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INTRODUCTION

Coconut (Cocos nucifera L) of the family Palmae isg

grown in the humid coastal tracts of tropical countries. This is
a crop of vitel importance to the national economy of any
country wherever it is grown on a commercial scele., It provides
food, =shelter and employment to millions of the rural folk in
the tropice and is rightly called 'the tree of life'. India is
the third largest producer of coccnut and it esrns about two per
cent of the agricultural inccme through this commercial crop

(Iyer et al., 1979).

Cocos nucifera consists of twe types - tall (var. typica)

end dwart (ver. javanice and 'nana'). The Toriker is widely
cultivated and constitutes the commercial variety by virtue of
better queality attributes particularly oil content, while the
latter 1is early tlowering ornamental tyve. 0f the several
distinguishing features, the cne that has relevance fron ‘the
genetic point of view is that the talls are mostly cross ferti-
lized and heterozygous, while the dwarfs are generally scel?

fertilised 2nd relatively homozygous { Ohler, 1984).

Improvement of coconut through breeding for yield and
other attributes of economic importance hag been one of the main
cbjectiven of coconut research workers during the last 60 yearc.
Mlany hold the view that exploitation of hybrid vigour could lead
to a green revclution in coccnut. #venthough the earliest ccco-

nut hybrid T X D (Tall ¥ Dwar® ' with high yield potential w

a
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produced in 1934 by Dr. J.S.Patel (Menon and Pandalai, 1960),
there has been no notewcrthy improvement in this line of resea-
rch in subsequent years. Coconut being a perennial crop with
out-breeding tendancy, is not easily amenable for improvement
which would as well be complicated and time consuming. However,
attempts in the last several years have yielded desirable hybrid
varieties combining the two diverse types, tall and dwarf. In
spite of adequate precautions, the performance of hybrids has
been a matter of concern because of consideraeble variability for
yield and other major traits manifested by even the most pro-

mising of the hybrids so far produced (Iyer et al., 1979).

In view of the reports that all Tall ¥ Dwarf hybrids do
not perform equally well wunder <field conditions, a critical
study of such hybrids involving different pasrental combinations
is necessary. Performance of coconut particularly the hybride,
has been found influenced by the prevailing seasonal factors.
T X D hybride are repcrted to be sensitive to temperature and
seasonal rains and hence the effect of seaconal variations are
more pronounced in them (Rhaskaran and Leela, 1983%). But inves-
tigations to unraval the intrinsic influence of different
weather elements on coconut, particularly the bhybrids has very
rarely been carried out. Assesment of variability in hybrids
and gathering of information on +their response +to different
seasons should be given utmost consideration in the evaluation
and utilisation of coconut hybrid varieties having high yield
potential. The present investigation was therefore, wundertaken

with the following objectives, viz.,

o
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1. To assess the extent of variability of major plant and florel
attributes like number of leaves, flowering, pollination, btutton

gset etc., in a grecup of bearing T X D hybrids.

2. To examine the relative contribution by any particular tall

parent to the manifestation of the expressed varisbility.

3. To assess the magnitude of heterozygosity existing in a set of

prepotent tall palms.

4. To study the extent of variability in relation to seasonal

influences.
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REVIEW OF LITERATURE

Coccnut is a cress fertilised crop. Considerable
variability in respect of all charscteristics exists in natural
populations by virtue of a high degree of heterozygosity result-
ing from open pollination. Hybrid populations of coconut aleo
tend to manifest variability to varying extent. A briei review
of the published work relating to variability aspects, seasonal
effects and correlationsg of different characters con yield is

attempted here.

A.Vegetative Characters

a) Trunk. The coconut palms grow erect. The dwarf variety has a
much shorter stem than the +tall variety. According 1o Patel
(19%38) cultivation, manuring and better soil conditions favour
the production of taller stehs. Close planting is also reported
to favour taller stems. The girth of the stem is also influenced
by variety, fertility and moisture conditions of the soil and
its management. Observgﬁons made on the exotic palms growing at
The Central Coconut Resé%ch Station, Kasarsgode, showed that the
forms Philippines, Andaman Giant, etc., possess stems of larger
girth. The girth of the stem does not appreciably change with
age, once it has reached the maximum size (Mencn and Pandsalai,
1960). Bhaskaran and Leela (1964) observed the mean girth of
stem as 65 cm for 40 T ¥ D hybrids, 67.3 cm for 40 tall and 52.3
cm for 3 dwarf coconut trees. Bavappa et al. (1973) on a study
of 9T XD Fy rapilies observed significant difference in girth

and internodsl distance between parental combinations. Thampan

(1975) reported a mean trunk girth of 65.9 cm for T X D hybrids,



64.6 cm for tall and 55 cm for dwarf green palms at Nileshwar.
Ramanathan (1984) tabulated correlation coefficients of yield

per plant and eight of its components based on observations from
four dwarf and 26 tall cultivars. A number of characters were
observed to be significantly and positivey correlated with yield

of which stem height was most highly correlated (.62).

b)Leaf. Ivery tree has a crown of leaves which are in the var-
ious stages of development. The development of the leaf had been
traced by Patel(1938). The primordium of the leaf is first
differentiated about 30 monthe prior to its emergence <from the
leaf sheath. The number of leaves present on the crown at any
time vary according to the age of the palm and the rate of pro-
duction and shedding of leaves. In one year o0ld seedlinge, gene-—
rally, seven to nine leaves are found. As the tree grows in age,
the rate of production first increases, then becomes more oOr
less steady and declines in old age. In a group of grown up
trees, the number of leaves was found to vary from 22 tc 35. The
rate of production of leaves is influenced by age, vigour, fer-
tility of soil, cultural and manurial practices and seasonal
conditions (Menon and Pandalai, 1960). Taummes as cited by Ohler
(1984) measured lengths of leaves of different ages. & leaf of a
mature palm may grow out to 2 length of six to seven metres
weighing 10 to 20 kg and having a total leaf area of about 7 to
3 sq. m. Leaves of senile palms may be shorter than 4 n and have
an area of about 5 =g. m. The leaves ot dwarf palms are much
swaller. They reach a length of about 3 to 4 m. The length of

the leaf as reported by Davis (1954) varied with the fertility

o



of the scil and vigour of trees. Bhaskaran and Leela (1964)
observed the mean number of functional leaves on the crown as
27.15 for 40 T X D, 20.02 for 40 tall and 24.0 for 3 dwarf
coconut trees. They also reported the mean annual leaf produc-
tion of 12.91 for T X D, 10 for tall and 14.% for dwarf palms.
0f tfour dwarf coconut lines used in crosses with tall, Laccadive
dwarf gave the best results as male parent gproducing hybrids
with more leaves and leaflets and longer leaves and main leaf-
lets (Xrishnan and Nambiar, 1972). Satyabalan et al. (1972)
reported 32.2 functional leaves on the average for the high
yielders, 29.6 for medium yielders and 25 for poor yielders in
west coast tall palus. Significant differences in the number of
functional leaves, length of leaves and number of leaflets bhet-
ween parental combinations of T X CDO hybrids belonging to 9 1Yy
families were reported by Eavapps et al. (1973). Thampan (1975)
reported total leaf production of 395.7 on the average for T X D
hybrids, 349.%5 for tall and 415 for dwarf at Wileshwar. He also
reported a mean annusl leaf production of 13.5 for T X D, 12 for
tall and 13%.6 for dwarf green palus. Exceptionally productive
palms in India, the sc called elite palms yielding mcre than 200
nuts per annum, all had high leaf numbers, 35 to 50 per annun
(Iyer et al. as cited by Ohler, 1984). Dwarf palms have only 25
to 28 unfolded leaves in the crown and they produce about 21 new
leaves per annum. Liyanage et al. as quoted by Ohler (1984)
reported that dwarf® X tall hybrids in Indonesia produced 19 +to
22 percent more leaves than their respective male {(tall)

prarents. Leaf production was more or less equal tc the mesn of



the respective parents. Louis(1981) observed a nphenotypic coe-
&&fficient of variation of 56.79 in length of leaves based on

study involving 25 varieties and 2 hybrids. ¥xpected genetic
advance was high for number of leaves per year (4.56) and leaves

on the crown (9.35).

c)Leaflets. The number of leaflets on a leai in tall palms

varies from 200 to 250. Wenon and Pandalai (19860) observed that
leaves with g low nunber of leaflets also had narrow leaflets.

The first leaflets et the base were short, the following leaf-
lets graduelly increasging in length reaching a maximum of 13C cm
at about one third of the midrib, gradually Dbecoming smaliler
again towards the tip where they may not he longer than 30 to

110 cm.

d)Petiole. The petiole length is about one quarter of the total
leaf length. According to Menon and Pandalai (1980) palms with
ghort leaf stalks have bunches with short stalks as well, keep-
ing the bunch closer to the stem and putting less strain on the
leaf bracket. The shape of the leaf stalk is of importance and
there is a certain natural variation in this. The upper =surface
ig nearly flat or just sufficiently grooved to prevent water
from runnig to its sides. The lower surface is a round keel
which thickens out considerably at the base, thus forming a

supporting bracket (lMenon and Pandalai, 1960).

B.Floral Characters.

a)Spadix. The coconut preduces inflorescences in continuocus

succesgion. The development of the inflorescence of the coconut



had been traced by Juliano (1926) and Patel (193%3&). According to
them the inflorescence arises in the axil of every leaf. Patel
(1938) traced it in the axil of fourth leaf counted from the tip
and observed that the primordium of the rudimentary inflore-
scence starts almost about the same time ag the subtending leaf
so that the young rudimentary leaf near the growing point have
in their axil the initials of theinflorescence. Initiation of
the spadix begins about three years before its opening. The
differentiation of the sheaths +takes place two years Dbefore
opening cf the spadix and the differentiation of the spike about
six months later. The flower primordias are initiated about one
year before the opening of spadix (Fremond et al., as cited by
Ohler, 1984). When the inflorescence grows with in the spathe,
the latter finaly splits oven usually starting at the tip. The
spathe opens over the whole length and the inflorescence comes

out unfolding, with in one day.

The spadix consists of a main axis with 20 to 60 bran-
ches orspikes bearingthe flowers.The female flowers are mostly
located singly at the base of the spike. The rest of the spike
is fully covered with male flowers. The flowers are sessile and
are attached directly to the spikes. Bach spike may have one or
a few female flowers and about 200 to 300 maleflowers. The total
number of male flowers per spadix varies with the number of
spikes and their length. lormally, the length orf the spike
variesfrom .75 m tc 2 m depending up on the individual palm
(Menon and Pandalai, 1960). According to Satyabalan et al,

(1969) the production of spadices was greater in regular bearers

o)



than in irregular bearers and the difference was accounted for
by the abortion of spadices in irregular bearers. The aversage
number of inflorescences produced per palm per annum of west
coast tall was 11.3 as reported by Satyabalan and Pillsi (1977).
An expected genetic advance of 5.74 and phenotypic ccefficient
of variation of 50.74 for number of spadices per year was reper-—
ted by Louis(1981). The number of inflorescences rer annum for T
X CDO hybrids grown at CPCRI, Kasaragode as reported by Vijaya-
kumar and Satyabalan (1982) ranged from 7.3 to 12.3 with 2 mean
of 9.2.

b)Hale Flowers. The develorment of the male flower had heen

traced by Juliano and Quisumbing (1931). According to them the
male flower is borne either singly or in groups of two or three
in the axil of each tertiary bract, on the rachillase of the
inflorescence, which is a tiny collar like structure subtending
the male or female flowers . Significant difference in mnale
flower production between three varieties of tall and dwarf and
three hybrids was reported by Gangolly et al. (1961). Proportion
of male flowers at the distal, middle and proximal positions of
the inflorescence was constant from tree to tree in +the varie-
ties t8ll, Laccadives and Philippines. But the ratios of male
flowers in the three positions were variable from tree tc tree
in dwarf variety (Nampoothiri, 1970).

c) Female Flowers. The female flowers are comparatively few in

number in an inflorescence and vary from zero to 300 in each
spadix depending on the condition prevailing namely, nature of

the tree, cultivation, manuring, season, age of bearing, etc.
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Dwar? palms generally bear female flowers in larger numbers than
the tall palms (Menon and Pandalai, 1960). Jack and Sands
(1929) observed that the first inflorezcence produced only very
few female flowers. There was difference in the production of
female flowers among the trees as well as among inflorescences
of the same tree as reported by Patel (1938). Jatyabalan et al.
(1969) reported no significant difference in ferale flcwer
production between reguler and irreguler besrers. The variation
in female flower prouuction appeared to bhe related toc the number
of sﬁadices than to the number of female flowers vper bunch.

xr

Parental combinations of T ¥ CDO hybrids were reported to bhe
significantly different in female flower production by Bavapps

et al. (1973). Open pollinated and inbred progenies of 12 varie-

ties of coconut were compared by Nambiar and Ravindran (1974)

and reported substantial differences between varieties as well
as between inbred and open pollinated progenies of +the same
variety with respect to the number of female flowers per spike.
Satyabalan and Pillai (1977) observed 314.2 female flowers on
the average per palm of WCT variety. Louis (1981) reported a
genetic advance of 1.67 and phenotypic coefficient of variation
of 66.66 in female flowers per palm among 25 varieties and 2
hybrids observed. The number of female flowers per annum rfor T X
CDO hybrides grown at CPCRI, Kasaragode ranged from 103.8 +to

344 .5 with a mean of 228.8 (Vijayakumar and Satyabalan, 1982).

d)Buttons set. In #alaysia, in an ordinary population of talls,

it was observed that the range of varietion inyield was from 5

nuts to 115 nuts per palm per annum with a mean 59 nuts and a



coefficient of variation of 34 per cent (Jack, 1932). Liyvanage
(1961) reported 2 very high heritability value of 0.81 for
setting percentage. Heritability estimated from parent progeny
regression for +ten characters influencing the final yield of
coconut showed that low heritability for number of bunches emer-
ged, total number of spikes and spikes with one female flower
and high heritability for the remaining characters appeared to
be responsible for inconsistant results. Selection for large
number of spikes with one or two female flowers will help in
reducing the instability in yield (MNambiar et al., 1970). Varia-
nce components analysis, made by Nambiarand Wambiar (1970), of
characters influencing productivity in sixyield groups in three
sets of crogsses has revealed substantial additive genetic varia-
tion available for selection for yield and associated characters
like number of female flowers and percentage set. High yielding
groups showed stability and superiority even in pocr environ-
ment. A highly significant correlation coefficient of .68
between number of functi®®onal leaves and yield in west coast tall
palms was reported by Satyabalan et al. (1972). Significant
difference in setting percentage of female flowers between pare-
ntal combinations of T X CDO hybrids was observed by Bavappa et

al. (1973). Phenotyric and genotypic correlations with yield
were observed by Nempoothiri e$ al. (1975) for spathe production

and number of female flowers. Ramachandran et al. (1975) repor-
ted hybrid vigour in VIIC-1 (east coast tall X dwarf) for growth

characters and that they came to bearing 3% months earlier than

tall and recorded 40.8 percent higher mean yield of nuts. Number



of nuts per tree per year was recorded as 131.1 with setting
percentage of 27.5. In a study of six tall and two dwarf popula-
tione Balingasa and Carpio (1976) observed that percentage of
fruit set varied inversely with the number of female flowers.
Setting percentage of female flowers in west coast tall palnms

was 30.4 on the average acccrding to Satyabalan and Pillai

(1977).

A wide range of phenotypic variation was observed in
25 varieties and two hybrids. Expected genetic advance observed
for nuts produced per year and setting percentage was 5 and .65
regspectively. Maximum PCV was recorded for the number of Temale
flowers (66.66) followed by setting percentage (63.06) and

number of nuts per year (58.69) (Louis, 1981).

The number of flowers set for T X CDO hybrids grown
at CPCRI,Kasaragod as reported by Vijayakumer and Satyabalan
(1982) varied from 33.5 to 104.0 per annum with a mean of 61.4
and setting percentage of 26.6. MathewgitglL (1986) observed 10
super yielders of coconut (annual yield of more than 300 nuts)

and 6 controls from different sites of Kerala for traits such as
number of functional leaves, spadix production and vield along

with seedling traits of their progeny. Only one super yielder
was T&Qound to be scuperior to the control palms and carable of
transmitting its traits to progenies.

e)Anthesis.

Male phase. The male phase which is the interval between the

opening of the first male flower and shedding of the last nmale
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flower in a apadix has been observed toc vary according to the
nature of the tree, locelity in which it is cultivated and the
season of the year (Menon and Pandalai, 196C). Patel (1938)
%%%observed that most of the flowers opened by 15th day of cpening
of the spathe. The male phase according to him was 13 days for
trees at Nileshwar and 18 to 22 days in respect of those at
Kasaragod. In Ceylon, Liyanage (1950) estimated the male phase

to last for 18 to 22 days.

Female phase. The female phase which is the interval between the
receptive stage of the first female flower and the last female
flower in g spadix has also been obhserved to vary according to
the condition of the tree. Rut generally, it 1s much shorter
than the male phase and extends for 4 days to a week depending
on the nature of the tree, locality in which it 1is cultivated,
the season of the year and the number of femele flowers borne
onthe inflorescence (Menon and Pandalai, 1960). Liyanag (1950)
observed this to last for 5 to 7 days in tall palms and 10 to 1o
days in King coconut and dwarfs of HMelayan origin. There is
slight variation in the period during which the stigma are rece-
ptive in different coconut growing countries. At Kyala and Pera-
deniya in Ceylon it was 24 hours while in Losbancs in the Phili-
ppines it varied between 2 tO 3 days (Patel, 19%3). Hybrids
between parents with in the same group behave in the same way as
parents. Hybrids between parents of different groups closely
resemble the parents with the shorter phase. Observations by
Jack and Sands (1922) showed that in Malaya, the female rhage in

dwarf palms not only began, but frequently ended before or at
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the same +*ime as the male phase, thus meking self pecllination
the rule instead of a chance. The interval between the end of
male phase and beginning of the female phase has an important
bearing on the nature of pollination. If there is an interval,
cross pollination might be common. The observations made by
Patel (1938) for a group of 68 trees for a year showed that when
the interval is nil, there may be chances for self yollination.
In 34 percent and about 29 percent of the trees the commencement
of the female phase was respectively on the 20th and 22nd day

after opening of the spathe and the average interval between the
end of male phase and the commencement of the female phase was

2.6 days. Only in 1.69 per cent of the trees, the interval was

nil.

f)Pollen fertility and viability. When the anthers are fully

mature, the pollen sacks burst along two longitudinal slips
which coincide with the partitions of the pollen sacks and shed
their pollen Dbefore the openi®¥&ng of the male flower. Aldaba
(1921) estimated that each male flower carried about 272 million
pollen grains. From the counts made of the pollen of 6 trees, it
was found that on the average about 25 percent of the pollen
grains wereinfertile. The variation in the percentage of infer-
tile grains was only between 23 and 28. Pollen yield varies
widely. A reasonably reliasble figure is that of Varkey and Davis
(1960), who reported 111,000 to 221,000 grains per anther. Di-
urnal and seasonal variations were also recorded by them. Cope-

land as cited by Child (1974) quoted Mendiola's observations

that pollen could remain viable up to 9 days . Nampoothiri



(1970) studied 12 varieties of Cocos nucifera and reported that

pollen sterility was significantly and negatively correlated
with pollen germination. Studies on varietion in pollen charac-
teristice of 8 coconut cultivars indicated some variaticn in
both pollen germination and pollen tube growth which was attri-
buted to different nutritional and environmentsl requirements of
the cultivars. Mo relationship was observed Dbetween +the 1two
Qcharacteristics (Shamsuddin and Nempoodiri, 1979). Patel as
quoted by Menon and Pandalsi (1960) recommended % per cent sugar
and 2 per cent gelatin water solution as fthe besgt medium for
germination of the pollen grains of coconut, while Aldaba(1921)
recommended 25 tc 30 per cent cane sugar solution for effecting
best germination. Ten per cent cane sugar plus 2 per cent gela—
tin solution was a satisfsctory medium while no germinstion was
observed in 15 and 25 per cent sugar solutions to both of which
2 per cent gelatin was added (Liyanage, 1954). Fairly good ger-
mination was obtained when the water from tender nute was used
for germinating the pollen. Patel (1938) observed no significant
difference in the viability of the pollen from the flowers

opened at different periods on the same inflorescence.

De Peer as reported by Stanley and Linskens (1574)

observed that, in pea nute, Arachis hypogaea, pollen on plants

growing at a constant %3%0 C was only 10 per cent viable compared
to 40 per cent viability for pollen developed in green houses
under a normal day night temperature cycle. Rice plants grown
with a root temperature of 280 C yielded pollen with higher

viability than plants grown with roots at 230 C or 3%0 ¢ (Yamada
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and Hasegawa as cited by Stanley and Linskens, 1974). They also
reported that moisture stress in the soil affected pollen viabi-
lity. Stanley and Iiinsken (1974) quoting Kaurov stated that when
pollen was isolated from pea nuts at different periods through
out the day, 3% per cent of pollen germinated in the morning and
10 hours later only 3 per cent germinated. Pollen isclated in
the early morning germinated better than that collected at other

times of the day.

g)Genetic divergence.

Bavappa et al. (1973) grouped 9 ¥y fapilies of WCT X
dwarf green coconut hybride into 4 clusters based on 13 vegeta-
tive and yield traits using Mahalanobis D2 and reported that
with proper choice among tall and dwarf varieties efficient

exploitation of the hybrids could be effected.

Genetic studies with 24 cultivars of coconut
maintained in the germplasm collectioh of Regional Agricultural
Research Station, Pilicode was conducted by Balakrishnan (1982).
With referen%%ce to 17 econcmic characters, he grouped the 24
cultivars belonging to tall group into 6 clusters. Clusters I
and II that were genetically closer comprised of & cultivars
each, where as clusters IV and VI that were wider apart had 4

and one cultivars respectively.

h)Seasonal effect on floral characters.

Marechal (1928) reported high female flower production

in dwarf palms in Fiji during Wovember to March. Patel (1938)
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cbserved the seascnal influences on the floral characters of
west ccast tall coconut trees and reported the following. Maxi-
mum production of spadices during the year (18 percent) cccured
during Harch at Hileshwar-1 and it was 10.8 percent during April
at Kasaragod. The spadix prcduction was low during OQOctober,
November, December and January at both places. About 75 per cent
of the abortion of spadices during a year occured to thcse which
were to appear during the rainy months of July, August, septem-
ber and October and sttributed due to the dry weather prevailing
at the time of formation of branches (15 to 16 menths prior to
opening of inflorescence). The abortion was practicelly nil in
the months of January, February and March. Male phase was short
in the summer months of February and March while it was long
during July and Illovember. High female flower production was
reported during lMarch, April and May, the highest being in WMay.
Very low production was observed during September to January at

Hileshwar and Kazaragod.

Bearing tendency of coconut palms and associated yield
components were examined for 48 palms compriging tall, regular
and irregular bearers of dwarf green and orange types for a
period of 3 years by MNambiaret al. (19763. They concluded that
instability in production was due to seasonal differences with

in each year.

Bhaskaran and Leela (1983) studied seasonal influ-
ence on yield and yield attributes of +t2l11 X dwerf and west
coast tall coconuts in Kerala and made the following observa-

tions. 43 to 50 per cent of the spadices produced in a year are



harvested during hot weather period and the number of bunches
harvested during north east monsoon is the lowest (23 4o 26 per
cent). In west coast tall, 72.6 per cent of the aborted spadices
were accounted for in south west monsoon. Spadix abortion was
lowest during hot weather period. About 50 per cent of annual
female flower production occured during hot weather pericd in

both cultivars. Fenale flowers per spadix was alsc high during

1

this season. Button setting wes highest during north east monsoon.
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MATERIALS AND METHODS

The present investigation on variability in certain
Tall ¥ Dwarf (Chowghat Dwarf Orange) Fy hybrids of coconut (Cocos
nucifera. L) was undertaken at the KADP farm of the College of
Horticulture, Vellanikkara during 1985-86. A brief description of
the materials used and the procedures followed <for the purpose

are given below.

Materials.

The population under study consisted of eight year o0ld 7T
X CDO hybrids grown under rainfed condition, as part of a project
of the KADP for fixing up selection criteria for hybrid coconut
seedlings at nursery stage. In this experiment altogether 339 T4
progenies originating from 75 parental combinations of WCT and
CDO palms available at the RARS, Pilicode are being studied.
lybrids were obtained +through controlled pollination between
selected parents in 1977 and seedlings were later planted at the
KADP farm, Vellanikkara in 1978. The plants are being maintained
under good management in accordance with the recommendations of
the package of practices of the Kerela Agricultural University

in 1985

Por the present study, o9 Fy progenies from iourteen
rarental combinations involving 3 nales and 14 distinet mother
palms were selected fromr the above said T X CDO population. While
selecting, cowbinations which have started regulasr flowering

since the fifth year of transplanting have been deliberately

13



chosen. Five trees were selected at random from the progenies of
each of the fourteen selected parental combinations except the
1%3th combination which had four plants only. Thus a total of 69
trees formed the sample. The details of the selected palms are

given in table 3.1.

{iethods.

Observations on 19 characters of the 639 selected palms
were recorded during a period of one year from 15th October, 1385
to 14th October 1986. The different vegetative and floral chara-

cters and details of recording of observations were as follows.

1.Girth.,. Girth of +trunk at one metre height from the ground

level was measured in cm using a measuring tape in October 1985.

2.Internodal distance. Distance Dbetween fifteen nodes (leaf

gcars) just below the crown was measured in cm using a measuring
tape in October 1985. It was then divided by 14 (number of inter-

nodes ) to get the average internodal distance.

S.Number of functional leaves. Fully opened functicnal leaves

leaving the unopened and senile leaves were counted for each

selected palm in October 1985.

4.Annual leaf production. The unopened spindle leaf was marked

for each selected palm on 15th October 1985. The number of leaves
between the unopened spindle leaf and the one (inclusive) previ-
cusly marked was counted on 14th October 1986 and the same was

recorded as annual leaf precduction.

5.Leaf Characters.

20



Table 3.1

Details o T ¥ CDO Combinations and
field numbers of F1 RIOZenies.

Sl.lio.for

Parental  Female Male ¥4 Progeny numbers.

combina- narent parent

tions.
1 (/8 1\8/1 BOA’ 3‘1, 35j) 3571 )b1
2 X/26 na/1 5, &, 10, 27, 44
3 1/106 H8/1 117, 155, 175, 178, 240
4 K/25 n8/7 2, 29, 61, 63, 73
5 K/39 us/7 306, 317, 339, 359, 376
6 ¥/9% ne/7 21, 158, 173, 184, 190
7 ¢/50 N8 /7 20, 189, 213, 228, 271
8 G/223% ns/7 15, 18, 4%, 50, 76
Q B/117 nu8/7 167, 204, 210, 222, 260
10 K/10 N8 /17 302, 312, 363, 365, 388
1 K/14 n8/17 52, 58, 72, &1, 95
12 G/64 N&/17 180, 244, 251, 253, 281
13 G/115 N8/17 324, 346, 351, 384

14 1/12% N8/17 71, 176, 177, 213, 259

Tt . U it T B i o — St o e ——— - (s o oo S o oy s G i S oy D e DU S G o WP P s e A MDA o) S o . e T A A s S — . Ao



Various characters of the 14th leef from the top of

each palm were cbserved in October 1985,

a.Rachis length. Length of rachis from tip to bettem was reasured

in m using a sraduated barboo pole.

ray

b.Peticle length. Length of petiole was measured in metre from

£

the base to the point of emergence of leaflets.

c.flumber of leaflets. All leaflets in the Tourteenth leai of

every selected palm were counted.

d.Mean length of learlets. A representasive sample oI five

leaflets from different positions of the forteenth leaf of e¢ach
selected gpeln was selected and their lengths measured in cn
ueing & measuring tape. The arithmetic mean of thege five values

wags recorded ag the length of leaflets.

@
'._J
®
Q
d,
0]
foT]

e.ean width gﬁ leaflets. Width of each o¢f the five g

leaflets observed for measuring length was also measured in cnm

and their arithmetic mean was recorded ss the width of leaflet.

6.liumber of spadices. The spadices produced during the period of

one year Irowm 15th October 1985 to 14th October 1986 of every

selected palm was counted.

7.Number of brenches per spadix (opikes). Total number cf bran-

ches of all spadices produced during the study periocd of one
year was divided by the number of spadices to get the average

number ¢f branches per spadix for each of the selected vpalus.

22



8.Flower prcduction.

a.Male flowers. The number of male flowers vary between spadices

within a palm and between branches in a spadix. fence the Follow-
ing systematic procedure was adopted to estimate average number

of male flowers per branch for each of the selected palms.

The branches in every spadix were stratified in to three
based on their length and the number of branches in each stratum
was counted and noted. A representative branch was purposively
celected from each stratum and cut retaining the identity of the
stratum on the branch. The male flowers on each branch cut wase
then counted and multiplied by the number of branches in the
corresponding stratum. These three values were summed to estimate
the total number of male flowers in a spadix. Sum of such esti-
rated number of male flowers of all spadices produed in a palrm
during the study period was divided by the total number of bran-
ches of all spadices to get the average number of male flowers

yer branch.

b.female flowers. Pemale flowers in all inflorescences pnroduced

during the study period of one year were counted and recorded for

¢ach selected palm.

Y.dumber gi buttons wset. Ruttons (female flowers) set were

counted in all inflorescences produced during the study period,
for each selected palm, ninety days after the emergence of each

3padix.
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10.Fercentare got., The percentage ceot was calceulated Tor avery

iz *he tolal rnumber of buttene
zet and 'h' s the total  number ol ferale  fleowers  oroduced

during the study periocd.

11.08le phass. The male phane ic charectericed hy *the precence of

insects. The dmte of cpening  of eseh indYlorescesnce and that o
the firet mele Tlower in it wer recordeld Vor each selected ypalm,
Similarliy, *the date or Talline arveart of the lest mpale Tlowsr din
avery intlorescencs wan recorded. "he number of daoy: Yeitween  ithe
openiny o7 the “irat nmale Tlower and Tallings of the lapt pale
#ilower in an intloreccencs {incluvive of beth dayr) ues taken eo
the duretion o m=ie thaze tor that inrflerescsence. The avoerage
duraticn o mslc rrase Tor a2 pels wags calculsted aco rum ol the
durations cf mele phaces of 211 infloreccencec procuced in thet

-«

ralm divided hy the fTotnl nunber of inTicrescences.

-

12.Female nhase., The pumber of days counted Trorm the dey  of

attaining receptivity of the Miret female Tlowsr to the fadings uyp
of the laet female Jlcower in sn intloreccence was recorded ay the
female phase Tor that inflorescence. The condition of recepbtivity
was ldentitied bty the presence of a ctlieciiy a=2crestion in the
swollen trifid stipma. Tnvariably ants will also be gpresent orn
the female flower during this period. Arithmetic nean of femele
phases of all inflorescences produced in  the studv rvrericd was

celeulated for each of the selected treesa.

active male phase, in the mornig hours (between o AN and 2,30



AM). It wase colleccted in polythene bag containing little wvater
to provide humid atmosphere to the fresh flowers and brought to

the laboratory for studying the pollen fertility and viability.

Pollen fertility was studied by staining 2 per cent
acetocarmine. A drop of the stain was taken on a zlide using 2
slass rod end pollen from a fully opened male flower was droped
on it. A cover glip was then placed over the gtsin andthe smear
was observed under the low power of a microscore. Pollen grains
were examined Tor stainability. Completely stained and fully
round pollen were counted as fertile and the rest as sterile.
This was repeated for three to five flowers in one inflorescence
to study about 500 pollen per =padix. Percentage o7 Tertility was

then calculated For each inflorescence and each tree.

14.Viability. Twentifive ¢ sucrose was disoolvs?  in 100 nl
distillied water tc¢ gcet %the nmedium for ftesting viability. The
solution was snmeared on a microscope slide and pollen from one
opened male Tlower was dusted on it. The pollen were conpletely

immersed in the solution and was of uniform spread. Thegse slides

were arranged on glaass rode in petri dishes which were noistened

©owith filter psper. The petri dishes were arranged one over the

other in a dessicetor. The glides were observed under microscope
the nextmorning. Theose pollen grains which were observed germina-—
ting with large pollen tubes were counted a2s viable and the rest
as non viable. Percentage of viability was calculated for each
inflorescence and the average was obtained for each selected

tree.



Statistical Analysis.

The

as follows.

il

Analysic of variance.

data collected were

Analyeis of

charecters using

W.T., 1972). The analygis of

the

variance was performed for each

model for neasted

pregsented in Table 3.2

e oo s s S A ———— — ——— o b L7or o~

Betweentg?llen

raren g1
Between mother
palns within ap
pollen varents
Within mother N
palms within N E
pollen parents
Total i

where &

IT+1

Table 3.2

Anq}isis

I

iz the number of pollen perents,

ie the total number of palms,

subjected to

clagsification

veriance table for

of Variance.
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WM is the totel number of mother palme,

HD=HNH-s

y)



2’

bl=> 2 %i;.2/nij -CF ,
Bo= B1-A ,
- 2
T= SV ;
. {-L‘; ijk ~CF
Ch= (ffzzﬁﬁvk Y2/ (1),
RS

b jk 1o the observstion on the character Y of kth progeny

of the ith vollen parent and jth mother palmn,

V. . R
Yij= ¥ VYijk ,
Y

Yoo

1
i
i is the number of progenies of ith pollen parent,

ni j is the number of progenies for the ith pollen parent

and jth mother palm.

Heritability, genotynic coefiicient of vsriation and phenotyp

coefficient of variation.

Whenever the differences hetween pollen rparents were

ngignificant, meansquare between parental combinations

§MB1=B1/(¥M-1)T was considered feor obtaining genctypic  and
phenotypic variability as suggested in Singh and ”houdhary(1978\

using the following formule.

Genotypic variance(GV) =(MB1-MSE)/r , where r is the number

of replications.

GV+MSE

Phenotypic Variance (PV)

Heritabili4wey (112) (eGv/PV) X 100

Genotypic coefficient cof variation(GCV) = (Jev / ¥) X 100
Phenotypic coefficient of variation(PCV)= ({JPV / Y) X 100

Genotypic and Phenoiypic correlations.

Genotypic correlation between X and Y ( rg)



Genotypic covariance between ¥ and ¥

JPV(X) pv(Y)

Genetic divergence.

A1l +the characters for which the mnotherpalms differed
oegignificantly were chosen for the analysie of genetic divergence.
Wilk'es Lamda criterion was first obtained +c test the overall
differenceg among the parental combinations with respect to these
selected characters. Mahalanobis D2 values between every pair of
parental combinations were worked as described in Rao(19%52). The

procedure is briefly explained below.

Let Xij » i=1,2, «...e., n be the means of the n characters under
consideration for the ith parental combinatiocn, i=1,2, ......, 14.

They were tranformed to n generated variables which were uncorre-

lated among themselves using the formule

Yii = S bKiZik, §=1,2, eevn., n,

K
where by, s are obtained by pivotal condensaticn of the

within scatter matrix.

Once the uncecrrelated means were obtained for each parental

combination, #ahalanobis D2 value between ith and jtkh parental

combinations wag worked out as



é.

p2 (i,3) :E__;(Yik— Yix)2, i=3 = 1,2, ...., 14.
The computer oriented iteraive algorithm suggested by Suresh
(1986) was made use of to cluster the parental combinations based

on the D2 values so obtained. It involved the following stepsa.

i) Identify the two combinations having the maximun distance

between them and they are termed the nuclei of two clusters.

ii) Fvery parental combination is considered in turn and
allocated tc the cluster for which its D2 valuve with the

nucleus is least.

iii) To increase the number of clusters by one, the maximum
D2 with in the above two clusters is found and the combi-

nations having the maximum value is considered as the nucleil

/

in addition t®%0 +the nuclei of the remaining clusters. The

parental combinations are reassigned as in (ii). In a
sirilar way the number of clusters can be raised to any

desired level.

The clusters thus obtained were further optimised wusing the
iterative relocation =a2lgorithm. The method of maximum curvature

was used to determine the nunmber of clusters.

Seasonal variation in floral characters.

]

The study periocd of one year was divided in to 52

¥
standard weeks as provided in the Appendix. Important floral
characters were compiled and tabulated for each standard week.
Three week moving averages were obtained, to have a hetter under-

standing of +the trend, for production of spadices, number of



tfemale Tlowers and number and percentage cf buttons set. Three
week moving averane for any standard week was calculated as the
arithmetic mean o7 the value corresponding tc that standard week
and thogse of the preceding and succeeding weeks. lMateorclogical
observations corresponding to the standard weeks were obtained
from The Department of Agromgteoroloy cf the Collese of Horti-

culture and are provided in the Appendix.
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RESULTS

Chservations on seventeen characters for 69 selected
\ idg F : s : o4
m Y ¢po ®q hybrids from 14 parental combinations, hereinafter

referred to as combinations, were recorded and were subjected to

statistical analysis.

Analysis of variance was performed for each cof the
seventeen characters and are presented in Table 4.1. 1o signi-
ficant difference was observed between progenies of different
pollen parents with respect to any of the characters gtudied.
The means and ranges of vegetative characters for different
combinations along with critical difference are provided 1in
Table 4.2A and 4.2B and those for floral charecters in Table
4.3A and 4.3R. Estimates of heritability, genotypic coefficient
of variation and phenotypic coefficient of varietion Zfor +the
seventeen characters studied are presented in Table 4.4. The

salient features based on the analysis are given below.

A. Vegetative Characters.

1.Trunk Girth. Differences in trunk girth between progenies of

mother palms with common pollen parents were found significant
at 1 percent level. Combination 13 had the maximum mean girth of
77.25 em which was not significantly different <from +those for
combinations 2, 4, 5, 8, 12 and 14. Sixth combination had the
minimum mean girth of 65.2 cm which was statistically on par
with 1, 3, 7, 9, 10 and 11. The girth ranged from 56 cm in tree

§o. 167 of combination 9 to 90 cm in tree No. 359 of combination
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Table 4.1

Analysis of Variance for 17 Characters

- ot o U G " . ——— 0" 2 s T T — O > O S i o S Y e P WD i B U o O GO N Gyree W . S SO T o Do) GO s . W WD G T ST . SO e G M W B o

Chara- Petween pollen Between female Error
cter parents parents
mean square F mean square P mean square

DF 2 11 126
Girth 65.59 0.71 92.72 3.98** 23,23
Internodal

distance 0.9% 0.24 3.93 5.96%*%  0.66
No. of func-

tional leaves 6.24 0.66 9.52 2.45% 3.89
Annual leaf

production 5.78 0.51 11.42 3.64%* 3,40
Length of '

leaf 0.6% 0.23 0.27 2.75%%  0.10
Length of %

petiole 0.01 0.10 0.06 2.54 0.02
Ho. of x
leaflets 271.63 0.87 313.52 2.99 271.63
Length of xx
leaflets 125.50 0.63 200.59 4.01 50.03
Width of %
leaflets 0.38 0.57 0.67 %.09 0.22
Ho. of spadices x

per annum 8.40 0.49 17.25 5«53 4.88
No. of branches

per spadix 40.44 1.53 26.42 2.53%  10.43
No. of male

flowers per branch 132.75 0.07 1905.68 1.58 1209.65
No. of female flow-

ers per annum 11720.63  0.22 53%290.14 3.07**145%1 .92
No. of buttons

set 451 .39 0.29 1532.80 2.14%  716.31
Percentage of

buttons set 4.69 0.04 122.76 1.73 70.81
Duration of

male phase 2.81 1.73 1.62 0.55 2.93%
Duration of

Pfemale phase 0.50 0.72 0.69 2.15% 0.32
*

indicates significance at 5 % level
**¥ indicates significance at 1 % level



5. Heritability in the broad sense estimated for this traitwas
35.90 per cent and genotypic coefficient of variation (GCV) and
phenotypic coefficient of variation (PCV) were obtained as 5.10

and 8.50 respectively.

2.Internodal distance. Considerable variation was observed in

internodal distance. The mother palms differed in their contri-
bution to the progenies in this trait with in pollen parents at
1 per cent level.The highest mean internodal distence of 6.76 cn
was recorded for combination 5 which did not differ signifi-
cantly from combination 2. The lowest mean of 3%.54 cm was for
9th combination which was stetistically on par with combinations
3,6,3,10 and 12. Interncdal distance was maximum in *ree lic. 359
of combination 5 and minimum in tree ¥o.167 of combination 9
the corresponding distances being 9.21 cm and 2.4% cm respec-
tively. PCV was 23.11 and GCV 15.67. Heritability was as high as

46 per cent.

3.Number of functional leaves. There was significant difference
at 5 per cent ITevel) in Tunctional leaves between progenies of

different mother palms and common pollen parents . The highest
nuniber of functional leaves was observed in tree H0.259 of 14th
combination, while the minimum was found in tree Vos. 20, 21
and 304 of combinations 7,6 and 1 respectively. Fourteenth
combination had the highest mean number of functional leaves
(21.20) which did not differ significantly from combinations
4,5,6,7and 13. The lowest mean of 16 was for 10th the combina-
tion which was statistically on par with 1,2,2 and 12. PCV was

11.97 and GCV 5.47. Heritability for this trait was 20.9 per
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cent.

4 .Annual leaz? production. Annual leaf production differed signi-

ficantly between combinations with same pollen parent at 1 per
cent level. It varied from 10 in tree c.29 of combination 4 ,
204 of combination 1 and 383 of combination 10 tc 22 in free Io.
250 of combination 14 . Maximum average annual production of

leaves of 17 was observed in 14th combination and it did not

differ significantly from the combinations 8 and 13. The least
mean of 11.6 was recorded for 10th combination and combinations

1,5,6 and 7 were statistically on par with it. GCV was estimated

as 8,62 and PCV asg 15.22. Heritability for this trait wes esti-

nated to be 32.1 per cent.

5.Leaf Characters of 14th leaf.

a.Petiole length. It was observed that progenies of mother palms

with common pollen parents differed significantly in petiole
length at 5 per cent level. It ranged from 1.05 m in tree Wo0.29
of 4th combination to 1.85 m in tree No. 259 of 14 th combina-
tion. The maximum mean petiole length of 1.49 m was recorded in
5th and 14th combinations and it differed =significantly only
from combinations 1,9,10 and 11. Ccmbination 11 recorded the
least petiole length of 1.17 m and was statistically on par with
combinations 1, 6, 7, 8, 9, 10 and 12. Heritability for this
character was 22.1 per cent with GCV of 5.03 and PCV of 10.66.

b.Leaf length. The mother palms differed significantly (at 1 per

cent level) in their contributions to leaf 1length of their

progenies . The shortest leaf was observed in +tree No.333 of
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combination 1 and the lcngest in tree No. 2 of combination 4,
the corresponding lengths being 1.05 m and 1.85 m respectively.
The mean length of lesf weas maximum (3.73 m) in combination 4
which was not signiflicantly different from combinationsg 2, %, 5,
13 and 14. The least mean leaf length (2.97 m) was Tor combina-
tien 1 and combinations 6, 7, &, 9, 10, 11, 12 and 14 were
statietically on par with it. This trait had a heritability of

19.2 per cent with PCV and GCV of 12.26 and 5.28 respectively.

c.Number of leatlets. The progenies difTered significantly (at 1

per cent level) hetween mother palms and common pollen vparents
with respect to the numberof leaflets. The mean number of leaf-

lets was maximum (212) in combination 10 and combinations 2, 3,

4, 5, 7, 8, 12, 13 and 14 were not significantly different. The
least mean of 185.6 was for the first combination which did not
differ significantly from the 6th, 9th and 11th combinations.
The number of leaflets ranged from 172 in tree number 167 of 9th
combination to 230 in tree number 359 of 5th combination. Tleri-
tability was estimated to be 27.9 per cent , PCV and GCV bheing

5.98 and 3.16 respectively.

d.Length of leaflets. The combinations having different mother

palms and gsame pollen parent differed significantly at 1 per
cent level in this character.3econd combination had the highes%t
mean of 91.4 cnm which was not significantly different fronm
combinations 3, 4, 5, 7, 8 and 13. The least mean length of 69.9
cn was observed for first combination which was statistically on

par with 9, 10, 11 and 12. It ranged from 61.25 cm in tree

’ ey
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nunber 304 of first combination to 101.5 em in tree number 27 of
combination 2. This trait had relatively high heritsbility which
was 35.7 per cent. The PCV was estimated to be 10.82 and GCV

6.47.

e.Width of leaflets. There was statistically signiTicant diffe-
rence at 1 per cent level between progenies cf different mother
palms with same pollen parents with respect to this attribute.
The maximum mean width of 3.82 cm was recorded for combination 4
which was statistically on par with combinations 2, 7, 8 and 14.
The ninimum mean width of 2.62cm in combination 1 did not differ
significantly from that in 3, 5, 6, 2, 10, 11, 12 and 13. It
ranged from 2.2 cm in tree number 167 of 9th combination to 4.6
cm in tree number 61 of 4th combination. PCV was estimated to

be 17.04 and CGCV 8.9% for this trait. The character had a heri-

tability of 27.3 per cent.

R.Floral characters.

6.fumber of spadices. The number of spadices produced differed

significantly at 1 vper cent level between combinations having
different mother palms and same pollen parents. Mean number of
spadices produced was maximum (9.5) in 13th combination which
was not significantly different from combinations 3, 4, 5, 8 and
14. It was minimum (3.4) in 10th combination and was on par
with combinations 1, 2 and 9. The number cof spadices produced
ranged from 2 in tree numbers 27, 281, 302, 312 and 321 belong-
ing to combinations 1, 2, 10 and 12 to 11 in tree nunbers 43,
72, 117 and 324 belonging to combinations 3, 8, 11 and 13

respectively. The GCV wag 22.68 and PCV 40.69. The heritability

»
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Tor this trait was 31 per cent.

7.Rumber of branches per spadix. Significent variation at 5 per

cent level waps observed amongmother palms intheir contribution
of this particuler character to the progenies. Maximum mean
number of 32.37 branches was observed in 5th combination and
followed by combinations 2, 4, 9, 11, 12, 13 and 14 , though the
differences were not significant.The lowest mean of 24.13% was

observed in the first combination which did not show signifi-

cant difference from combinations 3, 6, 7, 8 and 10. Nunmber of
branches per spadix ranged from 22 in tree number 240 of third

combination to 38.33 in tree number %59 of fifth combination.

The GCVwas 6.8 and PCV 1%.39. The number of tranches per spadix

showed a heritability of 25.8 per cent.

8.Number of male flowers per branch. There was no significant

difference between mother palmsas in the case of pollen parents
in their contribution to the progeny in +the number of mnrale
flowers per branch. The number of male flowers per branch

ranged from 64 in tree number 302 of combination 10 to 230.86

in tree number 155 of combination 3%, the overall mean being
160.67. As expected the heritability was as low as 6.5 per cent

with GCV of 5.73 and PCV ot 22.39.

=1

9.Number of female flowers produced. Progenies of different

mother palms and common pollen parent differed significantly at
1 per cent level in the number of female flowers produced
during the study period. Combination 13 recorded the highest

mean number of female flowers of 498.25, while 10th combination



Table 4.3A

Mean and range of floral characters.

Combina- fumber of Humber oi branches fumber of male ffumber of female
ticn spadices per annum per spadix flowers/ branch flowers per annum
mecean range nean range mean range mean range

i e o - s T s 2onn i e AR S W S AT TR iR v e WA S T eh SrTe M TS A Sm  siee S S T Ao S e AR Mk R e o . e i A 4547 Tk S Tabis A i e A S et ik o e ra A Wk e e S b e ko T e A S et i T o B e M s L e AR S o e S e o

1 4.60 2.00 - 7.00 24.1% 23.00- 25.82 158.3%38 126.00-218.00 151.20 42.00-315.00
2 4.00 2.00 ~ 9.00 28.39 25.,50- 36.44 157.60 116.00-198.00 105.80 62.00-216.00
3 8.20 5.00 =11.00 25.51 22.00- 31.09 175.97 110.00-2%0.86 222.40 38.00-520.00
4 T.40  4.00 =10.00 28.74 22.25- 36.20 168.60 137.00-226.00 215.20 46.00-37%.00
5 7.80  7.00 - 9.00 32.37 28.25- 38.3% 17%.30 150.383-188.80 269.20 178.00-399.00
6 6.40 4.00 - 9.00 25.31 22.20- 29.57 138.65 100.67-187.56 155.80 70.00-278.00
7 6.40 6.00 - 8.00 27.66 25.20~ %0.25 155.69 126.00-196.00 152.0C 82.00-218.00
8 7.80  4.00 -11.00 27.15 23.75- 29.6% 154.96 131.00-201.00 184.60 55.00-355.00
9 5.00 3.00 = 9.00 28.58 24.50- 34.00 161.88 134.10-186.20 127.40 24.00-362.00

10 3.40 2.00 - 7.00 25.19 23.00- 29.29 130.23 64.00-184.00 44.80 0.00-125.00
11 6.40 4.00 =11.00 28.80 24.60- 33.09 140.00 107.81-194.10 163%.20 94.00-327.00
12 6.40 2.00 - 9,00 29.09 25.50- 32.00 159.68 121.00-191.00 220.60 39.00-%64.00
13 9.50 9.00 -11.00 31.44 30.22- 3%.56 204.83% 181.90-221.20 498.25 298.00-792.00
14 8.80 7.00 -10.00 30.40 27.50- 32.50 178.45 113.00-216.40 178.20 97.00-257.00
o) 2.80 4.09 s 152.79

CD(for 2.97 4.34 162.06

comparison of combination 13)
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showed +the lowest mean value of 44.8 which did not differ
gsignificantiy from the combinations 1, 2, 6, 7, &, 9, 11 and 14.
This trait ranged from zero in tree number 302 of 10%th combina-
tion tc 792 in +tree number 384 of 13th combination. TFemale
flower production had a heritability of 30.8 per cent with GCV

and PCV of 42.88 and 77.25 respectively.

10.lumber of buttons set. There was significant difference at 5

per cent level among progenies of different mwother palms but
same pollen parents with regard to the number of buttons set.

The highest mean number of buttons set was 71 For 13th combina-
tion which did not differ gignificantly from 3rd, 4th, 5th,
7nth, 8th 12th and 14th combinations. The mean number of buttone

get was lowest in combination 10 the value being 10.2 and showed

no significant difference from the combinations 1, 2, 6, 7, 8,
9, 11, 12 2and 14. Tt ranged from zerc in tree numbers 21, 167
and 302 of combinations 6, 9 and 10 to 118 in tree number 117
of 3rd combination. The PCV wag 88.8% and GCV 34.32 , the heri-

tability being 15.4.

11.8etting percentage. There was no significant difference among

progenies of different motherpalms as in the case of pollen

parents as far as this character was concerned. This +trait
ranged from gero in tree numbers 21, 167 and %02 of combina-
tions €, 9 and 10 to 38.46 in tree number 218 of 7nth combina-
tion. The overall nean percentage set was 16.2. Heritability was

as low as 8.7 per cent with a CGCV of 16.05 and a PCV of 54.3%7.



Table 4.3B

Mean and range of floral characters.

O et T > o — - — A o " — . . L B e e M oS AR A e B s et T ot S WA T S T o o A o ot A S i s A Yo ot e ek Sy A S v T S o T S i A S My W i i e i Ry i oA S S e Wi it S o ot o

Combina- Number of buttons Setting percentage Duration of Duraion of
tion. set per annun male phase. female phase.
mesan range rean range mean range mean range
1 14.60 2.00- 32,00 10.77 1.59~ 22.38 18.47 14.50~ 20.86 3.41 2.86 - 4.50
2 16.60 6.00- 36.00 15.97 9.68- 32.31 17.54 15.33- 20.22 2.99 2.50 - 3.78
3 48.20 10.00-118.00 21.86 18.25- 26.32 17.89 16.00- 19.38 3.46 2.33 ~ 4.40
4 47.40 6.00-111.00 18.76 13.04- 29.76 17.99 17.00~ 18.50 540 3,00 - 3.67
5 44 .60 28.00- 66.00 16.57 11.76- 19.27 17.58 16.43- 19.50 3.66 3.33 - 4.00
6 14.00 0.00- 29.00 9.02 0.00- 25.25 17.64 16.50- 19.00 %.29 3.00 - 3.75
7 39.40 20.00- 84.00 25.19 13.85~ 38.46 18.50 17.75- 19.38 3.37 3.00 - 3.80
8 34.60 7.00- 62.00 17.76 12.7%- 23.29 18.61 17.00- 20.50 3.46 3.00 - 4.00
9 18.20 0.00- 51.00 12.12 0.00- 21.74 18.%6 16.50- 20.50 3.27 2.75 - 3.50
10 10.20 0.00- 61.00 12.2r 8.00— 22.%0 16.27 10.00- 18.6 2.6g 0.00 - 4.00
11 31.00 7.00-103.00 15, 3 54— 37,61 17.64 17.00- 18.2 3.5 %5.40 - 3.80
12 34.40 1.00- 59.00 12.66 2.56~ 20.70 17.€42 13.50- 19.25 3.83 3.50 - 4.50
13 71.00 59.00- 85.00 16.45 8.21- 25.17 18.26 18.11- 18.36 4.20 5.89 - 4.50
14 41.40 15.00- 85.00 21.38 15.46~ 33.19 17.99 16.20- 18.75 3.85 3.71 -~ 4.00
CD $3.92 NS s 0.72
cD(for 35.98 0.76

comparison of combination 13)
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12.Duration 27 nmale phace. ko significant difference was cbser-

ved in the duratien oF mele phase in progenies either hetween
motherpalms or vetween pollen vparents. It ranged {from 10 deys in
tree number 302 of conmbination 10 to 20.86 days in tree nuwber
33% of corbination 1(Plate-1). The overall mean duration of male
rhese was 17.83 days. Cenotypic variance estivated was negative
and hence heritability, GCV and PCV were not calculated for this
trait.

13, Duretion of female phase. [other palms showed significant

difference at 5 per cent level in the duration of female yphase

cf their zyrogenies. The longest mean duratioa of 4.2 days wa

[O]

recorded in 13th combination and was statistically on var with
combinations 3, 5, &, 11, 12 and 14. The chortest mean duration
¢t 2.99 days was recordedin 2nd combination which did not differ
gignificantly from combinstions except 12, 13 and 14. This trait

ranged from 2.33 days in tree number 240 of 3rd combination fto

dayes in tree numbers 281, 321 and %46 of combinaticns 12, 1

T

4.
and 13 respectively (Piate-2). PCV was estimated to be 10.05% and
GCV 7.56. Heritability wes observed as 17.4 per cent.

4. Pollen Tertility and viability. Veriation in pollen ferti-

lity and viability was not observed between palms at any point
or time, while there exiazted considerable variation in diflferent

e

easons. The seasonal efTects are discussed in section .

w

C.Genotypic and Phenctypic Correlations.

Genotypie as well as phenctypic correlztions bhetween
every pair of seventeen characters cbserved werz worked out as

described in Chapter 3 ané are provided in %able 4.5 and Table

43



Table 4.4

Hertability, Genotypic and Phenotypic Coefficients of variation

L T P T Cpeepp—

Character Feritahility GCV PCY
Girth 35.9 5.10 2.50
Internodal 46.0 15.67 23.11

distance
¥No. ¢f func. 20.9 5.47 11.97
leaves
Leaf production 321 8.62 15.22
Leaf length 221 5.03 10.66
Petiole length 19.2 5.28 12.26
YNo.of leaflets 27 .9 3,16 5.98
Length of 35.7 6.46 10.82
leaflet
Width of 27.3 8.92 17.04
geadietproduction 31.0 22.68 40.69
Mo. of branches 25.8 6.80 13.39
per spadix
No.of male £.5 5.73 22.39
H5088 Pemale 30.8 42.88 77.25
F698PTHuttons 15.4 34.82 85.85
set
Percentage of 8.7 16.05 54.37
buttons set
Duration of -2.4 — —
male phase
Duration of 17.4 7.56 18.05

female phase

T s B s S Vot S o S - T e — s s o S St Ly e P g ks akn e A e P S St S s = e VS v A — A AR e W A T . T e Y i S s o v



Table 4.5
Genotypic Correlations among sventeen characters

Chara- Girth Inter Ho.of Anmual ILength

of

Teaflets

No.of

Ho.of

No.of Ne.of No.of Perce- Durstion of

cter nodel func. leaf leaf petiole YNo.of Iength Width spedi- bren- male Temsle button ntoge male female
dist.leaves prdn. ces ches  flrs, flrs. set set e phase

M @ ® W 6 L (M @ (9 (o a1 (2 03 (4 @as) (e A7)

2 .4

3720 a4

4 51 =232 974

5 923 808 678 143

6 9% 612 1.212 660 U6

7 893 60 251 250 6 346

8 -637 05q7 o678 04% o% 0856 ‘%3

9 429 401 408 65 634 404 50T (76t

10 611 033 1.060 815 451 80 2B 5100 213

11 1.8 631 T8 537 .68 T 410 487 389 503

12 1371 452 1.453 1.031 1.293 1.829 4% 1.031 268 1.215 1.117

13 644 200 737 53 612 U757 A2 481 37 L7800 612 1.460

14 911 419 98 695 889 914 602 T4 262 971 728 1.8 961

15 .00 512 861 590 6460 932 1.0335 0 988 B0 6190 427 OB 208 658

16 =032 =431 311 49 =365 245 <105 0500 430 254 -a48 =051 L2150 (169 364

17 .’7& "-134 ¢274 1 .(B2 .(51 0856 "‘-1 16 -255 "'.(BO 1 ¢332 1 0%5 1 04‘67 1 03'70 1 u4'66 -m —o(Bg

o



Table 4.6
Phenotypic Correlations among sverrteen characters

Chara- Girth Inter No.cf Amrmal Iength  of Teaflets Ho.of No.of No.of No.of WNo.of Perce- Duration of
cter nodal func. leaf leaf peticle Wo.of length Width spadi- bran- male famale button ntage male femmle

dist.leaves prdn. , ces ches flrs., flrs. set set ?h@e phase
M @ ® @ 6 e @O 6 @ (0 (1) 02 03 4 05 (e (07)

2 .65

3 420 AR

4 397 072 648

5 509 526 262 323

6 531 439 537 507 634

T 439 428 AT6 204 615 447

8 3BT 453 363 467 B0 524 400

9 212 292 4% 304 .25 214 246 538

10 A05 0 659 680 419 524 M8 U461 226

" 352 557 AT 4% 4D 30 43D 260 552

J8 487 450 239 319 o047 000 091 B06 3BT

O64 5% B00 01 431 a8t 4100 M3 JTR2 523 B40

A33 0 .548 571 M0T 481 318 452 2300 W24 535 A2 T
508

I

N

15 a7 .30 L2248  387 218 312 264 315 4980 2290 247 489 619
16 -173 0% 300 21997 030 425 =47 440 AT 2B AT 42 230 2% 53
17 a4 207 B8 2B W& 376 44 46 083 U3B8] 2390 4% .3 31t 21 AG2

%



4.6 respectively.

The nurber of buttons =zet, the most impertant economic
character has highly significant genotypic correlation with
trunk girth (.911), numher of functional leaves (.9682), length
of vetiole (.914), length of leaf (.839), number of leaflets
(.602), length of leaTlete (.714), spadix production (.371),
nunber of branches per spadix (.728), and ferale flower produc—

tion (.961). I+

k0]

. genctypic correlation with number of male
ilowers wag greater than unity and has to be considered as high.
The corresponding phenotypic correlations were .285, 543, .481,
407, 452, 318, .824, 955 and  .7Yl respectively. It was
highest for number of spadices while genotypic correlation was
nighest for number of functional leaves. In general, phenotypic
correlations were not so high a8 +the genotypic correlations,
though they were not very low. The percentage of buttons set
also had high genctypic correlation with trunk girth (.6),
number of fFfunctional leaves (.861), length of petiole (.9%2),
length of leaf (.646), number of leaflets (1.033), length of
leaflets (.268), width of leaflets (.95) and male flower produc-
tion (.984). Trunk girth had very high genotypic correlation
with all leaf characters, female flower production, number of
buttons set and percentage set and so was the case of number of

functional lesaves.

D.Genetic divergence.

Fourteen characters for whieh the combinations were
significantly different were selected for D2 analysis. The Lamda

criterion for testing the overall difference among the combina-

-1



Table 4.7

Hahalanobis' D2 values between fourteen Combinations

Combinationa
1 Z 3 4 £ & i e e 10 11 12 15

2 20.45

3 33.21 12.52

A 41.65 11.67 2,86
5 54.44 20.6% 10.949 4.44
6 20.04 18.954 5.60 11.82 19,50

23.05 14.29 4.74 9.57 17.706 3.51

-J

8 40.91 16.23 2.84 5.32 15.44 10.97 T.24

9 18.77 14.43 5.86 9.69 13.81 2.253 5.59 294

10 19.79 30.25 50.9002 53.73 69,38 56.09 4G.05 56.38 45 .51

11 13.35 15.98 11.94 17.40 33.27 11.70C 7.64 12.62 9.13 22.36

12 37.74 15.50 7.833 5.87 Q.69 17.74 15.51 T.236 10.94 47.10 16.40

13 165.53 92.37 64,64 50.14 42 .75 39.15 91 .27 £%.14 31.682 195.43 115,79 55.79

14 128,96 77.48  40.96  37.55  35.75  55.9% 53,06 32.20  55.00 161.65 280,04 44.4% 3037
D)

4



tions with respect to the selected fourteen charsciers was Ifound
significant. Conseguently, Mahalanobis'D? value was calculated
for every pair of combinations and are furnished in Table 4.7.
Maximum D2 value (195.4%) wss obtained between combinastions 1%
and 10 followed by 13 and 1 (165.43). combinations 9 and & had

>
4

the minimum D* value of 2.28 followed by & and 3 , the value
being 2.84. The corbinations were grouped by the computer
oriented iterative algorithm based on the D2 values. The number

a

of clugters was determined a2s& 3 by the method of maximum curva-
ture. The cluster configuration is provided in Table 4.3 . The
inter and intra clucter DZ values and the inter and intra
cluster distances (JBQ values) are given in Tables 4.9 and 4.10
respectively. Clusters I and II were the most divergent (12.76)
ones. 10th and 1st cowmbinations, the most distant from 13th
combination constituted Cluster I (Plate-~3) and 132th and 14th
combinations formed Cluster II (Plate-4). Cluster III consisted
of the remaining ten combinations (Plate~5) and was more close
to Cluster I than to Cluster II, the corresponding distances
being 6.24 and 7.93.

The clustering gpattern 1is represented in Fig.1. The
mean and range of different characters of each cluster are
provided ir Tables 4.11 and 4.12 respectively. Cluster II consi-
sted of parental combinations with most desirable properties
guch as maximum number of female flowers set, female flower
production, girth, number o¢f spadices produced, number of func-
tional leaves and annual leaf production. Cluster I had the

least of all these desirable characters.

49
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Table 4.8
Cluster Configuration

__________________________________ e o - — S ot o o Bt o o e S S

Humbers of parental combinations
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Table 4.9

- o T Gy A A . T e St S = W S W T e S S e S e - A W Sl s = T 1 —

I II I1I
19.79
162.89 50.37
39.00 € 62.89 11.49
Table 4.10

Inter and intra cluster distances (Jﬁé values)
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Fig- 1. CLUSTER DIAGRAM




[T 8

Table 4.11

Cluster means for the 17 characters

e . e e - — e ——— - - " o T o R Gt s H A ot S a e A St W S T e s A A e e So e A S i A G e A S U S NP T o s W i W D

Characters Clusters

T IT 171
Girth 57.90 76.78 70.473
Internodal 4.52 4.75 4 .34
distance
No. of fun. 16.50 21.00 18.48
leaves
Leaf produ- 11.80 16.78 14.12
ction
Leaf length 5.12 3.43 %.35
Petiole length 1.22 1.47 1.34
Nunber of 198.80 206.44 200.16
leaflets
length of 71.62 84.50 &83.01
Jeaflets
Width of 2.75 3.26 3.29
leaflets
To. of spadi- 4.00 9.11 5.53
ces/annum
No. of bran- 24 .66 . 30.86 28.16
cheg/spadix
NWo.of male 144 .31 19017 158.6%
flowers/branch
No.of female 98.00 320.44 181.62
flowers/annunm
Humber of 12.40 54 .56 32.90
buttons set
Percentage of 1"1.71 19.19 16.56
buttons set
Duration of 17.42 18.11 17.94
male phase
Duration of 3.04 4.01 3.4%

female phase
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Table 4.12

Range in 17 Characters for the three Clusters.

e . " — T — — —— T —" o o " PV T M e o o o e - At A A D S W GO GO St o o i S et e S S SO G (R S S M St Akl W oy ks S e o A W S T i Mt

Character
Trunk girth 62.00
Internodal 2.93

distance in cnm

No.of funectiocnal 14.00
leaves

Annual lea?f 10.00
production

Length of leaf 2.67
in m

Length of petiole 1.07
inm

Number of 174 .00
leaflets

Length of leaf- 61.25
lets in cm

Width of leaf- 2.43
lets in cm

lo. spadices 2.00
Yumber of 2%.00

ra chesés adix
BagheRcoeoRalE” 4.0
Number of female 00.00
flowers produced

CLusters
II I11
75 .00 691.00 - 87.00 569.00 - 90.00
6.21 %.64 -~ 6.43% 2.43% - 9.21
20.00 19.00 - 26.00 14.00 - 22.00
14.00 14.00 = 22.00 10.00 - 17.00
3.50 3~1O - 3-73 2.70 - 4062
1.50 1.1% - 1.85 1.05 ~ 1.67
222.00 194.00 - 218.00 172.00 - 213,00
79.50 78.75 - 94.00 66.75 - 101.50
3.28 2.75 - 53.83 2.10 - 4 .60
7.00 7.00 - 11.00 2.00 -~ 11.00
29.29 24 .88 - 33,56 22.00 - 38.3%
218.00 113.00 - 221.20 100.67 - 230.86
%15.00 97.00 - 792.00 24 .00 - 520.00
Number of 0.00 41.00 15.10 - 85.00 0.00 - 118.00
buttons set
Percentage of .00 32.80 8.21 - 33%.19 0.00 - 38.46
buttons set
Duration of 10.00 20.86 16.20 - 19.38 1%5.50 - 20.50
male phese
Duration of 0.00 4.50 3.63 - 4.50 2.3% - 4.50

female phase
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E.Seasonal effect on T'loral Characters.

The number of spadices, number of female Tflowers
produced, active femele phase and the corressonding number and
percentage of buttons set, pollen fertility and viability during
the different standard weeks of the study period of one year are

P
)

furnished in Table 4.13
taking three week moving averages are provided in Table 4.14.

The trend obtained in these traits by

Trende in producticn of spadices and female flowers are graphi-

cally represented in Fig. 2 and that in number and percentage

of buttons set are represented in Fig. 3.

It was observed that no spathe opened during the study
period till the end of December 1985, Spadix production initia-

ted in early January and gradusally increased reaching its peak
in the middle of ¥arch with 29 spadices in the standard week

from 11th march. Thereafter the production decreased slowly and
attained zero by october,1986,

Female flower production also showed a similar trend as
that of spadix production. Maximum number of femeale flowers have

been recorded toc be 978 during the period of 11th to 17th of
March and minimum production of 18 female flowers was recorded
during January 8th to 14th. Mo spadix was produced in any of the
selected palms from 15th October (beginning oFf the study) 1o
31st December 1985. lMore female flowers were produced during
February, March, April and ifay having the maximum in March.

Occurance of female phase was first observed during the 1last



Table 4.13

Distribution of floral characters ty standard week

Ho.of  Ho. of No.of DNo. of Percen-

Week spedices female spadices recept~ No. of ‘tage of Ferti- Viabi-

opened flowers having ive fe- buttons buttons lity lity

female mele set set;
) phase 1lowers

(1) (2) (%) (4) (5) (6) (7) (&) (9)

Oct.15 to Dec. 31 - - - - - - -

Jan. 1- 7 1 &3 - - - - - -~
S-14 1 1% - - - - 9,76 85.26
15-21 2 T4 - - - - 9%G.64 91.83
22-28 2 155 2 31 0 0.00 P34 87.06
Feb.20~ 4 " 26 0 0 0] 0.00 9r.01 gr.2
511 13 520 2 T4 4 5.41 9%.49  89.62
12-18 17 0% 2 155 12 774 97.50 9R.OT7
19-25 18 543 12 447 46 10.29 97.23  83.87
Mar.26- 4 18 729 9 420 49 11.67 B.34 57.49
511 10 349 17 79 86 11.04 97.74 19.%5
12-18 29 973 19 616 77 12.50 gr.ml K .66

2 9 3 1 9. . .
Y18 8 % % 8 3B 3B BE
Aprl.2- 8 21 642 28 1042 125 12.00 00.50 0.00
915 20 645 17 545 e 14.51 66.00 0.00
1622 16 437 18 559 70 12.52 66.10 .00
2329 25 41 15 563 69 12.26 65 .00 0.00
May 30~ 6 13 265 23 Tr7 166 21.36 64.80 0.00
=13 12 225 9 x5 45 14.775 64.50 0.00
14-20 15 493 21 762 181 23.75 63.680 0.00

(<521}



) () (3) (4) (5) (6) (7 @) (9)
21-27 20 507 8 1B T4 35T A0.90 0.00
Jun.28- 3 15 331 12 273 6] 24..A 92.00 51.00
4-10 7 168 14 499 107 21.44  97.%0 80,00
1-17 8 21 15 449 N 20.27
183-24 7 165 14 341 34 9.97
Jul.25~ 1 14 214 5 " 2 1.80
2- 8 4 5 5) ! 221 % 15.84 R, 14 89,00
15 7 182 6 140 18 12.86  9B.10 8850
16-22 14 273 12 2T 36 13,28 97.80  87.80
2329 10 216 3 80 14 17.50  98.20  90.50
Aug30- 5 7 173 7 182 38 20.82 VA0 890
6-12 13 x5 12 260 49 18,85 9730 5.9
13-19 6 124 9 187 &5 45.45 9679 8583
2026 7 177 7 173 52 30.06  97.10  85.50
Sep.27-2 15 310 8 175 63 36.00 B0 8160
3-9 9 199 12 260 R 37.69  97.40  88.00
10-16 3 52 9 214 79 36.92 98B0 8.9
17-23 9 19% 14 291 114 39.18 ®B.20  88.60
24-31 6 116 7 155 61 39.%5 9750 85.50
Oct. 1- 7 - - 4 78 37 AT.44  97.9 8410
8-14 - - 8 17 ®.0  87.20

Fertility and viability of pollen could not be determined from 11 nth

June to 1st Jully due to heavy rain.



week of January, though the corresponding number of buttons set
was nil. The number of buttons set increased and reached its
peak when the female phase occured in May and a sudden decline
wvas noted by the middle of June. But the number of buttons set
showed an increasing trend from July fto the end of the study
period, though this rise was never anywhere near the peak

observed in lay.

The setting percentage weas gzero during January and was
less than eight till the middle of February. FProm then on it

fluctuated between 1 and 15 till the end of April. By the end of

April the setting percentage rose to 20 and above and remained
so up to the middle of June when there was a sudden drop to 1.8

in the last week of June. Thereafter it increased and reached 45
percent by the middle of August and fluctuated between 30 and 45

till the end of the study pericd. The maximum percentage set was

recorded when the inflorescence had its fewmale phase in the
week starting on 2nd October.
The pollen fertility was fluctuating between 95 percent

and 100 percent from the second week of January when the first
male phase was observed %o the end of March. There was a steep
decline in pollen fertility by the beginning of April and fluc-
tuated between 60 percent and 67 percent till the third week of

May. Thereafter it increased and reached above 90 percent by the

end of May and remained so till the end of the study period.
The pollen viability was observed to be fluctuating

between 80 percent and 95 percent from the scecond week of

b
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Table 4.14
Three week moving averages of floral characters

Ho.of  No. of No.of MNo. of Percen- Pollen Pollen
Week spadices Tfemale spadices recept- No. of tage of ferti- viabi-
opened flowers having ive fe- buttons buttons lity lity

female male set set
thase {lowers
(1) (2) (3} (4) (5) (6) (7 (8) (9)
Oct.15 to Dec.?! - - - - - - -
Jan. 1— ‘7 b - - —— hund — - —
3-14 1.%55 51.67 - - - - -- -
15-21 1.67 .37 0.67 Z7.00 - - g97.91 &3.07
22-28 5.00  200.00 0.67 27.00 -~ - Y735 &2

Feb.29- 4 8.67 361.00 133 51.67 1.33 1.80 96,30 d.%
511 13.67  543.67 1.33 7633 533 4.38 97.02 £9.03
1218 16.00 593.67 95.33 225.33 20.67 7.8 9g7.07  0.18
1925 17.67 660.00  7.67 340.67 35.67 9.0 97.69  89.48
Mar.26- 4 1533 539.33 12,67 548.67 60.33 11.00  97.77 6.24
511 19.00 6R.67 15.00 &5.00 T0.67 1174 9.9 8747
12-18  19.33  601.33  16.33  679.67 T4.33 10.9 97.36 8.03
1925 2233 6.0 1333 513,00 5533 1074 %50 83.74
26~1 19.67 5300 16,33 655.00 7123 1057 33.38 0 52,18
Aprl.2- 8 20.00 636.%5% 17.67 622.00 TiJ43 12.23 73.70  24.16
915 19.00 574.67 21.00 715.33 91.00 12.94  64.20 0.00
16-22  19.67 &07.67 16,67 555.67 72.33 13.03  65.70 0.00
3= 17.33 431,00 18.67  633.00 101.67 1533  65.3%0 0.00
Mgy 30- 6 16.00  410.67 15.67 614.67 93.33 16.12 64.77 0.00
713 13.33 B7.67  17.67  614.67 1%0.67 19.95  64.37 0.00
14-20  15.67 408,33 12.67 421.67 100.00 25.29 69.73 0.00
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Fic.2 . TREND IN PRODUCTION OF SPADICES AND FEMALE FLOWERS
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January to the third week of [Farch. Then there was a drop to
72.5 percent in the last week of March and became zero $ill the
end of HMay. It was %0 percent in early June and recovered to
80 percent in the succeeding week and continued +to oscillate
between 80 percent and 90 percent i1l the end of the study

period.
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DISCUSSION

Development of supericr and high yielding coccnut ctrains
has received attention only recently. The importence of utili-
sing the prococious bearing character of dwerfs in breeding was

1938), who observed maximum hybrid

N

firet reslised by Patel
vigour when the tall variety was used as female parent with
dwarf as male. The success of the crop improvement programnme
lies on the effective identitfication of superior genotypes uti-
lising the available source of existing genetic variebility in

the population, that make selection more effective.

The information gathered in the present investigations on
variabiity in Fq ccconut hybrids would permit identirication of
superior mother palms. The anslysig performed helped to identifly

superior genotypes capable of transmitting their traits to pro-
genies and the extent of genetic variability can be utilised to
identify superior tyres through appropriate breeding procedures.

Important results are discussed in this chapter as fellows.

General variability.
The extent of variabilifty for the different vegetative and

floral ettributes in the progenies of the three pollen pdrents
was only moderate, while fthat contributed by the different fe-
nmale parents was relatively conspicuous. The analysis of varia-
nce of the 17 charactere viz., girth, internodsl distance,

length of 14th leaf and its petiole, number, length and width of

leaflets of 14th leaf, number of gpadices, number ¢f branches

60



per apadix, number of female flowers, number of buttons cet,
vercentage of buttons set and duration of male and femele phages
is given in Table 4.1. The extent of veariebility was assecsed
from range, GCV and PCV which are given in Tables 4.24, 4.23,
4.3A, 4.38 and 4.4. The pollen parents used in different crosses
were H8/1, we/7 and 8¥8/17 and no gignificant difference was
observed Tbetween their progenies in any of +the characters
studied. On the other hand, progenies from different mother

palme differed eignificantly with respect to all characters

except numher of female flowers, percentage of buttcons set and
duration of male phase. In other words, the nother palms had
greater share in the contribution of most of the traits %o

their progenies than the pollen parents.

Cytoplasm had been established as a vehicle of inheritance in

plants. Mejority of the cytoplasm of the progenies is contri-

buted by the female parent rather than by the male parent. Hence
the inheritance c¢f most characters will be more through the

mother palm than through pollen parent. Similarity of the pollen
parents could also he the reascn for nonsignificance of differe-
nces among their progenies. The differences observed between
progenies of different mother palms and the same pollen parent
could be either because of the varying contribution from mother
palms or due to the interaction of wmale and female parents or
due to genotype environment interaction. The specific reascn for
this could not be assertained from the data gathered in this
investigation. Bavappa et al. (1973) observed significant diffe-

rence in girth, internodal distance, number of functional



leaves, length of leaf, number of leaflets, female Flower pro-
duction and setting percentage between parental combinations in
nine 'y families of T X D hybrid coconuts. Wensignificant diffe-
rences among progenies of different crosses with respect to
number oX male flowers, rercentage of buttons set and duration
of male phase was mainly due t0o the large variation in these
characters between progenies with in the same cross. The rela-
tively high values of PCV and low values of GCV for these attri-
butes indicate greater extent of environmental effect on them.
o previous rteports have indicated this eituation in coconut
hybrids.

Correlation and Heritability.

Correlation coefficients worked out 2t genotypic level
revealed existance of strong positive agsociation of buitton set
with most of the characters. Button set was highly correlated
with number of spadices (0.971) followed by the number of Tunc-
tionsl leaves (0.968), number of female flowers (0.961), petiole
length (0.914) sand girth (0.911). The corresponding vhenotypic
correlations were 0.824, 0.548, 0.791, 0.481 and 0.235 resypec-
tively. This is in general agreement with the results of earlier
workers. Satyabalan et al. (1972) observed high positive corre-
lation of yiela with stem height and number ol functional leaves
(0.686 and 0.680), while high genotypic correlation of female
1Tlowers with yield (0.533) was reported by lsmpoothiri et al.
(197%) in different open pollinated tall palms. Similarly =i
ficant and positive correlation of stem height with vield

(0.622) was observed by Ramanathan (1984).
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Heritability was cbserved to be 30.% pner cent For number
o7 femele Flowers produced and 15.4 per cent for the numbver of
buttons set. Corresponding GCV was 42.9 per cent and 34.8 nper
cent respectively. In other words, heritability of female flower
procduction is much higher than that of number of buttons set.
More over female Tlower yproduction has very hizh genotypic
correlation (0.961) with number of buttons set. Hence, selec-
tion of mother palms based on female flower preduction will be
much more effective than that based on button set. Previous
attempts in this line are scarce. Put Liyanage (1961) reported =
very high heritability of 0.81 Tor the ratio of nuts to female
flowers ver bunch, which indicated 2 predeminant role of the

Zenotype on the manifestation of this economic attribute.

Heritability estimates <for +the characters having high
Zenotypic correlation with the number of buttons set were also
fairly high (Table 4.4). lediur to moderately high estimates
were obtained for the characters internodal distance, trunk
girth, length of leaflets, spadix production and nunber of fe-
male flowers, while it was lowest for number of male flowers and
vercentage c¢i buttons set. Hence, selection of Temale parent
baced on number of spadices, number of functional leaven, fenmale
Tlower production, length of leaf and trunk zirth will be effec-
tive to achieve high yield of progenies. Very low heritability
was observed for number of male flowers (6.5 per cent) followed
by percentage of buttons set (8.7 per cent) whick indicated
that more than 90 per cent of the variation in these characters

were contributed by environment rather than genetic. This sugpe-
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gts that these cheracters were less stable and highly suscept-
able %to environmental effects. Environmentel components were
found to far exceed the genetic components, there by incicating
the predominating influence of environment in the manifezstation
of such charascters. Such high environmental variation in thece
characters resulted in nonsignificant difference among conbina-

tions with regard to these charecters. Due to the low heritabi-

[

lity, selection of mother palwms should not be based con these
characters.

Louis {(1981) observed =a wide range in phenotypic varia-
tion in 2% varieties eand two hybrids. Maximum phenotypic ccefii-
cient of variaticon was ooscrved for the number of female flowers
(66.66) followed by setting percentaze (63.05), number of nute
ver annum (55.69), length of lea? (56.79) and number of spathes
per annum (5C.74). 4 very higzh genotypic correlation of female
fiower prcduction with yield (0.961) in the present stuly susg
ste that selection o mother palms based on female flower v»rodu-

>

ction will be much nmore effective than that based on yield.
Genetic Divergence.

There exists considerable amount or genetic variation

creat

[

even with in one group of coconut, say tall, whicn offers

-

scope Tor selection ( kavappa, 1975). It is desirable to inve-
stigate the degree of variability in a population of tall and
dwarf palms wvwhich can be utilised for selection of parents to

achieve the breeding objectives.

In the present investigations, grouping of the 14 parental



combinations in t¢ clusters vsing the computer oriented itere-
tive algorithm hased on Mahalanobis' D values was performed.
Three clusters were identified (Table 4.7). Cluster I cosisted
of combinations 1t and 10 , the progenies oI which were poor in
performance with respect to all the characters studied. Uimi-
larly cluster II contsined combinations 13 and 14 and they were
found to possess superiority in respect of the desirsble traits
such as spadix production, number of branches per spadix, female
flower production, +trunk girth, number of functional 1leaves,
annual 1leaf production, number of leaflets, length oif leaf,
petiole and leaflets (Table 4.2A, 4.2B, 4.34 and 4.3R). Tatura-
lly, these two clusters were the most distant ones (12.76). The
third cluster was constituted by the remaining 10 combinstions,
which were moderate in these characters as evidenced by analysis

of variance.

The observaticne made from the analysis of variance of
individusl characters could bte substantiated by clustering based
cn the simultaneous consideration of all the characters. Hence,
it could be inferred that the Female parents used for the produ-
ction of the 13th and 14th combinations namely G/115 and 1/123%
were the most desirable ones ard those used For combinations 1

and 10 were inferior for hybridisation. Bavappa et al. {(1973)

o

also grouped 9 Py families of WCT X Dwarf green coconut hybrids

into four clusters based on 13 vegetative and yield traits using

iahalanobis D2 and identified superior mother palms. They sugge-
sted that, with proper choice among tall and dwarf varieties,

efficient exploitation of the hybrids could be effected. Bala-
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krishnan {(1982) also used D2 analysis to asses genetic diver-
gence 1in 24 cultivars of west coast tall coconut palms and
grouped them in +to =ix clusters on the basis of 17 eccononic
characters constituting vegetative, floral and nut characters.
Clusters I and II were founé 1o be genetically closer, the

distance being 3.06 and clusters IV and VI were wider having a

distance of 3.72.

Tnvestigations made on variability in T X CDC coconut hy-
brids showed that the traits such as spadix production, number
of branches per epadix, Fewmale flower producticn, trunk girth,
number of Ffunctionel leaves, annual leaf producticn, nuwmber of
leaflets, length cof leaf, petiole and leaflets have direct and

marked influence on the number of buttons set and that thegse

~

characters can be relied up on in the selection of potential
mother palms capable of producing high yielding progernies.

BEffect of season on floral characters.

There appeared to have definite effect®® of the season on the
behaviour of the palmeg in resprect of the manifestation of major
economic traits in coconut. Spathe opening wag alwmost nil from
October to December during the course of the investigation.

Spadix emergence was observed to commence by early January and
it gradually increased reaching a peak in the middle of Warch

with a total of 2% gspadices in the population studied in the
standard week from 11th Harch. There after the production
decreased slowly and attained zero by the next Octcober. This is

in general agreement with +the findings of Patel (1938) who



cbserved that the meximum number of bunches opened during the
month or MMarch at HHileshwsr-1 and in the month of April at
Kasaragod. The number of bunches was very low from October to
January at bcth the places. They reported relatively high rate
of abortion of spadices that were to open during the rainy
months and attributed to the drought at the time of formation of
branches. Phaskaran and TIeela (198%) also obtained cimilar
results in tall and dwaerf varieties and expressed the view that
abortion of spadix occured mostly during the south west monsoon.
Spadix abortion was lowest during hot weather period (Cctober

and November).

Female flower production also showed a gimilar trend as

spadix production. *ore female flowers were produced during the
months of February, Merch, April and Illay and 2 maximum of 978
was recorded in the experimental trees during the period fron

11th tc 17th of March. Where 23 the minimum production of 18 was
recorded during January Sth +o 14th (Table 4.13). Ic spadix was
produced in any of the selected palms from 15th Qctober (hegi-
nning of the study period) to 31st of December 1985. This is in
agreement with the observation made by Patel (1938) and Rhaska-

ran and Leela (1983%). According to the former, the production of

female flowers in WCT variety was low from September teo {RJanuary

and high during March to "ay at Kasaraged. The low precduction in
September to January is probably due to the adverse effect of
the seasons at the time of differentiation of the ovary and the
perisnth from the primordium of the female flower whichtakes

place about six to seven months prior to the opening of the

b/



g¢pathe. In other words, the first differertiation of the ovary
in the spadices which open during February to June takes place
in the rainy months. On the contrary, differentiaticn cof the
ovaries of the spadices that open during August to December when
production of <female flowers 1g generally 1low, teakes plece
during the dry months of February to June (/Jenon and Pandal=ai,
1960). Bhaskaran and Leela (1983%) also observed similar npattern
for female flower production. They reported that 50 per cent of
annual female flower production was accounted for in hot weather

period.

Setting of buttons in the inflorescences having active
female phase during the course of the investigetions exhibited &
uriform trend -~ the values ranging from 30 to 47 per cent except

in the last week oi June, when it was only 1.3 per cent which
possibly could be the undesirsble conseguences of hesvy raine

(328 ml) experienced during this period which in turn affected
adeguate pcllination. High setting percentage observedduring
August, September and OQctober nmust be due to the Ffavourable
climatic conditions especially the absence of meoisture stress in
the soil and =2 temperature range of 22¢Ctc 300C. Relative humi-
dity in the ™I was 90 and between 60 and 80 in the AN. Pollen
Tertility appeared to be the least influenced by seasonal varia-—
tions. It was above 90 per cent in all standard weeks except in
the summer months of April and ilay during which the fertility
wvas between 60 and 70 per cent. The decrease in fertility could
be due to the effect of relatively high tempersture thst pre-

vailed and /or dueto increased moisture stress in the soil as



reported by Stanley and Linskens (1974). Pollen Viability also
had the game trend keeping a level above 80 per cent For most of
the study periodd, but was totally inviabkle in summer nmonths. A
moderately high level of button setting notwithstanding low
pollen fertility and complete pollen inviebility is difficult to
explain and needs further study. However the possibility of
pollination and fertilisation during early hours of the day,
when the temperature is not tooc high to be detrimental to pollen

germination cannct be ruled out.

(g}
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SUMMARY

Tnvertiseticons were carried cut to saxamino the nature

and extent of veriability in 17 vegetstive an¢ “loral chers-

chteriatice of 14 rerental combinations between Tall snd Chow hat
Dwarf Orange {7 X CDC ) hybrids maintained at the KADP rarm of
the College of Terticulture, Kerala Agricultural University for
2 continucus peried of 12 months from 15th October 1985. Jali

results obtained from the study are summarised bhelow.

1. The pollen parents did not differ significantly in their
contribution to the progenies in the magnitude of variability
expressed by any of the 17 characters s=tudied while female

parents differed in their contribution in most of the traits.

2. A very high #enotynic correlation of 0.971 was observed het-
ween the number of flowers set  and the number of apadices
fcllowed by the number of fFfunctional leaves (0.862) and the

number of Temsale Flowers (0.951). So, enphasis chould bhe given

to these atiributes in exercizing selecticn.

3. Phenotypic coefficient of variation was found tc be higheot
for the number of buttons set (88.8%) fcllowed bv number of

Temale flowers (77.25) and percentage of buttons set (54.%7).

The genotypic coefficient of veiatiorp was meximum for nuwber of

smale flowers (42.53) Followed by number of buttcons set (34.82)

and the number of spadicen (22.68) indicating o greater influ-

ence of environment in the expression of these akiributes.

U



4. A very high heritability was observed for internodel dista-
nce (46.0) rollowed by girth (35.9), length of leaflets (35.7)

and annual leaf production (%2.1). Very low heritability was
observed in the case of duration of male phase, number of male
flowers and percentage of buttons set and hence there is not
much scope for the selection of promising genotypes based on

these characters.

5. All the 14 parental combinations could be grouped into three
clusters using Mahalanobis' D2 analysis based on 14 characters
for which combinations differed significantly. Cluster I consi-
sted of two combinations which were inferior with respect to all
the desirable traits, while Cluster II consisted of two combina-
tions which were superior with respect to the desirable traits.
Expectedly, these two clusters were most divergent. The third
cluster consisted of the remaining 10 combinaticns which were

moderate with respect to the desirable traits.

6. Spadix production did not occur during October, lovember and
December. It was found to commence in early January and
gradually incresed reaching the peak by the middle of Harch (29
spadices in the standard week from 11th March). Thereafter
production decresed slowly and attained zero by October 1986.
Female flower production also showed a similar trend as that of

spadix production.

7. Percentage setting of buttons was low during the months of
January anf February and medium to moderately high from WMarch to

October (27 to 47 per cent) with a drastic drop to 1.8 per cent
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in the last waeeyr ot Juns when hesvy reing nrevaiied.

8. Pollen Zertility was very high {(abkove GU per cen®t) during th

etudy nericd excert in April snd Mey, when it renged “rom 60 1o

67 per cent. Pgollien viebility also bad e siwmilar  trend.

s

fenerelly it wa= stove 80Q rmer cent, but tha pollen was comple-

a1

jivl
o
5

tely inviable during the summer mwmonths of April and 1}

cosequent on the hish ambient temperature.
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PLATES



Plate-1 Early male phase

Plate-2 Early female phase



Plate-5 Typical tree of Cluster III

Plate~-3 Typical tree of Cluster I

Plate-4 Typical tree of Cluster II



Plate-6 Normal fertile pollen (» 600)

Plate—? Normal pollen-—tube growth
in 25% sucrose solution(xi
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APPENDIX

Weather parameters for different standard weeks
from 15th oct. 1985 to 14th oct.1986
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Standard Temperature Rainfall Relative humidity
week in OC in mm
max. min. FH AT
(1) (2) (3) (4) (5) (6)
Oct. 15-21  30.0 22.0 980 as 64
22-28 321 22.4 110.9 87 62
Hov. 29- 4 32.0 2%.5 - 80 59
5-11 31.6 23 .5 1.7 &1 67
12-18 31.7 22.4 - 86 65
19-25 32.2 22.3 2.7 90 62
Dec. 26- 2 31.9 20.7 - 67 41
3. Q 32.0 23.3 2.2 79 44
10-16 52.1 21.8 54.6 79 4
17-23 32.5 23 .1 - 78 44
24-~-31 32.5 22.8 - 13 59
Jan. 1- 7 31.8 21.5 - 64 37
e-14  31.9 23.7 - 7 55
15-21 32.4 21.9 1.2 78 52
22-28 33.2 23.0 - 67 37
Feb. 29- 4 34.7% 21.5 - 7 35
5-11 34.5 22.5 - 78 44
12-12 32.7 21.7 0.7 85 49
19-25 35.1 22.8 1.2 68 %4
Mar. 26- 4 35.8 25,73 - T3 50
5-11 36 .4 24.5 - 67 37
12-18 26.2 24 .5 - a5 49
19-25 35.8 24 .¢ 8.4 87 51
Aprl.26- 1 36 .1 25.3 ~ 32 44

Continued.



(1) (2) (3) (4) (5) (6)

April 2- 8  36.4 25 .4 - 79 49
9-15 36 .4 25.7 - 21 H5e

16-22 35.9 24.9 - 52 58
23-29  35.4 24.8 2%.2 84 59

May 30- 6  34.0 25.0 27 .1 90 59
7-13  35.0 24.5 1.3 79 52

14-20  34.1 24.6 49.0 84 57
21-27  34.5 25.% 0.4 85 57

Jun. 28- 3 32.3 23.% 31.8 &6 66
4-10  31.9 2%.4 27.5 87 65

11-17  30.2 22.8 146.9 93 82

18-24  29.0 22.8 205.6 94 85

Jul. 25- 1 27.6 22.9 328.2 96 84
2- 8 29.7 24 .0 17.9 88 72

9-15 28.8 22.7 142.6 a5 80

16-22 29.2 22.8 117.5 a5 78

23-29  30.0 23.3 64.3 94 73

Aug 30- 5 30.0 23.0 33.6 a2 76
6-12  27.4 21.9 305.0 96 83

13-19  29.3 23.3 19.9 88 76

20-26 30.1 23%.2 - 93 63

Sept. 27- 2 31.3 23.0 - 90 60
3- 9 30.9 22.0 2%.7 92 60

10-16  31.0 23.0 3.4 93 65

17-2% 29.3 22.5 192.2 94 30

Sept. 24-30 30.3 25.2 771 93 T4
Oct. 1- 7 30.5 2%.1 114.1 94 72
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ABSTRACT

Investigations conducted on variebility in 14 ¥y parental

combinations of T X CDO coconut hybrids at the ¥XADP tarnm

attached to the Cocllege of Horticulture, Vellanikkara revealed

no significant difference between pollen parents in ‘Yheir

contribution +to the progenies in any of +the 17 characters

studied, unlike the female parents. The nuuwber of spadices was

found to be highly correlsted with the number of buttons set

followed by the number of functional leaves and number of female

1

flowers produced.

@

The fourteen parental combinations were grouped into three

clusters using Mahalanobis' p2 analysis. Clusters I and II were

the most divergent ones.

Production of spadices 2nd female flowers were found *o

be high during ilarch, April and May and absent during October,
November and December. {Heavy rain during active female phase was

found to affect setting of button adversely. Fertility and via-

bility of pollen were found tc be very high except during April

and May due to high temperature.



	image42778
	image42779
	image42780
	image42781
	image42782
	image42783
	image42784
	image42785
	image42786
	image42787
	image42788
	image42789
	image42790
	image42791
	image42792
	image42793
	image42794
	image42795
	image42796
	image42797
	image42798
	image42799
	image42800
	image42801
	image42802
	image42803
	image42804
	image42805
	image42806
	image42807
	image42808
	image42809
	image42810
	image42811
	image42812
	image42813
	image42814
	image42815
	image42816
	image42817
	image42818
	image42819
	image42820
	image42821
	image42822
	image42823
	image42824
	image42825
	image42826
	image42827
	image42828
	image42829
	image42830
	image42831
	image42832
	image42833
	image42834
	image42835
	image42836
	image42837
	image42838
	image42839
	image42840
	image42841
	image42842
	image42843
	image42844
	image42845
	image42846
	image42847
	image42848
	image42849
	image42850
	image42851
	image42852
	image42853
	image42854
	image42855
	image42856
	image42857
	image42858
	image42859
	image42860
	image42861
	image42862
	image42863
	image42864
	image42865
	image42866
	image42867
	image42868
	image42869
	image42870
	image42871
	image42872
	image42873
	image42874
	image42875
	image42876
	image42877
	image42878
	image42879
	image42880

