seeds were found filled. When they were germinated in dark on moist Whatman
filter paper at 20°C in BOD incubator, average germination of filled seeds was
significantly higher (64%) than the unfilled seeds (13%).

When the filled seeds were germinated in pots filled with soil,
germination declined to 49% in S.wallichii and 11% in S.khasiana. Occurrence
of empty (unfilled) seeds have been reported in many species such as
Emblica officinolis (Srimathi et al, 1997), Anogeissus pendula,
Terminalia myriocarpa (Gupta, 1997). Seedlings of both the species emerged
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after 12 days of sowing of seeds and the emergence was complete within

28-30 days.

Embryo viability tested with Tz test, was higher (92%) in S.wallichii
than S.khasiana (32%). As a result, 90% embryos germinated in S.wallichii and
16% in S.khasiana. When they were germinated in the laboratory at 20°C in
dark. In soil germination declined to 47% and 8% respectively. In both species
entire process of embryo germination was completed earlier than the seeds.

Thus, the seed coat has slowed germination process in both species.

Effect of different temperatures (20 and 25°C) and light conditions
(continuous light, dark and 16 h dark + 8 h light) revealed early germination in
S.wallichii than S.khasiana at both temperature regimes under all three light
conditions. At 25°C germination in S.khasiana was completed earlier than
S.wallichii. Complete dark condition initiated early germination in both the
species. Whereas, continuous light at 20°C initiated germination of S.khasiana
seeds. At 25°C, and completed darkness was the favourable condition for
germination in S.khasiana seeds. However no such definite response was seen in
S.wallichii. In case of S.wallichii germination was better at 25°C in 16 h dark
and 8 h light cycle. In complete dark, there was marked decrease in germination.
Thus, terriperature did not have significant affect on the germination of
S.wallichii seeds (both 20°C and 25°C were equally favourable).

Small proportion of filled seeds and lower percentage of viable embryos
could be the reasons for poor regeneration of S.khasiana through seeds in nature.
Contrary to this, greater proportion of filled seeds in S.wallichii with higher
percentage of viable embryos are the causes of better natural regeneration. Tree
species like Anogeissus pendula, Terminalia myriocarpa, Cupressus species,

some time produce as high as 90% empty seeds (Thapliyal, 1997).



78

REFERENCES

Abbott, A.G., Ainsworth, C.C. and Flavell, R.B. (1984). Characterization of anther
differentiation in cytoplasmic male sterile maize using a specific isoenzyme
system (esterase). Theor. Appl. Genet. 67: 469-473.

Ackerman, J.D. (1995). Convergence of filiform pollen morphologies in seagrasses:
functional mechanism. Evol. Eco. 19: 139-153

Ackerman, W.L (1961). Flowering, pollination, self-sterility and seed development of
chinese jujubes. Proc. Am. Soc. Hort. Sci. 77: 265-269

Ager, A.A. and Guries, R.P. (1982). Barriers to interspecific hybridization in
Ulmus americana. Euphytica. 31: 909-920.

Armstrong,‘ J.E. and Tucker, S.C. (1986). Floral development in AMjristica
(Myristicaceae). Am. J. Bot.73: 1131-1143.

Arnison, P.G. and Boll, W.G. (1974). Isoenzymes in cell cultures of bush bean
(Phaseolus vulgaris cv. Contender). isoenzymatic changes during the callous
culture cycle and differences between stock cultures. Can. J Bot 52:
2621-2629.

Arora, Y.K., Momotani, Y. and Nakao, S. (1974). Peroxidase system in the floral
organs of Begonia rex. Putz. Japan J. Breed. 24(1): 9-12.

Ashton, D.H. (1975). Studies on flowering behaviour in Eucalyptus regnans F. Muell.
Aust. J. Bot. 23: 399-411.

Asins, M.J., Benito, C. and Perez de la Vega, M. (1983). A comparative study of
the changes of peroxidase patterns during wheat, rye, and triticale kernel
maturation. Can. J. Bot. 61(3): 823-829

Atkinson, A.H., Heath, R. L., Simpson, R. J. and Anderson, M. A. (1993).
Proteinase inhibitors in Nicotiana alata stigma are derived from a precursor
protein, which is processed into five homologous inhibitors. Plant cell. 5:
203-213.

Baker, A. M. and Shore, J. S. (1995). Pollen competition in Turnera ulmifolia
(Turneraceae). Am. J. Bot. 82(6): 717-725.



79

Baker, H. G., Baker, L. and Opler, P. A. (1973). Stigmatic exudates and pollination.
In: N. B. M. Brantjes. Ed. “Pollination and dispersal”.  pp. 47 — 60. University
Nijmegen, Nijmegen.

Baker, H.G. and Baker, 1. (1975). Nectar-constitution and pollinator-plant
coevolution. In: Gilbert, LE., Raven, P.H. Eds. Coevolution of animals and
plants. Austin: pp. 100-140. University of Nijmegen.

Banga, S.S., Labana, K.S. and Banga, K.S. (1984). Male sterility in Indian mustard
[Brassica juncea (L. Cross.] biochemical characterization. Theor. App.
Genetics. 67. 515-518.

Banno, K., Hayashi, S. and Tanabe, K. (1986). Morphological and histological
studies on flower bud differentiation and development in Japanese pear
(Pyrus serotina Rehd.) J. Jpn. Soc. Hort. Sci. 55: 258-265.

Barik, S. K., Tripathi, R. S., Pandey, H. N. and Rao, P. (1996). Tree regeneration in
a subtropical humid forest: effect of cultural disturbances on seed production,
dispersal and germination. .J. Appl. Eco. 33: 1551-1560.

Barnabas, B. and Rajki, E. (1981). Fertilization ability of deep-frozen maize
(Zea mays L.) pollen. Ann. Bot. 48: 861-864.

Barner, H. and Christiansen, H. (1960). The formation of pollen, The pollination
mechanism and the determination of the most favourable time for controlled
pollinations in Larix. Silvae Genet. 9: 1-11.

Bassiri, A., Abhmad, F. and Slinkard, A.E. (1987). Pollen grain germination and
pollen tube growth following in vitro and in vivo self and interspecific
pollination in annual Cicer species. Euphytica. 36. 667-675.

Bawa, K. S. and Webb, C. J. (1984). Flower, fruit and seed abortion in tropical forest
trees: implications for the evolution of paternal and maternal reproductive
patterns. Am. J. Bot. 71: 736-751.

Bawa, K.S., Perry, D.R. and Beach, J.H. (1985). Reproductive biology of tropical
lowland rain forest trees. I. Sexual systems and incompatibility mechanisms.
Am. J. Bot. T2: 331-345.

Bawa, S.B. (1970a). Theaceae. In: Symp. Comparative embryology of angiosperms.
Indian Nati. Sci. Acad. Bull. 41: 75-77

Bawa, S.B. (1970b). Haloragaceae. In: Symp. Comparative embryology of
angiosperms. Indian Nati. Sci. Acad. Bull. 41: 226-229

Beamish, K.I. (1955). Seed failure following hybridization between the hexaploid
Solanum demissum and four diploid Solanum species. Am. J. Bot. 71: 736-751.

Bell, R. L. and Hough, L. F. (1980). Interspecific and intergeneric hybridization of
Pyrus. Hort. Sci. 21: 62-64.



80

Bindra, J. and Malik, C.P. (1985). Total and polar lipid biosynthesis during
Crotolaria juncea Linn. pollen tube growth: effect of different spectral quality
of light. In: T M. Varghese. Ed. Recent Advances in Pollen Research. Allied
Publishers. New Delhi.

Biradar, N. T. and Mahabale, T. S. (1968). Studies on palm embryology of
Phoenix robusta Hook. Proc. Ind. Acad. Sci. B. 68: 1-8.

Boes, T. K. and Strauss, S. H. (1994). Floral phenology and morphology of black
cotton wood Populus trichocarpa (Salicaceae). Am. J. Bot. 81(5): 562-567.

Boland, D.J. and Sedgley, M. (1986). Stigma and style morphology in relation to
taxonomy and breeding systems in Eucalyptus and Angophora (Myrtaceae).
Aust. J. Bot. 34: 569-584. ' )

Bolick, MLR. (1990). The pollen surface in wind-pollination with emphasis on the
Compositae. Plant Syst. Evol. [Suppl.]. 5: 39-51

Bolstad, P. V. and Bawa, K. S. (1982). Self-incompatibility in Gmelina arborea L.
(verbenaceae). Silvae Genet. 31: 19-21.

Boojh, R. (1981). Observations on biological adaptation of a forest ecosystem with
emphasis on some tree species. Ph. D. Thesis. North-Eastern Hill University,
Shillong.

Bookman, S. S. (1984). Evidence for Selective fruit production in Asclepias. Evolution.
38: 72-86.

Bradbury, D. (1929). A comparative study of the developing and aborting fruits of
Prunus cerasus. Am. J. Bot. 16: 525-542.

Bredemeijer, G.M.M. (1973). Peroxidase activities and peroxidase isoenzyme patterns
during growth and senescence of the unpollinated style and corolla of tobacco
plants. Acta. Bot. Neerl. 22(1): 40-48.

Bredemeijer, G.M.M. (1976). Effect of bud pollination and delayed self-pollination on
the induction of a possible rejection peroxidase in styles of Nicotiana alata.
Acta. Bot. Neerl. 25(1): 107-116.

Bredemeijer, G.M.M. (1977). Peroxidase leakage and pollen tube growth inhibition in
aged Nicotiana alata styles. Acta. Bot. Neerl. 26(3): 231-237.

Brewbaker, J.L. (1967). The distribution and phylogenetic significance of binucleate
and trinucleate pollen grains in the angiosperms. Am. J. Bot. 54: 1069-1083.

Brewbaker, J.L. and Majumdar, S.K. (1961). Incompatibality and the pollen grain.
Rec. Adv. Bot. 2: 1503-1508



81

Brewbaker, J.L. and Kwack, B.H. (1963). The essential role of calcium ion in pollen
germination and pollen tube growth. Am. J. Bot. 50: 859-865

Brown, A.H.D. and Munday, J. (1982). Population-genetic structure and optimal
sampling of land races of barley from Iran. Genetica. 58: 85-96.

Buban, T. and Faust, M. (1982). Flower bud induction in apple trees: internal control
and differentiation. Hort. Rev. 4: 174-195.

Burgess, P.F. (1972). Studies on the regeneration of the hill forest of the Malay
peninsula. Malay.Forest. 35: 103-123.

Burgos, L. Egea, J. aud Dicenta, F. (1991). Effective, pollination period in apricot |
(Prunus armeniaca L.) varieties. Ann. Appl. Bio. 119: 533-539.

Buttrose, M.S., Grant, W.J.R. and Sedgley, M. (1981). Floral development in Acacia
pycnantha Benth. in Hook. Aust. J. Bot. 29: 385-395.

Cabin, R. J., Ramstetter, J. and Engel, R. E. (1991). Reproductive limitations of a
locally rare Asclepias. Rhodora. 93: 1-10.

Cathey, H.M. (1964). Physiology of growth retarding chemicals. Ann. Rev. Pl. Physiol.
15; 271-302.

Catlin, P. B., Ramos, D. E., Sibbert, G. S., Olson, W. H. and Olsson, E. A. (1986).
Pistillate flower abscission of the Persian walnut. Hort. Sci. 22: 201-205.

Chan, H.T. (1981). Reproductive biology of some Malaysian dipterocarps. III.
Breeding systems. Malay. Forest. 44: 28-36.

Charlesworth, D. (1989). Why do plants produce so many more ovules than seeds?
Nature. 338: 21-22.

Chauhan, Y.S. and Katiyar, S.R. (1990). Radiation-induced pollen germination, tube
growth, its localized cytochemical constituents, fruit set and fruit size in alkaloid
yielding species Solanum torvum L. Cytologia. 55: 535-542.

Chauhan, Y. S. and Katiyar, S. R. (1996). Studies on the reproductive biology of
Schima. 1. Pollen germination in S. wallichii (DC.) Korth. J. Tree Sci. 15(2):
76-81.

Chhabra, N., Malik, C.P. and Lamba, L.C. (1979). Photo-regulation of germination
and tube growth of Arachis hypogaea pollen In: S.S Bir.Ed. Recent Researches
in Plant Sciences. pp. 423-429. Kalyani Publishers, New Delhi.

Chiang, M.S. (1974). Cabbage polien germination and longevity. Fuphytica. 23: 579.

Chin, H.F. and Phoon, A.C.G. (1982). A scanning electron microscope study of
flowers of carambola, durian and rambutan. Pertanika. 5: 234-239.



82

Christopher, C., Monique, U. B. and Audran, J. (1996). Floral organ growth and
carbohydrate content during pollen development in Lilium. Am. J. Bot. 83:
459-460.

Cionini, P.G., Bennicci, A., Alpi, A. and Amato, F.D. (1976). Suspensor, gibberellin,
and in vitro development of Phaseolus coccineus embryo. Planta. 131: 115-117.

Clarke, A., Gleeson, P., Harrison, S. and Knox, R.B. (1979). Pollen-stigma
interaction: identification and characterization of surface components with
recognition potential. Proc. National Acad. Sci. (USA) 76. 3358-3362.

Cooper, D.C., Brink. R.A.,, Albrecht, H.R. (1937). Embryo mortality in relation to
seed formation in alfalfa (Medicago sativa). Am. J. Bot. 24 203-213.

Cope, RW. (1962). The mechanism of pollen imcompatibility in Theobroma cacac
L. Heredity. 17: 157-182.

Copper, J. R. (1937). Factors influencing fertilization of apple blossoms and setting
of fruit. Proc. Am. Soc. Hort. Sci. 35: 27-35.

Covas, G., Schmack, B. (1945). El Valor taxonomico de la relacion longitud del pistilo
: Volumen del grano de polon. Darwiniana. 7: 80-90.

Crane, M.B. and Brown, A.G. (1937). Imcompatibility and sterility in the sweet
cherry, Prunus avium L. J. Pomol. Hort. Sci. 15: 86-116.

Crepet, W. L., Kervin, C., Nixon, L. H. and Bailey, H. (1996). Turonian (Cretaceous)
flowers of the Theales. Am. J. Bot. (Abstracts). 83(6): 148.

Cresti, M., Ciampolini, F. and Sansavini, S. (1980). Ultrastructural features of pistil
of Malus communis: the stylar transmitting tissue. Sci. Hort. 12: 327-337.

Cresti, M., Blackmore, S. and Vanwent, J.L. (1992). Atlas of sexual reproduction in
flowering plants. Berlin: Springer-Verlag.

Cresti, M., Ciampolini, F., Vanwent, J. L. and Wilms, H. J. (1982). Ultrastructure
and histochemistry of Citrus limon (L.) stigma. Planta. 156: 1-9.

Cresti, M., Ciampolini, F., Pacini, E., Sree Ramulu, K. and Devreux, M. (1978).
Gamma irradiation of Prunus avium L. flower buds: effects on stylar
development-— an uitrastructural study. Acta. Bot. Neerl. 27. 97-106.

Cruden, R.W. (1977). Pollen-ovule ratios: a conservative indicator of breeding systems
in flowering plants. Evolution. 31: 32-46.

Cruden, R.W. and Lyon, D.L. (1985). Correlations among stigma depth, style length,
and pollen grain size: do they reflect function or phylogeny ? Bot Gaz. 146:
143-149.



83

Cruden, R'W,, Baker, K.K., Cullinan, T.E., Disbrow, K.A., Douglas, K.L., Erb,
J.D., Kristen, K.J., Malik, M.L., Turner, E.A., Weier, J.A. and Wilmot, S.R.
(1990). The mating systems and pollination biology of three species of Verbena
(Verbenaceae). J. JTowa Acad. Sci. 97: 178-183.

Cuevas, J., Rallo, L. and Rapoport, H.F. (1994). Initial fruit set at high temperature in
olive, Olea europaea L. J. Hort. Sci. 69: 665-672.

Darimont, E., Gaspar, T. and Hofinger, M. (1971). Auxin-Kinetin interaction on the
lentil root growth in relation to indole acrylic acid metabolism.
Z. Pflazenphysiol. 64: 232-240.

Davis, G. L. (1966). “Systematic Embryology of the Angiosperms.” Wiley. New York.

Degani, C., Goldring, A. Gazit, S. and Lavi, U. (1986). Genetic selection during the
abscission of avocado fruitlets. Hort. Rev. 9: 237-272.

Devlin, B. and Ellstrand, N. C. (1990). Male and female fertility variations in wild
radish, a hermaphrodite. Am. Naturalist. 136(1): 85-107.

Diekman, M. (1996). Relationship between flowering phenology of perennial herbs
and meterological data in deciduous forests of Sweden. Can. J. Bot. 74(4):
528-537.

Dorsey, M. J. (1919). A study of sterility in the plum. Genetics. 4: 417-488.

Dulberger, R. (1981). The floral biology of Cassia didymobotrya and C. auriculata.
Am. J. Bot. 68: 1350-1360.

Dumas, C. and Knox, R.B. (1983). Callose and determination of pistil viability and
incompatibility. Theor. Appl. Genet. 67: 1-10.

Dumas, C.M., Rougier, M., Zandonelia, P., Ciampolini, F., Cresti, M. and Pacini,
E. (1978). The secretary stigma in Lycopersicon peruvianum Mill.: Ontogenesis
and grandular activity. Protoplasma. 96: 173-187.

Eaton, G.W. (1959). A study of the megagametophyte in Prunus avium and its relation
to fruit setting. Can. J. Plant Sci. 39: 466-476.

Eaton, G.W. and Jamont, A. M. (1965). Embryo sac development in the apricot,
Prunus americana L.cv. Constant. Proc. Am. Soc. Hort. Sci. 86: 95-101.

Ehrlen, J. (1991). Why do plants produce surplus flowers? A reserve ovary model.
Am. Naturalist. 138: 918-933.

El-Agamy, S. Z. and Sherman, W.B. (1987). Sequence of pollination in relation to
fruit set and progeny produced in peach (Prunus persica L. Batsch.) J. Hort. Sci.
62: 469-473.



84

Elleman, C.J. and Dickinsen, H.G. (1994). Pollen stigma interaction during
sporophytic self-incompatibility in Brassica oleracea. In: E.G. Williams and
RB. Knox. Eds. Genetic Control of Self-Incompatibility and Reproductive
Development, pp. 67-87. Dordrecht: Kluwer Academic Publishers.

Embree. C.G., Craig. W.E. and Forsyth. F.R. (1987). Effect of daminozide,
chlormequat and paclobutrazol on growth and fruiting of “Clapp’s Favourite”
pears. Hort. Sci. 22:55-56.

Escobar, F.R., Valledor, G.G. and Rallo, L. (1983). Influence of pistil extract and
temperature on in vitro pollen germination and pollen tube growth of olive
cultivars. J. Hort. Sci. 58: 219-227.

Esen, A. and Soost, R. K. (1977). Adventive embryogeﬁesis in Citrus and its relation
to pollination and fertilization. Am. J. Bot. 64: 607-614.

Estes, J.R., Amos, B.B. and Sullivan, J.R. (1983). Pollination from two perspectives:
the agricultural and biological sciences. In: Jones, C.E., Little, RJ. Eds.
Handbook of experimental pollination biology. pp. 173-183. New York: Van
Norstrand Reinhold.

Faegri, K. and van der Pijl, L. (1979). “The Principles of Pollination Ecology.”
Pergamon Press Oxford.

Faegri, K. and Iversen, J. (1989). Textbook of Pollen Analysis, Ived,. Eds. K Faegri,
P.E.Kaland, and K Krzywinski. New York: John Wiley and Sons.

Fagerlind, F. (1939) Kritische und revidierende untersuchungen iiber das vorkommen
des adoxa (Lilium)-Typus. Acta Hortic. Bergiani. 13: 1-49

Fechner, G. H. (1972). Development of the pistillate flower of Populus tremuloides
following controlled pollination. Can. J. Bot. 50: 2503-2509.

Fernando, D.D., Cass, D.D. (1996). Development and structure of ovule, embryo sac,
embryo and endosperm in Butomus umbellatus (Butomaceae). Int. J. Plant Sci.
157: 269-279.

Fiordi, A.C. (1984). Fine structure of the stigmatic micropyle of Larix leptolepis.
Phytomorphology. 34: 110-117.

Franssen-Verheijen, M.A.W. and Willemse, M.T.M. (1993). Micropylar exudate in
Gasteria (Aloaceae) and its possible function in pollen tube growth. Am. J. Bot.
80: 253-262.

Free, J.B. (1970). Insect Pollination of Crop Plants. London : Academic Press.

Fuss, A.M. and Sedgley, M. (1991). Pollen tube growth and seed set of Banksia
coccinea R. Br. (Proteaceae). Ann. Bot. 68: 377-384.



85

Galston, A.W. and Davies, P.J. (1969). Hormonal regulation in higher plants. Scierce.
163: 1288-1297.

Ganeshaiah, K.N., Shaankar, R.U. and Shivashankar, G. (1986). Stigmatic
inhibition of pollen grain germination - its implication for frequency distribution
of seed number in pods of Leucaena leucocephala (Lam.) de Wit. Oecologia.
70: 568-572.

Gasser, C.S. and Robinson Beers, K. (1993). Pistil development. Plant cell. 5:
1231-1239.

Gaylor, K.R. and Glasziou, K.T. (1969). Plant enzyme synthesis: Hermonal
regulation of invertase and peroxidase synthesis in sugar cane. Planta. 84:
185-194.

Gradziel, T.M., Okada, M. and St. Clair, D.A. (1993). Pollen-tube hypertrophy in
ovules of Solanum and Lycopersicon following interspecific crosses. Sex. Plant
Reprod. 6:147-152.

Grasso, E.D. and Alicchio, R. (1981). Analysis in isozymatic patterns of Solanum
melongena: Differences between organised and unorganised tissues. Zeitsch.
Fur. Pflanzenphysiol. 102(5): 467-470.

Griffin, A.R. and Hand, F.C. (1979). Post anthesis development of flowers of
Eucalyptus regnans F. Muell. and the timing of artificial pallination. Aust. For.
Res. 9: 9-15.

Griffin, A.R., Moran, G.F. and Fripp, Y.J. (1987). Preferential outcrossing in
FEucalyptus regnans F Muell. Aust. J. Bot. 35: 465-475.

Grundwag, M. (1975). Seed set in some Pistacia L. (Anacardiaceae) species after inter
and intraspecific pollination. Israel J. Bot. 24: 205-211.

Grundwag, M. and Fahn, A. (19'69). The relation of embryology to the low seed set in
Pistacia vera (Anacardiaseae). Phytomorphology. 19: 225-235.

Gupta, B.N. (1997). IUFRO symposium on innovations in forest tree science and
nursery technology. Raipur, India. Nobember, 22-25, 1997.

Haber, W.A. and Frankie, G.W. (1982). Pollination of Leuhea (Tiliaceae) in Costa
Rican deciduous forest: significance of adapted and non-adapted pollinators.
Ecology. 63: 1740-1750.

Hagman, M. (1970). Observations on the incompatibility in A/nus- In “IUFRO section
22 working Group Meeting” Vol-I, p.19. Finnish Forest Research Institute,
Helsinki.

Hagman, M. (1975). Incompatibility in forest trees. Proc. R. Soc. Lond. B. 188:
213-326.



86

Hall, A. E., Khairi, M.A. and Asbell, C.W. (1977). Air and soil temperature effects
on flowering in Citrus. J. Am. Soc. Hort. Sci. 102: 261-263.

Hanf, M. (1936). Vergleichende und entwicklungsgeschichtliche Untersuchungen ber
Morphologie and Anatomie der Griffel und Griffelaste. Beihefte zum
Botanischen Zentralblatt. S4A: 99-141.

Harder, L.D. (1990). Pollen removal by bumble bees and its implications for pollen
dispersal. Ecology. 71: 1110-1125.

Harder, L.D. (1998). Pollen-size comparisons among animal-pollinated angiosperms
with different pollination characteristics. Biol. J. Linn. Soc. 64: 513-525

Harrold, T.J. (1935). Comparative study of the develbping and aborting fruits of
Prunus persica. Bot. Gaz. 96: 505-520.

Harshemesh, H., Avidan, N. and Lavee,S. (1986). The influence of exogenous
chlorogenic acid on olive bud differentiation. Is. J. Bot. 35:64.

Hartley, C.W.S. (1970). Some environmental factors affecting flowering and fruiting
in the oil palm. In: L.C Luckwill and C.V.Cutting. Eds. “Physiology of Tree
Crops” pp.269-286. Academic Press. London.

Hedegart, T. (1973). Pollination of teak (Tectona grandis 1.),2. Silvae Genet. 22:
124-128.

Hedegart, T. (1976). Breeding systems, variation and genetic improvement of teak
(Tectona grandis L.f). In: J. Burley and B. T. Styles. Eds. Tropical Trees,
Variation, Breeding and conservation. pp. 109-123. Academic Press, London.

Hegde, R.R. and Andrade, L. (1982). Anther development in Datura: Distribution of
proteins, esterase and adenosine triphosphatase. Plant Sci. Lett. 28: 95-101.

Herr, J.M. Jr. (1971). A new clearing-squash technique for the study of ovule
development in angiosperms. Am. J. Bot. 58(8): 785-790.

Herroro, M. (1983). Factors affecting fruit set in “Agua de Aranjuez” pear. Acta. Hort.
139: 91-96.

Herroro, M. and Gascon, M. (1987). Prolongation of embryo sac viability in pear
(Pyrus communis) following pollination or treatment with gibberrellic acid.
Ann. Bot. 60: 287-293.

Heslop-Harrison, J. (1975). Incompatibility and the pollen stigma interaction.
Ann. Rev. Plant Physiol. 26: 403-425.

Heslop-Harrison, J. (1976). A new look at pollination. Rep. E. Malling Res. Stn. 1975,
141-157.



87

Heslop-Harrison, J. and Heslop-Harrison, Y. (1982). Pollen-pistil interaction in the
Leguminosae. Constituents of the stylar-fluid and stigma secretion of Trifolium
pratense L. Ann. Bot. 49: 727-735.

Heslop-Harrison, J. and Heslop-Harrison, Y. {(1985). Surfaces and secretion in the
pollen stigma interaction: a brief review. J. Cell. Sci. Suppl. 2: 287-300.

Heslop-Harrison, J. and Heslop-Harrison, Y. (1993). Vapor phase activation
intracellular motility and germination in the triporate pollen of Epilobium
angustifolium. Acta. Botanica. 106: 331-337.

Heslop-Harrison, Y and Shivanna, K.R. (1977). The receptive surface of the
angiosperm stigma. Ann. Bot. 41: 1233-1258.

Hodges, S.A. (1995). The influence of nectar production on hawkmoth behavior,
self-pollination and seed production in Mirabilis multiflora (Nyctaginaceae).
Am. J. Bot. 82: 197-204.

Hoekstra, F.A. (1983). Physiological evolution in angiosperm pollen: possible role of
pollen vigour. In: Mulcahy, DL, Ottaviano. Eds. Pollen: Biology and
implications for plant breeding. New York: Elsevier Science.

Hoekstra, F.A. and Bruinsma, J. (1978). Reduced independence of the male
gametophyte in angiosperm evolution. Ann. Bot. 42: 759-762.

Huang, B.Q. and Russell, S.C. (1992). Female germ unit: organization, isolation and
function. Intl. Rev. Cytol. 140: 233-293.

Hummel, R.L., Ascher, P.D. and Pellett, HM. (1982). Genetic control of
self-incompatibility in red-osier dogwood. J. Hered. 73: 308-309.

Inouye, D., Gill, D.E., Dudash, M.R. and Fenster, C.B. (1994). A model and lexicon
for pollen fate. Am. J. Bot. 81: 1517-1530.

Ish-Am G, Eisikowitch. (1993). The behaviour of honey bees (Apis mellifera) visiting
avocado (Persea americana) flowers and their contribution to its pollination.
J. Apicultural Res. 32: 175-186.

Iwamasa, M. (1966). Studies on the sterility in genus Citrus with special reference to
the seedlessness. Bull. Hort. Res. Stn. Jpn. Ser. B.6: 1-65.

Iwanami, Y. Sasakuma, T. and Yamada, Y. (1988). Pollen: illustration and scanning
electron micrographs. Kodansha (Tokyo) and Springer, Berlin Heidelberg,
New York, Tokyo.

Jackson, D.I. and Sweet, G.B. (1972). Flower initiation in temperate woody plants
Hort. Abstr. 42; 9-24.

Jacob, V.J. (1980). Pollination, fruit setting and incompatibility in Cola nitida.
Incompatibility News. 12:50-56.



88

Jain, M.L., Kadkade, P.G. and Huysse, P.V. (1969). The effect of growth regulatory
chemicals on abscission and IAA-oxidising enzyme system of dwarf bean
seedlings. Physiol. Plant. 22: 1038-1042.

Jaiswal, V.S. and Kumar, A. (1980). Sex reversal and fruit formation on the male
plants of Morus nigra L. by chloroethyl phosphonic acid. J. Exp. Bot. 32:
497-500.

Jalan, S. (1978). The nucleic acids distribution and significance during
megasporogenesis in Nigella sativa Linn. In: C.P. Malik, A K. Srivastava, N.C.
Bhattacharya and R.Singh. Eds. Physiology of Sexual Reproduction in
Flowering Plants. pp. 207-208. Kalyani Publishers. New Delhi.

James, D.T., Lisa, P.R., Keith, MLK. and Barbara, A.T. (1994). Pollen viability,
vigor and competitive ability in FErythronium grandiflorum (Liliaceae).
Am. J. Bot. 81(10): 1257-1266.

Jay, S.C. (1986). Spatial management of honeybees on crops. Annual Rev. Entomology.
31: 49-65.

Jensen, W.A. and Fischer, D.B. (1969). Cotton embryogenesis: the tissues of the
stigma and style and their relation to the pollen tube. Planta. 84: 97-121.

Jernstedt, J.A. (1980). Anthesis and floral senescence in Chlorogalum pomeridianum
(Liliaceae). Am. J. Bot. 67(5): 824-832.

Johanssen, M. and Walles, B. (1994). Functional anatomy of the ovule in broad bean
(Vicia faba 1.). Ultrastructural seed development and nutrient pathways.
Ann. Bot. 74: 233-244,

Johri, B.M. (1984). In: B.M.JohriEd. Embryology of Angiosperms. Berlin,
Heidelberg, New York: Springer-Verlag.

Johri, B.M. (1992). Haustorial role of pollen tubes. Ann. Bot. 70: 471-475.

Kahn, T.L. and DeMason, D.A. (1986). A quantitative and structural comparison of
Citrus pollen tube development in cross-compatible and self-incompatible
gynoecia. Can. J. Bot. 64: 2548-2555.

Kandasamy, M.K. and Kristen, U. (1987). Developmental aspects of ultra structure,
histochemistry and receptivity of the stigma of Nicotiana sylvestris. Ann. Bot.
60: 427-437.

Kapil, R.N. and Sethi, S.B. (1963). Development of male and female gametophytes in
Camellia sinensis (L.) O. Kuntze. Proc. Nat. Inst. Sci. India. 29-B- 567-574.

Kathleen, J.M. and Freeman, D.C. (1996). Delayed pollination, stigma length, sex
expression and progeny sex ratio in spinach, Spinacea oleracea
(Chenopodiaceae). Am. J. Bot. 83(3): 326-332.



89

Katiyar, S.R. (1989). Effect of light on polien germination and pollen tube growth in
Pinus kesiya Royle ex Gord. Acta Bot. Indica. 17:133-135.

Kaul, R.B. (1985). Reproductive morphology of Quercus (Fagaceae). Am. J. Bot. 72:
1962-1977.

Kaur, A., Ha, C.O., Jong, K., Sands, V.E., Chan, H.T., Soepadmo, E. and Ashton,
P.S. (1978). Apomixis may be widespread among trees of the climax rain forest.
Nature. 271: 440-442.

Kausik, S.B. (1941). Development of the vermiform appendage in Grevillea robusta
Gunn. Proc. Ind. Acad. Sci.14: 137-140.

Kausik, S.B. (1942). Studies in the Proteaceae.VII. The endoesperm of
Grivillea robusta Gunn., with special reference to the structure and development
of the vermiform appendage. Proc. Ind. Acad. Sci. 16-B: 121-140.

Keng, H. (1978). Theaceae. In: F.SP. Ng. Ed. Tree Flora of Malaya, vol3,
pp: 275-296. Longman, Malaysia.

Kenrick, J. and Knox, R.B. (1981). Structure and histochemistry of the stigma and
style of some Australian species of Acacia. Aust. J. Bot. 29: 733-745.

Kenrick, J. and Knox, R.B. (1985). Self-incompatibility in the nitrogen-fixing tree,
Acacia  retinodes:  quantitave cytology of pollen tube growth.
Theor. Appl. Genet. 69: 481-488.

Kenrick, J., Kaul, V. and Williams, E.G. (1986). Self-incompatibility in
Acacia retinodes : Site of pollen-tube arrest in the nucellus. Planta. 169:
245-250.

Kho, Y.O. and Baer. J. (1968). Observing pollen tubes by means of fluorescence.
Euphytica. 17: 298-302.

Kirk, W.D.J. (1993). Interspecific size and number variation in polien grains and seeds.
Biol. J. Linn. Soc. 49: 239-248.

Knight, R.J., Jr. (1965). Heterostyly and pollination in carambola. Proc. Fla. Sta.
Hort. Soc. 78: 375-378.

Knox, R.B. (1984). In: Linskens, H.F. and Heslop-Harrison, J. Eds. Encyclopedia Plant
Physiology, Cellular interactions, pp. 508-608, Springer-Verlag, Berlin.

Knox, R.B. and Heslop-Harrison, J. (1970). Pollen-wall proteins: localization and
enzyme activity. J. Cell. Sci. 6: 1-27.

Knox, R.B., Williams, E.G. and Dumas, C. (1986). Pollen, pistil and reproductive
function in crop plants. Plant Breed. Rev. 4: 9-79.



90

Knox, R.B., Kenrick, J., Jobson, S. and Dumas, C. (1989). Reproductive function in
the memosoid legume Acacia retinodes: ultrasturctural and cytochemical
characteristics of stigma receptivity. Aust. J. Bot. 37: 103-124.

Kobuski, C.E. (1948). Studies in the Theaceae 17. A review of the genus Bonnetia.
J. Arnold Arbor. 29: 393-413

Konar, R.N. and Linskens, H.F. (1966). The morphology and anatomy of the stigma
of Petunia hybrida. Planta. 71: 356-372.

Kosinski, G. (1986). Megagametogenesis, fertilization and embryo development in
Larix decidua. Can. J. For. Res. 16: 1301-1309.

Kreotmer, G.L. and Sorensen, E.L. (1985). Stigma development and the stigmatic
cuticle of Medicago scutellata. Can. J. Bot. 63: 813-818.

Kuhns, L.J. and Fretz, T.A. (1978). A study of the potential use of electrophoresis in
distinguishing rose cultivars. Res. Bulletin. 1094: 3-33.

Kumar, S. and Goswami, A.K. (1985). Changes in peroxidase-IAA-oxidase in
developing peach fruit. Ind. J. Pl. Physiol. 28(4): 331-336.

Kuo, W.H.J., Yan, A.C. and Leist, N. (1996). Tetrazolium test for the seeds of
Salvia splendens and S. farinacea. Seed Sci. and Technol. 24: 17-21.

Leakey, R.R.B., Ferguson, N.R. and Longman, K.A. (1981). Precocious flowering
and reproductive biology of Triplochiton scleroxylon K. .Schum.
Comm. For. Rev. 60: 117-126.

Lee, C.L. (1980). Pollen germination, Pollen tube growth and fertilization behaviour of
Prunus domesticall. Pollen tube growth in the style. Gartenbauwiss. 45:
241-248.

Lee, S. (1978). A factor analysis of the functional significance of angiosperm pollen.
Syst. Bot. 3. 1-19

Lewis, D. and Modlibowska, I. (1942). Genetical studies in pears. IV. Pollen-tube
growth and incompatibility. J. Gener. 43: 211-222.

Lieth, H. (1970). Phenology in productivity studies. In: D. Reichle. Ed. Analysis of
Temperate Forest Ecosystems. Heidelberg. Spriner-Verlag.

Lieth, H. and Radford, J.S. (1971). Phenology resource management and synageaphis
computer maping. Bio. Sci. 21: 62-70.

Linskens, H.F. and Cresti, M. (1988). The effect of temperature, humidity and light on
the dehiscence of tobacco anthers. Proceedings of the Koninklike Nederllandse
Akademie van Wetenschappen Amsterdam. 91: 369-375.



91

Lisci, M., Tanda, C., and Pacini, E. (1994). Pollination Ecophysiology of Mercurialis
annua L. (Euphorbiaceae), an anemophilous speices flowering all year round.
Ann. Bot.74 (2): 125-135.

Lisci, M., Cardinali, G. and Pacini, E. (1996). Pollen dispersal and role of pollenkitt
in Mercurialis annua L. (Euphorbiaceae). Flora. 191: 385-391.

Llyod, D.G. (1987). Selection of offspring size at independence and other
size-versus-number strategies. Am. Nat. 129: 800-817.

Llyod, D.G. and Barrett, C.H. (1996). “Floral biology-studies on floral evolution in
animal-pollinated plants.” pp.vii. Chapman and Hall, New York.

Lord, E.M. and Webster, B.D. (1979). The stigmatic exudate of Phaseolus vulgaris L.
Bot. Gaz. 140: 266-271.

Lord, EM. and Eckard, K.J. (1985). Shoot development in Citrus sinensis L.
(Washington Navel Orange). 1. Floral and inflorescence ontogeny. Bot. Ga:.
146: 320-326.

Lord, EM. and Eckard, K.J. (1987). Shoot development in Citrus sinensis L.
(Washington Naval Orange). II. Alteration of developmental fate of flowering
shoots after GA treatment. Bot. Gaz. 148: 17-22.

Luckwill, L.C. (1980). Hormones and the productivity of fruit trees. Scientific Hort. 31:
60-68.

Luckwill, L.C. and Silva, J.M. (1979). The effects of daminozide and gibberellic acid
on flower. initiation, growth and fruiting of apple ev.Golden Delicious.
J. Hort. Sci. 54: 217-223.

Mabberley, D.J. (1987). The plant book. Cambridge University Press, Cambridge.

Macdonald, A. D. and Mothersill, D. H. (1987). Shoot development in Betula
papyrifera. V1. Development of the reproductive structures. Can. J. Bot. 65:
466-475.

Maheshwari, P. (1950). An Introduction to the Embryology of Angiosperms. New
York: McGraw-Hill.

Maheshwari, P. (1963). Recent Advances in the Embryology of Angiosperms. Delhi:
International Society of Plant Morphologists.

Majumdar, S.K. (1964). Studies on the germination of pollen of Hevea brasiliensis.
In vivo and on artificial media. J. Rubber Res. Inst. Malasia. 18: 185-193.

Majumdar, S.K. (1966). Pollen longevity studies in Hevea brasiliensis.
Trans. kentucky Acad. Sci. 27:16-18.



92

Malik, C.P. (1985). Metabolic control of pollen germination. In: T.M.Vargjese Ed.
Recent Advances in Polien Research. pp.25-42. Applied Publishers, New Dehli:

Malik, C.P. and Singh, M.B. (1980). Plant enzymology and histoenzymology — A Text
Manual. Kalyani publisher, New Delhi.

Mapson, L.W. and Wardale, D.A. (1972). Role of indolyl-3-acetic acid in the
formation of ethylene from 4-methylmercapto-2-oxo butyric acid by peroxidase.
Phytochemistry. 11: 1371-1387.

Markert, C.L. and Moller, F. (1959). Multiple forms of enzymes: Tissues, ontogenetic
and species specific patterns. Proc. Natl. Acad. Sci. USA. 45: 753-763.

Marsden, M.P.F. and Meinke, D.W. (1985). Abnormal development of the suspensor
in an embryo-lethal mutant of Arabidopsis thaliana. Am. J. Bot. 72: 1801-1812.

Martin, F.W., (1959). Staining and observing pollen tubes in the style by means of
fluorescence. Stain Technol. 34:125-128.

Mascarenhas, J.B. (1993). Molecular mechanisms of pollen tube growth and
differentiation. Plant Cell. 5: 1303-1314.

Mathew, C.J. (1978). Development of male and female gametophytes in Camellia
sasanqua. Phytomorphology. 28: 262-269.

Matsubara, S. (1980). Overcoming self-incompatibility in Raphanus sativus with high
temperature. J. Amer. Soc. Hort. Sci. 105(6): 842-846.

McGranahan, G.H., Voyiatzis, D.G., Catlin, P.B. and Polito, V.S. (1994). High
pollen loads can cause pistillate flower abscission in walnut. J. Am. Soc. Hort.
Sci. 119: 505-509.

McGregor, S.E. (1975). Insect pollination of tropical crops. Proceeding of the 3™
International Symposium on Pollination, Prague, May 1974. Bee Res. Assoc.
Bull. Tech. Apic.2 (Suppl.). 47-55.

McGregor, S.E. (1976). “Insect pollination of cultivated crop plants.” Agriculture
Handbook, No. 496. USDA. Washington,DC.

McKay, J.W. (1942). Self-sterility in the Chinese chestnut (Castanea mollissima).
Proc. Am. Soc. Hort. Sci. 41: 156-160

McKone, M. J. (1990). Characteristics of pollen production in population of New
Zealand snow-tussoc grass (Chinachloa pallens Zotov.). New Phytol. 116:
555-562.

Menzel, C. M. (1983). The control of floral initiation in lychee: a review. Sci. Hort. 21:
201-215.



93

Menzel. C.M. (1984). The pattern and control of reproductive development in lychee:
a review. Sci. Hort. 22: 333-345.

Mikatadze, T.A. (1975). Megasporogenesis and development of the female
gametophyte in some forms of Thea sinensis L. Sobsch Akd. Nauk. Gruz, SSR.
78: 677-680 (in Russian).

Mikesell, J. (1988). Comparative development of viable and aborted ovules in
Phytolacea americana L. (Phytolaccaceae). Bot. Gazette. 149: 196-202.

Miki-Hirosige, H., Hoek, LH.S. and Nakamura, S. (1987). Secretions from the pistil
of Lilium longiflorum. Am. J. Bot.74: 1709-1715.

Modlibowska, L. (1945). Pollen tube growth and embryb sac development in apples
and pears. J. Pomol. Hort. Sci. 21: 57-89.

Moncur, M.W. (1985). Floral ontogeny of the jackfruit, Artocarpus heterophyllus Lam.
(Moraceae). Aust. J. Bot. 33: 585-593.

Monselise, S.P. and Goldschmidt, E.E. (1982). Alternate bearing in fruit trees.
Hort. Rev. 4: 128-173.

Moore, P.D. and Webb, J.A. (1978). An Illustrated Guide to Pollen Analysis. London:
Hodder and Stoughton.

Moss, G.L (1969). Influence of temperature and photoperiod on flower induction and
inflorescence development in sweet orange (Citrus sinensis L.Osbeek).
J. Hart. Sci. 44: 311-320.

Mulcahy, D.L. (1979). The rise of the angiosperms: a genocological factor. Science.
206: 20-23.

Mulcahy, D.L. and Mulcahy, G.B. (1987). The effect of pollen competition.
Am. Scientist. 75 44-50.

Mulcahy, G.B., Mulcahy, D.L. (1983). A comparison of pollen-tube growth in bi-and
trinucleate pollen. In: Mulcahy, D L.; Ottaviano, E. Eds. Pollen: Biology and
implications for plant breeding. New York: Elsevier Science.

Muller, J. (1979). Form and function in angiosperm pollen. Ann. Missouri. Bot. Gard.
66: 593-632

Mustard, M.J. (1960). Megagametophytes of Lychee (Litchi chinensis Sonn.)
Proc. Am. Soc. Hort. Sci. 75: 292-304.

Nagar, P. K., Bhattarjee, A. and Ahuja, P.S. (1997). IUFRO symposium on
innovations in forest tree science and nursery technology. Raipur, India.
Nobember, 22-25, 1997.



94

Nair, N.C. (1959). Studies on Meliaceae.Il. Floral morphology and embryology of
Melia azedarach Linn. A reinvestigation. J. Ind. Bot. Soc. 38: 367-378.

Nair, N.C. (1972). Floral morphology and embryology of Myristica malabarica Lamk.
With a discussion on certain aspects of the systematics of Myristicaceae.
Adv. Plant Morphol., 264-271.

Naithani, S.P. and Raghuvanshi, S.S. (1958). Cytogenetical studies on the genus
Citrus. Nature. 181: 1406-1407.

Nash, D.T. and Davies, M.E. (1975). Isoenzyme changes during the growth cycle of
Paul’s Scarlet Rose cell suspensions. Phyfochemistry. 14: 2113-2118.

Nast, C.G. (1941). The embryology and seedling morphology of Juglans regia L.
Lilloa. 6:163-205.

Nepi, M. and Pacini, E. (1993). Pollination, pollen viability and pistil receptivity in
Cucurbita pepo. Ann. Bot. 72: 527-536.

Nitsan, J. (1962). Electrophoretic patterns of Xamthium leaf extracts as affected by
physiological age of leaf, photoperiod and age of plant. Plant physiol. 37(3):
291-295.

Olson, A.R. (1984). Structural aspects of pollination in Amelanchier alnifolia
(Maloideae). Can. J. Bot. 62: 858-864.

Oni, O. (1990). Between tree and floral variations in pollen viability and pollen tube
growth in Obeche (Triplochiton scleroxylon). Forest Ecology and Management.
37: 259-265.

Opler, P.A., Baker, H.G. and Frankie, G.W. (1975). Reproductive biology of some
Costa Rican Cordia Species (Boraginaceae). Biotropica. 7: 234-247.

Ottaviano, E. and Mulcahy, D.L. (1989). Genetics of angiosperm pollen. Advances in
Genetics. 26: 1-64.

Owens, J. N. and Molder, M. (1974). Bud development in western hemlock. II.
Initiation and early development of pollen cones and seed cones. Can. J. Bot.
- 52:283-294.

Owens, J.N. and Molder, M. (1975). Sexual reproduction of mountain hemlock
(Tsuga mertensiana). Can. .J. Bot. 53: 1811-1826.

Owens, J. N. and Molder, M. (1976). Bud development in Sitka spruce. 1. Cone
differentiation and early development. Can. .J. Bot. 54: 766-779.

Owens, J. N. and Molder, M. (1979a). Sexual reproduction of white spruce
(Picea glauca). Can. J. Bot. 57: 152-169.


http://Meliaceae.il

95

Owens, J.N. and Blake, M.D. (1984). The pollination mechanism of Sitka spruce
(Picea sitchensis). Can. J. Bot. 62: 1136-1148.

Owens, J.N. and Blake, M.D. (1985). “Forest Tree Seed Production.” Information
Report PI-X-53. p.161. Petawawa National Forestry Institute. Chalk River,
Ontario, Canada.

Owens, S.J. (1985). Stigma structure and the pollen-stigma interaction in
Caesalpinioideae-Leguminosae. In: M. T. M. Willemse and J. L. van Went. Eds.
“Sexual Reproduction in Seed Plants, Ferns and Mosses.” pp.84-87. Pudoc,
Wageningen.

Owens, S.J. and Kimmins, F.M. (1981). Stigma morphology in Commelinaceae.
Ann. Bot. 47: 771-783.

Owens, S.J. and McGrath, (1984). Self-incompatibility and the pollen-stigma
interaction in Tradescantia ohiensis Rafin. Protoplasma. 121: 209-213.

Pacini, E. (1992). Transport mechanism of pollen - A short review. In: Cresti, M.,
Tiezzi, A. Eds. Sexual plant reproduction. pp. 69-79. Berlin: Springer-Verlag.

Pacini, E.; Franchi, G.G.; Lisci, M. and Nepi, M. (1997). Pollen viability related to
type of pollination in six angiosperm species. Ann. Bot. 80: 83-87.

Pal, N. (1951). Studies in the embryology of some Verbenaceae. .J. Indian Bot. Soc.
30: 61-74.

Palupi, E.R. and Owens, J.N. (1997). Pollination, fertilization, and embryogenesis of
teak (7ectona grandis L f). Int. J. Plant Sci. 158(3): 259-273.

Panchaksharappa, M.G. and Prabhakar, N.S. (1978). Histochemistry and
physiology of female gametophyte and its development in Capsicum anmuum L.
In. G. P. Malik, AK. Srivastava, N.C. Bhattacharya and R. Singh. Eds.
Physiology of sexual reproduction in flowering plants. pp.203-206. Kalyani
Publishers, New Delhi.

Payne, R.C. and Koszykowski, T.J. (1978). Esterase isoenzyme differences in seed
extracts among soyabean cultivars. Crop Science. 18: 557-559.

Pfahler, P.L. (1968). In vitro germination and pollen tube growth of maize (Zea mays
L)) pollenIl. Pollen source, calcium and boron interactions. Can. J. Bot. 46:
235-240.

Pimienta, E. and Polito, V.S. (1982). Ovule abortion in ‘nonpareil’ almond
[Prunus dulcis (Mill.) D.A Webb]. Am. .J. Bot. 69: 913-920.

Pimienta, E. and Polito, V.S. (1983). Embryo sac development in almond
[ Prunus dulcis (Mill.) D.A Webb] as affected by cross-self and non-pollination.
Ann. Bot. 51: 469-479.



9%

Plitmann, U. and Levin, D.A. (1983). Pollen-pistil relationships in the Polemoniaceae.
Evolution. 37. 957-967

Prakash, N. and Lau, Y.Y. (1976). Morphology of Ploiarium alternifolium and the
taxonomic position of Ploiarium. Bot. Not. 129: 279-285

Prasad, K. (1977). Histochemistry of anther and ovule in Farsetia. J. Ind. Bot. Soc. 56:
90-99.

Raghavan, V. (1976). Experimental embryogenesis in vascular plants. Academic
Press, New York.

Ramirez, H. and Hoad, G.V. (1984). Efectos del acido succinico 2,2-dimetil hidrazida
(daminozida) en los niveles de hormonas endogenas en semillas inmaduras y en
la iniciacion floral en manzano. Turrialba. 34: 252-257.

Ramirez, N. (1993). Produccion Y Costo de frutos Y semillas entre formas de vida.
Biotropica. 25: 46-60.

Ramirez, N., Sobrevila, C., de Enrech, N.X. and Ruiz-Zapata, T. (1984). Floral
biology and breeding system of Bauhinia benthamiana Taub. (Leguminosae), a
bat-pollinated tree in Venezuelan “Llanos”. Am. J. Bot. 71: 273-280.

Rao, A.N. (1964). Notes on the embryology of Hevea brasiliensis Muell. Curr. Sci.
33: 739-740.

Rao, G U., Jain, A. and Shivanna, K.R. (1992). Effects of high temperature stress on
Brassica pollen: viability, germination and ability to set fruits and seeds.
Ann. Bot. 68: 193-198.

Rao, P., Barik, S.K., Pandey, H.N. and Tripathi, R.S. (1997). Tree seed germination
and seedling establishment in tree fall gaps and understorey in subtropical forest
of north-east India. Aust. J. Eco. 22: 136-145.

Raptopoulas, T. (1941). Polien tube growth studies in cherries. J. Gener. 42: 73-89.

Raseria, M. C. B. and Moore, J.N. (1987). Time of flower bud initiation in peach
cultivars differing in chilling requirement. Hort. Sci. 22: 216-218.

Real, L., ed. (1983). Pollination Biology. Orlando, FL: Academic Press.

Reiser, L. and Fischer, R.L. (1993). The ovule and the embryo sac. Plant Cell. S:
1291-1301.

Richards, A.J. (1986). Plant breeding Systems. George Allen and Unwin, London.

Richards, A.J. (1990). Studies in Garcinia, dioecious tropical forest trees: the
phenology, pollination biology and fertilization of G. hombroniana Pierre.
Bot. J. Linn. Soc. 103: 251-261.



97

Rosen, W.G. (1971). Pistil-pollen interactions in Lilium. In: Heslop-Harrison, J. Ed.
Pollen development and physiology. pp.239-254. London: Butterworths.

Rosen, W.G. (1973). Pistil-pollen interactions in Lilium. In: Heslop-Harrison, J. Ed.
Pollen: development and physiology. Butterworths, London.

Rosen, W.G. and Gawlick, S.R. (1966). Relation of lily pollen tube fine structure to
pistil compatibility and mode of nutrition. Sixth International Congress for
Electron Microscopy. Kyoto. Maruzen, Tokyo. Electron Microscopy. 2.
313-314.

Rowe, J.S. (1964). Environmental preconditioning, with special reference to forestry.
Ecology. 45: 399-403. :

Roy, B. (1938). Studies on pollen tube growth in Prunus. H. Pomol. Hort. Sci. 16:
320-328.

Russel, S.D. (1993). The egg cell: development and role in fertilization and early
embryogenesis. Plant Cell. 5:1350-1360.

Rychter, A. and Lewak, S. (1971). Apple embryo peroxidases. Phytochem.10:
2609-2613.

Sage, T.L. and Webster, B.D. (1990). Seed abortion in Phaseolus vulgaris L.
Bot. Gaz. 151: 167-175.

Sage, T.L., Bertin, R.1. and Willams, E.G. (1994). Ovarian and other late-acting
self-incompatibility system. In: Williams er al, Eds. Genetic control of
self-incompatibility and reproductive development in flowering plants.
pp. 116-140. The Netherlands: Kluwer Academic Publishers.

Samushia, M.D. and Mosashvite, V.A. (1985). Features of the development of the
female gametophyta and polyembryony in some quince varieties. Hort. Abst. 55:
431.

Sanders, L.C. and Lord, E.M. (1992). A dynamic role for the stylar matrix in pollen
tube extension. /ntl. Rev. Cytol. 140: 297-318.

Sawhney, V.K. (1992). Floral mutants in tomato: development, physiology and
evolutionary implications. Can. J. Bot. 70: 701-707.

Scandalios, J.S. (1974). Isozymes in development and differentiation. Ann. Rev. Plant
physiol. 285: 225-258.

Schaal, B.A. (1980). Reproductive capacity and seed size in Lupinus fenensis.
Am. J. Bot. 67: 703-709.

Scholefield, P.B., Oag, D. R. and Sedgley, M. (1986). The relationship between
vegetative and reproductive development in the mango in northern Australia.
Aust. J. Agric. Res. 37: 425-433.



98

Scribailo, R.W. and Barrett, S.C.H. (1991). Pollen-Pistil interaction in trystylous
Pontederia sagttatta (Pontederiaceae). II. Patterns of Pollen tube growth.
Am. J. Bot. 78 1662-1682.

Seavey, S.R. and Bawa, K.S. (1986). Late acting self-incompatibility in angiosperms.
Botanical Review. 52: 195-219.

Sedgley, M. (1976). Control by the embryosac over pollen tube growth in the style of
the avocado (Persea americana Mill.). New Phytol. 77: 149-152.

Sedgley, M. (1979). Structural changes in the pollinated and unpollinated avocado
stigma and style. J. Cell. Sci. 38: 49-60.

Sedgley, M. (1980). Anatomical investigation of abscissed avocado flowers and
fruitlets. Am. J. Bot. 46: 771-777.

Sedgley, M. (1981). Ultrastnicture and histochemistry of the watermelon stigma.
J. Cell. Sci. 48: 137-146.

Sedgley, M. (1982). Preliminary assessment of an orchard of quandong seedling trees.
J. Aust. Inst. Agric. Sci. 48: 52-56.

Sedgley, M. (1983). Pollen tube growth in macadamia. Sci. Hortic. 18: 333-341

Sedgley, M. (1985). Some effects of temperature and light on floral initiation and
development in Acacia pycnantha. Aust. J. Plant Physiol. 12: 109-118.

Sedgley, M. (1989). Acacia. In: A .H. Halevy. Ed. ‘Handbook of flowering’, Vol. V1.
CRC Press, Boca Raton, FL.

Sedgley, M. and Buttrose, M. S. (1978). Structure of the stigma and style of the
avocado. Aust. J. Bot. 26: 663-682.

Sedgley, M. and Annells, C.M. (1981). Flowering and fruit-set response to
temperature in the avocado cultivar “Hass.” Sci. Hort. 14: 27-33.

Sedgley, M. and Blesing, M.A. (1982). Foreign pollination of the stigma of
watermelon [Citrullus lanatus (Thunb.) Matsum and Nakai]. Bot. Gaz. 143(2):
210-215.

Sedgley, M. and Blesing, M.A. (1983). Developmental anatomy of the avocado
stigma papilla cells and their secretion. Bot. Gaz. 144: 185-190.

Sedgley, M. and Attanayake, D.P.S.T.G. (1988). The breeding system of rubber
(Hevea brasiliensis). an evaluation of controlled hand pollination methods.
Euphytica. 39: 83-91.

Sedgley, M. and Griffin, A.C. (1989). Sexual Reproduction of Tree Crops. Academic
Press. London.



99

Sedgley, M. and Smith R.M. (1989). Pistil receptivity and pollen tube growth in
relation to the breeding system of Fucalyptus woodwardii (Symphyomyrtus:
Myrtaceae). Ann. Bot. 64: 21-31.

Sedgley, M., Blesing, M.A. and Vithanage, H.LM.V. (1985). A developmental study
of the structure and pollen receptivity of the macadamia pistil in relation to
protandry and self-incompatibility.  Bot. Gaz. 146: 6-14.

Sedgley, M., Khen, C.V., Smith, RM. and Harbard, J. (1992). Insect visitors to
flowering branches of Acacia mangium and Acacia auriculiformis. In: Carron,
L.T., Aken, KM. Eds. Breeding technologies for tropical Acacias. The
Australian Centre for International Agricultural Research (ACIAR) Proceedings.
37: 51-56. .

Sedgley, M., Bell, F.D.H., Bell, D., Winks, C.W., Pattison, S.J. and Hancock, T.W.
(1990). Self- and cross-compatibility of macadamia cultivars. J. Hort. Sci. 65:
205-213.

Seema, A. and Rajeev, G. (1982). Effect of light spectra on pollen germination and
pollen tube growth in Cicer arietinum cv B.G. 209. Acta Bot. Indica. 10:
311-312.

Semalty, RK. and Sharma, C.M. (1996). Phenology and floral biology of Acer
caesium wall. The Indian Forester. 122(2): 170-176.

Serrhini, A., Tilquin, J.P. and Habintore, E. (1985). Cytological approach of
sterility and incompatibility in tea (Camellia sinensis). In. M.T.M. Willemse and
J.L.van Went.Eds. Sexual Reproduction in Seed Plants, Ferns and Mosses.
p.96.Pudoc, Wageningen, Holland.

Shaanker, R.U. and Ganeshaiah, K.N. (1990). Pollen grain deposition patterns and
stigma strategies in regulating seed number per pod in multiovulated species. In:
Bawa, K.S., Hadley, M. Eds. Reproductive ecology of tropical forest plants.
pp.165-178. Man and the biosphere series 7. Parthenon Publishing.

Shah, C.K. (1982). Morphohistochemical and SEM studies of some monocotyledonous
embryos. Phytomorphology. 32(2-3): 211-221.

Shah, C.K. (1983). Morphohistochemical studies on the embryos of some
monocotyledons. Phytomorphology. 33(1-4): 62-73.

Shannen, T.R. and Wyatt, R. (1986). Pollen germinability of Asclepias exaltata:
Effects of flower age, drying time and pollen source. Systematic Botany. 11(2):
322-325.

Sharma, D.K. and Singh, R.N. (1970). Self-incompatibility in mango
(Mangifera indica L.). Hort. Res.10: 108-118.



100

Sharma, N., Kaul, P. and Kaul, A. K. (1990). Reproductive biology of Plantago L.
III. Floral adaptation to wind pollination in Plantago logopus L.
Proc. Indian Acad. Sci. (Plant Sci.). 100(6): 393-398.

Sharma, R. and Malik, C.P. (1978). Effect of light on pollen germination, tube
elongation and some enzymes in Lathyrus odoratus. In. CP. Malik. Ed.
Physiology and Sexual Reproduction in Flowering Plants. pp.105-111. Kalyani
Publishers. New Dethi.

Sharma, R., Sopory, S.K. and Guha-Mukherjee, S. (1976). Phytochrome regulation
of peroxidase activity in maize. Plant Sci. Letters. 6: 69-75.

Shivanna, K.R. and Heslop-Harrison, J. (1981). Membrane state and pollen viability.
Ann. Bot. 47: 759-770.

Shivanna, K.R. and Shastri, D.C. (1981). Stigma-surface esterases and stigma
receptivity in some taxa characterized by wet stigma. Ann. Bot. 47: 53-64.

Shivanna, K.R. and Johri, BM. (1985). The Angiosperm Pollen: Structure and
Function. New Delhi: Wiley Eastern.

Shivanna, K.R. and Rangaswamy, N.S. (1992). Pollen Biology: A laboratory
mannual. Springer, Berlin Heidelberg, New York..

Shivanna, K.R. and Sawhney, V.K. (1997). Pollen Biotechnology for Crop Production
and Improvement. Cambridge University, United States of America.

Shivanna, K.R., Linskens, H.F. and Cresti, M. (1991). Pollen viability and pollen
vigor. Theo. Appl. Gene. 81: 38-42.

Shu, Z. H. and Sheen, T. F. (1987). Floral induction in axillary buds of mango
(Mangifera indica L)) as affected by temperature. Sci. Hort. 31: 81-87.

Shuraki, Y.D. and Sedgley, M. (1994). Effect of pistil maturity and pollen parent on
pollen tube growth and fruit production of pistachio. J Hort. Sci. 69:
1019-1027.

Shuraki, Y. D. and Sedgely, M. (1997). Pollen tube pathway and stimulation of
embryo sac development in Pistacia vera (Anacardiaceae). Ann. Bot. 79:
361-369.

Singh, D. and Singh, R. (1978). Effect of growth regulators on peroxidase, polyphenol
oxidase and catalase isoenzyme during germination and early plant development
of tall and dwarf wheat (7riticum aestivum) In: C.P. Malik, A K. Srivastava,
N.C. Bhattacharya and R. Singh. Eds. Physiology of sexual reproduction in
flowering plants. pp.351-358. Kalyani Publication.

Singh, S.N. (1963). Studies on the longevity of loquat pollen. Trop. Agric. (Ceylon)
119: 31-42.



Sinha, M.M. (1973). Pollen viability and pollen storage studies in ]
(Artocarpus heterophyllus Lam.). Prog. Hort. 4: 45-52.

Sinha, M.M. (1975). Studies in floral biology of jackfruit (Articarpus heterophyllus
Lam.). Prog. Hort. 7. 69-75.

Smith, C.C., Fretwell, S.D. (1974). The optimal balance, size and number of
offspring. Am. Nat. 108: 499-506. :

Smith, M.W., McNew, RW., Ager,P.L. and Cotton, B.C. (1986). Seasonal changes
in the carbohydrate concentration in pecan shoots and their relationship to
flowering. J. Am. Soc. Hort. Sci. 111: 558-561.

Smith, P. (1985). “Tropical Forests: a Call for Actioh. Part I. The Plan”. World
Resources Institute. The World Bank and United Nations Development
Programme.

Soepadmo, E. and Eow, B.K. (1976). The reproductive biology of Durio zibethinus
Murr. GardensBull.Singapore. 29: 25-33.

Solomon, B.P. (1986). Sexual allocation and andromonoecy: resource investment in
male and hermaphorodite flowers of Solanum carolinense (Solanaceae).
Am. J. Bot. 73: 1215-1221.

Soost, RK. (1964). Self-incompatibility in Citrus grandis. Proc. Am. Soc. Hort. Sci.
84: 137-140.

Soost, RK. (1969). The incompatibility gene system in Cifrus. In. H.D.Chapman. Ed.
Proceedings of the 1% International Citrus Symposium. Voll, pp.189-190.
Univ. of California, Riverside.

Soost, R.K. (1987). Breeding Citrus-genetics and nucellar embryony. In: A.J. Abbott
and RKAkin. Eds. Improving vegetatively Propagated Crops,
pp. 83-110. Academic Press, London.

Soost, RK. and Cameron, JW. (1975). Citrus. In: J. Janick and R.N. Moore. Eds.
Advances in fruit Breeding. pp.507-540. Prude Univ. Press, West Lafayette, IN.

Southwick, S.M. and Davenport, T.L. (1986). Characterization of water stress and
low temperature effects on flower induction in Citrus. Plant Physiol. 81: 26-29.

Spira, T.P., Snow, A.A., Whigham, D.F. and Leak J. (1992). Flower visitation.
Pollen deposition and pollen tube competition in Hibiscus moscheutos
(Malvaceae). Am. J. Bot. 79: 428-433.

Srimathi, P., Karivaratharaju, T.V., Vanangamudi, K. and Natarajan, S. (1997).
IUFRO symposium on innovations in forest tree science and nursery
technology. Raipur, India. Nobember, 22-25, 1997.



102

Stanley, R.G. and Linskens, H.F. (1974). Pollen: Biology, biochemistry, management.
Berlin: Springer-Verlag.

Stanton, M.L. (1994). Male-male competition during pollination in plant populations.
Am. Naturalist. 144: 840-867.

Stanton, MLL., Snow, A.A., Handel, S.N. and Bereczky, J. (1989). The impact of a
flower colour polymorphism on mating patterns in experimental populations of
wild radish (Raphanus aphanistrum L.). Evolution. 43: 335-346.

Stosser, R. and Anvari, S.F. (1982a). On the senescence of ovules in cherries.
Sci. Hort. 16: 29-38.

Stosser, R. and Anvari, S.F. (1982b). Pollen tube growth and fruit set as influenced
by senescence of stigma, style and ovules. Acza. Hort. 139: 13-22.

Sturrock, T.T. (1969). Degenerate mango ovaries. Proc. Fla. Sta. Hort. Soc. 82:
321-323.

Stutte, G.W. and Martin, G.C. (1986). Effect of killing the seed on return bloom of
olive. Sci. Hort. 29: 107-113.

Styles, B.T. and Khosla, PK. (1976). Cytology and reproductive biology of
Meliaceae. In: J. Burley and B.T. Styles. Eds. Tropical Trees, Variation,
Breeding and Conservation. pp. 61-67. Acad. Press, London.

Subhash, K., Meerabai, A., Kumaraswamy, G. and Sadanandam, A. (1980).
Peroxidase isozyme patterns in leafy mutants of tomato (Lycopersicon
esculentum). Ind. J. Exp. Biol. 18(12): 1526-1527.

Sudarsana Rao, G.V., Murthy, S.R.K., Hanumantha Rao, G.V. and Narayanan, A.
(1997). IUFRO symposium on innovations in forest tree science and nursery
technology. Raipur, India. Nobember, 22-25, 1997.

Sutherland, S. (1986). Patterns of fruit set: What controls fruit-flower ratios in plants?
Evolution. 40: 117-128.

Takeda, F., Ryugo, K. and Crane, J.C. (1980). Translocation and distribution of
“C-photosynthesis in bearing and non-bearing pistachio branches.
J. Am. Soc. Hort. Sci. 105: 642-644.

Tangmitcharoen, S. and Owens, J.N. (1997). Floral biology, pollination,pistil
receptivity and pollen tube growth of teak (Tectona grandis L.f). Ann. Bot.
79: 227-241.

Thapliyal, R.C. (1997). IUFRO symposium on innovations in forest tree science and
nursery technology. Raipur, India. Nobember, 22-25, 1997.

Thien, L.B. (1974). Floral biology of Magnolia. Am. J. Bot. 61: 1037-1045.



103

Tilquin, J. P., Serrhini, A. and Habintore, E. (1985). Incompatibility in Camellia
sinensis, a general approach. In. M. T. M. Willemse and J. L. van Went. Eds.
“Sexual Reproduction in Seed Plants, Ferns, and Mosses.” pp.97-98.Pudoc,
Wageningen, Holland.

Tilton, V.R. (1981a). Ovule development in Ornithogalum caudatum (Liliaceae) with
a review of selected papers on angiosperm reproduction. II. Megasporogenesis.
New Phytol. 88: 459-476.

Tilton, V.R. (1981b). Ovule development in Ornithogalum caudatum (Liliaceae) with
a review of selected papers on angiosperm reproduction. IV. Egg apparatus
structure and function. New Phytol. 88: 505-532.

Tilton, V.R. and Horner, H.J., Jr. (1980). Stigma, style, and obturator of
Ornithogalum caudatum (Liliaceae) and their function in the reproductive
process. Am. J. Bot. 67: 1113-1131.

Tilton, V.R. and Lersten, N.R. (1981). Ovule development in Ornithogalum
caudatum (Liliaceae) with a review of selected papers on angiosperm
reproduction. Il. Nucellus and megagametophyte. New Phytol. 88: 477-504.

Tomer, E. and Gottreich, M. (1976). Defective ovules in avocado cultivars.
J. Am. Soc. Hort. Sci. 101: 620-623.

Tomer, E. and Gottreich, M. (1978). Abnormalities in avocado (Persea americana
Mill.) ovule development. Bot. Gaz. 139: 81-86.

Ton, L. D. and Krezdorn, A. H. (1967). Growth of pollen tubes in three incompatible
varieties of Citrus. Proc. Am. Soc. Hort. Sci. 89: 211-215.

Torres, C. (2000). Pollen size evolution: correlation between pollen volume and pistil
length in Asteraceae. Sex. Plant Reprod. 12: 365-370.

Tripathi, D.P., Dongre, A.B., Mehta, S.L. and Rao, N.G.P. (1982). Soluble
protein and esterase isoenzyme pattern on isoelectric focussing from seeds and
anthers of diverse cytoplasmic genic male sterile sorghums
(Sorghum bicolor L. Moench). Z. Pflanzenzuchtg. 88: 69-78.

Tangmitcharoen, S. and OwenS, J. N. (1997). Floral biology, pollination, pistil
receptivity and pollen tube growth of teak (7ectona grandis L.f.). Ann. Bot. 79:
227-241.

Tsou, C. -H. (1995). Embryology of Theaceae — Anther and ovule development of
Adinandra, Cleyera and Eurya. J. Plant Res. 108: 77-86.

Tsou, C. -H. (1997). Embryology of Theaceae - Anther and ovule development of
Camellia, Franklinia and Schima. Am. J. Bot. 84(3): 369-381.

Tukey, H.B. (1933). Embryo abortion in early-ripening varieties of Prunus avium.
Bot. Gaz. 94: 433-468.



104

Uwate, W. J. and Lin, J. (1981a). Tissue development in the stigma of
Prunus avium L. Ann. Bot. 47: 41-51.

Uwate, W.J. and Lin, J. (1981b). Development of the stigmatic surface of
Prunus avium L. (sweet cherry). Am. J. Bot. 68: 1165-1176.

Uwate, W.J,, Lin, J., Ryugo, K. and Stallman, V. (1982). Cellular components of
the midstylar transmitting tissue of Prunus avium. Can. J. Bot. 60: 98-104.

Vamos-Vigyazo, L. (1981). Polyphenol oxidase and peroxidase in fruits and
vegetables. C.R.C. Critical Reviews in Food Science and Nutrition.
pp. 49-127.

Van der ?ijl, L. (1978). Reproductive integration and sexual disharmony in floral
functions. In: A.JRichards. Ed. “The Pollination of Flowers by Insects.”
pp 79-88. Academic Press, London.

Vashishta, B.B. (1986). Abnormal fruiting behaviour of ber (Ziziphus mauritiana
Lamk.) cultivar llayachi. Amn. Arid Zone. 25: 165-168.

Venkata Rao, C. (1967). Studies in the Proteaceae VIII. Morphology, flower anatomy
and embryology of Grevillea R.Br. Proc. Natl. Inst. Sci. Ind. 33: 162-199.

Venkataramani, K.S. (1950). An instance of polyembryony in tea. Planters Chron.
45: 180-181

Villar, M., Gaget, M., Said, C., Knox, R.B. and Dumas, C. (1987). Incompatibility
in Populus: structural and cytochemical characteristics of the receptive stigmas
of Populus alba and P. nigra. J. Cell. Sci. 87: 483-490.

Visser, T. and Verhaegh, J.J. (1987). The dependence of fruit and seed set of pear
and apple on the number of styles pollinated. Gartenbauwissenschaften. 52
13-16.

Vithanage, H.LM.V. (1984). Pollen-stigma interactions: development and
cytochemistry of stigma papillae and their secretions in Annona squamosa L.
(Annonaceae). Ann. Bot. 54: 153-167.

Vonhof, M.D. and Harder, L.D. (1995). Size number trade-offs and pollen production
by papilionaceous legumes. Am. J. Bot. 82(2): 230-238.

Wang, H.,, Wu, H.M. and Cheung, A.V. (1983). Development and pollination
regulated accumulation and glycosylation of a stylar transmitting tissue-specific
proline-rich protein. Plant Cell. 5. 1639-1650.

Weber, M. (1994). Stigma, style and pollen tube pathway in Smyrnium perfoliatum
(Apiaceae). Int. J. Plant Sci. 155: 437-444,



105

Wehner, D.J., Duich, J.M. and Watschke, T.L. (1976). Separation of kentucky
blue-grass cultivars using peroxidase isoenzymes banding patterns.
Crop.Science. 16: 475-480.

Weins, D., Calvin, C.L., Wilson, C.A., Davern, C.L, Frank, D. and Seavey,
S.R. (1987). Reproductive success, spontaneous embryo abortion and genetic
load in flowering plants. Oecologia. 71: 501-509.

Weiss, M.R.I. (1991). Floral colour changes as a cue for pollinators. Nature (Lond.).
354: 227-229.

Westwood, M.W. (1978). “Temperate-zone Pomology”. W.H.Freeman and Company.
Sans Francisco. '

Wiermann, R. and Gubatz, S. (1992). Pollen wall and sporopollenin. ntl Rev. Cytol.
140: 35-72.

Willemse, M.R.M.,, Kapil, R.N. (1981). Antipodals of Gasteria verrucosa (Liliaceae)
— an ultrastructural study. Acta. Bot. Neerl. 30:25-32.

Williams, E.G., Rouse, J.L. (1990). Relationships of pollen size, pistil length and
pollen tube growth in Rhododendron and their influence on hybndization.
Sex. Plant Reprod. 3: 7-17.

Williams, R.R. (1969). Factors affecting pollination in fruit trees. In: L.C Luckwill and
C.V. Cutting. Eds. “Physiology of Tree Crops.”pp.193-207. Academic Press,
London.

Williams, R.R., Brain, P., Church, R.M. and Flook, V.A. (1984). Flower receptivity,
pollen transfer and fruit set variations during a single flowering period of Cox’s
Orange Pippin apple. J. Hort. Sci. 59:  337-347.

Wilms, H.J., Vanwent, J.L., Cresti, M. and Ciampolini, F. (1983). Adventive
embryogenesis in Citrus. Caryologia. 36: 65-18.

Wilson, P. and Thompson, J.D. (1991). Heterogeneity among floral visitors leads to
discordance between removal and deposition of pollen. Ecology. 72:
1503-1507.

Wodehouse, R.P. (1935). Pollen grains. McGrow-Hill, New York.

Wolter, K.E. and Gordon, J.C. (1975). Peroxidase as indicators of growth and
differentiation in Aspen callus cultures. Physiol. Plant. 33: 219-223.

Wu, HK. (1960). Embryogenesis in tea plant. Bot. Bull Acad. Sin. Taipei.
1: 165-168.

Wu,T.1. (1984). Schima. In: E.C. How et al. Eds. A dictionary of the families and
genera of Chinese seed plants, 2d. Ed. Science Press, Beijing.



106
Wyatt, R. (1983). Pollinator-plant interactions and the evolution of breeding systems.
In: L. Real. Ed. Pollination Biology. pp. 51-95. London,U K., Academic Press.

Yano, F., Tokumasu, S. and Kato, M. (1975). The behaviour of polien tubes and the
developmental process of ovules in Pelargonium. Euphytica. 24: 251-259.

Yeung, E.C., Mienke, D.W. (1993). Embryogenesis in angiosperms: development of
the suspensor. Plant Cell. §: 1371-1381.

Young, T.W. (1942). Investigation of the unfruitfulness of the Haden mango in Florida.
Proc. Fla. Sta. Hort. Soc. 55: 106-110.

Zielinski, Q.B. and Thompson, M.M. (1966). Pollen germination in Pyrus species
and species hybrids. Euphytica. 15: 195-198.

m" l"lov

- 1035284 A
Acc Iy 2
D= te - 9_{..@...%....
C e e eaeeee
Su y
Er .

L R HL B 7 O,



