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INTROLUCTION

Among the four botanical species of Hibiscus

viz,., Hibiscus roga-sinensis L., H, schigopetalus dook.,
H. mutabills L. and H. gyriacus L. grown all over the
tropics and subtropics for ornamental purposes, Hibdjisgus
rosa-ginensis L. 1s the most important. Several of the
new varieties evolved mainly through hybridigation in
the past are known for their large conspicuous flowers
with magnificient shades. Shoe flower with 1ts easiness
for propagation and management is widely accepted as an
ornamental species in all types of gardens, The climatic
conditions prevalling in south India 1s particularly
suitable for growing all types and species of Hibisgus.

The shoe flower, perhaps i1s one of the earliest
shrubs grown in Kerala for ornamental as well as for
medicinal purposes. Ornamental hame gardening on a
sophisticated basis is of more recent origin in our state
and therefore the probable reason for growing Hibiscus
on a wider basis in Kerala homes in the past might be
because of its medicinal value., A large nuaber of types
are found freely growing in Kerala and most of these
types are hardy and tolerant to drought conditions compared

to the Hawaiian varieties, These types also produce large



number of flowers in contrast to Hawaiian hybrids,
Morphological descriptions of most of these types,
however, have not bean made and therefore they do not
possess distinet varietal names. There apypeared great
possibility to utilise the different types of Hibiscusg
existing in Kerals for hybridization purpose so as to
combine their hardiness with the large beautiful flowers
of Hawalian hybrids. Detailed morphological descriptions
of the available types were necessary in the absence of

any reference in this regard,

The programme of crop improvement involves
systematic hybridization, the pre-requisite of which is
the correct knowledse on the compatibility between parents
concerned, The pollen output, viability and receptivity
of stigma are some of the important factors to be studied
in detail before taking up any systematic hybridization

programme,

The present studies were taken up with the
followins objectives,

1. To make cdetailed morphalo:ical descriptions
of the types, varieties and species maintained in the
germplasr ¢ollection in the College of liorticulture.



2. To study in detail the pollen morphology,
pollen production, pollen fertility, pollen germinability
and pollen storage of the different types/varieties and

speciles,

3. To study the different aspects of compati-
bility like self, intervarietal and interspecific
compatibility.

-The results of the present study are expected
to be useful for taking up detailed hybridization programme

in shoe flower so as to evolve varieties suitable to humid
tropical conditions.
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REVIEW QOF LITERATURE

The genus Hibiscug contains about 300 species
of different habitats vig., herbs, shrubs, trees and is
widely distributed in the tropical and subtropical regions
of the world, Out of this, about 20 species were reported
to be of ornamental value (Bailley, 19+9; Anon, 1959;
Vasishtz, 1972; Bhat, 1976; Srivastava, 1982). However,
the four botanical species of Hibiscus, namely H. rosa-
ainensis Linn., H. gyriacus, H. gchizopetalug Hook. and
He putabilis L. are mainly used for ornamental purposes
in the tropical and subtropical gardens (Bnat, 1976). Of
these, H. rosa~-sinenais Linn., popularly known as 'China
roge' or 'ghoe flower' is the most common and acclaimed
as the most beautiful, The State of Hawali in U.S.A. claimed
to have the world's richest and finest varieties (Pal and
Krishnamurthy, 1967). They bear unusually large flowers
with wonderful bright colours.

1.1 Morphological description

The genus [Jibisgug has been described by
Bailey (1949); Anon (1959); Kendle (1971); Vasishta (1372);
Bhatnagar (1975-76); Narayanaswami and Rao (1976) and
Shukla and Misra (1979). Bailey (1949) gave brief



descriptions of kiblgcus rosa-sinensis, H. mputabllls,

H. schigopetalus and H. syriacus. Though Hooker, 195 as
quoted by Shukla and Misra (1979) had given a species
status for H. gghigopetalus, Vilasini gt al. (1966)
considered this as a variety of shoe flower because of
its very resemblance with the different varieties of shoe
flower., A number of types, varieties and hybrids in iibjiscus
roga-ginensls are grown under different conditions,
Vilasini gt al. (1966) described 10 varieties of ahoe
flower grown in Kerala. Deviah (1968) reported that the
flowers in hybrids were singles, flats or saucer shaped.
A few cup shaped and some with petals re-curved and wavy

also occurred,

Sundar (1971) reported that hybrid seedlings in
Hiblscug bore most fascinating flowers and described ten
such hybrids. Bhat (1976) desoribed ten promising
intervarietal hybrid seedlings evolved at IIHR, ilessaraghata.
Bhat (1979) further described fourteen new varieties of
Jibigcus rosa-ginensis evolved through hybridisation
at the IIHR. Bhat and Verma (1980) gave detailed morpholo-
gicsl features of six hybrid seedlings.

Bailey (19%+9); Anon (1959); Pal and Krishnamurthy
(1967) and Bose and Mukherjee (1972) reported that most

of the varieties of Hioiscus ross-sinensis and H. achizopetalus



blossomed almost throughout the year and more abundantly

in the late rains. In H. putabilis flowering took place

in profusion during September and Jctober. Devaiah (1968)
reported that hybrid seedlings of H. roga-ginengis

flowered profusely and bloomed continuously. Bhat (1976)
observed that some of the J. Yroga-ginenais cultivars like
'Cromwell', 'Battlion' and 'Snow Flake'! flowered almost
round the year under Bangalore conditicns. The pesk
flovering was observed during the months of June to October,

in majority of these varieties,
1.2 Anthesis and anther dehiscence

Vilasini et al. (1966) reported that in all the
ten varieties of H. roga-sinenalsg including Sghizopetalus
they observed, anthesis took place between 5 to 6 am
although the time of dehiscence differed between varieties.
In eight varieties it was between 7 and 10 am and in
other two varieties, between 10 am and 1 pm and 3 and 5 pm,
Shat (1976) reported that anthesis and anther dehiscence
took place during the morning hours,

The retentivity of the corolla was different
in different varieties (Vilasini et gl., 1966). In some
varieties, the corolla was retained upto 24 hours, while
in others,it lasted upto 60 hours, Devaiah (1968)



reported that in most of the hybrid seedlings the flowers
remained on the plant for two to three days.

2. Pollen studies

Wodehouse (1925) was of opinion that the evalua-
tion of palynological criteria should be eritical and
cautious in advenced investigations, The first use of
the term 'palynology! was made by Hyde and Williams in
1845 as quoted by Bnojwani and Bhatnagar, 1974 and they
referred the study of external morphological features of
mature pollen grsins as palynology. Palynology deals with
the pre-tetrad and post-tetrad stages, the latter including
pollen production, pollen morphology, anthesis, pollen
dissemination, pollination, pollen germination and ferti-
lization (Srivastava, 1982). The importance of palynology
in plant taxonomy was stressed by Wodehouse (1935),
Erdtman (1952) and Stanley and Linskens (1974).

King (1962) referred to such procedures as
collection, drying, testing viability, storage and shipment
particularly as those inclusive of the techniques of
plant breeding as "Pollinlcuration®,

Literature pertaining to the pollen studies are

numerous and some of the important works are reviewed here.



2.1 Pollen morphology

Morphological analysis of pollen has been used
as a working base to throw 1ight on the taxonomy, phylogeny
and evolution of angiosperms (Nair, 1970). Gross
morphology and surface topography of pollens, has been
widely adapted to ldentify plants of divergent and of
closely related taxa (Ahmedullah, 1983),

Among thie procedures and terminology put forward
by various workers, the ones proposed by Wodehouse ()935),
the acetolysis process of Erdtman (1952), Nair ()960),
Nair (1961) and KPC system of Bhojwani and Bhatnagar (1974)
are widely followed.

Erdtman (195°) stated that the pollen grains
possessed a unique form and performed a special and vital
function. He observed that majority of pollen grains had
an intine and an exine. Exine could be sculpiured,
reticulate or smooth, with or without spines, and with
conspicuous apertures. Maurizio (1956) reported that
morphologicul variations affecting different structures
such as aperjtures, sige, or exine pattern were the result
of polyploidy. Thus the morphology of the pollen grains
served as an index to the hybridity status of anyone
individual even within a population of anyone crop plant.
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Pollen morphology as an index to the chromosomal compo-
sition of the plant was indicated by Srivastava gt al.
(1974+) in hybrid Amaranthus (Aparanthus gpinosus x

A. duplus).

. Several workers like Fogle (1977), Maas (1977),
Westwood and Challice (1978) and Martine and Fretz (1980)
attempted to classify the clones and species of fruit
trees based on pollen exine characteristicés. Investi-
gations on pollen morphology were conducted in geveral
crops vig., citrus (Nair and Mehra, 1961), Cocos pucifera
(Nair and Sharma, 1963), Annonas (Thakur and S8ingn, 1965),
Psidium gugdava (Singh and Behgal, 1968), Luffa gylindrica
(Nair and Deshpande, 1968), dioscorea (Jose and Magnoon,
1972), Momordica gharentia (Saoji, 1975), Bauhinia galpini
(Nalawadl et al., 1975), nutmeg (llaseen, 1979), pineapple
(Nair, 1982) and Yitis vinifera (Ahmedullah, 1983) in India.

In Malvacese family, Wodehouse (1935), Lang
(1937) and Erdtman (1954) reported that pollen grains of
all members of Malvaceae were Yound and were provided
with spines of varying shape and length. Erdtman (1952)
described the pollen grains of Malvaceae as 3 to 4 colporate
and polyforate, with a nuwber of apertures, with diameter

ranging from 30 n as in Plaglanthus bejutinusg to 190 A
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in Kokia kauiensig. Nair (1961), Prasad (1965) and

Sharma and Rastogl (1965) reported that the pollen grains
of Malvaceae, in general were pantoporate and spinous.

In ornamental Hibjiscus, Nair (1961) observed pollen
variations in exine with regard to the spines. Vilasini

8t al. (1966) reported that the colour of the pollen grains
of H. rosp-sipengis varied from 1light yellow to deep
yellow but different varieties did not vary much in shape.
They however, found that the pollen diameter for different
varieties varied from 103.85% a to 17#.9,u. Pollen grains
of the genus Hibigcus were pantoporate and spinate (Nair
and Kapoor, 1974). Srivastava (1982) described the pollen
grains of Hibigcus hybrid (Hibiscus roga-sinensis
Rentaperous x Hibigcus intermediupm pultipetalous) and

found that the grains were pantoporate, spherioidal and
spinose and the pollen size was 72 to 180 u., He also
recorded the occurrence of various abhormal types, including
micrograins and pollenoid bodies in Hibigcus.

2.2 Pollen production

The relative qﬁaﬂt&ty of pollen produced per
blossom or per anther vary from variety to variety within
a species, A precise measure of the amount of pollen
produced by individual anthers, flowers or the plant itself
is egsential to evaluate the worth of a variety as a
pollinator more accurately (Mair and Kapoor, 1974).
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Different techniques have bean adopted by
various vorkers for the estimation of pollen production,
Pohl, 1937 as quoted by Vilasini gt al. (1966) computed
the pollen ocutput of some plants by emptying the thecae
and suspending the grains in a fixed portion of suspension.
ODberle ancd Geortzen (19%2) demonstrated a method of
determining the number of pollen grains per anther with
the aid of haemocytometer, a technigue adopted in the
clinical field to count blood corpuscels. They used 2.5 ml
vater containing 0.29 per cent calgan as dispersing agent
of pollen grains. They observed marked variation in the
number of pollen grauins produced by different species
and different varieties of the same species., Pollen output
in coeonut vas estimated by Gangolly gt al. (1961), by
a method more or less similar to that of Pohl (1937) and
found that the mean production of pollen ranged from
11,678 to 26,245 per flower, The accurascy of haemogsyto-
meter in estimating the pollen production was further
confirmed Ly tho work of Rao anc Khader (1962) in fruit
crops like paupaya, pomegranate and sapota and the method
folloved wvas similar to that of Oberle and Geortzen (1952).
They used 2.5 ml of water containing 0.5 per cent teepol
(detergent) for getting a wniform pollen dispersion. It
vas observed that the number of pollen grains per anther
yaried from 682 to 3,297 in sapota, 8950 to 12,465 in
papaya and 15,982 to 23,170 in pomegranate,
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Vilasini gt al. (1966) found that 1.25 ml
each of water and glycerine with teepol was the best
suspension for even dispersion of Hibjisgcus pollen grains.
They observed that pollen production ranged from 159 to
359 per anther in 10 varieties of Hibisgus rosa-sinensig
studied. Investigations on this line as indicated above
vere s1so made in Abelmosghus esculentus, Gossypium
hirgutum and Althgea rosea of Malvaceae family (Srivastava,
1982 ), Pollen production was 40-100 grainsper anther
in A, esculentug, 100-200 in A, rogeg and 159 to 36 in

Gossypium hirgutum. He observed higher pollen production
in the middle period and least in the late periods. The

pollen production per flower depended on the nu.ber of
anthers in individual flower,

Brooks and Puri (1963) and Sharma and 8ingh
(1970) reported v:riation in atmospheric conditions
affeeting pollen production. Sharma and Singh (1970)
found that in mango, higher temperature and dry climate
wvere associated with increased pollen production, In
coconut, seasonal and diurnal variations in pollen yield
were reported by Child (197w),

Lobanov (1950) obtsined considerable evidence
to show that pollination of fruit plants with larger
amount of pollen resulted in greatest fertilization in
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intra«varietal and inter-varietal crossings and in
hybridisation of more distantly related forms. Sergreeva
(1952) found that in gooseberries and gurrants, hybrids
resulted from pollination with large amount of pollen
were more vigorous and had more viable seeds than when

small amount of pollen was used,

2.3 Pollen fertility

The functional potentiasl of pollen, in the
process of fertilization and production of seeds, was
reslised as early as the prehistoric period (Maheshwari,
1950). S8tanley and Linskens (197:+) emphasised the
importsnce of pollen viability in hybridization and
suggested various methods for testing the viablility of
pollen grains, Staining of pollen grain with dyes was
of ten used to obtain viability indices. Stéping technique
to study the fertility of pollen grains was adopted by
Zirkle, as early as in 1937, who introduced acetocarmine
staining technique, He classified properly stained, plumpy
and wvell developed pollen grains as viable and shrivelled
ones as noneviable. Balasubramanyam (1959) in guava,
Nirmalendunath and Randhawa (1959) in pomegranate, 8ingh
(1961) in mango, Singh (1962 a) in litchi, Nalawadi
at al. (1975) in annona, Naseem (1979) in nutmeg,
Remamenor. (1980) in pepper, Nair (1982) in pineapple and
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Tessy (1983) in jack, adopted acetocarmine test to find

out the percentage pollen fertility. The staining
properties of various other compounds on pollan fertility
have also been reported. The chemicals used were iodine
(Barnett and Carver, 1964), propinocarmine (Deshmukn g% al.,
1978), methyl green-glycerine jelly and aniline-oil gention
violet (Gupta et al., 1979). Te different stains possessed
specific staining properties as explained by Stanley and
Linskens (1974). According to them, acetocarmine stained
essentially chromosomes, iodine gtarch, aniline blue in
lactophenol callose, phloxin-methyl green both cytoplasm
and cellulose.

Vietez (1952) found that the use of 2, 3, 5
triphenyl tetrazolium chloride was a quick and reliable
wethod for determining the viabllity of maize pollen.
3ut Jberle and Watson (1953) found that this technique
was ineffective in the case of peach, apple, pear and
grape pollen., Aslarn et ale. (1964) and Hauser and
Morrison (1964) proposed the use of tetrazolium chloride
for determining the pollen fertility.

Jacopini (195%) developed a rapid method of
testing pollen viability using sodium biselenite, Viable
pollen developed a pale yellow colour when stained with



two per cent sodium bisslenite solution for half an
hour to two hours in the case of stone and pome

fruits. Non-viable ones showed no colour change.

King (1960) described a test based on peroxidase
reaction on agsr medium. Viable pollen grains remained
swollen and colourless whereas non-viable ones developed
blue colour, but were not swollen, Heslop-Harrison
and Heslop-Harrison (1970) introduced a fluorescgence
technique in which the viable grains produced bright
fluorescence and was very promising in the case of
members of graminae and compositae.

Stanley and Linskens (1974) opired that the
use of stains was not suffigciently accurate wvhen
compared to germination tests, because the immature
and aborted pollen grains also contained levels of
canstituent chemicals encugh to yield positive results
in stain tests.

2.4 Pollen germination

In yivo, the stigma provides a suitable site
for germination., However, studies jn viyo are not
feasible because of the complications involving
pistiliate tissue., Germination tests were reported to be
more accurate than stain tests which gave only a orude
estimate of pollen viability (Stanley and Linskens, 197h4),
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It was Amici, 1824 as quoted by Srivastava
(19682) who by his observations of pollen germination
in Portulaca provided a scientific basis for demon-
strating the functional importance of pollen grzins,
The use of artificial media for pollen grains dates
back to the later half of 19th century. Adams, 1916
(cited from Johri gt al., 1977) reported good pollen
germination at various concentrations of sugar for
different fruit crops, Cane sugar was found to be better
than any other source of carbohydrates tried for germi~
nation of pollen grains by many workers (East and Park,
19183 Auchtor, 1921 and O'kelly and Joseph, 1955).
Kobel, 1926 (cited from Johrl gt al., 1977) germinated
the pollen grains of certain fruit trees in sucrose
solution and came to the conclusion that different
species required varying cancentrations of sucrosge
solutions for their germination, Generally two gcelled
pollen grains required 10-20 per cent sucrose while
threc celled ones upto 60 per cent (Shivanna et al., 1979).

Sucrose medium was used for in vifro germination
of pollen of Hibiscus varieties by Vilasini ot al. (1966)
and they got 89,8 per cent germination and 125.6 a
tube growth in 45 per cent sucrose solution. Singh (1959)
Randhawa and Sharma (1960), Randhwawa and Negi (1965)
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found best germination in 20-25 per cent sucrose
solution in fruit crops. Dubey (1969) reported that
maximum germination and tube length of pollen was
observed in 25 per cent sucrose in okra pollen grains.
Pollen germination was satisfactory with 25 per cent
sucrose for pnnopg (Nalavadi et al., 1975) and

15 per cent sucrose for Cocoa (Ravindran, 1977). Gupta
e% al. (1979) reported that rose pollen germinated best
in 25 per cent sucrose. Srivastava (1982) noticed
that in malvaceous crops, the pollen grains germinated
in various concentrations of growth media, namely

15-50 per cent in Abelmogchus gsculentus and 20-k5

per cent in Gogsypium hirsutup and Althae rogea. Of
these concentrations, 25, 30 and 35 per cent were found
to be the most promising and as a standard, they
suggested that 25 per cent growth media for germinating

the malvaceous pollen grains.

Eventhough there are contradictory opinions
on the endogenous and exojenous utiligation of nutrienta
by pollen grains, there is a general unanimity of opinion
on the role of sugar in controlling osmotic concentrations
during germination of pollen (Visser, 19553 O'Kelly, 1955;
Vasil, 1958).
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Addition of substances like agar and
gelatin promoted pollen geramination (Agarwal et al.,
1957). Kubo (1960) pointed out that by adding agar
or gelatin into the media, moisture c.uld be supplied
at a econstant relative humidity, Stanley and Linskens
(1974+) emphasised that agar supplied moisture, carbo-
hydrate and other nutrients.

Kuwada (1996) observed that the pollen of
Abelmoschus esculentus, Hibjscus manthot and an
amphidiploid between the two gave best germination in
ssven per cent agar and 20 per cent glucose, Datta
(1958) obtained good results on pollen germination in
different species of Hibjgcus in four per cent sucrose
and two per cent agar. Vilasini et zl. (1966) also
reported that by the addition of one per cent agar,
the germination percentage was increased by two per cent
and tube length by five A in Hibiscug xosa-sinengis.
In okra, seven per cent increase in geruination and 60 A
increase in tube length was reported by the addition
of 10 per cent agar-agar by Dubey (1969).

Sinzh (1959) found that papaya pollen gave
62.9 per cent germination in five per cent sucrose
goluticn., By the addition of one per cent agar, a
higher germination of 67.6 per cent was obtained. In mango
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good germination of pollen was obtained in a medium
containing 2.5 per cent sucrose and 0.5 per cent agar
(8ingh, 1961). Rao and Khader (1960) found that 16

per cent sucrose and 0.7 per cent agar was the best medla
for sapota pollen germination while S8ingh and Sehgal
(1968) reported that 5 to 7.5 per cent sucrose and 0.5
per cent agar was best for guava. Tessy (1982) observed
that 10 per cent sucrose with one per cent agar was best

for jack pollen germination.

2.4.1. Effect of chemicals
2.k,1.1.Effect of boric acid

Schuaucker (1935) first reported that boron
stimulated pollen geruinaticn and tube growth in wyitro
and he found that one to 10 ppm boric acid stimulated
both, He made this signifieant observation based on
his stwiies oan the occurrence of high levels of boron
in the stigmatic fluids of lNymphaeg. Tnompson and
Batjer (1950) observed that boron and boric acid at 25
to 40 ppm concentrations had stimulatory effect on pollen
germination whereas at higher concentration boric acid
had en inhibitory effect. Gausch and Dugger (1953)
reported that borate ions reacted with sugar molecules

to form an ionizable sucrose-borax complex which moved
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through the cell readily than non-borated and none
ionigable sucrose molecule. Minzer (1960) fouhd that
0,001 to 0.01 per cent boric aeid had a stimulatory
effect on germination and tube growth of pollen in more
than 60 angiosperms. Vasil (1960) opined that boron
helped in oxygen uptake in addition to synthesis of
pectic substances required for the formation of wall

of the germination tube, Johri and Vasil (1961) reported
the effect of boxfh as borie acid and borax in surpassing
tiie eff'ect of any known hormones, vitamins or other
chomlcal substances. Linskens and Kroh (1970) opined
that boronhad a role in the translocation and/or
metabolism of carbohydrates.

Rao and Khader (1960) found that germination
of sapota pollen could be enhanced apprecisbly by the
adeition of 100 ppu boric acid, OSingh (1961) observed
that 20 ppm boric acid gave better germination of mango
pollen grains. osaoji (1975) reported 9% per cent germi-
nation in 100 ppw borie acid with 10 per cent sucrose

Visser gt al. (1977) reported that 15 per cent
sucrose with %0 ppan boric acid increased the pollen
germiration in hybrid tea-rose. Ravindran (1977) found
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that 100 ppm boric acid was optimum for cocoa pollen
germination., In bitter gourd,Deshpande et gl. (1970)
observed good pollen germination with 200 ppm boric

acid and in Jack, Tessy (1983) found 10 ppm the best,

In Hibigous rosa~-ginengis Vilasini gt al.(1966)
reported that additian of 100 ppm boric acid increased
pollen germination (93.02 per cent) and tube growth
(138,60 u) whereas in the abgence of boric acid, only
89,80 per cent and 125.49 m. They also reported that
200 ppm boric acid induced bursting of pollen grain and
reduced pollen germination.

2.4.1.2 Effect of calcium nitrate

Lindforss, 1896 and Brink, 192+ as quoted by
Tessy (1983) suggested that calcium nitrate was an
inhibitor of pollen germinatiun and tube growth. On the
contrery, Brewbaker and Kwack (1963); Kwack and Brewbaker
(1963); Kwack (1965); Jose and Magnoon (1972) end
Ravindran (1977) realised the essential role of calcium
in pollen germination and tube growth, Action of
calcium appeared to be based on the non-metabolic
incorporation of calcium into pectic substances of the
pollen wall thus giving increased resistance against
bursting of the pollen tubes. Wweisenseel and Jaffe (1976)
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reported that the role of calcium and potassium might
be by maintaining the flow of currents through the
pollen tubes. Govila and Rao (1969) and Govila (1970)
observed that adiition of Ca'* enhanced pollen germi-
nation in malvaceous crops. Kema Menon (1980) reported
hizher germination of pollen in pepper by the addition
of 100 ppm Ca Noj. On the other hand, Tessy (1983)
reported that Ca na3 has an inhibitory action on Jack
pollen.

2.4,1.3 Effect of growth hormones

Smith (1939) found that 3~IAA had a favourable
effect on pollen germination and rate of pollen tube
elongation. Kato (1955) obtained increased growth of
pollen tube, five times uore than that of control,
by the addition of 50 ppm GA in Lilium Jongifolium,

In loquat pollen, Dikahit (1956) found that, NAA (5 ppm)
and IAA (10 and 15 ppm) increased the percentage of
germination and tube elongation, Konar (1958) studied
the effect of IAA and kinetin in the pollen of Pinug
Ioxburghii and found that addition of IAA increased the
germination percentage and rate of tube elongation,

Bose (1959) reported that GA did not affect pollen

germination, but tube length was increased seven times
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than that of control at 0.05 mg per litre (ppm) in
Pisup sativum. Rao and Khader (1962) observed that
both germination and tube growth were promoted by the
addition of GA upto 100 ppm in sapota pollen.

Vilasini gt gl. (1967) tried three growth
substances viz., 3-IAA, GA and 2,4-D at three dif:erent
levels in Jibisgug and concluded that GA and 2,4-D
inhibited pollen geruination, whereas 3-IAA did not
produce any such effect. All the above three growth
regulators promoted pollen tube elongation, of which

the effect of IAA was most pronounced.

84nha (1973) observed that addition of 10 ppm
IAA in the culture nmedium enhanced the pollen tube
growth in jack fruit. Mc Leod (197%) observed that
tomato pollen was almost completely insensitive to
plant growth substances like auxins,giooerelliins and

abseissic acid.

According to Malik gt gl. (1977) auxins
mobiliged reserve food materials by enhancing the
activity of hydrolysing enzymes and enhanced cell elonga-
tion, Tessy (1982) observed enhanced germination of
81.22 per cent by the addition of 10 ppm IAA rather
than 77.65 per cent in sucrose-agar media.



2.4,2. Pollen tube growth

Amici, 1830 as quoted by Bhojwani and
Bhatnagar (1974) the discoverer of pollen tube growth,
recorded polysiphonous germination of the pallen
grains in fibisgus triopum and H§. gyriagus. In the
latter gone pollen grains gave rise to 20 to 30 tubes,
Iyengor (1938) reported two tubes per pollen grain in
Aslatic and in tetraploid American cotton and concluded
that the frequency of pallen grain procducing two tubes
was greater in the tetraploid Americzn type than in
the diploid Asiatic ones. Purewall and Randhawa (1947)
obgerved branching of the tubes both in culture media
and on stigmatic surface of bhindi. Vilssini gt gl.
(1966) reported polysiphonous germinaticn in H. ross~
a2inenals and Dubey (1969) in Abelmoschus escillentus.
Nair gt pl. (197%) observed that Abelmoschus pollen
grainsg were polysiphonous and that oniy one tube in
anyone grain was functianal while further growth of
other tubes werec arrested by the formation of c¢allose
plugs,

The time taken for pollen germination varied
with species, Purewall and Randhawa (1947) found that
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the pallen grsins of H. gsgulentug germinated 30
minutes after they were placed in culture media.
Vilasini et al. (1966) observed that pollen grains

of Hibiscus roga-sinensis commenced germination witnin
30 minutes of dusting and the rate of germination was
highest during the first hour and no more germination
was observable after the fourth hour. They also
reported that the rate of tube elongation was highest
from first hour upto eight hours, Dubey (1969) reported
that germination of okra pollen storted two hours after
they were placed in sucrose solution of sujitable con-
centration. In sucrose-agar medium,89 per cent germi-

nated within two hours.
2.5 Pollen storage

Methods of pollen collection from various
crops for breeding purposes have been described by
Bernett and Arisumi (1952), Singn e al. (1961)
and Stenley and Linskens (197+). Critical external
factors included relative humidity, temper.ture and
atmosphere. surrounding the pollen. Excellent reviews
on pollen storage are available (Maheswari, 1944;
Visser, 1955; 8ingn et al., 1961; and Shivanna gt al.,
1979).
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2.5.1 Storage by controlling temperature and
humidity

~ Pfundt, 1910 as quoted by Nair (1982) observed
that mwost of the species maintained their pollen via-
bility under low relative humidity. After detailed
studies on the pollen storage requirements of 16 fruit
trees, King and Hesse (1938) concluded that the optimum
storage temperature for those pollen grains of tree
crops was around 30°F. Nebel (1939) could successfully
store pollen grains of apple, pear, peaci, plum and
apricot for 2 to 5% years in a desiccator over sulphuric
acid at 28°C temperature and 50 per cent relative
humicdity. Gollimieck (1942) reported that grapes pollen
could be stored alive for one year at 1°C under %0-50
per cent relative humidity. Varas (1562) found that
cocon pollen stored for a week in a desiccator germi-
nated better in artificial mediuam. Singh (1962b) found
taat at room temperature the mango pallen remalned
alive for 12 to 20 days in desiccators and for #ight
days in petridisih., At low temperature, the pollen stored
in the desiccator exhibided longevity upto 7 to 10 months.
Govila and Rao (1969) could store the pollen of cotton
for two days only a2t 25 per cent RH,

Singha(1973) observed that jack fruit pollen
could be stored alive upto eight months at 0°C and
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and at a R,H. of 25 per cent or below. Coconut

pollen dried at +0°C and kept over 3.4 per cent
sulphuric acid in vacuum in sealed ampule:s at sub zero
temperature, remained viable for more than one year
(Child, 1974+). Sao4i (1975) reported that the pollen
of Momordiga gharentis could be stored for five days

in 9°C with four per cent K.H. Simmonds (1976) recorded
that cocoa pollen could kept at 59 4n sealed tubes

over calcium chloride for about one week.
2.5.2 Pollen storage by freezing

Griggs et al. (1953) were able to store the
pollen of plum, peach, almond, apple, pear, cherry,
citrus and walnut without loosing the viability for
one to three years in a home freezer at -18°C. Better
storage life of pollen grains of fruit crops in deep
freezer has been reported by several workers (Singh,
1962 a3 Singh, 1962 b; Shukla and Misra, 1975; Ekaratne
and Senathirajah, 1983). 8ingh (1962 a) reported that
litchi pollen would be stored under deep freesze condi-
tion (-23°C) for 31 months. Mango pollen gave a longevity
of 1% months under deep frecze at -23°C (Singh, 1962 b).
In citrus Sachan and Patro (1970) reported 50 per cent
viability after 90 days storage in deep freeze. Shukla
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and Misra (1975) reported 40 to 64 per cent fruit

set vith pollen stored in deep freeze for 15 days in
kagzl lime., Ekaratne and Senathirajah (1983) reported
that oven drying st 37°C for 2-8 hours followed by
storage in a deep freezer proved to be the best method
of storing the pollen of oil palm for 12 months.

2.5.3 Pollen storage by freesze drying

Lyophilization or freeze drying of pollen was
reported to be one of the efficient methods of pollen
storage by Stanley and Linskens (197%+) and Nair (1977).
Mathur (1969) fabricated a simple vacuum cum freeze
drying apparatus for effective storing of pollen grains.
Child (197%+) reported that coconut pollen could be
freege dried and stored for long periods in sealed

ampules for pollen exchange between distant countries,
2.5.4 Pollen storage in organic solvents

The efficiency of organic solvents like benszene,
petroleum ether, ethanol, acetone and chloroform in
storage of pollen grains was studied by Iwanami (1972 a,b;
1973, 1975) and Ivanami and Nakamura (1972). They
pointed out thas this method avoided the problem of
maintaining a specific relative humidity and suggested
that this technique might be a useful for transporting



pollen without refrigeration. Tessy (1982) reported
that jack pollen could be stored upto 2+ hours in
petroleum ether and in acetons upto 12 hours and that
the storage time could be extended upto &8 hours in
4%, Mishra and Shivanna (1982) studied the efficacy
of orzanic solvents for storing pollen grains of some
leguminous taxa and reported that organic solvents were
promising only for short term and not for long term

storage.
3. Compatibility studies

Bailey (1%+9), Datta (1959), anon (1959),
Vasishta (1972), Boat (1976) and Shukla and Misra (1979)
reported that flowers of Hibisicus ross-ginensis L.,

H. gutabilds L. and H, schigopetslusHook. were bisexual

and zenerally cross pollinated and were entomophilous,
Bhatnagar (1975-76) reported huming birds were the
pollinating agents in Hibisgus. Vilasini et gl. (1966)
observed natural fruit set only in one variety out
of the ten varieties studied., However, by artificial

self pollination three varietiesset seeds which indicated

that the failure of setting seeds under naturzl condi-
tions was dus to the failure of pollination. They

repnorted that some varieties of Hibiscus rosa-sinensis

)
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were not capable of settin; seeds by artificial self
pollination and in some varieties the non seed setting
nature was due to lack of pollen tube elongation

beyond the region of stigmatic lobes. They did not

get any seed set in Hibigous gchizopetalus and suggested
that the early abscission of the style and stigma as
possible reason for the absence of set. Bhat (1976)
also reported that majority of the varieties did not

get seeds naturally.

Patel (1933) reported that in cotton, hybri-
disation between Asiatic and new world types was a
failure. Hutchinson g¢ &l. (1938) however, successfully
erossed the Asiatic specles of ossypiuia arboreum and
Gogsypium herbaciwn with the wild Africecn species

Gossypium apomalum., They further reported that more
closely related species crossed with each other, while

others falled to cross or gave sterile hybrids, According
o S8low (1941) the cause of interspecific incompatibi-
lity in the genus Gossypium as a whole was due to the
lack of harmony between species. 8ikka and Joshi (1960)
enumerated several stages at which hybridization between

Gogsypium species might fail.

Tezima, 1930; Chisaki, 193+; UstinOVa, 1937
as quoted by Nirmela (1982) and Arumugan\( 1975 ) made
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succegsful cross between jpbelmoscghus manihot and

As esculeptus. Tesima reported that reciprocal crosses
of the above species ylelded no geeds, Teshima, 1933
as quoted by Nirmala (1962), Mamidwar g% al. (1980),
Nirmals (19682) observed fruit set when jAbeluwoschus
esculentus was crossed with A. manihot. Abortive seed
formation by reeiprocal crosses of the above species
was reported by Teshima.

Linskens (1975) reported that the interspecific
incompatibility was heterogenie, i.e., controlled by

more than one gene at different loci on the chromosoues,

Venkitaramani (1952), Joshi gt al. (1958),
Ramen and Famu (1962) and Datta and Premnath (1969)
reported suecessful intervarietal crosses in different

cropa.

Gast (1971) reported that ornamental Hibiscus
was a highly polymorphic eross-compatible group of
species anc¢ complex hybrids., In India many new varieties
of Hioigeus with wide array of contrasting flower
colour comvinations were produced by breeding (Devaiah,
1968; Sundar, 19713 Bnat, 1976, 1979; and Bhat and
Verma, 1980). Devaiah (1968) reported that the Hibiscus
seedlings evolved through hybridisation from Hawalian
Hibiscus wers of enormous sige having vivid and
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contrasting colour comvinatians. oSundar (1971)

reported that hybria Hiblscus bore most fascinating
flowers with enormous size measuring 7 to 15 inches
across and varied in colour combinations, Hhat (1976)
ecross pollinated nearly 700 flowers with 65 parental
combinations and reported that there were slight variations
with regard to number of days required for seed maturity
(#1 to 70 days) and number of seeds per capsule (2 to 15)
in different intraspecific combinations. Bhat (1979)
reported that fourteen new varieties of Hibiscus
Tospeginengis were bred at the Indian Institute of Horti-
cultursl Resegrch, Hessarghetta after rigorous screening
of the large population of Hibiscusg hybrid seedlings.

In IOR, 1200 nunbers of both interspecific and inter-
varietal hybrids were raised and from that six new
varieties were released during the year 1980 (Bhat and
Verma, 1980).
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MATERIALS AND METRODS

The investigations on pollen morphology,
pollen production, fertility and compatibility studies
reported in the thesis were carried out during the
period from May 1982 to S8eptember, 1983, The germplasm
collection consisting of thirtyfour types/varieties
of Hibiscus rosa-sinengig L. and two other species viz.,

Hiblscus gutabills L. and Hibigous sghlgopetalus Hook,
maintained in the Department of Pomology and Floriculture,

College of Horticulture, Vellanikkara were used for the
present studies, The types/varieties/species were raised
from cuttings/buddlings and planted in the year 1981.
List of types/varieties and their sources are given below.

Accession number/Name Source

1 4Acc.1 (Quarrel star) 1loeal collection from Kerala
2 ACC.2 looal collection from Kerala
3  Acc.3 looel colleckion from Kerala
4  Acc.k (8Bhanti) hybrid from IIHR Bangalore

5 Aecc.5 local gollection from Kerala
6 Acc.b looul collection from Kerala
7 Ace.? looal collection from Karala
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dccession number/Name Source

8 Acc, 8 local collection from Kerala
Ace. 9 local collection from Kerala

10 Acc.10 local caollection from Kerala

11 Aec.11 local collection from Kerala

12  Acc.12 local collection from Bangalore

13 Acc.13 local collection from Kerala

14  Ace. % local collection from Kecala

1% Aec.15 Lalbagh garden, Bangalore

16  Acc.16 (Nazneen) hybrid from IIHR, Bangalore

17 Acc.17 (Narthaki) hybrid from IIHR, Bangalore

18  Acc.18 (Hawaiian yellow) hybrid fwom T N, A, U.,Coimbatore

19 Aec.19 local collection from Bangalore

20 Acc.20 (Chitralekha) hybrid from IIHR, Bangalore

21  Acc.21 (Tribal Queen) hybrid from IIHR, Bangalore

22 Acc.22 local collection from Kerala

23 Acc.23 hybrid from IIHR, Bangalore

2+ Acc.2d hybrid from IIHR, Bangalore

25 Ace.25 local collection from Kerala

26  Asc.26 local collection from Coimbatore

27 4Aec,27 (Bejageer) hybrid from IIHR, Bangalore

28  Acc.28 Lalbagh garden, Bangalore

29 Acc.29 Laldagh garden, Bangalore

30 Acc.30 (Smt.Indira Gandhi) hybrid from IIHR,Bangalore
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Accesgiaon number/Name Source
31 Acc.3? (Thilakam) hybrid from T.N.A.U., Coimbatore
32 Acc.32 (Yellow star) T.N.A.U,, Coimbatore
33 Acc.33 local collection from Kerala
P Acc. P local collection from Kerala

35 jHibiscus putabilis (H.M,)Docal eoliection from: Kerala
36 Hibiscus gehigopetalus (H.S.)Localr collection from Kerala

1.1 Morphological desceription

Since all the types maintained did not possess
distinect varietal names, detailed morphological descri-
ptions of these typea/varieties were made, A descriptive
blank was prepared based an characters used for descriving
the types as adopted by Devailah (1968), Sundar (1971),
Bhat (1976, 1979), Bhat and Verma (1980) with suitable
modifications. The blank used is presented in Appendix I.
The colours of the flowers were compared by using the
'Dictionary of colour' by Maers and Rea Paul (1950).

Data on the number of flowers produced from June
1982 to May 1983 were recorded. The number of flowers
opened were counted daily and the total number of flowers
produced in a month was computed,
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1.2 Anthesis and anther dehiscence

In order to collect basic data on anthesis and
anther dehiscence in the different types/varieties/species
selected for the study, the following procedures were adopted,

Ten mature buds in each type/variety/species were
tagged on the previous day of flower opening for observas
tions on flower opening in different types/varieties/species
selected for the studies. These flower buds were observed
at half hourly intervals for recorxding their time of opening
and repeated thrice,

For collecting data on the lime of anther
dehiscence, ten mature buds in each type/variety/species
were tagged on the previous day of flower opening and they
were observed at half hourly interval commencing from
6 pm and repsated thrice.

The time of the folding of corollas was also
observed. For this purpose the opened flowers in each
typs/variety/species with stalks intact were collected in
the evening snd placed with their stalk ends dipped in
water., These flovers were observed at hourly intervals
and repeated thrice. The time taken for the folded
corolla to fall down was also noted under field conditions.
The closed flowers were observed at 12 hours interval

until the corolla completely fell down.
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2. Pollen studies

Pollen morphology, pollen production, pollen
fertility, pollen germination and storage life of
pollen were studied in thirty three types/varieties of

Hiblseus rosa-gsinensls end two other species viz.,
Hibiscus mutabilds and H. schigopetalus,

2.1 Pollen morphology

Flowers were collected soon after anther dehiscence
and kept in a desiccator for ane hnour so as to collect
the pollen grains needed for the study. Pollen morphology
was studied after staining the pollen grains using

acetocannine.

2.1«1 Pollen size

Pollen grzins were dusted in 2 drop of acetocarmine-
glycerine medium on a clean microscopic slide and covered
with zero coverglass for 30 minutes. Diameter of 10
normal well shaped, plumpy and well stained pollen grains
from each type or variety or species as the case may be
was measured at random using a standardized occular micro-
meter under low power of a microscope. The mean diameter

was expressed in micronas.
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2.1.2 Pollen shape

The same slides were utiliged to study the
shrpe of pollen greins under high power magnification.

Colour of unstained, fresh pollen grains was

studied under low power of a microscope.
2.2 Pollen production

A haemocytometer was used for estimating the
number of pollen grains per anther. One hundred mature
anthers were gathered from freshly opened flowers of each
type/variety/species before anther dehiscence. Mature
anthers of each type were taken in separate vials and
stored in a desgiccator for five hours for proper dehiscence.
The method used by Vilasini gt gl. (1966) was followed
vhich is detailed below.

After anther dehiscence, 1.25 ml of water
conteining 1.0 per cent teepol was added to the vials
containing the anthers anc the contents were shaken
throughly. To this 1.25 ml of glycerine was added. A
drop of the above suspension, drawn in a fine pipette,
was trensferred to each of the two counting chambers
of a haemocytometer. Pollen grains in each of the four

corner squares in both counting chambers were counted
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and the mean number in eight corner squares were
calculated. For each type/variety/species, five such

estimates were madse,

The number of pollen per anther was calculated
as follows,

Let N = average number of pollen counted per corner
square and X = number of pollen per anther
then N ¢ X = 0.1 3 25
0.1 X = 25 N
X = 250 N

2.3 Pollen fertility

Fertility of the pollen grains was estimated by
acetocarmine staining technique.

Pollen grains were dusted in a drop of acetocarmine-
glycerine medium on a clean microscopic slide for 30
minutes for proper staining and exawined under low power
of a compound microscope. Pollen fertility was estimated
by counting fertile and sterile pollen grains separately.
Pollen grains which stained well, looked plumpy and well
shaped were considered as fertile and those unstained,
small or shrivelled as non-viable or sterile. The obser-
vations were made in ten different microscopic fields and
the mean percentage of viable pollen grain was arrived at.
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Three such estimates (slides) were prepared. Fertility

of pollen grain was expressed as percentage.
2.4 Pollen germination

Ip yitro culturing of pollen grains was made in
artificial media.

2.k.1 Standardisation of media

The media tried by Vilasini et al. (1966) did
not give satisfactory germination of the pollen grain,
wvhich necessitated further detailed studies for standar-
dising the media for pollen germination and tube growth.

The following three media were tried and the
pollen grsins from the normally seed setting type (Acc.2)

in H. rosa-sinenglg were utilised for standardisation,
1. Sucrose media

The varying concentrations of sucrose in distilled
water namely, 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50,
55 and 60 per cent were made., Pollen grains were collected
soan after anther dehiscence and the freshly collected
pollens were dusted to a drop of the solution in cavity
slides and allowed to rest as hanging drops. A humid
enviranment was provided for the germination by placing
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the slides in a desiccator containing water, Geruinated

and non-germinated pollen grnins were counted and their
tube length was measured after 24 hours, in 10 different
microscopic fields by observing under the low power of
microscope. Viability was expressed as percentage and

tube length measured in microns ( n). The test was repeated
for three times,

2. Sucrose vith agar media

From the trials using sucrose media, the nost
suitable concentrations for maximum pollen germination
and tube growth was arrived at. To these concentrations,
agar at 0.5, 1.0 and 1.9 per cent was added, Sucrose alone
in three concentrations (20, 25 and 30 per cent) and each
in combination with concentrations of agar were also
tried. Pollen germination and tube growth was assessed
by hanging drop technigue.

3. Suerose-ggar~boric acid media

From the previous studies, the suitable concen-
trations of sucrose-agar media were fixed (20, 25 and 30
per cent sucrose with one per cent agar)., Sucrose-agar
in the above concentrations and each in combination with
three different concentrations of boric acid viz., 50,

100 and 150 ppm were prepared. The per cent viability
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of pollen in the above media was studied by hanging
drop technique.

To determine the optimum time required for
pollen germination and tube growth, observations were made
after 1, 2, 4, 6, 8 and 24 hours from dusting. The
experiment was repeated thrice.

2.4.,2 Pollen germination studies of different
types/varieties/species

From the stuiies as detailed above, the best
medium for pollen germination stuiies was fixed (20 per cent
sucrose + 1 per cent agar + 100 ppm boric acid)., Tais
medium wvas used for further detailed studies on pollen
germinstion and tube growth in 35 types/varieties of
Hibigous roga-sipeppis L. ard in H, putaoilis L. and

He gchigopetalous Hook, In all cases stulies were repeated
thrice.

The lengtn of pollen tubes of ten grains selected
at random from each slide was measured and mean tube
growth was found out. As a numoer of pollen tubes emerged
from a single grain, measurement were made only of the
longest tubes. Three such measurements were made for

each type and the data were statistically analysed.
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2,5 Pollen storage

Five types/varieties viz., Acc.2, Acc.11,

Acc.18, Acc.22 and Acc.26 of shoeflower were selected

for the study. Flowers with dehlsced anthers and fresh

pollen grains as the case was used for pollen storage

studies.

The different methods and conditions adopted

are det~iled below,

1.
2.
3.
L,

£
PR

6.
7
8.
9
10.

Flowers at room temperature (21)

Flowers at 4°C in refrigerator (Ta)

Flowers over calcium chloride at room temperature (23)
Flowers over calcium chloride at 4°C (T,)

Pollen at room teaperature (T5)

Pollen at 4°C in refrigerator (Tg)

Pollen over calcium chloride at room temperature (17)
Pollen over calcium chloride at 49 (Tg)

Pollen in petroleum ether at 4°C in refrigerator (Tg)
Pollen in acetone at 4%C in refrigerator (210)

Pollen grains caollected under cdifierent storage

conditions were incubated in sucrose-agar-~boric acid

medium (20% + 14 + 100 ppm) and germination percentage

were recorded at 12 hours interval upto 96 hours,
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3. Compatibility studies

Seven types/varleties of [iDisqus rosa-sinensis L.
(Acce2, 5, 11, 16, 1€, 22 and 26) and two other species

namely j. igutadilis L. and d, sghigopetalus Hook. were
selected for the study.

3.1 Self compatibility

The above seven types/varieties of i, rosa-sibenais:
s putabilis and i, gehigooetalus were selfed,

3.2 Cross coumpatinility
3.2.1. Intraspecific crosses

The following were the female and male parents used.

£eusnle parent Hale parent
Acc, 2 Acc. 2
Acc. § Acc, 11
Acc, 11 Acc., 18
AcG. 16 Acc, 22
Acc.18 Aoc. 26
Asc, 22

ACC,. 26
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grogs combingtions
2x 11 5 x 2 11Mx 2 16x 2 18x 2 2x 2 26x 2
2x18 s x 1 1M x18 16x11 18x11 22x 11 26x M1
2 x 22 5x 18 11 x 22 16 x 18 18 x 22 22 x 18 26 x 18
2x 26 5 x 22 1M x26 16x22 18 x 26 22x 26 26 x 22
5 x 26 16 x 26
3.2.2 Interspecific crosses
Three types/varieties of Hibiscus rosa-sinensis

(Acc. 2, 18 and 26) and two other species viz., H, mutspilis
(H.M.) and H, sghigopetalus (H.S.) were used for croasing.

gross combinationsg

2 x H.M. 18 x H.M. 26 x H.M, HeM. x 2 HeBe x 2

2 x H.8. 18 x H.8, 26 x H.S. H.M. x 18 H.S. x 18
H.M. x 26 H.S, x 26
H.M. x H.S, H.8, x H.M

3.2.3 Techniques of crossing and selfing

Mature bwuis of the female parent were emasculated
on the evening prior to the expected date of flower opening.
Emasculationh was done by first removing the corolla by passing
a knife without injuring the androecium and the style. The
anther lobes werc carefully soraped out leaving the pistil
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with its stigma intact. The emasculated flowers were

then bagged till the next morning. Pollen from the baggzed
flower of the desired parents, soon after dehiscence were
brought along with the staminal colummn and slowly sueared
on the stigmatic surface of the female parents., After
pollination, the flowers were bagzed and properly labelled.
Swelling of the ovary was perceptible within 48 hours of
pollination. The bags were removed after a week of polli-
nation and young capsules were allowed to develop under

natural conditions,

For selfing, the same procedure was followed.

Pollen from the bagied flowers of the same plant wgs used.

Capsule development in each of the pollinated
flowers was observed on the 5tn day and 15th day after
pollination., Wherever capsules were retained after 15 days
they were observed till maturity.

For assessing the cross and self compatibility
the capsules were harvested at full maturity, just in
advance of dehiscence and the hybrid seeds were freshly
sown in pots conteining the potting mixture 111:1 (Soils
sand scowdung).

The following observations were made.
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(1) Rumber o crosses made and percentage of fruit set
at Sth, 15th days and at maturity.

Percentage of success = Number of fruit set x 100 (&)

Number of erosses made

(11) Deys to maturity

(111) Number of seeds/fruit (capsule) (B)
(iv) Days to germination

(v) Percentage of germination of the seeds.

Seeds zeruinated x 100 ()
Number of seeds sown

(vi) Percentzage of survival of the germinated seedlings (D)

Seedlings survived x 100
Number of seedlings germinated

3.3 Crossability index

For successful orosses ,a crossability index was
used to measure the crossing affinity between each pair of
parents, Crossability index was calculated as suggested

by Rao y 1 979.

Crossing efficiency of the cross x 100
S8elfing efficiency of female parent
A" x 8% z ¢c® x 0% x 100
T T T

Crossability index =
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= crossed

= gelfed

Percentage of fruit set

=  Average number of seeds per fruit
= Percentage germination of the seeds

UOUJ?-‘%
#

= Percentage survival of the germinated seedlings

8tatisticsl anzlysis

The data collected on different aspects were
tabulated and analysed statistically. Transformations
were done wherever needed and the data analysed by the
anelysis of variance technigue. 8ignificant results wvere
compared after finding out the criticel difference,



}ééjultﬁ
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RESULTS

Results of the investigation on pollen morpho-
logy, pollen production, fertility and compatibility

studies in Hibiscus rosa-sinenais L. and two other
species viz., H, gutabilis L. end H. gohigopetalus Hook.

are presented below.
1.1 Morphological description

Morphological description of thirtyfour types/

varieties of H. rosa-sinengis (H.R.); sed H. putabilis
(H.M.) and H, gehigopetalus (H.S.) are presented in
Table 1. Photographs of all the types/varieties/species
are presented in plates I, II, III, IV and V,

The petals of the local types were generally of
single shade whereas most of the hybrids passessed
different shades on the petals. The leaf shape varied
widely between types/varieties/species ranging from
deeply lobed to round or cordate ones. Generally the
local types had ovate, serrate leaves, while the Hawaiian
varieties and some hybrids had thick cordate-ovate
ocrinkled leaves with almost entire or serrulate margin.
The numerical arrangement of the floral parts viz.,
the number of epicalyx (5 to 9), number of lobes of calyx



Plate I - V.

1.

II.

Types/varieties/species of Hibiscug

1.

Acc.,

7

2. Acc. 19
3. Acc. 13

1.
2.
3.

Acc,
Acc.
Acc,
Acc,

17 (Narthaki)

28

16 (Nazneen )

27 (B€Nazeer)

Y, Acc., 14
5. Acc. 10
6. Acc. 22

5. Acc. 23

6. Acc. & (Shanti)

7. Acc.32 (Yellow star)
8. Acc. 24






Plate

Y.

1.

Hibiscus am tabills

2. Hibiscus

3. Acc.30 (Sot.Indira Gandhi)

T w N -

Acc.
AQc.
Acc.
Acc.

12
15
21 (Tribal Queen)

18 (Hawaiian yellow)

6.

5.

5.
6.
7.
8.

9.

Acc.31 (Thilakam)
Acc.20 (Chitialekha)
Acc.29

Acc.33
Acc.11
Acc. 2
acc.26

Acc. 1 (Quarrel star ?)






Plate V.

1. Abc. 5 Aec. 9
2. Acc. 3 6* Acc.25
3. Acc. 6 7+ Acce3”

5. Acc. 8






56

(2 to 7), pedicel length, flower size, length of

staminal column, number of anthers per flower (4 to 140)
and length of style varied between species, varieties

and types. Flowers of the Hawaiian verieties and

hybrids in general were of large sigze., Double flowers
had extremely short styles vwhile the singles possessed
long styles. The number of anthers were less in double
flowers compared to singles. The hybrids had usually
large sized anthers compared to local types. All the
singles had monadelphous staminal column whereas in
doubles, multiadelphous condition was observed. The staminal
tube was seen dissected into two or .ore groups, each

withi varying numbers of anthers. The central group vas
more thicker and possessed more number of anthers compared
to thinner tubes bearing lesser number of anthers in

the laterals. In some types of doubles,the central
monadelphous tube branched and the petals just surrounding
the staminal tube got fused at the basal region of the
tube, In most of the double flowers,pstalody of the
staminal column extended to the ovary. In Acc.3 alone
pistil vas rudimentary and in Acc. 3 stamens were absent.

1.1.1 Flower production

Data on the monthly flower production of the
types/verieties/species are presented in Table 2.



Table 2.

Flower production in different types/varieties/species of Hibiscus

S1. 31??34193/ 2= e Total
No. species June July Aug. Sept. Oct. Nov, Dec. Jan. Feb. March April May

1 Acec. 1 390 383 383 323 720 233 248 638 820 700 480 143 5461
2 Acc, 22 225 375 458 285 405 180 203 480 690 578 578 323 4780
3 Ace. 1 210 210 368 465 W65 210 173 360 398 188 218 13  }08
%  Acec. 19 105 165 203 319 210 %3 315 623 570 383 180 68 3280
5 Acc. 13 263 398 353 75 165 3 75 323 315 278 113 53 2554
6 Acc. 26 53 98 225 263 13 3 173 300 285 180 25 105 2223
7 Acc. 7 128 150 28 338 173 173 120 255 128 13 128 83 2037
8 Acc. 25 38 ™3 278 308 210 158 203 98 240 113 113 23 1925
9 Acc., 2 105 128 233 150 195 W3 165 180 150 60 83 53 1645
10  Acc. 33 90 150 225 188 195 173 90 13 240 38 23 23 1548
11  Ace. 6 k495 180 293 38 60 60 98 75 98 23 15 23 1558
12 Acc. 31 15 38 180 255 173 98 120 135 180 105 90 8 1397
13  Acc. 11 23 113 113 173 180 105 135 169 m3 38 38 23 1249
%  H.M. 0 0 120 323 128 233 173 53 60 0 o 0 1090
15  Ace. 9 90 83 128 233 240 38 23 45 90 23 23 23 1039
16  Acc. 18 75 113 98 83 L5 68 53 75 165 195 38 30 1038
17 Acc. 5 79 98 108 135 WS 130 93 83 68 30 15 25 10095
18  Ace. 32 23 60 m3 165 60 83 113 83 120 68 30 15 963
19 Acc. 3 113 218 165 98 153 L5 30 30 23 15 30 8 925
20 Acc. 28 15 53 128 173 83 53 38 45 105 98 60 30 881

(Contd. )

LS



Table 2. (Contd.)

1982 1983
s1. (T Peliess Total
® species June July Aug. Sept. Oct. Nov., Dec. Jan., Feb, March April Mgy
21 Acc. 12 0 15 0 0 15 60 L5 105 270 150 150 30 80
22  Acc. 29 L5 83 105 L5 68 L5 98 90 68 L5 38 15 A5
23  Acc. ¥ 60 38 165 165 60 53 8 38 15 23 68 23 716
24 H.S. 30 53 13 15C 90 60 75 53 23 12 8 0 697
25 Acc. 23 23 53 83 68 90 hs 23 98 60 30 kg 15 633
26  aec. 10 133 105 158 23 58 15 8 10 30 10 0 0 550
27 Aec. 8 23 15 98 60 53 38 38 L5 38 15 8 15 W46
28  Aec. 21 23 38 45 30 30 15 8 23 30 23 23 8 296
29 Aec. 15 8 23 15 0 0 8 38 30 53 30 8 0 213
30 Aec. 27 8 8 0 23 30 15 15 0 30 30 23 15 197
31 Aec. 20 8 15 0 23 53 8 23 8 15 8 8 15 184
32  Aec. 16 23 38 38 8 15 15 15 0 8 0 e 0 160
33  Aec. 30 0 8 15 15 8 15 30 23 8 8 15 8 153
M Ace. 17 0 0 0 8 L5 23 23 0 8 0 15 15 137
35 4Acc. W 0 23 8 15 195 23 g 8 15 0 0 15 130
36 Acc. M 0 0 15 8 15 8 8 23 8 15 4] 0 100

8§



Majority of the types/varieties of H.,R., blocmed
throughout the year. Among the two specles, H.S. and
1eMey the former flowered throughout the year except
during May, while latter flowersd only from August to
February. It was observed that generally for all types/
varieties/species August to Jctober was the peak period
of flowering followed by January to March while April-May
vas the leanh period. Moderate flowering was noticed
during June-July and November-Degember. Acc.1+ showed
the maximum flower production during the year followed
by Aec.22 and the minimum was noticed in Acc.2+, Sixteen
types/varieties of .R, and one species H.M. produced
more than 1000 flowers per year.

1.2 Anthesis and anther dehiscence

Fesults of the studies on anthesis are presented
in Table 3. In all the types/varietiss or species
flover opening took place during the early morning hours,
Majority of them opened between 5 to 6 am while Acc.1Q
and H,M, opened between 4 to 5 am. 1In Acec.2, 5, 6, 7,
13 and 27, flower opening took place between 6 to 7 am.
But in most of the hybrids like Acc.W, 18, 20, 21, 23,
2+, 28, 30 and 31 flower opening took place between 7 am
and 8,30 am., There was little seasonal variation in this
between types/varieties or species,



Table 3. Flower opening, anther dehiscence and corolla retention in different
types/varieties/species of Hioiscusg

81. sm:{tes ; Time of flower Time of anther Time tnken by the Time taken by the
No, species opening dehiscznce corollz to fold up coralla to fall
(hrs. ) dow®  (nrs)
1 Acc. 1 5.00 « 6,00 am 7.00 - 8.00 am 13 - 17 12 - 36
2 Ace. 2 6.30 - 7,00 am 6.30 - 7.30 am 15 - 18 2 - 36
3 Acc, 3 5.00 - 7.00 am 6.30 - 7.30 am 16 - 20 2 - L8
4 Acc. & 7.00 = 8.00 am 8.00 - 9.00 anm 20 - 28 36 - 60
5 Acc. 5 6.00 - 7.30 am 8.30 - 9.30 am 18 - 23 48 - 72
6 Ace. 6 700 = 7.30 am 7.00 -« 7.30 am m - 16 12 - ¥
7 Acc. 7 7.00 - 7.30 am 3.00 - 5.00 pm 16 - 19 36 - 60
8 acc. 8 5.00 = 6,00 am 6.00 - 7.30 am 13 - 15 3% - 48
9 Acc. 9 5.00 - 6,00 am 7.00 - 8.00 am 18 - 20 12 - 3
10 Acc. 10 4,00 - 4,30 am 9.30 -« 10.30 pm % - 19 48 - 60
1 Acc. 11 5.00 = 5.30 am 6.00 = 7.00 am 12 - 16 2 - 36
12 Acc. 12 5.00 =« 5.30 am 10.00 - 1.00 pm 13 -19 & - 48
13 Acc. 13 7.00 - 7.30 am 2.00 - 5.00 pm 16 - 20 36 - k8
1 Acc. 5.00 - 6,00 am 9.00 - 1.00 pm 15 - 17 A - 36
15 Acc. 15 5.00 = 6.00 am 7.00 - 8.00 am 13- 15 48 - 72
16 Acc. 16 5.00 - 6.00 am 10.00 - 10.30 am 15 - 18 36 - 60
17 Acc. 17 5.00 = 5.30 am 9.30 = 10.30 am 16 - 19 36 - 60
18 Acc. 18 8.00 - 8.30 am 8.30 - 9.30 am 13 - 16 24 - W8
(Contd.)



Table 3. (Contd.)

Time taken by Time taken by
Bl histies/ apentng dehiscence " fhe corollato  tns coralln to
°  specles (hrs) (brs)
19 Acc, 19 5.00 = 6,00 am 7.30 - 8.00 an % - 16 2+ - 48
20 Acc. 20 8.00 -~ 8,30 anm 8,30 - 9.30 ax 13 - 16 A - 48
21 Acc. 21 730 - 8.30 am 9.00 - 9, 30 am 11 - 15 & - 48
22 Acc, 22 5.00 = 5,3C am 5.00 « 6.30 an 13 - 18 2 - 4§
23 Acc. 23 7.00 - 8.00 am 8.00 - 10.00 am 12 - 13 2 - 36
2 Acc, 24 8.00 - 8.3C am 9.00 - 10,00 ax 13 - 16 12 - 24
25 Acc. 25 6.00 - 6,30 am 7.30 = 8.30 am W - 17 2 - 3
26 Aec. 26 5.00 - 6,00 am 6.30 - 8,30 an 15 - 21 A - 48
27 Acc. 27 6.30 - 7.30 am 8.00 - 8.30 an 15 - 20 36 - 60
28 Acc. 28 7.00 - 7.30 an 8,00 = $.00 am 13 - 16 . 12 - 36
29 Acc. 29 5.00 = 6,00 am 6.0 - 7.00 am 16 - 18 2 - 48
30 Acc, 30 7.30 - 8,00 am 8.30 - 9.30 am WM -~ 20 2 - 48
31 Acc. 31 7.00 « 8,00 am 8.00 - 9. 00 am 12 - 17 12 - 2
32 Acc. 32 5.00 - 6,00 am 7.30 = 8,30 am % - 18 36 « 48
33  Acc. 33 5.00 - 5.30 am 7.00 - 8.00 am 13- 15 A - 48
k 5 Acc, R 5.00 = .6.00 &M - 26 - 36 60 - 72
35 H.M. 4,00 - 5,30 am 5.30 = 6,30 an 12 - 15 A - 36
36 4.8, 5.00 - 6.00 am 7.30 - 8.00 am 16 - 20 12 - 24

9
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Table 3 represents the data on anther
dehiscence. The result indicated that the anther
dehiscence took place during the morning hours. In
most of the types/varieties/species, anther dehiscence
commenced soonafter the flower opening while in Aec.10,
cleistogamy was observed i.,e., the anther deniscence
took place before flower opening., In Acc.12 and Ace. il
anther dehiscence took place between 8,30 am to 1 pm
and in Acc.7 end 13 4t was between 2 to 5 pm. There
was not much seasonal variation for anther dehiscence
in most of the types/varietles/species, Anther
dehiscence was generglly earlisr during winter and
sumper than on rainy periods, In Acc.16 and 21,stru-
ctural sterility was notieed in sumser i.e¢. anther
dehiiscence did not take place at that tiuwe.

Hibiscug flowver lasted for a day, usually folding
an hour or so after sundown. During cool months,
they lasted for more time., Flowers of all the types/
varieties/species folded between 12 to 18 hours after
flower opening excapt:)R.S. (16 to 20 hours), Acc.k
(20 to 28 hrs) and Ace. ¥ (26 to 30 hrs). Generally
the double petalled ones and the hybrid flowers lasted
longer than others,



The retentivity of the corolla was different
in different types/varieties/species (Table 3). In
most of the types/varieties/species, the corolla fell
down within 24 to 48 hours after flower opening.
However, Acc.k, 7, 10, 16, 17 and 27 lasted upto 60
hours whereas, Agc. 5, 15 and 3 lasted upto 72 hours,

2. Pollen studies
2.1, Pollen morphology

Pollen grains appeared as powdery mass to the
naked eye and their colour varied from white in the
case of Acc.10 to oreamy~white in Acc.11, 26, 27 and
Hibigeus mtabjlis and yellow in all the remaining ones
(Plate VI). The outer surface of the yellow pollen
grains was found to be surrounded by a yellow substance

under low power of a compound microscope. The amount
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of these substance v-ried with the types/varieties/species

wihich resulted in varying shades of ysllow.
2.1.1, Pollen shape

The pollen grains of different types/varieties/
species were found to have more or less similar shape
(Plate VII). Pollen grains were pantoporate, spheroidal
and spinose. Along with normal pollen grains, abnormal
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grains such as elongated ones and pollinoid bodies
(antheridial bodies resembling the pollen graing) were

also ¢observed,

2.1.2 Pollen size

There was significant intervarietal variation
for pollen size among the different types/varieties/
species (Table k), 8ize of the pollen grains varied
from 198.58 - u in Acc.25 to 125.91 P in 4cc.29, The
mean size was 160.67 u. Acc, numbers 25, 30, 11, 6,
20, 18, 21, 32, 2, 24, &, 26, 5, 13 and 17 recorded a
higher size than the mean, while the pollens of the
remaining types/vorieties/species were smaller, The
pollen size was found to diffey not only between types/
varieties but also within them, Variation in size vas
found also between normal and abnormal grains and within
the rnormal grains.

2.2 Pollen production

Table 4 gives an aecount of the results of the
estimation of pollen produection in thirtyfive types/
varieties/species. The data when statistically analysed
shoved significunt difference in pollen output among
the types/varieties/species, The highest number of
pollen per anther was recorded in H. mutabilis (500)



Table k.

Pollen size, production and fertility in different types/varieties/species

of Hiblscug

Pollern size Pollen production Pollen fertility
szgggéies/ ggagogizgeter 3z¥igéies/ ﬁzfieguﬁ?ﬁingi sggzzéies/ ?gingfgge
species (p) species anther specles
Ace. 254 198.58 HeM. 500 H.M. 97.+ (80.76)
Acc. 30 186.24 Acc. 27 482 Acc.20 96.1 (78.58)
Acc. 11 174 .20 Acc. 10 437 Acc. 1 M.2 (76.00)
Acc. 6 173.56 Acc. 33 375 Acc.10 91.2 (72.72)
Ace. 20 173.56 Acc. 6 362 Acc .22 89.6 (71.16)
Acc. 18 172.89 Acc. 32 357 Acc.28 88.5 (70.15)
Acc. 21 171.36 Acc. 23 350 Acc.29 88.2 (69.9%)
Acc. 32 171.19 Aec. 2 5 Acc. 11 87.6 (69.36)
Acc. 2 170.52 Acc, 22 M5 H.S. 87.5 (69.26)
Acc, 24 170.18 Acc. 26 332 Acc.23 87.0 (68.87)
Acc. W 166.63 H.S. 320 Acc. 6 86.7 (68.64)
Acc. 26 165.62 Acc. 24 312 Acc. 2 86.4 (68, 3)
Acc. 5 164,61 Acc. 20 295 Acc.27 82.6 (65.3M)
Acc, 13 163.59 Acc. 18 287 Acc.26 82.6 (65.32)
Acce 17 163.08 Acc. 28 287 Acc.15 82.3 (65.12)
Acc. 27 160.58 Acc. 29 282 Acc.33 779 (61.96)
H.S. 159.95 Acc, 1 275 Acc.32 77.7 (61.85)
Acc. 8 159.87 Acc. 3 275 Acc. 3 76.5 (61.03)
Aec. 23 159.03 Acc. 15 275 Acc.18 4% (59.62)
Acc. 12 158.69 Acc. 25 270 Acc.2l 67.5 (55.26)
Acc. 19 158.69 Acc. 31 270 Acc. 8 66.8 (54+.83)

{(Comta_ )

G9




Table 4, (Contd.)

Pollen size Pollen production Pallen fexrtility

Types/ Mean diameter Types/ Mean number of Types/ Percentage
varieties/ of pollen varieties/ pollen grains/ varieties/ fertility
species (p) species anther species

Acc. 28 158.52 Ace. 30 257 Acc. § 65.7 (5%4.17)
Acc. 10 157.75 Acc. 19 2hs ACC.25 62.6 (H2.31)
Acc, 9 157.50 Acc. 8 27 Acc. 30 60.0 (50.79)
Acc. 1 157.00 Acc. W 212 Acc.19 59.9 (50.69)
Acc. 3 156.66 Acc., 200 Acc. & 58.9 (50.11)
Ace. 155.98 Acc. 17 182 Acc.31 58.9 (50.10)
H.M. 155.48 Acc. 9 170 Acc. 9 37.8 (37.93)
Acc. 33 153.28 Ace. 12 150 Acc.17 27.%  (31.59)
Acc. 22 146,02 Acce 5 10> Acc.16 17.2 (24.52)
Acc. 31 1.20 Acc. 7 L3 Acc.13 .8 (22.62)
Acc. 16 139.76 Aec. 13 132 Acc. 14 1.9 (20.1h)
Aec. 7 139.28 Acc. 11 107 Acc.12 7.8 (16.2%)
Acec. 15 13642 Acc. 21 95 Acc.21 5.8 (13.9%)
Acc. 29 125.91 Acc. 16 87 Acc. 7 k.6 (12.43)

Mean 160 .67 Mean 268.46 - -
c.D. 0.16 Celle 0.17 c.l. L,66

Note:t The data are presented in the deascending order.
Values in parentheses denote the means of the transformed data

99
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and the lowest in Acc.16 (87). The average number

of pollen per anther worked ocut to 268. From the table
it wvas found that H.M., H.S8. and 19 types/varieties

of H.R., produced higher number of pollen graing than
the mean while the remaining ones had a lesgser pollen
production.

2.3 Pollen fertility

The data presented in Table I gives the results
of pollen fertility studies by acetocarmine staining
technique. [. mutabllig and Acc.20 showed significantly
higher percentage of fertility compared to all other
types/varieties/species, The minimum pollen fertility
wvas observed in Acc.7. The pollen fertility between
types/varieties/species varied from 4,6 per cent in Ace.?
to 97.4 per cent in H.M.

2.%, Pollen germination
2.4,1.5tandardisation of the culture medium

Results of the studies on the standardisation
of medium for An vitro culture of pollen grains are
presented in Table 5.
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2.4.1.1. Sucrose solution alone

Table 5 a gives the result of the pollen germi-
nation and tube growth in different concentrations of
sucrose, The germination percentage varied depending
upon the sucrose concentration in the medium, Of the
13 sucrose concentrations tried, 20 per cent sucrose
gave the highest percentage of germinatior (47.5) followed
by 25, 30, 35, 40, 45, 15, 50 and 10 per cent. There
was no siznificant difference between 20 and 25 per cent
sucrose on pollen germination., It was also found that
in congentrations below 5 per cent and above 55 per cent
the pollen grains failed to germinate.

Maximum tube growth of pollen was observed in
20 per cent sucrose (137.33 P) followed by 25 and 30
per cent which produced a tube growth of 131.5 p and
124,97 J respectively. There was no significant
difference between these concentrations of sucrose on
pollen tube elongation., DBetween the treatments 30 and
35 per cent, 40 and 45 per cent, 45 and 15 per cent,
and 50 and 10 per cent, there was no difference,

In sucrose solutions of concentrations from
20 to 30 per cent, both percentage of germination and
rate of tube elongation were found to be highest (Fig.1).



Table 5.
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Standardisation of media

a) Germination and tube elongation of
pollen grains in sucrose medium.

Mean pollen tube

3336331' l“::"::l.nwlm:m growth ( p)
soln. % ?7‘)
0 0
5 0 0
10 6.7 (1+,98) W63
15 13.2 (21.32) 67.29
20 k7.5 (#3.55) 137.33
25 45,8 (#2.60) 131.50
30 .3 (35.86) 124,97
35 29.6 (32.9%) 112,96
k0 25.5 (30.33) 87.89
k5 20.9 (27.17) 78.97
50 10.4 (18.81) 52.19
55 0 -
60 0 -
C.D. 2.85 12,54

Values in parentheses denote the means of the
transformed data.



Fig 1 - EFFECT OF SUCROSE ON POLLEN GERMINATION AND

TUBE GROWTH
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Concentrations higher than 30 per cent were found to
have retarding effect both on germination and tube
growth, From these studies, three concentrations of
sucrose solutions vis, 20, 25, and 30 per cent were

found to be the best.
2,4,1.,2. Sucrose with agar

Results of pollen germination and tube growth
in different sucrose and agar cancentrations are given
in Table 5b. Among the three concentrations tried, 20
per cent sucrose solution gave the maximum jermination

of pollen graina.

Agar cancentration of the medium also influenced
the germinaticn percentage and tube elongzation. A
concentration of one per cent agar was found to be signi-
ficantly superior to other concentrations for pollen
germination as well as for pollen tube growth. Agar
concentrations 1.5 per cent and 0.5 per cent were stati-
stically on par, and gave lower germination when compared
to one per cent. The control (0% agar) recorded lowest
germination percentage. From the results,it was found
that 20 per cent sucrose and one per cent agar was the
best medium for pollen germination and for pollen tube
growth,



Table 5 b

Germination and tube elongation in sucrose-agar

medium,
Treatments Mean Mean tube
germination growth
Suerose Agar (%) (r)
cone, % cone.%
20 0.0 47,5 (#3.55) 137.33
0.9 78.3 (62.20) 490,62
1.0 80.5 (63.80) 504,36
1.5 79.0 (62.71) 382,47
25 0.0 k5.8 (42.60) 131.49
0.5 73.6 (59.11) 334.06
1.0 P64 (60.92) 351.92
1.5 A0 (59.31) 315.18
30 0.0 .3 (35.86) 124,97
0.5 62.6 (52.27) 250.63
1.0 65.2 (53.87) 259.22
1.5 60.8 (51.25) 238.27
C.D. 2.61 35.38

Values in parentheses denote the means of the

transformed data,
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2.4,1.3. Sucrose in combination with agar and boric acid

Table 5¢ represents the result of the pollen
germination and tube growth in different sucrcse-agare

boric acid media.

Addition of boric acid to sucrose~agar media
increased the percentage germination and tube elongation.
Among the four doses of boric acid tried, 100 ppm was
found to be significantly superior than the rest, Concen~
trations above this resulted in bursting of pollen grains
besides reducing the pollen germination, In the absence
of boric acid in sucrose-agar media, there was significant
reduction in pollen tube growth,

From the results it was found that a medium con-
sisting of 20 per cent sucrose, one per cent agar and
100 ppm boric acid was the bdest for pollen germination
(33+8%) and tube growth (962,48 P). The lowest germi-
nation (50.5%) was in the media containing 30 per cent
suerose with one per cent agar and 150 ppm boric acid
wille the lowest pollen tube growth was noticed in 30
per cent sucrose with one per cent agar and without boric
acid.

Observstions on the germination of pollen grains
in the best medium showed that the pollen graing commenced



Table 5 C,

Germination and tube elongaticn in sucrose-agar
boric acid medium,

Mean tube
Treatments H.::ination gfowt?
Sucrose with Boric acid %) i

1€ agar cone,
(%) (ppm)

20 0 80.5 (63.80) S0, 36

50 81.8 (64.78) 819.91

100 83.8 (65.69) 962.48

150 69.2 (56.27) 642,89

25 0 76.4  (60.92) 351.92

50 78  (62.33) 730. ]

100 80.2 (63.55) 823.09

150 55.8 (48.31) 558,62

30 0 65.2 (53.87) 259.22

50 72.0 (58.02) 555.97

100 4.0 (59.35) 607,88

150 50.5 (45.30) 436,19

C.Do 1088 63.05

Values in parentheses denote the weans of
transformed data.



Table 6. Incubation period for pollen germination

and tube elongation in suorose-agareboric

acid media.
Hour P Me en
polien” goraination tabe fenstn
planting (p)
1 68,6 (55.9%) 447,32
2 4.8 (59.89) 668.33
N 81.8 (64.77) 8tk , O%
6 82.8 (85.53) 904,18
8 83.0 (65.69) 960,83
2 83.0 (65.69) 962.48
c.o. 2. 44 80.12

Note: Values in parentheses denote the means

of the transfomed data
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germination within 30 minutes of dusting at room
temperature in a humid chamber. The data presented in
Table 6 showed that the rate of germination and tube
elongation was hishest during the first hour, which
progressively decreased till eight hours, after which
there was no further germination or tube elongation.
The germination percentage although reached a maximum
in eight hours after planting, there was no significant
difference betwsen 8 hours and % hours.
2.4.2. Pollen germination in different types/varieties/
species
Results of the studies on pollen germination
and tube growth of 33 types/varieties of H. rosa-sinensis
and two other species namely H. mutabilis and
H. gchigopetalus are presented in Table 7.

Variations in pollen germination were significant
between types/varieties/species, Pollen zrains of Acc,11
gave the highest percentage of germination (8%5,8%)
followed by H.M., Acc.2, 26, 27 and 22 which were on par,
The percentage germination was below 20 per cent in four
types. In Acc.3, 7, 9, 12, 13, 1, 16, 17, 19, 21, 28
and 31, the pollen grains falled to germinate.



Table 7, Pollen germination and tube elongation of different

types/varieties/species of Hibiscus.

Pollen germination Pallen tube growth

transformed data,

Types/ Mean per cent of Types/ Mean tube

varieties/ gemmination varieties/ length

species species ( p)
Acc. 11 85.8 (67.86) Acc, 2 962,48
H.M, 8.5 (66.80) Aec. 11 961,42
Acc., 2 83.0 (65.69) H.M. 0,22
Acc, 26 81.5 (64,56) Acc, 22 892,52
Acc. 27 7906 (63017) Acc .26 862-3*
Ace, 22 79.3 (62.92) Acc, 25 73+.58
K.S, 7"‘.6 (5907"’) ACC .27 718.15
Aec.15 72.9 (58.63) H.8. 645,01
Agsc. 33 71.3 (57059) Agc .18 621.16
Acc. 18 68.1 (55.63) Aec, 32 609, 38
Acc, 5 63.6 (52,88) Acc. 30 589.89
Acc. 8 61.2 (51.47) Acc, b 576.11
acc, 32 59.1 (50.21) Acc, B Sty , Bt
Acc, W 515 (45.65) Agc, 33 5%1.66
ACcC, 25 lfb.3 (h2-87) Acc, 5 535030
Acc. 30 W,2 (41.66) Ace.15 520.99
Aec, 37.6  (37.84) Acc.23 443,61
Acc. 1 37.5 (37.75) Agc, 1 4+35.13
Acc. 23 28.1 (32.03) Acc.29 427,148
Acc., 10 18.3 (25.3) Acc, 2l 395.91
Acc. 29 15.7 (23.35) Aec,.20 299,45
Acc, 20 13.8 (21.77) Aec,10 25%%,93
Acc. 6 2.9 ( 8.98) Acc, 6 .8
CoD. 5.23 109.05
Note: Values in parentheses denote the means of
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The germinating pollen grains in a majority
were polysiphonous (Plate VIII and IX). The number of
pollen tubes varied from £ to 1 in the different types/
varieties/species, In some oases incividual pollen
tubes were found to be branched, It was further noticed
that all the tubes except one stopped elongation. The
pollen tubes usually were long and straight except for
few terminal or intermediary enlargements called vesicles,
wvhere the cytoplasm was dense (Plate X). Formation of
callose plugs was also observed which nearly or completely
blocked the passage for cytoplasm (Plate XI).

Pollen tube length was found to vary among the
different types/varieties studied. Greatest tube length
was observed in Acc.2 (962,48 '.\) followed by Acc.11,
HeM., Acc.22 and 26 which were on par., The least tube
length was observed in Acc.6 (84,80 P) which was signi-
ficantly inferior to all others,

2.5 Pollen storage

Results of the investigation conducted on storage
capacity of pollen grains of the five types/varieties

of Hibjsgus rosa-sinepgis under different conditions
recorded at 12 hours intervals are presented in Table 8a



Plate VIII & IX

Pollen grains germinated in sucrose-agar-boric
acid medium (X (0c0O )






Germinated pollen grains showing vesicles
and caliose plugs (X HO )
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and 8b, The tables have been arranged in the order
of the storage life of pollen grains.

The results indicated that the storage life
of pollen grains was significantly influcnced by the
different methods of storage tried, In all the methods,
the storage life as indicated by pollen germinaticn
rapidly decreased reaching the miniuws within 48 to 96
hours, 3torage of flowers with anther column intact at
4% in a desiccator over caleium chloride (T, ) gave
sigznificantly superior storage life of pollen. Pollen
grains stored under the above method gave 64,7 per cent
of germination at 12 hours of storage and lost their
viability after 8+ hours of storage., The next best
storage methods were keeping the flowers at 4°C in
refrigerator (22), storage of flower over calcium chloride
at room temperature (23) and storage of pollen over
calcium chloride at 4°C (Tg). When either flowers or
pollen were stored at room temperature ('1‘1 and Tg),
the polien grains lost their viability within 48 hours.
Storage of pollen in organie solvents, namely petroleun
ether anc acetone resulted in instantaneous loss of
viability.

The results thus indicated the following.

1) Storage under low temperature increased the
storage life and resulted in higher percentage of



Table Ba. REffect of storage conditions in pollen longevity

Percentage of pollen germination

Treatments Hours after collection

12 2 36 L8 60 72 &

1. Flowers over cslcium
chloride at 4oC (Q,) 6,70 %8.6 3046 20.3 11.8% L,

35 0.58
(53.55) (W+.18) (33.59) (26.76) (20.13) (12.05) (4.37)

2. Flowers at 4% (1) 53 B1d 2141 11.5 0.62 0
(46.89) (40.03) (27.36) (19.80) (10-35) (+.52)
3. Flovers over CaCl, (T,) 51.8  39.9  18.9 9.k 2.15 0.13 ©
at 1'00; %emperatu?o 3 (46.01) (39.20) (25.79) (17.86) (8.46) (2. 10)
k., Poll r CaCl 7.8 38.5 21.0 11.0 1.2 0.08
atwie T 2y @hisn B3 2 AN 6l (iew)
5. Pollen at 4°C (Tg) 10.65  30.7  11.2 3.7 0.11 0

(39.61) (33.65) (19.51) (11.09) (1.93)
6. Pollen over CaCl2 at 8.2 28.8 8.9 2.75 0.06 0
room temperature (Tp) 738 16) (32.49) (17.38) (9.63) (1.38)
7. Flowers at room (zy) .0 20 |

. o7 h.7 0.57
temperature (35.67) (27.03) (12.57) (W. ™)
8. Pollen at room (Tg) o9 4 16.0 .85 0.0k 0
temperature (31.36) (23.59) (7 .80)  (1.13)
P etneravhbgTrS®(T) 0
10.Pollen in acetone at
aNOC (T40) 0
c.D. 1.36 1.43 2.24 1.96 1.79

Note: Values in parentheses denote the weans of the transforned data
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Table 8b. Pollen longevity in five types/varieties

Percentage germination

Types/varieties Hours after collection
T 12 2 36 48 60 72 &
Acc. 26 53.4  40.5 21.8 1.2 3.h 0.54 0.07
(M6.%) (39.52) (27.86) (19.53) (10.58) (%.20) (1.46)
Acc. 11 55,4 41.9 1%, 85 8.05 1.45 0.52 0.05
48.09) (40.32) (22.65) (16.49) (6.93) (+.13) (1.27)
Acc. 22 .3 37.2 18.3 6.7 1.2 0.12 0
(47.45) (37.56) (25.34) (14.96) (6.22) (1.96)
Aceo 2 h5.2 31.7 11 th‘ l“g"“ 0.9 0011 0
M2.27) (FMe2)  (19.70) (12.10) (5.45) (1.89)
Acc. 18 2.4 ™*.6 3.95 0.95 0.04 0
(28.52) (22.4%) (11.45) (5.99) (1.18)
E.D. 1.08 1.13 1.77 1.55 1.39
Note: Values in parentheses denote the means of transformed data.

08



germination of pollen grains throughout the period
of storage life,

2 ) Storage over calcium chloride both at room
temperature and 4°C helped to increase the storage l1ife.

3) Flowers with anther column intact were found
to be better for increasing the 1ife of pollen under

storage than pollen grains as such,

The result of the analysis shoved significant
differvnce between varieties/types with respect to the
time taken by the polien grains to loose their viability
(Table 8b). Aec.26 and 11 were found to have a signi-
fioantly higher longevity period as compared to all other
types or verieties, It was faollowed by Acc,.22 and 2.
Acc. 18 was found to have the lowest storage life.

3. Compatibility studies

HB. schigzopetslusg and all the varieties/types of
H. Iosa~-sinengis except Acc.2 failed to set fruits
naturally, while H. putabillis produced fruits in sbundance.
In Acc.2 frult set was occasional and occurred mainly
during the peak flowering season (August to OJgtober).
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3.1. Self compatibility

Results of the studies on the self compatibility
of the seven types/varieties of Hibiscus roga-sinengis
(H.F.) and then other species H. gutabilisg (H.M.) and
4. sghigzopetalus (H.S.) are presented in Table 9. More
than 75 per cent fruit set was observed in five varieties/
types of H,R. and in H.M. after 5 days of pollination.
But the percentage was reduced to 48 to 82.6 after
15 days of selfing. At maturity,H.M. gave the maximgm
percentage of capsule set (82.6%) followed by Acec.2 (62%)
and Aec.26 (60.87%). Acc.5 gave the minimun (36%).

Two types of H.E. viz., Aecc.1t and Acc.16 znd the
species H.S8, gave nc fruit set vhen selfed. Nuuber of
days teken for maturity vesried for differsnt types/
varietieg/species, The variety Acc.18 took maximun time
(38 days) while Acc.2, the least (28 days).

Mean nuuber of seeds per capsule algo differed
in different types/varieties/species. In {. putabilis,
15% to 21F geeds per capsule were found, vhereas, in
. roga~ginensis the number of geeds per capsule varied
from 1 to 20.

With respect to germination of seeds, Acc.18
shoved maximum percentage of germination (69.77%) followed



Table 9. Self compatibility in different types/varieties/species of
(Percentage of capsule set, days for maturation and seed germination)

No,of Capsule Capsule Capsule Days to Average Days to Germi- SBurvival o
8l. Genotype flowers set at set at set st maturi- No.of germi- Dnation germi-
No. pollinated 5 days 15 days maturity <ty seeds nation percen- nated
cE A e M
(a%) (55*) (c™) @)
1. Acc, 2 50 80.00 64.00 62.00 30 12.20 17 45.90 100.00
2. Acc. 5 25 76.00 48.00 36.00 31 8.50 18 65.12 96.43
3. Acc. 11 50 - - - - - - - -
b, Acc. 16 10 - - - - - - - -
5e Aec.18 13 76.92 61.5% h6.15 38 8.50 ® 69.77 96,67
6. Ace.22 21 76.19 57.1% 42,86 30 12.00 ) 56.67 97.06
7. Acc.26 23 82.61 60.87 60.87 28 10.67 12 67.92  100.00
8. H.M, 20 9G.00 82.61 82.61 31 192.50 10 3.33 100.00
9. H.8. 25 - - - - - - - -

£
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by Aec,26 and Aec.5 while H,M, showed the least (3.33%).
Acc.5 tock maximum time for germination (18 days) while
HeM. took the least (10 days). All the types/varieties/
species showed more than 95 per cent survival of germi-
nated seedlings.

3.2 Cross compatibility
3.2.1.Intraspecific crosses

Cross compatibility among the seven types/varieties
of H, rosa-sinenais was studied. Data relating to the
percentage of capsule set (after 5 deys, 15 days and at
mturity),numbar of days required for seed maturity and
number of seedsz per cspsule, number of days required for
seed germination, germination pereentrge of the hybrid
gseeds and the survival pereentage of germinated seedlings
are presented in T:ble 10,

The results of the crosses (Fig.2) showed that
wvherever Acc.11 was used as the female parent, there was
n> fruitset. This type was also self incompatible. In
crosses where Acc.16 was the maternal parent, fruit set
ranged fron 15,79 to 3£.88 per cent. In case where the
female parent was icc,5, the range of fruit set was from
16,22 to 37,84+ per cent. Acc.22 when used as the female
parent gave a fruit set ranging from 28,57 per cent to
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50 per cent. 7The percentage of fruit set varied from
38.89 to 53.19 when Acc.2 was the pistillate parent.
When Acc,.26 was the material parent, percentage of
fruit set ramged from 33.33 to 57.1k,

With respect to seed set,it was found that in
crosses where Acc.2, 5 and 26 were the maternal parent,
the seeds set per fruit was high than their respective
selfed maternal perent which ranged from 10.8 to 17.h,

8 to 13.8 and 6.5 to 13.6 seeds per capsule respectively.

In crosses where the materal parents were Acc.$8 and 22,

the mean number of seeds per fruit produced was between

5 to 8,67 and 8 to 12.5 respectively which was comparable

to the seed production in their selfed maternal parent,

The mean seed set per fruit was comparatively less

when Acc.16 was used as the pistillate parent (3.25 to 7.00).

The germination percentage of the hybrid seeds
was high in crosses where Ae¢c.2, 22 and 26 were uged
as the female parent except in crosses 22 x 18 and 26 x 18.
But it was lov in crosses where Acc.5 and 18 were used
as the maternal parent except in crosses 5 x 11 and 18 x 11,
The percentage of germination of seeds obtained from cross
combinations where Acc,16 was used as the pistillate

parent, was very low as compared to other crosses.



Table 10. Intraspecific cross compatibility between different types/varieties of
Hiblscus

Iosa-sinengly L.
2:82.fgs Capsule Capsule Capsule Days Avernge Days Germi- Survival Crosse-
si. made get gset set at to puubexr of to nation of seed- Dbility
¥o Genotype after after maturity matu- seeds/ germi- percen- 1ling index
. S days 195 days % rity fruit nation tage percen- ) 3
% % (AC‘ ) (Bc‘ ) (CC‘ ) t?gs‘ ) (C. 1.)
1 21 11 ¥ 970.60 63.82 53.19 28 16.2 13 76.5% 100.00 189,96
2 2x 18 36 72.22 59.56 38.89 27 17.4 11 56.32 97.96 107.53
3 2x 22 30 80.00 63.33 k0.00 28 12.2 12 73.77 95.56 99.09
b 2x 26 %5 76.36 65.45 50.% 28 10.8 ™ 70.37 100,00 111.51
5 5x 2 W9 75.91 38.78 20.49 27 13.8 16 62.32 100.00 91.71
6 5x 1 L 75.00 47.73  20.45 29 11.0 16 AL55 100,00 87.27
7 5x 18 33 69.70 51.52 36.36 30 8.0 15 55.00 950"5 79.47
8 5x 22 37 67.57 h3.2+ 16,22 31 9.25 " 65.22 96.67 k9,23
9 5 x 26 37 81.08 5%.05 30.84 3 8.7% 1 59.09 100.00 82.98
10 Mx2 50 - - - - - - - - -
11 11 x18 47 - - - - - - - - -
12 11 x22 k9 - - - - - - - - -
13 11 %26 49 - - - - - - - - -
1 16 x 2 18 66.67 50.00 38.88 28 k.33 12 L5 .45 90.00 -
15 16 x11 20 70.00 45,00 25.00 29 3.67 " 33.33 100. 00 -
16 16 x18 ™ 71,43 42,86 21.43 30 7.00 13 45.71 93.75 -
17 16x22 19 63.15 47.37 15.79 31 3.2% 15 43.75 85.71 -
18 6 x26 15 73.33 60.00 33.33 30 3.25 13 31.2% 100.00 -
(Contd., )
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Table 10. (Contd.)

No.,of Capsule Capsule Capsule Deys Aversge Days Germi- Survival Crossa-
crosses set get get at ¢o number of to nation of seed- bility
8l. Genotype made after after maturity matu- seeds/ gemmi- percen- 1ling index
fio. S dsys 15 days % rity fruit nation tage percen- 4
4 % (AC‘ ) (Be* ) (ce‘) t?%%‘) (C.1.)
19 18x 2 33 78.78 60.61 48.49 37 8.67 12 55.81 100.00 88.68
20 18 x 11 2 70.83 58.33 50.00 3 7.33 9 61.08 100.00 112,31
21 18x22 21 66.67 47,62 28.57 36 5.00 1 56.00 92. 86 28,08
22 18 x26 20 75.00 45.00 45.00 36 8.33 12 57. M 100.00 80.96
23 22x 2 26 76.92 3846 23,07 28 12.00 12 57.89 93.9%  53.22
2 2zx11 26 80.77 57.69 42,31 27 12.50 1 71.43 97.78  130.57
25 2x18 2  79.17 50.00 20.83 28 10.75 12 5556 %, 67 k2,51
26 2x 26 29 72.41 48,20 31.03 28 8.50 9 67.40 100.00 62.88
27 26x 2 50 80.00 64,00 56.00 7 11.20 1 71.43 100.00 101,56
28 26 x 11 W9 77.55 67.35 57.14 28 13.60 15 779 100.00 137.30
29 26 x 18 2 70.83 45.83 137.50 26 10.50 15 56.60 100.00 50.52
30 26 x 22 X 66.67 37.50 33.33 27 5.50 8 75.7% 92.00 35.71

Lt



Fig-2 - INTRASPECIFIC CROSSES AMONG DIFFERENT
TYPES/VARIETIES OF HIBISCUS ROSA-SINENSIS.

d' | Acc.2 | Ace.tt | Acc.18 | Acc.22 |Acc.26

¢

Acc.2 ] ) @ ®

5! @ | @ | @ | ® | @

Acci o 0 o) o o

Acc.16 (%) () () () @

Acci8 | Q ) ® ® ®

Acc22| @ @ ® ® ®

rczel @ 1 @ | @ | B | ©

() NORMAL SEED SET ON SELFING.
@ NORMAL SEED SEV ON CROSLING.
U CROSSES UNSUCCESSFUL (NO FRUIT SET)
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The percentage survival of the hybrid seedlin s
was more than 95 per cent in all the crosses except
16 x 2, 16 x 18, 16 x 22, 18 x 22 and 26 x 22,

There were only slight variations with respect
to number of days required to seed maturity and seed
germination in different cross combinations. In all the
crosses the capsules took coamparatively lesser time to
attain its maturity than their selfed maternal parent.
Germination of the hybrid seeds was earlier than their
selfed maternal seeds except in the case of Acc.26.

3.2.2. Interspecific crosses

The results of all the crosses of three Hiolscug
species are shown in Table 11 and Fig.3. The crosses
between Acc.? x H.S, and Acc.26 x H.S8. although produced
seads, they were inviable, The fruits produced out of
the eross Acc.18 x H.S8. dropped after 15 days without
attaining maturity. The results indicated certain degree
of incompatibility between H. rosa~sinensis and
. schizopetalus.

The croases between H. rosa-ginensls and H.gutabllis
showed capsule set only after five days of crossing but

in about 15 days the capsules fell down. Crosses using



Table 11.

Interspecific cross compatibility between three species of Hibiscus

No.of Capsule Capsule‘ Capsulse Da{s to Average Ko, Germination
g%. Genotype CTo880S ;e; agter :;tdaf:er ::uzzt maturity guia:eda/ por?;x;tage
' made 4 " g
1 2 x H.M, 49 16.33 - - - - -
2 2 x H.8. 39 .36 1,02 5313 27 8.4 -
3 18 x H.M. ko 15.00 - - - - -
& 18 x H.S. 22 4. 35 31.82 - 7.0 -
5 26 x H.M, 22 %0.91 - - - - -
6 26 x H.S. 3 70.96 35.48 6.45 26 10.0 -
7 H.M. x 2 31 - - - - - -
8 H.¥. x 18 18 - - - - - -
9 H.M. x 26 22 - - - - - -
10 H.M. x HeS. 24 - - - - - -
11 H.8 x 2 20 - - - - - -
12 H.3. x 18 e - - - - - -
13 H.8., x 26 21 - - - - - -
1 H.8. x H.M., 28 - - - - - -
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Fig. 3. \WNTERSPECIFIC CROSSES AMONG THREE SPECIES
OF HIBISCUS

d' Acc.2 [ Acci8 |Acc.26] H.™M. | H.s.

?

A2 ® | @ | @ | © | @

Acc.18 Q @ @ V) ®

Acc.26 @ (%) @ ® Q

NORMAL SEED SET ON SELFING.
NORMAL SEED SET WHICH GREW WELL.
NORMAL SEEDS BUT DID NOT GROW.
FRUIT SET, BUT FELL AFTER )5 DAYS.
FRUIT SET, BUT FELL AFTER S DAYS
CROSS UNSUCCESSFULL (NO FRUIT SEY)
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Plate XII.

Capsules of Hibjiscug roga-ginengls
1. Acc, 26
2. ACC, 2

3. Acc., 16

Plate XIII,
Capsules of Hibjisgus roga-sinensis

1. ACC . 22
2. Acc. 18
3. Acc, 5






Plate XIV.

Capsule and seeds of H. putabilis

Plate XV.

Seeds of J. guteblis and H, rosa-sinensis
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H.M., axd H.8, as the maternal parents did not produce
any ovary stimulation,while on aselfing, H.M. gave
82.6 per cent capsule set,

3.3 Crossability index

Crossability index was calculated (Table 10) and
it vas found to be the highest for Acc.2 x 11 and the
lowest for 18 x 22.

3.4, Fruit and seed characters

Variation in fruit shape was noticed in different
types/varieties/species (Plate XII end XIIX). The
shape of capsules in Fo vas similar to that obtained by
selfing the female parent. The capsules of different
types/varieties of H. rosa-sinensis were of avoid, oblong
or subglobose., They were beaked or without beak, with
acute, flat or emarginate. The selfed capsules of

H. puatabills were globose and hairy. (Plate XIV)

The seeds of different types/verieties of
H. rosa-sinegnsis were found to have more or less similar
shape, They were globose and black. The sseds of
H. gutabilis were reniform and hairy (Pliate X V).



pzhca:u[orz
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DISCUSSION

Amon; the three species of Hjibjiscus grown
for flowers viz., Hibiscus rosa-sinensis L.,

4. mutabilis L. and 4. gachigopetalus Hook, the species
H. Xopa~sinengig is grown widely under varied climatic

and soil conditions., Humid tropical conditions of
Kerala provide excellent environment for growing a
large number of Hibjiscus varieties, Although shoeflower
has been grown in Kerala from time immemorial especially
in the homestead for ornamental purposes, attempt has
not so far been made to make a comprehensive analysis

of the several types available in this part of the
country., Severazl of the types grown possess conspicuous
magnififént flowers. The types grown in our state are
rore hardy and can withstand drought conditlons.

The present investigations were mainly aimed at
to make a detailed morphologlical description of the
existing types as well as to study in detail pollen
morphology, pollen productiaon, pollen fertility, pollen
gernination and compatibility studies so as to arrive
at possible conflusiung for utilising these types for

breeding purposes.



The 36 types/varieties/species maintained in
the Department of Pomalogy and Floriculture, College
of Horticulture were utilised for the study.

1. Morphological description

The natural variation that exists in jibiscug
18 considerable, Morphological descriptions of most
of the loecal types have not been made so far.
Morphological description of the 36 types/varieties/
specles clearly showed that several of them are different
from the varieties or types already described by Bailey
(19+9), Fendle (1971), Sundar (1971), Bhat (1976, 1979)
and Bnat and Verma (1980). The growth habits, leaf
shape, nature of flower and size, pedicel lengta, nuuber
of lobes in the calyx, colour of corolla, length of
staminal colum, number of anthers per f{iower, length of
style and calour of stigma appeared to be the diagnostic
characters that could be accounted for classification
of shoeflower., The fruit shape and sigze varied between
specles and also amon; types/varieties, They were
evoid, oblong or subglobose and possessed ridges with
varying intensities (Plate XII and XIII). The fruit
characters also mignt be useful in the identification

of v~rieties.
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The present study also revealed that under Kerala
canditions, H. ross-ginensis and H. schigzopetalus
flowered throughout the year. However,two peaks of flowering
viz, onhe in August-October and the other in January-March
were observed, In H. putgbilis, flowering took place
from August to February with a pesk in Sepltember. Similar
reports were made by Bailey (1949); Anon (1959); Pal and
Krishnamurthy (1967); Devaiah (1968); and Bhat (1976).
Anon (1959) reported that in Hibigcus rosa-sinengis the
peak period of flowering was during the peribd of late
rains and in H. putabilis it was in September and Octooer.
Pal and Krishnamurthy (1967) reported that hot wonths
were the peak season of flowering in H. rosg-ginensig.
However, the peak flowering season under Ban ;alore condi-
tion was reported to be from June to October by Bhat (1976).
The low rate of flower production noticed in April-May
in the present study might be due to unusual heavy drought
that ogccurred during the period. In generaljflouer produ=
ction was high in local types compared to hybrids and

exotic verieties (Table 2).

The present study also indicated that in all the
types/varieties/species flower opening took place during
the early morning hours with little seasonal variations
vhich is in conformity with the reports of Vilaaini et a]l.
(1966) and Bhat (1976). The anther deniscence comwenced



soonafter the flower opening. Influence of c¢limatie
condition in anther dehiscence was also observed in
the present study. It was observed that generally the
double petalled ones and hybrid flowers lasted for
more time without folding than others (Table 3). The
retentivity of corolla varied greatly (12-72 hours)
vhich was in agreement with the observations made by
Vilasini gt al. (1966) and Devish (1968).

2. Pollen studies
2.1, Moiphology of pollen

Hibiscus pollen grains appesred as powdery mass
to the naked eye and variation in the colour of pollen
grains was also observed, Individual pollen grain was
pantoporate, spheroidal and spinose. Occurrence of
various abnormal types was also noticed. Nair and
Kapoor (1974) and Srivastava (1982) also observed such

variations., Pollen dlameter varied and the mean pollen

diameter in the types studied fmnged from 125.91 to
198,58 u. Varietal variation in pollen size in shoe
flower was reported by Vilasini et al. (1966). Though
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there was variation in colour and size, the pollen grains

of different types/varieties/species had similar
shape (Plate VI and VII).
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2.2. Pollen production

There was significant variation for the pollen
output per anther among different types/varieties/spscies
(Table &) and it ranged from 87 to 500. Such variation
in pollen production has been reported by Oberle and
Geortzen (1952) in grapes, Rao and Khader (1962) in fruit
crops like sapota (682 to 3,297), papaya (8950 to 123+65)
and pomegranate (15982 to 23170); Vilasini et al. (1966)
in Hibiscug (159 to 359) and Srivastsva (1982) 4in
mslvaceous crops like Abelmosehus esculentug (40-100),
Althaseyogeg (100 to 200) and Gossypium hirgutum (159 to
}#6). The large size of the pollen zraing might be the
reason for fewer number of pollen grains per anther. The
pollen production per flower depended on the number of
anthers per flower and it was observed that it ranged from
L to 140 (Table 1) in different types/varieties/species,

2.3. Pollen fertility

Estimation of pollen fertility by acetocarmine
staining technique revealed significant variation in
different types/varieties/species (Table &), It was
found that Hiobigcous pgutabilis (H.M.) had the highest
number of fertile pollen (97.k#) followed by Acc.20
(96.1%) whereas, Acc.7 recorded the least pollen fertility
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(*.6%) (Table 4), Vilasini gt al. (1966) reported that
the pollen fertility ranged from 4 to 97 per cent, vhich
is in general agreement with the results of the present
study.

2,4+, Pollen germination
2. 4.1, Standardisation of the culture medium

The pollen germination studies utilising the
medium as reported by Vilasini ek gl. (1966) did not
give desirable germination of pollen grains, which
necessitated standardisation of the proper medium for
the best germination of pollen grains. 2Pollen  ermina-
tion studies showed that sucrose, agar and boric acid
content in the growth media had profound influence on
germination and tube elongatiun of Hiblscus pollen,
There was no gernmipgation in distilled water. The inability
of the pollen grains to grow in distilled water might
be cdue to the lack of food regerves 1i: the pollen grains
as reported by Ehlers (1951). Pallen germination was
tried in uifferent media viz., sucrose alone, sucrose +
agar and sucrose + agar + boric acid in different concen-
trations. Frou the studles it was found that maximum
germmation of pollen grains was obtained in 20 per cent
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sucrose + one per cent agar + 100 ppw boric scid
followed by 25 per cent sucrose ¢+ one per cent agar +
100 ppm boric acid. The results thus clearly showed
that a complete medium consgisting of sucrose~agar-boric

acid is necessary for proper germination of pollen
gra:ng in Hibisgus.

The effect of sucrose on the germination of pollen
grains was noteworthy., Pollen germination and tube
lengtn improved with the increasing concentratiog upto
20-2% per cent, therezfter recording a downward trend
(Fig.1).

The effect of sucrose in pollen germination could
be attributed to factors like nutrition, osmotic or
turgour phenomena (Visser, 1955, Johri and Vasil, 1961)
or it might be due to a combination of various factors
as postulated by 0'Kelley (195%).

Pollen germination and tube elongation of Hibjiscus
were stimulated by agar-agar present in the media. The
germination snd tube length reached 80.5 per cent and
504,36 m in one per cent agar mixed with 20 per cent sucrose,
whereas in sucrose (20 per cent) alone, it was only
k7.5 per cent and 137.33 m (Table 5b). Influence of
agar and gelatin present in the culture medium on germination



of pollen grains was reported by Agarwal et zlfL1957).

The stinulatory effect of agar-agar on pollen tube
growth was observed by Dubey (1969)., Comoined effect

of sucrose and agar on pollen germination was observed
by several workers; Kuwada (1956) in Abelmosghus
asculentus ard Hibisgus manihot, Vilasini gt gl. (1966)
in 4. rosa~sinengis, Singh and Sehgal (1968) in guava and
Nair (1982) in pineapple,thus supporting the present
findings.

The beneficisl effects of azsar might be attri-
buted to the supply of moisturs, carbohydrate and other
nutrients as suggested by Stanley and Linskens (1974).

Pollen germinaticn and tube growth were further
increased by the addition of 100 ppm boric afiid in the
mediua containing 20 per cent sucrose and one per cent
ajar (Table 5c¢). Tne stimulatory effect of boric acid
on pollen germination and tube growth has been reported
by varlous workers in a wide range of plunts like
sapota (Rao and Khader, 1960); mango (Singh, 1961);
Hibiscus (Vilasini gt al., 1966); cocoa (Ravindran, 1977
and tea rose (Visser et al., 1977). In the present study,
it was observed that upto a concentration 100 ppm boric

acid, germination and tube growth increased. At 150 ppm
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pollen grains burst . which resulted in poor pollen
germination.,

Pollen 1is generally cansidered to be deficient
in boron and obviously addition of boron coula increase
the pollen germination and tube elongation (0'Kelley,
1955). Boron is reported to occur in a relatively higher
concentration in pistillate tissues and Brewbaker (1959)
suggested that borate supplied to the pollen had a vital
control on the bursting of pollen tube at the time of
germination either by controlling the water uptake or by
structural enforcement by distending the intine. It
has also been suggested that boron helped in oxygzen
uptske in addition to the synthesis of pectic substance
required for the formation of the germination tube walls
(Vasil, 1960). The beneficial effects of boron in pollen
germination is also attributed to the promotion of sugar
abgorption, tranglocation and/or its metabolism (Gausch
and Dugger, 1953; Linskens and Kroh, 1970).

The pollen grains commenced germimation within
30 minutes of dusting in the best medium viz. 20 per cent
sucrose + one per cent agar + 100 ppm boric acid and
the rate of germination and tube elongation were highest
cduring the first hour. After 8 hours the germination
totally ceased. Thus the optimum incubation period for
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germination and tube growth was found to be k to 8
hours after pollen planting (Table 6). This is in
agreement with the reports of Vilasini gt al. (1966).

2.4,2, Pollen germination in different types/varietiss/
specles

There was significent difference in germination
of pollen grains and tube growth between types/v:rieties/
species (Table 7)., IN 12 of them,the pollen grains failed
to germinate. The results showed that certain types/
varieties which gave high fertility in acetocarmine test,
gave either poor or no germination in yitro. The necessity
for in yltro culture of pollen grains to assess the
viability is thus emphasised. Stanley and Linskens (1974)
opined that the use of stains was less accurate as compared

to germination tests.

As per the statement of Johri gt al. (1977),
viability should be considered as quite distinct from the
germinability of pollen i.e., the self or cross compatible
pollen, though viable, may or may not germinate on the
stigma. Also in an artificial medium, the viable pollen
may faill to germinate due to lack of certain essential
factors., But the viable pollen should give a higher
percentage of germination and produce sufficiently long
tubes and affect fertidization following compatible
pollination.
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The germinating pollen grains in a majority of
cases were polysiphonous (Plate VIII and IX) and a
single grain produced as many as 14 pollen tubes,
Different types/varieties/species were found to differ
in the length of their pollen tubes (Table 7). Acc.2
produced the greatest tube length 962,48 m followed
by mc.11 and H M. (961.42 A and 90,22 m). This obser-
vation 1s in agreement with reports of polysiphonous
germination in different species of Malvaceae ( Purewall and
Rafihawa, 1947; Vilasini et al. 1966; Dubey, 1969 and
Srivastsva, 1982)., Occurrence of branched tubes,
terminal or intermediary vesieles and callose plugs were
observed in the present study. Dubey (1969) also observed
callose plugs in 23 per cent pollen tubes of &kra. Tupy
(cited from Panda and Datta, 1961) also observed callose
plugs in apple and found that sugar consumption was same
in the pollen tubes with and without c¢allose plugs. He
further explained that glycopyranose was responsible
for the formation of tube walls and its limited use during
respiration of pollen tubes restricted the pollen tube
growth. Patel and Datta (1960); Panda and Datta (1961)
opined that callose formation was due to incompatibility
reaction, However, detailed investigations appear to be

necessary on the occurrence of callose plugs, branched

tubes and vesicles in Hibisgus.
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2.5 Pollen storage

Use of stored pollen in hybridiszation becomes
necessary especially when the species or vsrieties flower
in different seasons. 7Trials on pollen storage revealed
that storage capacity of pollen grains of H. rogs-ginensis
was very low under room temperature (Table 8a). The
viability was lost within 48 hours after dehiscence,
Storage of flowers with anther column intact at 4% in a
desigcator over calcium chloride gave best results followed
by storing them at u°C devoid of caleium chloride, Pollen
could be stored upto 8+ hours but, there was rapid
deterioration in pollen germination with time of storage.
Storage in organic solvents resulted in instantaneous loss
of viability (Table 8a).

The results thus indicated that storage under low
temperature especially over calcium chloride at 4°C
increased the storage life and resulted in higher percentage
of germination of pollen grains. The effect of low
temperature on pollen storage is thus confirwed in the
present study also. It was also found that storaze with
calcium chloride was beneficial. Evidently the reduction
in humidity when stored over caleium chloride has ulti-
mately resulted in a better storage life, Methods of
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efficient storage of pollen have been worked out in
several crops. King and Hesse (1938) found that con-
trolling temperature and humidity increased the storage
1ife of pollen grains of fruit crops. Nebel (1939)
could store pollen grains of apple, pear, plum, peach
and apricot for 2 to 5k years at 28°C and 50 per cent
relative humidity. Singh (1962a), Singh (1962 b),
Singna (1972), Child (197%) and Simmonds (1976) found
that controlled temperature and humidity increased the
storage 1life of several fruits and plantation crops.
Griggs ¢t al. (1953) and Nixon (1959) reported that
storage of pollen grains in air tight conteiners at -18°C
increased the storage life of pollen of temperate fruits
like peach, plum, apple, cherry and olive. Similar
findings were reported by Singh (1962 a) in litehi where
a low temperature of -23°C could prolong the storage
l1ife of pollen. The resistance or tolerance to damage
of pollien in the controlled temperature and humidity
was cue to the reduction of getabolic process and reduced
respiration rate due to low water content. The biochemical
reaction is inhibited due to low water content and
reduced enzyme activity due to dehydration of protein
(Shivanna gt gl., 1979).

The efficacy of organic solvents like petroleum

ather, bsnzene, acstone, ethanol and chloroform in



104

prolonging the storage of pollen grains reported by
Ivanami (1972, 1973 and 1975) and Iwanami and Nskamura
(1972 )y Mishra and Shivanna (1962), Nair (1982) and Tessy
(1383) does not hold good in the case of Hibiscus, The
pollen grains lost their viability instantaneously when
stored in organic solvents, The observed loss of viability
during storage might be due to goncurrent changes in
enzyme activities, respiration rates and activities of
vitamins and endogenous growth hormones (Nialson, 1956;
Necel and Ruitle, 19573 Stanley and Poostchi, 1962 and
Ganeskh.an and Sulladmath, 1983).

The methods of stora;e employed in tho present
study were not effective for long tern storuze of pollen
grains, since viability was lost rupidly deyond three days
of storage, Further studies with more efficient methods
of storaje ic therefore negesssry., However, in Hibiscug
the storage of pollen may not be a problem under our
canditions since there is great synchronisaticn in

flowering amongst the types/varieties or species.

The nature of floral parts also influenced the
storzgze 1life. The flowers with anther column intact
possessed. batter storage life than pollen grains as such,
indicating that the lagevity of pollen when once detached
from the anther column decreased considerably., It might be
due to the extreme delicacy uf pollem grains.
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The effect of varieties on the pollen
germination was also significant., Of the five types/
varieties tried, Acc., 26 and Acc. 11 were found to
have significant higher longevity period as compared
to all other varieties (Table 8b).

3. Compatibility studies

H. sghigopetalus and all the types/variecties
of H, roga=ginengls except Acc.2 failed to set fruits
naturally. [. putabjlis also produced fruits in
abundance. In Aec.2,fruit set was occasional and
occurred mainly during the peak flowering seasan (August-
October). Vilasini gt al. (1966), Pal and Krishnamurthy
(9972) and Bnhat (1976) had also reported that only very
few varieties gset fruits under natur:l conditions.
The fallure of natural fruit set might be due to probleus
like lack of pollination, fertilization, self sterility etec.

Studies on self compatibility showed that
out of the seven types/varieties and two species self
pollinated, five types/varieties of H. rosa-sinensis
vig., Acc.2, 5, 18, 22 and 26 and H, putabilis were found
to be self compatible (Table 9). It could be presumed
that failure to set fruits under natural conditions
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might be due to factors other than self sterility,

It wvas interesting to note that Acc.11 and H, sghigopetglug
which had a high percentage of pollen germination and

tube growth dn yitro conditions, failed to set fruits
on selfing. This might perhaps be due to the maternal
influence like cytoplasmic incompatibility or inhibition
of pollen germination on stigmatic surface. In the case
of self incompatible type Acc.16, pollen germination

was totally absent in yitro. Brewbacker (1959) reported
homomorphic self incompatibility in malvaceous crops.

Self incompatibility mechanism has been noted by several
workers in different crops like Easter 1lily (Emsweiler

and Stuart, 1948), mango (Singh et al., 1962), Jasainup
(Veluswany, 1981) and in Hibiscus by Vilasini et al.(1966).

Frult setting could be seen in most of the
selfed types or varieties within five days after polli-
nation, However all those set were not carried to
maturity. Only 36 to 70 per cent matured incicating
that fruit shedding is a conspicuous problem in Hibjscus,
The causes of fruit drop have been attributed to factors
like physicloziczal and other inherent factors. (Addicott
and Lynch, 19553 Chadha and 8ingh, 19633 Randhawg, 1971
and Bardwaj, 1975). In addition, 4t is possible that
the drop 1s also influenced by elimatic and other environe
mental factors,
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It wvas observed in the present study that
the success or failure of fruit set was also influenced
by season. Compared to January to March, fruit setting
was high in August to October. For hybridisation work
in Hiblscus the favourable period could be exploited
for better fruit set,

3.2 Cross compatibility

Intervarietal and intersgpecific crosses were
attempted., The crossabiliiy was assessed on the basis
of percentage of fruit set, average seeds per fruit,
percentage germination of seeds and percentage survival
of the germinated seedlings, Out of the 30 intervarietal
crosses made, only four were failure (Table 10). When
Acc.11 vas used as maternal parent fruit set could not be
observed in all crosses. This perhaps indicated that
certain varieties were not suitable as female parent. A
complete analysis of the varieties will be necessary
before launching large scale hybridization programme,

In the remaining 26 crosses, the percentage of
capsule set was high after five days of pollination, but
later their percentage reduced consideranly (Table 10),

The capsule set in those crosses iniicated cross compatible
nature between them. The percentage of capsule set at

maturity was maximum in crosses where Acc.2 and 26 were
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used as the pistillate parent. It further indicated
that cross compatibility was decided to a great extent
by the varieties selected,

With respect to seed set, in general it was
found that in crosses where Acc.2, 5, 22 and 26 were
the maternal parents seed set per fruit was higher than
their selfed maternal parent (Table 10). This confirumed
that intraspecific cross incompetibility is only very
little in Hibiscug. The possibility of evolving nevw
varieties through intervarietal cerosses is thus very
high in shoe flower, New varieties of Hibiscus were
evolved through breeding by Defiah (1968), Sundar (1971),
Bhat (1976, 1979) and Bhat and Verma (1980)., 1In the
successful crosses the number of seeds ranged from 3.2%
to 17.6 seeds per capsule, Bhat (1976) reported 2 to 15

seeds per capsule in some grosses,

The germination percentege of hybrid seeds
varied between 31,25 to 77.9%. The germination was well
over 50 per cent in all the successful crosses, except
vhere Aec.16 was used as the pistillate parent. This
indicated the absence of hybrid inviability between the
types/varieties cf H.roga~-ginensis. The low germination
percentzsge of seeds in crosses wnere Acc,.16 was used as

female parent, could be attributed to hyorid inviability.
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The survival percentage of germinated
seedlings varied from 90 to 100 and this showed that
hybrid inviability was not a problem in Hibiscus. In all
the erosses the capsules took comparatively lesser time
(26-37 days) to attain maturity than their selfed maternal
parent (2838 days). Germination of hybrid seeds were
also eartier by 8 to 16 days than the seeds obtained
from their gelfed maternal parent (12-18 days). Bhat (1976)
in IIHR reported that the capsules took 41 to 70 days
for seed maturity under Ban:alore conditions. In the
present study only 26 to 37 days were required for seed
maturity under Kersla conditions. The influence of
climate on seed maturity is thus clearly established,

The crossabllity being a function of percentage
of fruit set, number of seeds per fruit, percentage
germingtion of seeds, percentage survival of germinated
seedlings both in crossed and selfed maternsl parent,
the measure of crossability affinities between any two
species is reflected in hybrids produced (Reo, 1979).
There was a significant reciprocsl effect on over all
crossabllity index indicating that the maternal parent
ha¢ an influence an crossability index. Veluswamy (1981)
reported that although strong interspecific cross
incompatibility as well as strong self incompatibility
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system existed in Jagminum, crosses were successful
within species and the orossed seeds germinated well,

The results of the interspecific cross
compatibility study indicated the existence of a ¢ross
inconpatibility barrier among the three species of
Hibigeus (vide Table 11), Bfforts to produce hybrids
between the three species ended in complete failure.
Whatever fruits that initially set either dropped soon
or in those which were carried to maturity, the seeds
did rot germinaste. The observstions made by Gast (1971)
that ornapental Hibiseus was  highly polymorphic
cross-compatible, needs further confiruation by detailed
studies,

In the present study, erosses were failure
vhere H. zutabilig and J. gohjizopetalus were used as
the fenmale parent, Whenever l. rosa-ginensgis was used
as the maternal parent, there was better fruit set. In

the case of H, rosg-sinensis x H. mutabilis fruits
that were initially set did not come to maturity while

in H. Xosa-ginensis x H. gechigopetglus, in fruits which
were csrried to maturity the seeds did not germinate.

In crosses where fruit drop oecurred after
five days of pollination, it indicated that the initial
growvth was mainly stimulatory caused by entry of pollen
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tubes in the ovarian cavity. Subsequent degeneration

of the ovarian tissues perhaps resulted in the shedding
of those fruits that were get, The failure of seed
Jermination mizht also be due to embryo and endosperm
incompatibility. According to kao (1979), the failure
of crosses where there was no fruit set at all or only
resulted in parthenocarpic fruit production or fruits
with shrunken seeds, vere presumed to be post-fertilisation
phenomena. He further stated that the production of
shrunken seeds was the result of genetic incompatibility
between embryo and endosgperm due to interspecific lethal
genes. Muthukrishnen and Papiah (1980) and Veluswamy
(1981) reported successful fruit set in interspecific
hybrids of jasmine., The seeds however did not germinate,

Aecording to Silow (1941),the cause of inter-
specific incompatibility in the genus gogsypium as a
whole was due to lack of harmony between species.
Linskens (1975) reported that interspecific incompati-
bility was heterogenic. Pushkarnath (1942) showed that
the expression of self and cross incompatibility in
several species of diploid potatoes were controlled by
an incompatible gene possessing a number of alleles,



- Summary
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SUMMARY

The present investigations were carried out
in the Department of Pomoclogy and Floriculture, College
of Horticulture, Vellanikkara during the years 1981 to
1983. The summary of the work done and results obtained

are given below.

1. Morphological deseription of 3+ types/
varieties of H. roga-sinensis and two other specles

viz., H. gutabills ancd j. gghizopetalus were made.

2, In 4. ross-sinengis and H« sehigopetalus,
flower production was found to be throughout the year
wvith two peak seasons, viz,, August to October and January
to March while in H. putabilis flowering took place
from August to February with a peak in September.

3. In all the types/varieties or spacies, flower
opening and anther dehiscence took place during the
morning hoursj former between 4 to 8,30 am and the
latter soonafter flower opening, except in Aec.7, 10,
12, 13 and 1k,

k., In all the types/varieties/species except in

He pehigopetalus, Acc.lk, and 3+,corolla folded within
12 to 18 hours after flower opening. Genersllthe double



113

petalled ones and hybrid flowers last  .onger.
The retention of the corolla differed between types/
varieties and species from 24 to 72 hours,

5. Studies on pollen morphologzy showed that
while colour of pollen grains varied, the shape was
more or less constant in all types, varieties and species,
Individual pollen grain was pantoporate, spheroidal and
spinose, The pollen size was found to differ not only
between types and varieties but within them also; the
diameter ranged from 125.91 m 4in Acc.29 to 198.58 p
in Aec.256.

6. The pollen output per anther ranged from 87
in Acc.16 to 500 in H. putabills and there was significant
difference between the types, varieties and species,

7. Pollen fertility as indicated by the aceto=
carmine staining technique ranged from 4.6 per cent in
Acc.7 to 97.% per cent in H. mutebilis.

8. Media for the pollen germination was
standardised. A medium containinz sucrose (20%), agar
(1£) and boric acid (100 ppm) vwas found to be the best
for pollen germination as well as for better pollen
tube growth.
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9. Pollen grains commenced germination within
30 minutes of dusting in the best medium in a humid
chamber and the rate of germination amki tube elongation
were highest during the first hour. Germination and tube
growth continued till eight hours of incubation at a

decreased rate,

10, S4gnificant variation in pollen germination
and tube elongation was observed between types/varieties
or species, Out of 35 types/vorieties/speecies studied,
only 23 of them showed germination in the best medium,
Acc.11 showed maximum germination of 85.8 per cent
followed by H. mutabilis and Aec.2, while the tube length
was maximum in Aec.2 (962.48 m) followed by Acc.11 and
H. putabilig. Acetoesrmine staining technique was not
a reliable method of estimating viability of pollen as
all the grains stained in the acetocarmine technique did
not germinate Jjn yitro. Polysiphonua germination was

observed in majority of cases.

11. Pollen stora;e studies in.icated that the
storage capacity of Hibjiseus pollen was very low under
room temperature. But. pollen viability was retained
upto 84 hours when the flowers were stored wita anther
column intact at 49C in a desiccator over calcium chloride,
Low temperature and low humidity had a asignificant
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influence on the longevity of pollen grains. Acc.26
and 11 were found to have maximum storage life as
compared to other types or varieties,

12. It wvas found that only Acc.2 and H. mutabilis
set fruits nagturally, Aec.2, 5, 18, 22, 26 and
H. putabllis were found to be self compatible. The
fruits took 28 to 38 days to reach maturity. Mature
seeds germinated within 10 to 18 days. The number of
seeds per capsule ranged from 154 to 218 in H. mutabilis
anc 1 to 20 in }. ross~-ginengis. Seed germination
ranged from 3.33 per cent in X, putabilig to 69.77
per cent in Acc.18, The survival percentage of germi-

nated seedlings were over 95 per cent.

13. Intraspecific cross compatibllity was
observed in all the crosses attempted in the species
He. roga-sinensis except in cases where acc.11 was used
as the maternal parent., In all the crosses the capsules
took comparatively lesser time to attain its maturity
than their selfed maternal parent. In majority of
the crosses, the germination of hybrid seeds was
eariier than the seeds obtained from selfed maternal
parent. The cross Aecc.2 x 11 had the highest erossa-
bility index followed by Acc, 2 x 18, 2 x 26, 18 x 11,
2 x 11, 26 x 2 and 26 x 11,



14, Interspecific compatibility was
practically absent., Only in the crosses between
Acc. 2 x H.,8,, and Acc. 26 x H.S, , fruit set was
observed, but the seeds obtained fjrom the fruits
failed to germinate., Thus a stroég barrier for
crossability and hybrid inviability between the species

was evident,

15. The capsules of different types or
varieties of H, rosae-sinensls were of ovoid, ohlong
or subglobose and H. aytabilis were globose and hairy,
The seeds of H. rogg-sinensis were globose and black
and that of H. mutabilis were reniform, brown and

hairy.
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* Originals not seen
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Appendix - I

1.
2.

3.

5

Habit -

Descriptive blank for Hibiscus

Vigorous/moderately vigorous/not vigorous

Lateral branches - Profused/few

Leaves

Shape -

Margin -

Apex -

Flower

Shape -
Diameter

Nature

Pedicel -~

Erect/slightly drooping/drooping

Ovate/cordate/aordate-ovaie/oval/obovate/
oblong/linear

ILength em to cm

Sreadth cm to on
Entire/serrate/serrulate/dendate/
dendiculate/lobed/divided/undulate/crenate/
notched
Acute/accuminate/obtuse/emargenate/mucronate

Saucer/cup/ball/funnel/tubular
cm to cm
8ingle/double
Erect/slightly pendulous/pendulous
Jointed/not jointed
Fraom axil to Jjoint cn
From Joint to invalucre cn
Total cm



6. Epicalyx

Numbe r -

Shape - Linear/ovate/lance pointed
7. Calyx

Shape -~ Shallow cup/linear cup/tubular/companulate
8. Corolla

Nature -« Crinkled/smooth/medium

Entire/dissected
No.of whorls - Single/double/triphle/multipple

Colour - Upper side =~
Bage -
Tip -
Bogrder -

Lower side -

9., ustamens
Length - cm

No, of anthers =

10. Pistil
Length of atyle - om
Colour of stigma -

11, Whether naturally
seed setting/not -



Appendix - II

Weather data for the period from May 1982 to Septemver 1983

Tompeggturo Relative Total Number of
Month (*¢c) humidity rainfall rainy
(%) (um) days per
Maximum Minipum month
1982
May 33.80 2,50 79.9 113.5 8
June 30.60 23.10 79.8 657.6 26
July 29.10 22.92 87.5 600, 9 26
August 28.90 2,30 85.0 5754 27
September 30.98 24,00 78.9 67.4 10
October 32.04 23.13 77.0 277.8 18
November 31.40 23.93 71.9 98.4 ?
December 31.93 23.19 58.4 52.0 1
1983
January 33.25 21.64 51.3 Nil N1
February .46 22.70 64.0 Ni1 Nil
March 36.15 23.76 65.0 Nil Nil
April 36.20 25.80 66.0 Kyl NLY
May 35.10 25.50 69.0 37.4 3
June 31.90 24,50 79.0 387.2 19
July 29.70 23.70 87.0 580.6 21
August 29.10 23. 80 87.0 75%.7 26

September 29.50 23.k0 .0 Lok, 6 3




Appendix - III

Analysis of variance for pollen sige in different types/
varieties/species of Hibiscus.

Degrees Mean sum
§ource of of squares
freedom
Between types/varieties/ .5
spaecies k 56.51
Within types/varieties/ 65 0.3%
specles
Total M99

*» Significant at 1% level

Appendix -~ IV

Analysis of variance for pollen production in different
types/varieties/species of Hibniscus

Degrees Mean sun
Source of of squares

freedom
Between types/varieties/ ™ 0.81""
specles
Within types/varieties/ 140 0.02
species

Total 17

#* Signiiicant at 1% level



Abpendix -V
Analysis of variance for /pollm fertility in different
spe

types/varieties cles
Degrees Mean sum of
Source of Squares
freedom
»
Between types/vurieties/species k3 1167.82 *
Within types/varieties/species 70 8.20
Total 104

** Significant at 1% level

Appendix - VI

Analysis of variance for standardisation of sucrose medium
for pollen germination and tube growth

Mean sum of squares
Source D;ﬁg: of k
Pollen Pallen tube
germination growth
Treatments 8 307.06%+ 3658, 82%*
Error 18 2.77 3.k0
Total 26

*» Significant at 1% level



Analysis of variance for standar

Appendix - VII

acid medi fpollen germination and tube growth.

sation of sucrose-agar and sucrose-agar-boric

De:rees Mean squares
Source ggeedon Sucrose-agar Sucrose-agar-boric acid

Pollen Pollen tube Pollen Pollen tube
germination growth germination growth

Between sucrose levels 2 19.27%» 78145, 1e* 217.23%* 216238, 96+

Between agar/boric acid levels 3 39.63%* 111037.73** 309.u** 313190,08+#

Interaction 6 1433,73%» 9362. 45 7.89%« 4068, 46+

Error 24 2.41 W, 86 1.24 1399.%

Total 35

** Significant at 14 level



Appendix - VIII

Analysis of variance for time of incubation for pollen
germination and tube growth

Mean sum of squares

Source ?;fi::; of

Pollen Pollen

germination tube growth
Treatment 5 50, 11%* 127067, ly**
Error 12 1.88 2027,.6M
Total 17

** Significant at 1% level

Appendix - IX

Analysis of wvariance for

pollen germination and tube growth

in different types/varieties/species of Hibjiscus

Mean sum of squares
Source Degrees
Pollen Pollen tube
freedom  ormination growth

Between types/varieties/ 22 830.77** 161010, 36%=
species
Within types/varieties/ 46 10.11 k402,08
species
Totsl 68

*+ 3ignificant at 1% level



Apprendix - X

Analysis of variance for pollen longevity of five types/varieties under cifferent

storage conditions at 12 hours interval

Mean sum of squares

Degrees
Source of 12 hours 24 hours 36 hours W8 hours 60 hours
freedon
Types/varieties Ly 1676.73%* 1284.33%*  963.70** 669.33%¢  271.96%*
Treatments 7 857.57%» 723.95%+ 14, 528%  1132,598% 729,528+
Interaction 28 254 33%> 20,10 % e, Shpn 23.60%» iy 87%»
Error 80 3.91 3.88 7.29 9.49 5.90
Total 119

** S1gnific~nt at 1% level
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ABSTRACT

Investigations were caonducted on the pollen
morphology, production, fertility and compatibility in

34 types or varieties of Hiblscus rosaesinensis L. and

two other specles viz., H, gutabills L. and H. gehigopetslus
Hook. in the Department of Pomology and Floriculture,

College of Horticulture, Kerala Agricultural University,
during the year 1981-183, 8Since the types maintained
did not possess any distinct varietal names, detailed
morphological descriptions were made for identification.
Observations were also made on gertain aspects of blossam
biology like flower opening, anther dehiscence, folding

of corolla and retention of corolla.

There was distinct variation in the morphology
of flowers in the 36 types/varieties or species studied.
Flower opening took place during the morning hours and
in most of the types/varieties/apecies anther dehiscence
commenced soon after flower opening., 7The time taken for
the folding of the corolla ranged from 12 to 36 hours
af ter flover opening and for the retention of corolla
ranged from 24+ to 72 hours,



Pollen grains of Hibjiscus were pantoporate,
spheroidal and spinose and were 125,91 to 198,58 microns ( u)
in diametsr, FPollen production per anther varied from
87 to 500 and percentage of pollen fertility ranged from
4,6 to 97.%. Standardization of media for pollen germi-
nation and tube growth indicated that a medium consisting
of 20 per cent sucrose + one per cent agar + 100 ppm boric
acid was the best, The pollen grains commenced germination
within 30 minutes of dusting and gave satisfactory
germination even after four hours of incubation in the
best medium. Of the 35 types/varieties/species tested,
only in 23 cases, pollen germinated jin vitro, Acc.11 showed
maximum germinastion of 85,8 per cent followed by H.mutabilis
and Acc.2 wnile tube length was maximum in Acc.2 (962,48 n)
followed by Acc.11 and H. mutabilig. Polysiphonous
germination was observed in majority of cases. Pollen
grains could not be stored for more than three days in
any of the methods employed in the present study. Of the
different methods tried, storage of flowers with anther
column intact at ¥°C over calcium chloride in a desiccator
was found to be the best followed by storage of flowers
at 4°C without calcium chloride, Acc.26 and Acc.11 had the
longest shelf life followed by Acc,2.

It was found that only Acc.2 and H. mutabills
set fruits naturally. Out of the seven types/varieties of



H. rosag~-ginenslg and two other species viz., H. mutabilis
and H. schizopetalus selfed, only in five types or
varieties of H. roseesinensis and in the species

4. putsbilis self compatibility was noticed. The fruits
matured in 28 to 38 days and germinated in 10 to 18 days.
The number of seeds per capsule ranged from 8.5 to 192.5
and seed germination ranged from 3.33 to 69.77 per cent.
Survival percentage of germinated seedlings was more than

95 per cent,

Out of the intraspecific ¢ross combinations tried,
compatibility was observed in all the crosses except in
cases where Aec.11 was used as the female parent. The
cross Acc.,Z X 11 had the highest crossability index followed
by Aec.2 x 18, 2 x 26, 18 x 11, 22 x 11, 26 x 2 and 26 x 11.
Interspecific compatibility was practically absent.



