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INTRODUCTION 

Coconut (COCOE' nucifera L) of the family Palmae ie 

grown in the humid coastal tracts of tropical countries. ThiG is 

a crop of vital importance to the national economy of any 

country wherever it is frown on a commercial scalp. It provides 

food, she 1 ter and employment to millions of the rural folk in 

the tropics and i8 rightly called 'the tree of life'. India is 

the third largest producer of coconut and it serns about two per 

cent of the agricultural income throufh this commercial crop 

(Iyer at al., 1979). 

COC02 nucifer2. conSl.f.,t2, of hve. typS3 -- tall (var. typica) 

and dwarf (var. javanica and 'nana'). The for~er is widely 

cultivated and constitutee the commercial variety by virtue of 

better quali ty attributes particularly oil content, Ivhile the 

latter ii3 early flowering ornamental type. ()f "hE: f~pveral 

distinguishing features, the one that has relevance from the 

genetic point of view is that the taIls are mostly cross ferti-

lized and heterozygous, whl.le the dwarfs are generally self 

fertili8ed and relatively homozygous ( Ohler, 1984). 

Improvement 0:'" coconut through breeding for yield and 

other attributes of economic importance has been one of the main 

cbjectiven of coconut research workers during the last 60 yearo. 

Many hold the view that exploitation of hybrid vigour could lead 

·r 
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to a green revolution in coconut. Eventhough the earliest coco­

nut hybrid T X D (Tall X Dwarf 'with high yield ~otential was 



produced in 1934 by Dr. J.S.Patel (Henon and Pandalai, 1960), 

there has been no noteworthy improvement in this line of resea­

rch in subsequent years. Coconut being a perennial crop with 

out-breedine tendancy, is not easily amenable for improvement 

which would as well be complicated and time consumin8. However, 

attempts in the last sever:::tl years have yielded desirable hy·brld 

varieties combining the two diverse types, tall and dwarf. In 

spi te of adequate precautions, the performance of hybrids has 

-been a matter of concern because of considerable variability for 

yield and other major trai ts 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 X Dwarf hybrids do 

not perform equally \vell under field condi tiona, a critical 

study of such hybridG involving different p~::trental combinations 

is necessary. Performance of coconut particularly the hybrids, 

has been found inrl uenced by the prevail ing seasonal factors. 

T X D hybrids are reported to be sensitive to temperature and 

seasonal rains and hence the effect of seasonal v8.riations are 

more pronounced in them (Bhaskaran and Leela, 1983). But inves-

tigations to unraval the intrinsic influence of dif:t'erent 

weather elements on coconut, particularly the hybrids 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 havin~: high yield 

potential. The present investigation was therefore, undertaken 

with the following objectives, Viz., 
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1. To asse$the extent of variability of major plant and?loral 

attributes like number of leaves, flowerin~, pollination, button 

set etc., in a group of bearing T X D hybrids. 

2. To examine the relative contribution by any particular tall 

parent to the manifestation of the expressed variability. 

3. To asse$the magnitude of heterozygosity existing in a set of 

prepotent tall palms. 

4. To f'ltudy the extent of variabili ty in rAlp..tion to Eeasonal 

influences. 
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Coconut is a cross fertilised crop. Considerable 

variability in respect o~ all characteristics exists in natural 

populations by virtue of a high degree of heterozygosity result­

ing from open pollination. Hybrid populations of coconut also 

tend to manifest variability to varying extent. A brief review 

of the published work relating to variability aspects, seasonal 

effect8 and correlations of dif:ferent char8~cters on 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 to Patel 

(1938) cultivation, manuring and better soil conditions favour 

the production of taller stems. Close plantine 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 
b 

its management. Observa.jons made on the exotic palms growing at 
IlL 

The Central Coconut Rese,fch Station, Kasaragode, showed that the 

forms Philippines, Andaman Giant, etc., possess stems of larger 

girth. The girth of the stem does not appreciably chance with 

age, once it has reached the maximum size (Henan and Pandalai, 

1960) . Bhaskaran and Leela (1964) observed the me~m gi rth of 

stem as 65 cm for 40 T X n hybrids, 67.3 cm for 40 tall and 52.3 

cm for 3 dwarf coconut trees. Bavappa et al. (1973) on a study 

of 9 T X D F1 <' • 1 . b d·· ~i t d· ff . laml les a serve slgnl~. can, 1._. erence In girth 

and internodal 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 cuI tivars. A number of characters "lere 

observed to be significantly and positivey correlated with yield 

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

b)Leaf. Every 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 months prior to its emergence .. p 
.1.. rom trie 

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 old seedlings, gene-

rally, seven to ntne 1 eaves are found. As the tree grm.'fs in age, 

the rate of production first increases, then becomes more or 

less steady and declines in old age. In a group of €rown up 

trees, the number of leave8 was found to vary from 22 to 35. The 

rate of production of leaves i8 influenced by age, vigour, fer-

tility of 80il, cultural and manurial practices and seasonal 

conditions (r:ienon and Pandalai, 1960). Tammes as cited by Ohler 

(1984) measured lengths of leaves of different ages. A leaf of a 

me.ture palm may grow out to a length of six to seven metres 

weighing 10 to 20 kg and having a total leaf area of about '7 to 

8 sq. m. Leaves of senile palms may be shorter than 4 m and have 

an area of about 5 sq. m. The leaves or dwarf palms are much 

small er. They reach a length of about 3 to 4 1",. Th e 1 enf,th 07' 

the leaf as reported by Davis (1954) varied with the fertility 
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of the so il and vigour of trees. Bhaskaran and 1eel a (1964 ) 

observed the mean number of t'unctional 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 produ.c­

tion of 12.91 for T X D, 10 for tall and 14.5 for dwarf palms. 

Of" :fou.r dvTarf cooonut 1 ines used in crosses wi tn tall, 1accadi ve 

dwarf gave the best resul ts as male parent -producing hybrids 

with more leaves and leaflets and longer leaves and main leaf­

lets (Krishnan and Uambiar, 1972). Satyabalan et ala (1972) 

reported 32.2 functional leaves on the average for the high 

yielders, 29.6 for medium yielders and 25 for poor yielders in 

vlest coast tall palms. Sienificant differences in the number of 

functional leaves, length of leaves and number of leaflets bet­

ween parental combinations of T .x: CDO hybrids belonging to 9 }iIi 

famil ies were reported by Bavappa f-)t ala (1973). 'fharupan (1975) 

reported total leaf production of 395.7 on the average for T X D 

hybrids, 349.3 for tall and 415 for dwarf at Nileshwar. lie also 

reported a mean annual leaf production of 13.5 :for fJ: X Ii, 12 t~or 

tall and 13.6 for dwarf green palms. Exceptionally productive 

palms in India, the f~O called elite palms yielding more than 200 

nuts per annum, all had high leaf numbers, 35 to 50 per annum 

(Iyer et ale as cited by Ohl er, 1984). Dwarf palms have only 25 

to 28 unfolded leaves in the crown and they produce about 21 new 

leaves per annum. J.Jiyanage et ale as quoted b'y Ohler (1984) 

reported that dwarf X tall hybrids in Indonesia produced 19 to 

22 percent more leaves than their respective male (tall) 

parents. Leaf production wnw more or less equal to the mean oj:' 
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the respective parents. Louis(1981) observed a 
\:\fficient of variation of' 56.79 in length of 

phenotypic 
leave(:; ba.fH~d 

coe­
on 

study involving 25 varieties and 2 hybrids. 1<;xpected genetic 

advance was hiBh for number of leaves per year (4.56) and leaves 

on the crown (9.35). 

c )Leaflets. The number of leaflets on 8. leaf in tall palms 

varies from 200 to 250. I"lenon and Pandalai (19(;0) observed that 
leaves with a low number of leaflets also had narrow leaflets. 

The first leaflets at the base were short, the following leaf-

lets gra.dually increasing in length reaching a maximum of 130 cm 

at about one third of' the midrib, gradually becoming smaller 

again tmvards the tip where they may not be longer than 80 to 

110 cm. 

d)Petiole. The petiole length is about one quarter of the total 

leaf length. Accord ine to Menon and Pandalai (1960) palms 1;li th 

short 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 na.tural Variation in this. The upper surface 

is nearly flat or just suffiCiently grooved to prevent "later 

fror:J. runnig to its sides. The lower surface is a round keel 

which thickens out considerably at the base, thus forming a 

supporting bracket (Menon and Pandalai, 1960). 

B.Floral Characters. 

a)Spadix. The coconut produces inflorescences in continuous 

succession. The development of the inflorescence of the coconut 

... 
i 
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had been traced by Juliano (1926) and Patel (1938). Accordin[ 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 as 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 3Tears before 

opening of the spadix and the differentiation of the spike about 

six months later. The flower primordia are initiated about one 

year before the opening of :3padix (l<'remond et al., as ci ted by 

Ohler, 1984). When the inflorescence grows with in the spathe, 

the latter finaly splits open usually starting at the tip. The 

spathe opens over the whole length and the inflorescence comes 

out unfolding, with in one day. 

The spadix consh-ito 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. Each spike may have one or 

a few female flowers and about 200 to 300 maleflowers. The total 

number of male flowers per spadix varies wi th the number of 

spikes and their length. Normally, the length of the spike 

variesfrom .75 m to 2 rn depending up on the individual palm 

(Menon and Pandalai, 1960). According to Satyabalan et al. 

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



than in irregular bearers and the difference was accounted for 

by the abortion of spadices in irregular bearers. The average 

number of inflorescences produced per palm "per annum of west 

coast tall \ie.s 11.3 as reported "by Satyabalan and Piliai (1977). 

An expected genetic advance of 5.74 and phenotypic coefficient 

of variation of 50.74 for number of spadices per year was repor­

ted by 10uis(1981). The number of inflorescences reI" annum for T 

X eDO hybrids grown at CPCRI, Kasaragode as reported by Vijaya­

kumar and Satyabalan (1982) ranged from 7.3 to 12.3 ,.;ith a mean 

of 9.2. 

b)filale Flowers. The development of the male f1ol-ler had been 

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 rachil1a.e of the 

inflorescence, which is a tiny collar like structure subtending 

the male or female flowers • Significant difference in male 

flower production between three varieties of tall and dwarf and 

three hybrids was reported by Gangolly et ale (1961). Proportion 

of male flovlers at the distal, middle and proximal posi tions of 

the inflorescence was constant from tree to tree in the varie­

ties tall, 1accad i ves and Phil ippines. But the ratios of mal e 

flowers in the three positions were variable from tree to tree 

in dwarf variety (Nampoothiri, 1970). 

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

number in an inflorescence and vary from zero to 300 in each 

spadix depending on the condition prevail ing namely, nature of 

the tree, cultivation, manuring, season, age of' bearing, etc. 

9 



Dwarf palms generally bear female flowers in larger numbers than 

the tall palms (r\lenon and Pandalai, 1960). Jack and Sands 

(1929) observed that the first inflorescence produced only very 

few female flowers. There 'vas difference in the production of 

female flowers among the trees as well as among inflorescences 

of the same tree aE: reported by Patel (193(3). 8atyabalan et al. 

(1969) reported no significant difference in fe~ale flower 

production between regulqr and irregul~r bearers. The variation 

in female flower prouuction appeared ~o be related to the number 

of spadices than to the number of female flo\'ren,; per bunch. 

Parental combinations of T X CDO hybrids vlere reported to be 

sienificantly different in female flower production by Bavappa 

et a1. (1973). Open pollinated and inbred progenies of 12 varie­

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

and reported substantial di:fferences between varieties as well 

as bet'ween inbred and open pollinated progenies of the same 

variety with respect to the number of female flowers per spike. 

Satyabalan and Fillai (1977) observed 314.2 female flowers on 

the average per palm of "TCT 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 for T X 

CDO hybrids 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 Fialaysia, in an ordinary population of talIs, 

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

nuts to 115 nuts per palm per annum wi th a mean 59 nuts a.nd a 
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coefficient of variation of 34 per cent (Jack, 1932). Liyanage 

(1961) reported a very high heri tabili ty value of O. (31 for 

settinc percentage. Heri tabili ty 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 wi th 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 femalt=> flowers vi 11 help in 

reducinc the instability in yield (Nambiar et al., 1970). Varia-

nce components analysis, made by Nambiarand Nambiar (1970), of 

characters influencing productivity in sixyield groups in three 

sets of crosses 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 stabili ty and superiori ty even in poor environ-

mente A highly significant correlation coefficient of .68 

between number of functi~onal leaves and yield in west coast tall 

palms was reported by Sa tyabalan _e_t _a_l_. (1972). Significant 

difference in settinc percentace of female flowers between pare-

ntal combinations of 'f1 X CDO hybrids \vas observed by Bavappa et 

a1. (1973). Phenotypic and genotypic correlations vIi th yield 

were observed by Nampoothiri et a1. (1975) for spathe production 

and number of female flowers. Ramachandran et ale (1975) repor-

ted hybrid vigour in VIIC-1 (east coa.st tall X dwarf) for growth 

characters and that they came to bearing 33 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 vli th setting 

percentage of 27.5. In a study of six tall and two dwarf popula­

tions Balingasa and Carpio (1976) observed that percentage of 

frui t set varied inversely "lith the number of female flowers. 

Setting percentage of female flowers in 'vest coast tall palms 

was 30.4 on the average according 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 

respectively. r1aximum PCV was recorded for the number of female 

flowers (66.66) followed by settin;£'; percentage 

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

(63.06) and 

The number of flowers set for T X CDO hybrids grown 

at CPCRI,Kasaragod as reported by Vijayakumar and Satyabalan 

(1982) varied from 33.5 to 104.0 per annum with a mean of 61.4 

and sett ing percentage of 26.6. Hathewet ale (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 yield along 

wi th seedling trai ts of their progeny. Only one super yielder 

was f~~ound to be superior to the control palms and capa·ble of 

transmitting its traits to proBenies. 

e)Anthesis. 

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

opening of the first male flower and shedding of the last male 
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flower in a spadix hae been observed to vary according to the 

nature of the tree, locality in which it is cultivated and the 

season of the year (Henon and Pandalai, 1960). Patel (1938) 

~~~observed that most of the flowers opened by 15th day of opening 

of the spathe. The male phase according to him was 18 days for 

trees at Nileshwar and 18 to 22 days in respect of those at 

Kasaragod. In Ceylon, IJiyanage (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 a spadix has also been observed to vary according to 

the condition of the tree. But generally, it is much shorter 

than the male phase and extends for 4 days to a week dependine 

on the nature of the tree, locality in which it is cultivated, 

the season of the year and the number of female flowers borne 

onthe inflorescence (Menon and Pandalai, 1960). Liyanage (1950) 

observed this to last for 5 to 7 days in tall palms and 10 to 16 

days in Kine coconut and dwarfs of Nalayan 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 10sbanos in the Phili­

ppines it varied between 2 to 3 days (Patel, 1938). 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. Observat ions by 

Jack and Sands (1922) showed that in Malaya, the :t'emale phase in 

dwarf palms not only began, but frequently ended before or at 



the same time as th~ male phase, thus making self vollination 

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 nollination. 

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. l'lhen the anthert':: are fully 

mature, the pollen sacks burst along tvTO longitudinal slips 

which coincide with the partitions of the pollen sacks and shed 

their pollen before 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 

"lid ely . A reasonably reliable 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 fI,~endiola'8 observation8 

that pollen could remain viable up to 9 days Hampoothiri 
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(1970) studied 12 varieties of Cocos nucifera and reported that 

pollen Bterili ty was significantly and negatively correlated 

with pollen germination. Studies on variation in pollen charac­

teristics of 8 coconut cuI ti vars indicated some variation in 

both pollen germination and pollen tube growth which was attri­

buted to different nutritional and environmental requiremente of 

the cultivars. no relationship was observed between the two 

~,characteristics (Shamsuddin and Nampoodiri, 1979). Patel as 

quoted by Menon and Pendalei (1960) recommended 5 per cent sugar 

and 2 per cent gelatin water solution 8.S the beEt medium for 

germination of the pollen frains of coconut, whiJe Aldaba(1921) 

recommended 25 to 30 per cent cane sugar solution for effecting 

best germination. Ten per cent cane su:sar plus 2 per cent c:ela­

tin solution was a satisfactory medium while no gerffiination was 

observed in 15 and 25 per cent sugar solutions to both of which 

2 per cent gelatin was added (Liyanage, 1954). Fairly good per­

mination was obtained when the water from tender nuts 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 Beer 8S reported by Stanley and Linskens (1974) 

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

growing at a constant 330 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 grOivn 

wi th a root temperature of 280 C yielded pollen with higher 

viability than plants grown with roots at 230 C or 330 C (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 Linsken (1974) quoting Kaurov stated that when 

pollen was isolated from pea nuts at different periods through 

out the day, 35 per cent of pollen germinated in the morning and 

10 hours later only 3 per cent germinated. Pollen isolated in 

the early morning [,erminated better than that collected at other 

times of the day. 

g)Genetic divergence. 

Bavappa et al. (1973) grouped 9 F1 families of VieT x 
dwarf green coconut hybrids into 4 clusters based on 13 vegeta­

ti ve and yield traits using ~'1ahalanobis D2 and reported that 

wi th 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 collection of Regional Agricultural 

Research Station, Pilicode was conducted by Balakrishnan (1982). 

\'li th referen~~ce to 17 economic characters, he grouped the 24 

cuI ti vars belonging to tall group into 6 clusters. Clusters I 

and II that were genetically closer comprised of 6 cuI ti vars 

each, where as clusters IV and VI that 'vere wider a.part 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 November to March. Patel (1938) 



observed th.e s<?e .. sonal irl:fluences on. the flora,l characterF: c<~-. 

west coast tall coconut trees and reported the following. Maxi-

mum production of spadices during the year (18 percent) occured 

durin~ March at Nileshwar-1 and it was 10.8 percent during April 

at Kasaragod. The spadix production was low during October, 

November, December and January at both places. About 75 per cent 

of the abortion of spadices during a year occured to those which 

were to appear during the rainy months of July, August, septem-

ber and October and attributed due to the dry weather prevailing 

at the time of formation of branches (15 to 16 months prior to 

opening of inflorescence). The abortion was practically nil in 

the months of January, February and March. Male phase was short 

in the summer months of l~ebruary and lJIarch while it was lon,(~ 

during July and 11 ovember. High female flm.,rer product ion \lras 

reported during f!larch, April and r1ay, the highe8t heing in [\Tay. 

Very low production was observed during September to January at 

Nileshwar and Kasaragod. 

Bearine tendency of coconut palms and associated yield 

components were examined for 48 palms comprising tall, regular 

and irregular bearers of dwarf green and orange types for a 
"'-°d "~ b 1'1 -0 t I perlo 01../ years _y,\amblar~ ~ (1970). 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 tall X dwarf and west 

coast tall coconutf3 in Kerals and made the follm'ling observa-

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

17 



harvested during hot weather period and the number of bunche~'j 

harvested during north east monsoon is thp lowest (23 to 26 per 

cent). In west coast tall, 72.6 per cent o~ the aborted spadices 

were accounted for in south west monsoon. Spadix abortion ,-vas 

lowest during hot vleather period. About 50 per cent of annual 

female flower production occured during hot weather period in 

both cultivare. female flowers per spadix was also high durin~ 

1 " u 

this season. Button settinG was highest during north east monsoon. 
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MATERIALS AND METHODS 

The present investigation on variability in certain 

Tall X Dwarf (Chowghat Dwarf Oranee) F1 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 civen below. 

Materials. 

The population under study consisted of ei{:ht year old T 

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 jag }i'1 

progenies originating from 73 parental combinations of ~vcrr and 

eDO palms available at the HARS, Pilicode are being studied. 

Hybrids were obtained through controlled pollination bet\oJeen 

selected parents in 1977 and seedlings were later planted at the 

KADP farm, Vellanikkara in 197B. The plants are being maintained 

under good management in & .. ccordance ,,11th the recommendations of 

the package of l)racticee of the Kerala Agricultural Uni Verf3i ty 

in 1985 

For the present study, 69 P1 progenies from fourteen 

parental combinations involving 3 males and 14 distinct mother 

palms were selected from the above said T X CDO population. Vlhile 

selecting, combinations which have started regular flowering 

since the fifth year of transplanting have been deliberately 
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chosen. Five trees "rere selected at random from the progenies of 

each of the fourteen selected parental combinations except the 

13th 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. 

llethods. 

Observations on 19 characters of the 69 selected palms 

were recorded during a period of one year from 15th October, 1985 

to 14th October 1986. T.rte 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 i"round 

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

2. Internodal distance. Distance betl'leen fifteen nodes (lea:t' 

scars) 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. 

3.Number of functional leaves. Fully opened functional 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

ously marked was counted on 14th October 1986 and the same was 

recorded as annual leaf production. 

5.1eaf Characters. 

20 
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Table 3.1 

Details of T X eDO Combination::; and - -
field numbers of F1 proeenies. 

- -
----------------- ----------------------- ---------------------
Sl.lio.for 
Parental I'emale )lfiale F1 Progeny number~) . 
combina·- parent parent 
tions. 
---------------------.--..-.-~--... --.- --------------------- --~----.---------

K/8 N8/1 304, 321 , 333, 357, 361 

2 K/26 NS/1 r.; 8, 10, 27, 44 -' , 

3 1/106 NS/1 11 7 , 155, 175, 17S, 240 

4 K/25 ITS/7 2, 29, 61 , 63, 73 

5 K/39 Ha/7 306, 317, 339, 359, 376 

6 K/93 NS/7 21 , 158, 173, 184, 190 

7 0/50 NS/7 20, 189, 218, 228, 271 
8 G/223 or:' /n Io I 15, 18, 43, 50, 76 

9 H/117 NS/7 167, 204, 210, 222, 260 

10 K/10 N8/17 302, 312, 363, 365, 388 

11 K/14 118/17 52, 58, 72, 81 , 95 

12 0/64 -;T8/1 '7 h, I 180, 244, 251 , 258, 2[11 

13 8-/115 N8/17 324, 346, 351 , 32.4 

14 1/123 H8/17 71 , 176, 177, 213, 259 



Various characters of the 14th leef from the top of 

each palm were observed in Octo'ber ~ 985. 

a.Rachis length. Length of rachis from tip to bottom was ~easured 

in m using a craduated bamboo pole. 

b. Petiole length. Length of r,etiol~' was measured in metre from 

the base to the point of emergence of leaflets. 

c.Number of leaflets. All leaflets in the fourteenth leaf of 

every selected palm were counted. 

d.Hean length of leaflets. A representative 2Et.!11:ple o~~· five 

leaflets from different positions of the forteenth leaf of each 

selected palm was selected and their len"sths measureo in cm 

using a measuring tape. The arithmetic mean of these five values 

was recorded as the len~th of leaflets. 

e.l,lean width of leaflets. Width of each of the :five selected 

leaflets observed for measurin,s length was also measured in cm 

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

6. hum-ber of spad ices. The spad ices :produced dur in<,~ the per i od of 

one year i'rOl~ 15th October 1985 to 14th October 1926 of evers 

selected palm was counted. 

7 • .Number of branches per spadix (Gpikes). Total number cf bran­

ches of all spadices produced during the study period 0:( one 

year ,,;as divided by the number of spa.d ices to e.;et the Hverage 

number of branches per spadix for each of the selected palns. 
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8. Flower production •. 

a.jVlale flowers. The number of male flowers vary bet'Vleen spadices 

VIi thin a palm and between branches in a spad ix. Hence the :follo'Vr­

ing systematic procedure was adopted to estimate average number 

of male floY-lers 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 

selected from each stratum and cut retaining the identity of the 

stratum on the branch. The male flowers on each branch cut was 

then counted and Irlul tipl ied by the number of branches in the 

correspondin§:~ stratum. These three values were summed to estir:late 

the total number of male flot-lers in a spadix. Sum of such esti­

mated number of male flo\lerS of all spadices produed in a :palm 

during the study period was diVided by the total number of bran­

ches of 8.11 spadices to get the average number of male flo'Vrers 

per branch. 

b.l!'emale flowers. Pemale flowers in all inflorescenceE) produced 

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

each selected palm. 

9.l;mmber of buttons set. Buttons (female flowers) set "Tere 

counted in all inflorescences produced during the study period, 

for each selected palm, ninety days after the emergence of each 

spadix. 

23 
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(inclu:oive 

- t . " -, dura .. lon o~ m9 U' 

palm divided hy th0 total nu~b8r 0: 1n~lorPGcence~. 

of the lspt f8mRle :lower in 80 inflor~~cence was r0corderl a~ tbe 

feMale phaGe ~or that inflor0Ecence. T~e conditjnn of receptivity 

Cl<' C r ,.:, fl. t i on 

~;wollen trif:id Etir.:ma. Tnvariahly ants will '3.1£10 be freGent or 

the female flower durinf' thi~.; period. Ari thrrietic !':,ean oj:' rE:male 

phae€o of all inflorescences produced in the study period waG 

calculated for each of the selected trees. 

13.Fertility. nne branch was cut from every inflorescence, durinr 

act i ve male ph8,::~e, in t!1f:') mernit's, houre::: (het,,,een d AF ana ~j. 30 
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AH). It waf: colleccted in polythene bae containinr 1i ttle "rater 

to provide humid atmosphere to the fresh flowers and brou€ht to 

the laboratory for studying the pollen fertility and viability. 

Pollen fertili ty vms studied by staininc 2 per cent 

acetocarmine. A drop of the stain was tHken on a ~~lide u2ing a 

glass rod and pol18n from a fully opened male flower was draped 

on it. A cover slip was then placed over the stein andthe smear 

was observed under the low power of a microscope. Pollen erRins 

were examined for stainability. Completely stained and fully 

round pollen were counted af:1 fertile and the rest. as E,terile. 

This "ras repeated i'or three to five flower8 in one inflorescence 

to study about 500 pollen per spadix. Percentace of fertility was 

then calculated for each inflorescence and each tree. 

14.Viability. Twentifive ~ sucrose vas d~8n]v~~ lL 100 ml 

distilled 'vater tc Get th e medium for test inr viabi Ii ty. '['he 

Bolution was smeared on a microE~cope slide 8.nd pollen :from one 

opened male flower was du~ted on it. The pollen were completely 

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

were arranEed on glass rod8 in petri dishGS which were moistened 

©!£Jwi th :filter paTer. The petri dishes t'lere arranged one over the 

other in a dessicator. The slides were observed under microscope 

the nextmorning. Those pollen grains which were observed cermina­

ting with large pollen tubes were counted as viable and the rest 

as non viable. Percentage of viability was calculated for each 

inflorescence and the average was obtained for each selected 

tree. 
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The data collected were subj ected to "te..t i st ica 1 an81Y8 is 

as follows. 

Analysi2 of varia~c~. 

Analysis of variance vias performed for each of tbe 17 

charectprs usinc i;he mode} for ne13ted clasF;ii'ication (:Pederer, 

W.T., 1972). The analysis o? v~riance table for any charecter 

presented in Table 3.2 

Source 

Between pollen 
parentt>. 

:Bet\oleen mother 
palms within 
pollen parents 

\H thin mother 
palms within 
pollen parents 

Total 

DF 

13-1 

l'~'T 

.Table 3.2 
Ana.JJ:::sis of Variance. 

Dum of squares 

A 

B 

\vhere s is the number of pollen perents, 

lJT+1 is the total number of palms, 

I'feansquare 

N~ is the total number of mother palm8, 

HD=lHI-s 

1" '-' . .. 
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D 1 = > 'i.. Y i -, 2 / n i"; - C1" , i.j L' • J 

]~, = B1--1\. , 

-C}, , 

C 1"= ([~.[ Y i ;i k ) 2/ (N T+ 1) f 

i .. ~" ' 
v 
~ijk io thG observation on the character Y of kth progeny 

of the ith nallen parent and jth mother palm, 

v.. " 
.c 1 J= 1'_ 

I<-

Yijk , 

Yi.= r.~Yijk , 
J \<.. 

ni is the number of progenies of ith pollen parent, 

nij is the number of progenies for the ith nollen parent 

and jth mother palm. 

Heri tabili ty, {"enotypic coefficient of variation and ]2henotypic 

coefficient of variation. 

Whenever the differences between pollen parents were 

insignificant, meansquare between parental combinations 

§MB1=B1/(NM-1)t was considered for obtaining genotypic and 
phenotypic variability as suggested in Singh and Choudhary(1978) 

using the following formule. 

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

of replications. 

Phenotypic Variance (PV) = GV+MSE 

Heri tabili t':>,·y (F2) = (GV/PV) X 100 

Genotypic coefficient c:~ variation( GCV) = (JOV / Y) X 100 

Phenotypic coefficient of' variation(PCV)= (JP\i- / y) X 100 

Genotyptc and Phenotypic correlations. 

Genotypic correlation between X and Y ( rg) 



Genotypic covariance between X and Y 
= ------------------.. ---.---~-...--.----------- ... '" 

Phenotypic correlation between X and Y (rp) 

Phentypic covariance between X and Y 

= ------------------------------------
,/PV(X) PV(Y) 

Genetic divergence. 

All the characters for ,,,hich the motherpalms differed 

~0significantly were chosen for the analysis of genetic divergence. 

vlilk IS IJamda criterion was firt3t obtained to 1;e2t the overall 

d1 fferences among the parfmtal combinations with respect to these 

selected characters. Mahalanobis D2 value8 between every pair of 

parental combinations were worked as described in Rao(1952). The 

procedure is briefly explained below. 

Let Xij , j=1,2, .••••• , n be the means of the n characters under 
consideration for the j.th parental combination, i=1,2, ...•.. , 14. 

They were tran?ormed to n generated variables which were uncorr8-

lated among themselves usine the formule 

Yij = 'L bk}Xik, j=1,2, •.•.• , n, 
tt. 

",here b}(.; s are obtained by pivotal condenE'ation of the 

within scatter matrix. 

Once the uncorrelated means were obtained for each parental 

combinat ion, piJahalanobi 8 n2 value between i t11 and j th parental 

combinationE was worked out as 



D2 (i,j) = 2: (Y ik- v";k)2 i-j - 1 2 14 I<. -'-J';" - - , , •••• , • 

The computer oriented iteraive algorithm suggested by Suresh 

(1986) was made use of to cluster the parental combinations based 

on the D2 values 80 obtained. It involved the followin~ steps. 

i) Identify the two combinations havinB the maximum distance 

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

. . ') 
11/ :~very parental combination is cons1dered in turn and 

allocated to thE cluster for \yhich its 1)2 value ,qi th the 

nucleus is least. 

iii) To increaE:e tb e number of clusters by one, the me.ximum 

D2 witb in the above two clusters is found and the combi-

nations havine the maximum value is considered as the nuclei 

in addi tion V)"'o the nuclei of the rer.na.in1ne~ clusterf.,. The 

parental combinations are reassigned as in (ii). In a 

similar way the number of clusters can be raised to any 

des i red level. 

The clusters thus obtained were further optimised using the 

iterative reloca~ion algorithm. The method of maximum curvature 

was used to determine the number of clusters. 

Seasonal Variation in :f'loral characters. -

The study period o:f' one year was divided in to 52 

standa.rd weeks as provided in the Appendix. Important floral 

characterc vrere compiled and tabulated for each btand.ard vleek. 

Three week movine averages were obtained, to have a better under-

standing of the trend, .for production of spadlces, number of 
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female flot-Ters and number and percentaGe of buttons set. ~hree 

week movinB avera~e for any standard week was calculated as the 

arithmetic mean of the value correspondine to that ~tandard week 

and those of the preceding and succeeding weeks. Nateorolocical 

observat ions correspond ing to the standard weeks .... 'ere obtained 

from The Department of Agrometeoroloy of the Collcre of Horti­

culture and are provided in the Appendix. 
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RESULTS 

Observations on seventeen characters for 69 selected 

T X CDO F1 hybrids from 14 parental combinations, hereinafter 

referred to as combinations, were recorded and were subjected to 

statistical analysis. 

AnalY8is of variance \-TaS performed for each of the 

seventeen characters and are presented in Table 4.1. No signi­

ficant difference was observed between progenies of different 

pollen parents with respect to any of the characters studied. 

The means and ranges of vegetative characters for different 

combinations along with critical difference are provided in 

Table 4.2A and 4.2B and those for floral characters in Table 

4.3A and 4.3B. Estimates of heritability, genotypic coefficient 

of variation and phenotypic coefficient of variation for 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 cm 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 

No. 167 of combination 9 to go cm in tree No. 359 of combination 



Table 4.1 

Analysis of Variance for 17 Characters 

Chara­
cter 

Between pollen 
parents 

Between female Error 
parents 

mean square F mean square F mean square 

DF 2 1 1 126 
--------------------- ------------------------ -------------------------

Girth 65.59 0.71 92.72 
Internodal 
distance 0.93 0.24 3.93 
No. of func-
tional leaves 6.24 0.66 9.52 
Annual leaf 
production 5.78 0.51 11 .42 
Length of 
leaf O. 6~5 0.23 0.27 

Length of 
petiole 0.01 0.10 0.06 
No. of 
leaflets 271 .63 0.87 313.52 
Length of 
leaflets 125.50 0.63 200.59 
Width of 
leaflets 0.38 0.57 0.67 
No. of spadices 
per annum 8.40 0.49 17.25 
No. of branches 
per spadix 40.44 1.53 26.42 
No. of male 
flowers per branch 132.75 0.07 1905.68 
No. of female flow-
ers per annum 11720.63 0.22 53290.14 
1~ o. of buttons 
set 451 .39 0.29 1532.80 
Percentage of 
buttons set 4.69 0.04 122.76 
Duration of 
male phase 2.81 1 .73 1.62 
Duration of 
,(\ifemale phase 0.50 0.72 0.69 

-------------------- --------------------------

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

3.98** 23.28 

5.96** 0.66 

2.45* 3.89 

3.64** 3.40 

2.75** 0.10 

2.54 * 0.02 

2.99** 271 .63 

4.01** 50.03 

3.09** 0.22 

3.53** 4.88 

2.53* 10.43 

1.58 1209.65 

3.67**14531.92 

2.14 * 716.31 

1. 73 70.81 

0.55 2.93 

2.15* 0.32 



3 ) 
tJ 

5. Heritability in the broad sense eetirnatcd for this traitwas 

35.90 per cent and genotypic coefficient of variation (GCV) and 

phenotypic coef~icient of variation (PCV) were obtained as 5.10 

and 8.50 respectively. 

2. Internodal distance. Considerable variation vms 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 distance of 6.76 cm 

was recorded for combination 5 which did not differ 8ignifi-

cantly from combination 2. r[he lowest mean of' 3.54 cm 'f,vas for 

9th combination which was statistically on par with combinations 

3,6,8,10 and 12. Internodal distance was maximum in tree No. 359 

of combination 5 and minimum in tree No.167 of combination 9 

the corresponding distances being 9.21 cm and 2.43 cm respec-

tively. PCV was 23.11 and GCV 15.67. Heritability was as hieh as 

46 per cent. 

3.Number of functional leaves. There was significant difference 
(at 5 percent level) in functional leaves between progenies of 

different mother palms and common pollen parents . The highest 

number of functional leaves was observed in tree No.259 of 14th 

combinat ion, t-Th ile the minimum was found in tree Nos. 20, 21 

and 304 of combinations 7,6 and 1 respectively. Fourteenth 

combination he,d 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 1,2,9 and 12. PCV was 

11.97 and GCV 5.47. Heritability for this trait wa:::l 20.9 per 



Table 4.2A 

Mean an) ~ of Vegetative Characters 

Parental Trunk Girth Interncxial distance Uunber of funo- lBaf production. 
crnibin&- in an in an tional leaves 
tion. mean ~e mesn ran.:ie mean ra!\Se fOOM rarce 

1 65.f:D 62.CD- '7).00 4.47 J.ff>- 5.36 17.00 14.1n- 20.00 12.(0 1O.OJ- 14.00 
2 74.00 71 .CD- 76.00 6.11 4.93- 7.71 17.60 16.CO- 3'J.OO 14.(X) 13.CO- 16.CO 
3 68.a) 64.CD- 70.00 4.56 3.64- 5.79 18.w 16.CD- 21.00 14.40 12.CD- 17 .lD 
4 72.10 66.CD- TI.OO 5.26 4.71- 5.93 18.8) 18.CD- 2).00 14.20 10.00- 17.CO 
5 TI.4) 69.CD- g).oo 6.76 5.50- 9.21 19.60 19.00- 22.00 13.00 12.CD- 14.00 
6 65.4) 59.CD- 70.00 3.00 3.21- 4.36 18.00 14.00- 21 .00 13.00 12.CD- 17.OJ 
7 63.ffi 66.CD- 74.CO 5.03 4.43- 5.79 18.00 14.00- 21.00 13.00 13.(0- 15.00 
8 71.@ 63.CD- TI.CO 4.39 3.71- 5.00 18.60 17.CD- 21 .00 15.60 14.CD- n.oo 
9 66.60 56.m- 73.00 3.54 2.43- 4.29 18.40 16.CO- 21.00 14.20 13.CO- 15.00 

10 70.4) 63.CO- 75.00 4.57 2.93- 6.21 16.00 15.00- n.oo 11 .ff:) 10.CO- 15.00 
11 66.00 64.CD- 70.00 4.46 3.79- 5.00 17.40 16.00- 19.00 14.00 12.CD- 16.00 
12 '73.00 71.m- 76.00 4.51 4.14- 4.71 18.20 16.CD- 20.00 14.20 12.CD- 16.00 
13 77.25 71.CO- 83.00 4.61 3.64- 5.36 20.75 19.m- 23.CO 16.50 15.CO- 19.00 
14 76.40 72.m- 87.00 4.86 4.CO- 6.43 21 .20 19.m- 26.00 17.00 14.CO- 22.00 

CD 6.11 1.03 2.50 2.25 
CD for 6.49 1.09 2.65 2.38 

cQnp:ll"ison of cobination 13) 



cent. 

4.Annual leal' l')roduction. Annual leaf production differed signi­

ficantly between combinations with same pollen parent at 1 per 

cent level. It varied from 10 in tree No.29 of combination 4 

304 of combination 1 and 388 of combination 10 to 22 in tree No. 

259 of combination 14 . t~aximum average annual production of 

leaves o:t' 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 as 15.22. Heritability for this trait 

mated to be 32.1 ner cent. 

5.Leai" Characters of 14th leaf. 

4-' was es \,1-

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

wi th common pollen parents differed significantly in petiole 

length at 5 per cent level. It ranged from 1.05 m in tree No.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. Combination 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. Heri tabili ty for this 

character was 22.1 per cent with GCV of 5.03 and pev of 10.66. 

b.Lea±' length. The mother palms differed significantly (at 1 per 

cent level) in their contributions to leaf length of their 

progenies. The shortest leaf was observed in tree No.333 of 
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'l'able 4.28 

Mean ani ~ of' v~tive d1aracters. 

Canbina- LerJE,'th of leaf Lent.,-th of .r:etiole IIumbE:r of leailets J.el¥:;th of lea:t1.ets \~idth of lea:r:'"J.ets 
tion. in ill tn m in 14th leaf in 14th leaf in an in 14th leei' in an 

mean I'8!1c.:s8 mean :range mean range rooan rarJe;"'B mean range 

1 2,<)7 2.67 - 3.'57 1.26 1.07- 1.50 185.60 174.CD-3}.i.O) 69.g) 61.25- 74.75 2.62 2.4'3 - 2.83 
2 3.46 3.05 - 387 1.37 1 .26- 1.60 204.00 194.00--220.00 91.40 74.75-101.50 3.77 3.CO - 4.35 
3 3.43 2.89 - 3/n 1.39 1.13- 1.56 2Y3.&J 182.OJ-2~:.J.cx) H7.2:) '/1 .CO- 94.75 3.12 2.50 - 3.63 
4 3.73 2.82 - 4.62 1.37 1.C)5- 1.66 a'15.20 1SfJ.CO-214.00 ffi.15 77.25- 96.50 3.82 3.X> - 4.60 
5 3.66 3.tD- 4.05 1.49 1.3E~ 1.67 '3)7.@ 19).CO-230.oo f'6.45 78.25- 93.75 3.07 2.85 - 3.73 
6 3.17 2.70 - 3.45 1.30 1 .25-- 1.)7 192.CX) 100.CO-2OO.CO 31.20 74.00-- 89.25 2.96 2.23 - 4.05 
7 3.28 3.12 - 3.48 1.33 1.12- 1.47 203.60 193.00-210.CO 83.10 69.50- 92.25 3.32 2.85 - 4.45 
8 3.24 2.00 - 3.75 1.34 1.17- 1.fJJ 3)4.40 192.CO-214.00 83.9) 74.75- 94.25 3.65 3.38 - 4.03 
q 3.16 2.05 - 3.42 1.28 1 .11- 1 .40 16'7.£0 172.0J-200.OJ 77.25 &9.CO- 134.25 3.13 2.3) - 3.70 

10 3.27 3.05 - 3.50 1.18 1.11- 1.23 212.00 3)6.00-222.00 73.35 65.25- 79.r:JJ 2.m 2.43 - 3.28 
11 '3.02 2.85 - 3.18 1.17 1 .11- 1 .21 193.40 192 .oo-~.oo 76.50 66.75- 84.25 3.21 2.78 - 3.65 
12 3.32 3.03 - 3.65 1.36 1.12- 1.54 3)3.20 1ffi.co-a13.00 en .00 74.25-- 00.25 2.89 2.10 - 3.X> 
13 3.53 3.36 - 3.73 1.44 1.3(>- 1.59 3J4.oo 194.CO-6<'J.1'10.00 ffi.75 84.75- 94.00 3.03 2.75 - 3.38 
14 3.34- 3.10 - 3.67 1.49 1.33- 1.85 6)3.40 196.00-218.00 81.10 78.75- 84.00 3.44 3.25 - 3.83 

CD 0.40 0.19 12.97 8.97 0.59 
CD (for 0.42 
cor.rpll'ison of canbination 13) 

0.20 13.76 9.51 0.63 



combination 1 and thp ]oncpst in tree No. 2 of combination 4, 

the corresponding lengths being 1 .05 m and 1 .85 m respectively. 

The mean length of' leaf "18_S maximum (3.73 m) in combination 4 

which wae not significantly different from combinations 2, 3, 5, 

13 and 14. The least mean leaf length (2.97 m) was for combina­

tion1 anc.combinations6,7,B,9, 10, 11, 12 and 14 were 

statistically on par with it. This trait had a heritability of 

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

c.Number of leaflets. The progenies differed significantly (at 1 

per cent level) hetween mother palms and common pollen parents 

with respect to the numberof leaflets. The mean number of leaf­

lets ",as 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 11 th combinations. 

The number of leaflets ranged from 172 in tree number 167 of 9th 

combination to 230 in tree number 359 of 5th combination. Heri­

tability was estimated to be 27.9 per cent , PCV and GCV heing 

5.98 and 3.16 respectively. 

d.Length of leaflets. The combinations havin£ different mother 

palms a.nd Bame pollen parent differed sienificantly at per 

cent level in this character. Second combination had the highest 

mean of 91.4 cm which was not significantly different from 

combinations 3, 4, 5, 7, 8 and 13. The least mean length of 69.9 

cm was observed for first combination which was statistically on 

par with 9, 10, 11 and 12. It ranged from 61.25 cm in tree 
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number 304 of first combination to 101.5 cm in tree number 27 of 

combination 2. This trait had relatively high heritability 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 significant diffe-

rence at 1 per cent level between progenies of 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 minimum mean Ividth of 2.62cm in combination 1 d iii not differ 

significa,ntly J::'rom that in 3, 5, 6, 9, 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 GCV 8.93 for this trait. The character had a heri-

tability of 27.3 per cent. 

B.Floral characters. 

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

significantly at 1 per 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 vlaS minimum (3.4) in 10th combination and was on par 

wi th combinations 1, 2 and 9. The number of sped ices 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 numbers 43, 

72, 117 and 324 belonging to combinations 5, 8, 11 and 13 

respectively. The GCV was 22.68 and pev 40.69. The heritability 
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for this trait was 31 per cent. 

7.Number of tranche::?, ~ t1padix. Sienific8nt variation at 5 per 

cent level was observed amongmother palms intheir contribution 

of this particuler character to the progenies. r'laximum mean 

number of 32.37 branches was observed in 5th combination and 

followed hy combinetions 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. Number of 

branches per spadix ranged from 22 in tree number 240 of third 

combination to 38.33 in tree number 359 of fifth combination. 

The GCVwas 6.8 and pev 13.39. The number of branches per spadix 

showed a heritability of 25.8 per cent. 

8.Number of male flowers per branch. ~Phere was no significant 

difference between mother palmsas in the case of pollen parents 

in their contribution to the progeny in the number 'of male 

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 of 22.39. 

9.Number of female flowers produced. Progenies of different 

mother palms and common pollen parent differed significantly at 

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 



Combina­
tion 

1 
2 
3 
4 
5 
6 
7 
E3 
9 

10 
11 
12 
13 
14 

Humber 0::' 
8padices per annum 

range 

4.60 2.00 -- 7.00 
4.00 2.00 - 9.00 
8.20 5.00 -11 .00 
7.40 4.00 -10.00 
7.80 7.00 - 9.00 
fi.40 4.00 - 9.00 
6.40 6.00 - 8.00 
7.80 4.00 -11 .00 
5.00 3.00 - g.OO 
3.40 2.00 - 7.00 
6.40 4.00 -11 .00 
6.40 2.00 - 9.00 
9.50 9.00 -11 .00 
8.80 7.00 -10.00 

Table 4.3ft. 

Mean and range of floral characters. 

i~umber o~: branche~j 
per r-ipadix 

mean range 

24.13 23.00- 25.<32 
28. '59 25.50- 36.44 
25.51 22.00- 31 .09 
2f3.74 22.25- 36.20 
32.37 28.25- 38.33 
25.31 22.20- 29.57 
27.66 25.20- 30.25 
27.15 23.75- 29.63 
28.5t3 24.50- 34.00 
25.19 23.00- 29.29 
28.F30 24.60- 33.09 
29.09 25.50- 32.00 
31 .44 30.22- 33.56 
30.40 27.50- 32.50 

]lumber of Dale 
:flo1tler~J/ branch 

mean ra.nee 

1:')8.38 126.00-21f3.00 
157.60 116.00-19tl.OO 
175.97 110.00-230.86 
168.60 137.00-226.00 
173.30 150.38-188.80 
1 :38.65 100.67-187.56 
155.69 126.00-196.00 
154.96 131 .00-201 .00 
1 61 • [38 134.10-1[16.20 
130.23 64.00-184.00 
140.00 107.81-194.10 
159.68 121 .00-191 .00 
204.83 181 .90-221 .20 
178.45 113.00-216.40 

Number of :fernalG 
flowers per annum 

mean range 

1 51 .20 42.00-315.00 
105.eo 62.00-216.00 
222.40 3D .00-·520 .00 
215.20 46.00-373.00 
269.20 178.00-399.00 
155.80 70.00-278.00 
152.00 82.00-218.00 
184.60 55.00-355.00 
127.40 24.00-362.00 

44.f:lO 0.00-125.00 
163.20 94.00-327.00 
220.60 39.00-364.00 
498.25 298.00-792.00 
178.20 97.00-257.00 

------------------------------ ------------------ -_ .. _------
CD 2.80 4.09 Nfi 152.79 
CD(for 2.97 4.34 162.06 

comparison of combination 13) 

+ 



showed the lowest mean value of 44.8 which did not difI'er 

significantly from the combinations 1, 2, 6, 7, 8, 9, 11 and 14. 

This trait ranged from zero in tree number 302 of 10th cOrilbina-

tion to 792 i.n tree number 384 of 13th combination. Female 

flower production had a heritability of 30.8 per cent with GCV 

and pev of 42.88 and 77.25 reepectively. 

10.Number of buttons set. ~here was significant difference at 5 

per cent level among progenies of different mother palms but 

same pollen parents '\Ari th regard to the number of buttons ~iet. 

The highest mean number of buttons set was 71 for 13th combina­
tion whi ch did not differ G ignificantly from 3 rd, 4th, 5 th, 

7nth, 8th 12th and 14th combinations. The mean number of buttone 

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

no significant dif~erence from the combinations 1, 2, 6, 7, 8, 

9, 11, 12 G.nd 14. It ranged from zero in tree numbers 21, 167 

and 302 of combinations 6, 9 and 10 to 118 in tree number 117 

of 3rd combination. The pev was 88.83 and GCV 34.82 ,the heri­

tability being 15.4. 

11 .Setting percentage. There was no significant difference among 

progenies of different motherralms as in the case of pollen 

parents as far as this character was concerned. This trait 

ranged from zero in tree numbers 21, 167 and 302 of combina-

tions 6, 9 and 10 to 38.46 in tree number 218 of 7nth combina-

tion. The overall mean percentage set was 16.2. Heritability was 

as low as 8.7 per cent with a GCV of 16.05 and a pev of 54.37. 
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Table 4.3B 

Mean and range of floral characters. 

Combina- Number of buttons Setting percentage Duration of n . 
L ural on of 

tion. set per annum male phase. female phase. 
mean range mean ranGe mean range mean range 

---------------------- ---~---------------------- -----------~---------------------- ----------
1 14.60 2.00- 32.00 10.77 1 .59- 22.38 
2 16.60 6.00- 36.00 15.97 9.68- 32.31 
3 48.20 10.00-118.00 21 .86 18.25- 26.32 
4 47.40 6.00-111 .00 18.76 13.04- 29.76 
5 44.60 28.00- 66.00 16.57 11 .76- 19.27 
6 14.00 0.00- 29.00 9.02 0.00- 25.25 
7 39.40 20.00- 84.00 25.19 13.85- 38.46 
8 34.60 7.00- 62.00 17.76 12.73- 23.29 
9 18.20 0.00- 51 .00 12.12 0.00- 21 .74 

10 10.~0 0.00- ~1 .00 12'g$ g.OO- ~2.~0 11 31. 0 7.00-1 3.00 15. • 54- 1. 1 
12 34.40 1 .00- 59.00 12.66 2.56- 20.70 
13 71 .00 59.00- 85.00 16.45 8.21- 25.17 
14 41 .40 15.00- 85.00 21.3B 15.46- 33.19 

CD 33.92 NS 
CD(for 35.98 

comparison of combination 13) 

18.47 14.50- 20.86 
17.54 15.33·- 20.22 
17.89 16.00- 19.38 
17.99 17.00- 18.50 
17.58 16.43- 19.50 
17.64 16.50- 19.00 
H3.50 17.75- 19.38 
18.61 17.00- 20.50 
18.56 16.50- 20.50 
16'€J 10.00- 18.63 
17 . 17.00- 18.2 
17.642 13.50- 19.25 
18.26 18.11- 18.36 
17.99 16.20-- H3.75 

3.41 
2.99 
3.46 
3.40 
3.66 
3.29 
3.37 
3.46 
3.27 
2.6Z 
3.5 

3.83 
4.20 
3.85 

0.72 
0.76 

2.(36 - 4.50 
2.50 - 3.78 
2.33 - 4.40 
3.00 - 3.67 
3.33 - 4.00 
3.00 - 3.75 
3.00 - 3.80 
3.00 - 4.00 
2.75 - 3.50 
0.00 - ~.OO 3.40 - .80 

3.50 - 4.50 
3.89 - 4.50 
3.71 - 4.00 
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12.Duration J;' malt: nnl?:::e. .[,0 significant n :i~(:t'erencetJhro -- -- ""'-----

ved in the duration ot male phase in progenies either between 

motherpalms orbetlveer.. pollen parents. It ral1L?:edCrom 10 days in 

tree number 302 of combination 10 to 20.86 days in tree number 

333 of cornbine:tion 1 (Plate-1 ). The overall IPean duration of rr:.ale 

phase waE 17.83 days. (~enotypic variance estiL'Jated "ias neGative 

and hence heritability, GCV and PCV "lere not calculated for this 

trait. 

13. Duration o:f femalE: phase. Lether palms showed eignifice.nt 

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

of their progenies. r;:he longest Dean duration of 4.2 days ",as 

recorded in 13th combination and was statistically on par with 

combinations 3, 5, 8, 11, 12 and 14. The Ehortest mean duration 

of 2.99 days was recorded in 2nd combination which did not differ 

significantly from combinations except 12, 13 and 14. ~his trait 

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

4.5 days in tree nurjl-bers 2<31, :321 and :546 o:£' combinations 12, 1 

and 13 respectively (Plate-2). pev was estimated to he 13.05 and 

G-CV 7.56. Heritability ,,,as observed as 17.4 per cent. 

14. Pollen fertility and viahility. Variation in po:Llen ferU,-

Ii ty and viabili ty was not observed between palms c~t any lJoint 

of time, while there existed considerable variation in ~ifferent 

seasons. ~ehe seasonal ef'fects are discussed in sectivn :_~. 

C.Genotypic and Phenctypic Correlations. 

Genotypic as vrell as phenotypic corrE)lations betw'oen 

every pair of seventeen characters observed wera w0r~€d out as 

described in Chapter 3 and are provided in ~able 4.5 and Table 



Table 4.4 

Hertability, Genotypic and Phenotypic Coefficients of variation 

Character 

Girth 

Internodal 
distance 

No. of func. 
leaves 
Leaf production 

Leaf lenGth 

Petiole length 

no.of leaflets 

Length of 
leaflet 
~lidth of 

Heritability 

35.9 

46.0 

20.9 

32.1 

22.1 

19.2 
27.9 

35.7 

~~a81~tproduction 
27.3 
31.0 

Ho. of branches 
per spadix 
No.of male 
f'lowf: ro 
no.o ... female 
N6?~rrt}uttons 
set 
Percentage of 
buttons set 
Duration of 
male phaBe 
Duration of 
female phase 

25.8 

6.5 
30.8 
15.4 

8.7 

-8.4 

17.4 

GCV PCV 

5.10 E3.50 

15.67 23 .11 

5.47 11 .97 

8.62 15.22 

5.03 10. (';6 

5.28 12.26 
3.16 5.98 

6.46 10.82 

8.92 17.04 
22.68 40.69 

6.80 13.39 

5.73 22.39 
42.88 77.25 
34.82 ESG .83 

16.05 54.37 

7.56 18.05 



Table 4.5 
Gemtypic CorrelatiCD3 mmg svart.em dlaracters 

Char&- Girth Inter No. of Annual length of JEaflets No. of Ho.oi' No. of No. of No. of Perce- Duration of 
cter nodal func. leaf leaf ~tiole tro.of length \Jidth Rp:ill.i - br::>...fr- nrue female button ntage male fenaLe 

dist.leaves prdn. CefJ Chff~ flrs. flrB. set t.':€t ft6)e };tlase 
(1) (2) (3) (4) (5) (6) (7) (8) (o~ (10) (11 ) ( 12) (13) (14) ( 15) (17) ..1/ 

2 .ff34 

3 .7'3) .141 

4 .511 -.232 .974 

5 .923 .OCB .678 .143 

6 .9.36 .612 1.212 .660 .756 
7 .893 .620 .251 .2'JJ .675 .346 

8 .637 .5Cf7 .678 .494 .cpj .836 .503 

9 .429 .401 .4(13 .625 .684- .404- .r:pr .761 

10 .611 .C83 1.00J .815 .451 .8g) .285 .510 .213 

11 1.048 .631 :ns .537 .6g3 .776 .410 .4~37 .:£39 .503 

12 1.371 .452 1.453 1.031 1.293 1.829 .435 1.031 .26<3 1.215 1.117 

13 .644 .2fJJ .737 .534 .612 .757 .102 .481 -.137 .700 .612 1.460 
14 .911 .419 .968 .693 .889 .914 .f:D2 .714 .262 871 .728 1.718 .961 

15 .fiXJ .512 .E61 .590 .646 /J52 1.033 .968 .9:IJ .619 .4Z7 .SB+ .KB .658 

16 -.032 -.431 .311 .496 -.365 .245 -.7CJ5 .lffJ .13:) .254- -.148 -.051 .215 .169 .364 
17 :7fQ -.134 1.274 1.032 .051 .856 -.116 .255 -.050 1.332 1.Ch5 1.467 1.370 1.466 .JJ3 -.009 



Table 4.6 

l'heootypic Corre1.atiexE aI01g svarteen characters 

Cham- Girth Inter No.of Annual Length of J-BaQet.s Ho.of No. of No.ot' No.of No.or Perce- Duration of 
cter nodal ll.mc. leaf leaf' retiole No. of lerlb-rth vlidth s:rnd-i - bran- male fermle rotton ntaee rrale female 

dist.leaves prdn. ces ches firs. flrs. set set ~e lilase 
(1) (2) (3) (4) (5) (6) ('7\ (EJ) (9) (10) (11 ) (12) (13) (14) ( 15) 16) (17) II 

2 .W) 

3 .4~) .182 

4 .397 .CY72 .648 

5 .509 .526 .262 .323 

6 .531 .439 .537 .m .684-

7 .439 .428 .176 .204- .615 .447 

8 .~ .453 .363 .467 .540 .524 .401 

9 .212 .292 .1?D .304- .275 .214 .246 .538 

10 .269 .103 .659 .600 .419 .524 .34..8 .461 .226 

11 .464 .352 .557 .475 .436 .493 .320 .435 .226 .552 

12 .228 .186 .487 .450 .239 .379 .on • 'X'D .091 .505 .357 

13 .343 .064- .5% .500 .301 .431 .181 .410 .043 .752 .523 .540 

14 .285 .133 .548 .571 .407 .481 .318 .452 .230 .224 .535 .472 .791 

15 .178 .301 .248 .3f57 .~ .218 .312 .264 .315 .4<J3 .229 .247 .189 .619 

16 -.173 .035 .30) .21 (<;:47 .OJ) .125 -.147 .140 .175 .298 .174 .421 .230 .238 .15"3 ~ 
::; 

17 .141 .an .YX3 .224- .ZCrT .376 .144 .146 -.03:1 .?f3R -239 .439 ,3d1 <311 ,2.11 ·492 



4.6 respectively. 

The number of buttons set, the most important economic 

character hab highly f3ignii'icant genotypic correlation l1i th 

trunk girth (.911), numher or functional leave~, (.962), length 

of petiole (.914), 1 E:n€th of leaf . . '\ l . B89 / , number of leaflets 

(.602), spadix production ( (7 1 ) 
.. ·.7 ' .. , 

number of branchec pEr spad ix (.72(3), and fGmal e flo\<;er produc-

tion (.961). I tr,:; .c:enct'Tuic ~, ,J ... correlation with number ot' maJ.e 

flowers was ~reater than unity and has to be considered as high. 

The corresponding phenotypic correlations were .285, .542, .481, 

.407, .452, .318, .824, .53.5 and .'7::31 re~3pec1iively. It was 

hi~hest for number of spadices while genotypic correlation was 

highest for number of functional leaves. In .seneral, phenotypic 

correlations were not so higb as the genotypic correlations, 

though tbey "Tere not very 1 ow. The percentage of buttons set 

also had high genotypic correlation with trunk girth (.6), 

number of functional leaves (.861), length of petiole (.932), 

length of leaf (.646), number of leaflets (1 .033), length of 

leaflets (.968), 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 leaves. 

D.Genetic divergence. 

Fourteen characters for which the combinations were 

significantly different Vlere :::'elected for D2 analysis. The Lamda 

criterion for testing the overall difference among the combina-
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Table 4.7 

r·iahalanobis' D2 value~ between fourteen Combinations 

Cop.:oi r.nt ion.,:; 
3 4 '., 

( . 1 1 12 

2 30.48 

3 33.21 12.52 

4 41 .61) 11 • (; '7 2. pi, 

5 54.44 20.6'3 10.n!) 4.44 

6 20.04 1 G .ril) 5.60 1 1 .82 19. ~)g 

7 23 • O~) 14.29 4 '7.A 
•• '+ 4.57 17.76 3. f51 

d 40.91 16.23 2. F34 5.32 1 ~) .44 10.')7 7.24 

9 1B.77 14.43 5.86 9. 6~1 1 d .81 2. 2~3 5.59 S.94 

10 19.79 30.25 50. 9>1:')~12 53.73 69.9t' 50.09 40.05 56 • 3~l 4 t5 • t5 1 

11 15.35 15.9t3 11 .94 17.40 33.27 1 1 .70 7.64 12.62 ().1·;i 22.36 

12 37.74 13.30 f7.?33 3.£.17 9. (C) 17.7G 1'5.51 7 .{~6 10.94 47.10 16.40 

13 165.53 92.37 64.64 50.14 42.75 89.15 ~) 1 '.),'7 63.14 g1 • tiP 195.43 115.79 C": ')' rJ ("\ 
•.• ' I :J J • I ;" 

14 12d.Q6 77.4g 40.96 37.5 15 3'5.75 55.'13 :)'j .06 3;2.20 55.00 1 (; 1 • G~j 80.04 4.4.4) 3C).:3 t( 



tiona with respect to the selected fourteen characters was found 

significant. Consequently, Nahalanobis'D2 value wac calculated 

for every pair of combinations and are furnished in ~able 4.7. 

l'1a.ximum D2 value (195.43) 1tJaE; obtained betv.'een combination~) 13 

and 10 followed by 13 and (165.43). combinations 9 and (:) had 

the minimulll D2 value oc'" 2. 2f3 followed by U and j the value 

being 2.84. The combinations were grouped by the computer 

oriented iterative ale:orithm based on the D2 values. The num1)er 

of clusters W8B determined 21.:::; 3 by the method of maximum curva-

ture. The cluster configuration is provided in Table 4.8 . The 

inter and intra clu;;:;ter 1"2 -' values and the inter and intra 

cluster distances (JD2 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 combinations, the most distant from 13th 

combination consti tuted Cluster I (Plate-3) and 13th 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 t,han to Clueter II, the corresponding distances 

being 6.24 and 7.93. 

The clustering pattern is represented in Fig.1. The 

mean and range of different characters of each cluster are 

provided in Tables 4.11 and 4.12 respectively. Cluster II cons1-

sted of parental combinations with most desirable properties 

ftUch as maximum number of female flowers set, female flo'wer 

production, girth, nunber of spadices produced, number of func-

tional leaves and annual leaf production. Cluster I had the 

least of all these desirable characters. 



Table 4.8 

Cluster Configuration 

------------------ ---------------------- -------T-----------·----

Cluster 

T 
.L 

II 

III 

Cluster 

I 

II 

III 

Cluster 

I 

II 

III 

Numbers of parental combinations 

1, 10 

13, 14 

2,3,4,5,6,7,8,9,11,12 

Table 4.9 

Inter and intra cluster D2 values 

I 

19.79 

162.89 

39.00 

Table 4.10 

II 

30.37 

62.89 

III 

11 .49 

Inter and intra cluster distances (JD2 values) 

I 

4.45 

12.76 

6.24 

II 

5.51 

7.93 

III 

3.38 

-------------------------- -------------------------- -----------



Flo - 1. CLUSTER DIA(~ RAI'-1 
-- () - ._.- -------- ~ ----.--.--~-----

7·93 

tZ-?6 

6·2-+ 



Table 4.11 

Cluster means for the 17 characters 

Characters Clusters 
I II III 

Girth 67.90 

Internodal 4.52 
distance 
No. of fun. 16.50 
leaves 
Leaf produ- 11.80 
ction 
Leaf length 3.12 

Petiole laneth 1 .22 

Number of 198.80 
leaflets 
length of 71 .62 
leaflets 
Width of 2.75 
leaflets 
No. of spadi- 4.00 
ces/annum 
No. of bran- 24.66 
ches/spadix 
No.of male 144.31 
flowers/branch 
No.of female 98.00 
flowers/annum 
Number of 12.40 
buttons set 
Percentage of 11 .71 
buttons set 
Duration of 17.42 
male phaGe 
Duration of 3.04 
female phase 

76.78 70.43 

4.75 4.B4 

21 .00 18.48 

16.78 14.12 

3.43 3.35 

1.47 1 . :34 

206.44 200.16 

84.50 83.01 

3.26 3.29 

9.11 6.58 

30.86 28.16 

190.17 158.63 

320.44 181.62 

54.56 32.90 

19.19 16.56 

18.11 17.94 

4.01 3. 4 3 



Table 4.12 

Range in 17 Characters for the three Clusters. 

Character 

Trunk girth 62.00 

Internodal 2.93 
distance in cm 
No. of functional 14.00 
leaves 
Annual leaf 10.00 
production 
Length of leaf 2.67 
in m 
Length of peti01e 1 .07 
in m 
Number of 174.00 
leaflets 
IJength of leaf- 61 .25 
lets in cm 
11idth of leaf- 2.43 
lets in cm 
Ho. spadices 2.00 

Number of 23.00 
~ra~chesisia~ix 
J.~~ ~Fs? r ft t1 64.00 
Number of female 00.00 
flowers nroduced 
Number of 0.00 
buttons set 
Percentage of 0.00 
buttons set 
Duration of 10.00 
male phase 
Duration of 0.00 
female phase 

I 

- 75.00 

- 6.21 

- 20.00 

- 14.00 

- 3.50 

- 1 .50 

- 222.00 

- 79.50 

- 3.28 

- 7.00 

- 29.29 

- 218.00 
- 315.00 

- 41 .00 

- 32.80 

- 20.86 

- 4.50 

CLusters 
II 

691 .00 -
3.64 -

19.00 -
14.00 -

3.10 -
1 . 1 3 -

194.00 -

78.75 -

2.75 -

7.00 -
24.88 -

113.00 -
97.00 -
15.10 -

8.21 -
16.20 -
3.63 -

87.00 

6.43 

26.00 

22.00 

3. T) 

1.85 

218.00 

94.00 

3.83 

11 .00 

33.56 

221 .20 
792.00 

85.00 

33.19 

19.38 

4.50 

52 

III 

569.00 - 90.00 

2.43 - 9.21 

14.00 - 22.00 

10.00 - 17.00 

2.70 - 4.62 

1 .05 - 1.67 

172.00 - 213.00 

66.75 - 101 .50 

2.10 - 4.60 

2.00 - 11 .00 

22.00 - 38.33 

100.67 - 230.86 
24.00 - 520.00 

0.00 - 118.00 

0.00 - 38.46 

13.50 - 20.50 

2.33 - 4.50 

--------------------------- ------------------------------- -------------
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E.Seasonal effect on Floral Characters. 

The number of spadices, number of female flowers 

produced, active female 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 

furnished in Table 4.13. The trend obtained in these traits by 
taking three week moving averaees are provided in rrabls 4.14. 

Trends in production 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 gradually increased reaching its peak 
in the middle of i\Iarch wi th 29 spadices in the standard 1'leek 

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 female flowers have 

been recorded to be 978 durine the period of 11 th to 17th of 

March and minimum production of 18 female flowers was recorded 

during January 8th to 14th. No spadix was produced in any of the 

selected palms from 15th October (beginning of the study) to 

31 st December 1985. t'lore female flowers \vere produced during 

February, March, April and May having the maximum in March. 

Occuranc€ of female phase was first observed during the last 



Table 4.13 

Distribrticn of floral dlaracters l:tr stmitard week 

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

Week sp;tdices fenrue spadices recept,... No. of t8t-'?f-' of F'Brti- Viebi-
opened newers having ive f&- butt.ons buttons lity lity 

fermle we set set 
pbasA J1.cwern 

(1) (2) (3) "(4) (5) (6) (7) (d) (0\ jJ 

Oct.15 to Dec. 31 

Jan. 1- '7 c-'-, 
u) 

&-14 12 93.76 85.26 

15-21 2 74 99.64 91.88 

22-28 2 155 2 81 0 0.00 95.34- fST.06 

Feb.29- 4 11 '393 0 0 0 0.00 97.07 EfT.21 
5-11 13 5~ 2 74 4 5.41 96.49 89.62 

12-18 17 703 2 1t:;t:; 
-'-' 12 7.74 97.50 g2.07 

19-25 18 54-3 12 447 46 10.29 97.23 00.87 

Mar.26- 4 18 729 9 420 49 11.67 93.34- 07.49 

5-11 10 341 17 779 e6 11.04 rrr .74 79.35 

12-18 29 g?8 19 616 77 12.50 97.Tt 94.66 

~21 1~ t-~ 1~ ~ ~ 16:3§ ~:~ ~:~ 
Apr1.2- e 21 642 28 1042 125 12.00 6().~ 0.00 

9-15 20 (l4-5 17 545 78 14.31 66.00 0.00 

16-22 16 437 18 559 70 12.52 66.10 o.co 
2}-29 23 741 15 563 69 12.26 65.00 0.00 

IV1f\y 3)- 6 13 265 23 m 166 21 .36 64.00 0.00 

7-13 12 225 9 'Xf5 45 14.75 64.50 0.00 
14-20 15 493 21 762 181 23.75 63.00 0.00 



(1) (2) (3) (4) (5) (6) (7) (8) (9) 

21-27 3) 5J7 8 193 74 )/.37 ED.SD 0.00 

Jun.28- 3 15 331 12 ZT3 68 24.91 92.00 31.00 

4-10 '7 168 14 499 107 21.44- gJ.Cf) m.oo 

11-17 8 211 15 449 91 ?D.27 

18-24 7 165 14 341 34 g.c:rr , 

Jul.25- 1 14 314 5 111 2 10m 
2- 8 4 gj 8 221 Y5 15.84- g:3.14 89.00 

9-15 '7 182 6 140 18 12.f£ 93.10 ffi.50 

16-22 14 W 12 271 36 13.28 gJ.eD m.m 
23-29 10 216 3 ffi 14 17.50 ~!.3) 9).50 

Aug.:f)- 5 7 173 7 182 ?£ LD.ffi 93.40 E'9.SO 

6-12 13 285 12 2ffJ 49 18.85 Sf? .30 S5.g) 

13-19 6 124 9 187 85 45.45 %.79 83.83 

3)-26 7 177 7 1'73 52 ?().C6 gJ.10 85.50 

Sep.27- 2 15 310 8 175 63 36.00 g).70 ff(.W 

3-9 9 199 12 260 se )7.69 ~.f1.40 m.oo 

10-16 3 52 9 214 79 )6.92 95.00 m.90 
17-23 9 196 14 291 114 '39.18 se.LD ffi.60 

24-31 6 116 7 155 61 39.35 97.50 85.50 

Oct. 1- 7 4 78 )7 47.44 ~f7 .9 84.10 

8-14 8 17 9S.oo 87.20 

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

June to 1 st JulJ.y due to heavy r--din. 
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week of January, though the corresponding number of buttons Ret 

was nil. The number of buttons set increased and reached its 

peak when the female phase occured in May and a sudden decline 

was noted by the middle of June. But the number of buttons set 

showed an increasing trend from July to the end of the ~:;tudy 

period, though this rise was never anywhere near the peak 

observed in Hay. 

The setting percentage was zero during January and was 

less than eight till the middle of F'ebruary. Prom 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 bet\'leen 30 and 45 

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

recorded when the inflorescence had i t8 female 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 to 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 

Nay. 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 viabili ty "i'ias observed to be fluctuating 

between 80 percent and 95 percent from the second week of 
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Table 4.14 

Three wOO:r ~ aveI'8@3S at floral dlaracters 

Ho.of tio. of No. of No. ar Percen- Pollen Pollen 
Week sIBiices ferrale sradices recept- No. of tage of ferti- viabi-

opened flavers having ive fe- buttons buttons lity l"ty ~l 

ferrrue msle set set 
phase :f:1avers 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Oct.15 to Dec.31 

Jan. 1- '7 

8-14 1.33 51 .67 

15-21 1.67 82.33 0.67 Zl.OO err .91 28.07 

22-28 5.CX) 3)C).(XJ 0.67 27.00 <J7 .35 f£·.72 

Feb.29- 4 8.67 361.00 1.33 51.67 1.33 1.ED %.?-D r57.St 

5-11 13.67 54-3.67 1.33 76.33 5.33 4.33 g?02 e0.63 

12-18 16.00 593.67 5.33 225.33 aJ.67 7.81 97.07 g).18 

19-25 17.67 660.0) 7.6r7 340.67 35.67 9.~O 97.69 8'9.48 

r·18.1'.26- 4 15.33 539.33 12.67 548.67 m.33 11 .00 97.77 1:.t) .~~4 

5-11 19.CX:) f:1:'Q.67 15.00 f:Cf5 .('jJ 70.67 11.74 97.95 87.17 

12-18 19.33 601.33 16.33 679.67 74.33 10.95 CJ7 .35 26.03 

19-25 ~~2.3·) 695.CJ...; 1 ~ ,)',\ 
)'" -' 513.00 55.3'3 10.74 S¥).~() 83.74 

26- 1 19.67 583.00 16.33 655.00 71.33 10.57 33.33 52. H3 

Aprl.2- 8 aJ.oo 636.33 17.67 622.00 17.13 12.23 73.70 24.16 

9-15 19.00 574.67 21.00 715.33 91.00 12.94- 64.3) 0.00 

16-?2 19.67 M.67 16.67 555.67 72.33 13.03 65.70 O.Ql 

23-29 17.33 4B1.00 18.67 635.00 101.67 15.38 65.:1) 0.00 

May- }.0- 6 16.00 410.67 15.67 614.67 93.33 16.12 64.77 0.00 

7-13 13.33 JZ7.67 17.67 614.67 1?D.67 19.95 64.37 0.00 

14-3) 15.67 403.33 12.67 421.67 1oo.CX) 25.29 69.73 0.00 
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\ . ./ 
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;21-Z7 16.h',l ,1t1:) J/7 1:".67 411 .00 lUi .67 ~?::;.(f.' -n::\,-X) 1,-' <;'" 
.. ,I • .".;~) 

Jun.a~- j 14.IX) 355.35 11 .3:5 323.:5,3 B3.C() Zl.~11 ~n.'Z7 33.('/ 

4-10 10.w 2";1.).67 13.67 4(}{.O) ffi.fr! 22.21 

11-17 7.)) 1 f:)1 -~-:.~ 14.33 429.67 tTl .33 1'-'.2'3 .,.././ I I 

lt~-24 9.67 ~("l).CC 11.33 }')).33 42.33 10.63 

Jul.25- 1 F:.33 1q1 -.;-.; 
• ~." ~I J.CO 2?4.33 a3.67 Cl "V\ ... c· .. , 

2- '" ( .. :. "'!.)) 197.CX) 6.33 157.33 1~J.:53 1.).17 

9-15 ~-4._')5 1r5.)~' r).53 210.67 ?J.n? 13/~,) 9-:~.O1 H::;.45 

16-;2? 10.33 2Z5.67 3.67 163.67 22.67 14.55 '::e.03 ~:Jo(?,. ')~5 

~~3-2<J W.3) '~{).6ri 4.'X) 1'n.67 29.33 1r! .22 ::6.15 eg.Ll() 

A'Ufc--::"5)- 5 10.0) 224.h7 7,):5 174.00 33.67 1S'.0:\ ')7.:J! &~>.(T7 

6-12 (~.67 1 (_,v.1, .IX) ('j C~~, :;,.» 2(9.67 57.33 33.39 ::7 .~:)() F6.:)4 

13-1~:' ::;.67 195.5.") s: .~5'3 XtJ.67 62.((\ 31 4;'; . -' '.17.i'X5 [{) .(j'~ 

2('--:26 9.33 'XJ5.f:i' (~-;.co 178.33 6fi.67 "57.1'7 ':-'f/5) P5.(4 

f;ep.Z!-
,.., 

10.33 Z2i~.6'7 c.~.CC' a'f2.67 71.00 ~4.~X:~ S-f • .'T.3 rrr .()~; L 

3- 9 (j.CO W7.cx) 9.67 216.33 EO.O) 36.er! cn (';-' 
j' • j;) '~'~-r .,s33 

10-16 7.CO 149.CXl 11.67 255.00 ::;r.0) 37.93 Sf! .r!7 ;::'{l.17 

1'7-23 6.00 121 .J5 W.(X) 2'2'J.OO f/4.67 3(-\.48 Q7/1..) ::J7.33 

24--31 ~3')3 174.67 70.67 41.Cf3 if! .f17 tt.lY7 

Oct. 1- 7 6.33 8).3"5 

6-14 6.00 7(].33 

1-\" 
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January to the third week o:f Earch. Then there was a drop to 

72.5 percent in the last week of March and became zero till the 

end of Hay. It ",as 30 percent in early June and recovered to 

80 percent in the succeening week and continued to oscillate 

between 80 percent and ,;}O percent till the end of the fitudy 

period. 
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DISCUSSION 

Development of superior and high yielding coconut otrains 

has received attention only recently. The importance of utili-

sing the prococious bearin[ character of dwarfs in breeding was 

fi rst real iEed "by Patel (1 93[3 ), who observed maxitmm bybr id 

vigour 'vhen the tall v8riety \{a.;::: used as female perent .. vi th 

dwarf a8 ma.le. The success of thE': crop improvement progr8IY.'me 

lies on the effective identification of superior penotypes uti-

lising the available source of existinr genetic variability in 

the population, that make selection more e;'fective. 

The information eathered in the rresent investisations on 

variabiity in F1 coconut hybrids would permit identification of 
superior mother nalms. The ens.lysis performed helped to identify 

superior £enotypes capable of transmitting their traits to pro-

genies and the extent of [enatic variability can be utilised to 

identify superior types through appropriate breeding procedures. 

Important results are discussed in this chapter as fellows. 

General variability. 
The extent of variability for the di~ferent vecetative and 

floral attributes in the progenies of the three pollen pgrents 

was only moderate, while that contributed by the different fe-

male parents was relatively conspicuous. The analysis of varia-

nee of' the 17 chl:uBcters viz., gi rth, internodal di stance, 

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

leaflets of 14th leaf, number of spadices, number of branches 
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per spadix, number of female :flower!,:1, number of bu-t;t.onf-1 St;t, 

percentage of buttons set and duration of male and femele phaRes 

is given in Table 4.1. ~~he extent of va.riebili ty wae 2'8,Se~~3ed 

from rance, (fCV ana FeV which are given in Ta,bles 4.2A, 4.213, 

4.3A, 4.3B and 4.4. ~he pollen parents used in different crosseR 

were :m/1, and N8/17 and no sicnificant dii'f'erence vlaS 

observed between their progenies in any of the characters 

studied. On the other hand, progenies from different mother 

palms differed cignificantly with respect to all characters 

except number of female flowers, percentage of buttons set and 

duration of male phase. In other vlords, the mother palms had 

greater share in the contribution of most of the 

their progenies than the p611en parents. 

trai t8 to 

Cytoplasm had been established as a vehicle of inheritance in 

plants. i1ajori ty of the cytoplasm of the progenies is contri­

buted by the female parent rather than by the male parent. Bence 
the inheritance of most characters will be more through the 

mother palm than through pollen parent. Similarity of the poll~n 

parents could also be the reason 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 male and female parents or 

due to genotype environment interaction. The specific reason for 

this could not be assertained from the data gathered in this 

investigation. Bavappa et ale (1973) observed significant diffe-

rence in girth, internodal distance, number of functional 
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leaves, length of lEJai, number of leafletl3, feme_Ie flower pro­

duction and settinG percentage beh18en parental combina.tions in 

nine F1 families of T X D hybrid coconuts. Nonsignificant diffe­

rences among progenies of different crosses 'Ivi th respect to 

number of male flo1rlerS, rercentage of buttons set and duration 

of male phase was mainly due to the large variation in these 

characters between progenies with in the same cross. The rela-

tively high values of pev and low values of GCV for these attri­

butes indicate greater extent of environmental effect on them. 

no previous reports have indicated this situation in coconut 

hybrids. 

Correlation and Heritability. 

Correlation coefficients worked out ::tt genotypic level 

revealed existance of strong positive association of but;ton set 

wi th most of the characters. I',utton set "JaB highly correlated 

with number of spadices (0.971) followed by the number of func­

tional leaves (0.968), number of fer:lale flo'\'lers (0.961), petiole 

1 ength (0.914) and £i rth (0.911). The correGpond ing phenotypic 

correlations were 0.824, 0.548, 0.791, 0.481 and 0.285 respec-

ti vely. This is in ;general acreement with the resu.l t[] of earl ier 

1tlorkers. Satyabalan et ale (1972) observed hii',h pOfJi ti ve corre­

lation o:f yield wi th ~ltem height and number ol functional leavee 

(0.686 and 0.680), 'tlhil e hitsh genotypic correlation of femal € 

flowers \vitll yield (0.933) ",raE reported by Lempoothiri et ale 

(1975) in d ifferen t open poll inated tall palms. S imil arly 8i:,.:;ni­

ficant and positive correlation of stem heiLht with yield 

(0.622) wBsobserved by Ramanathan (1984). 
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J-ieritabilit:r vJ2,~-. cbt-:;erved to be 30.;:; lKr cent ::(or number 

0:: female flo,vers produced and 15.4 per cent; for the numoer 0:;: 

buttons set. Corresponding GCV was 42.9 per cent and 34.8 per 

cent respectively. In other words, heri tability of female flO\,ver 

production io riUch hieher than that of number of buttons oet. 

Nore over female I'lmver production has very hii~h ,genotypic 

correlation (0.961) with number of buttons set. Hence, selec­

tion of mother palms based on female flower production \vill be 

much more effective than that based on button ~3et. Previous 

attempts in this line are scarce. But Liyanage (1961) reported a 

very high heri tabili ty of 0.81 for the ratio of nuts to i'elaale 

flowers per bunch, Ivhich indicated a. predominant role of the 

genotype on the manifestation of this economic attribute. 

Heritability estimates for the characters havine high 

,~~enotypic correlation wi ttl the number of buttons set were 8leo 

fai rly hiih (Tabl € 4.4). Iled iUIT! to moderately high est imates 

\fere obtained for the characters internodal distance, trunk 

girth, length of leaflets, spadix production and number of fe­

male flowers, while it was lowest for number 07 male flovler;:i and. 

percentage of buttons set. HenCe, se1ection of fems~e parent 

based on number of spadices, number 01' functional leavet_~, female 

flower production, length of leaf and trunk 3irth will be effec­

tive to achieve hibh yield of progenies. Very low heri~ability 

was observed for number of male flowers (6.5 per cent) foll ow(~d 

by percentaf~e of" buttons Get (8.7 per cent) whicb indicated 

that more than 90 per cent of the variation in these characters 

were contributed by environment rather than ~enetic. This sugge-
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ets that t~e8e cheracter2 were less atab18 and highly suscept-

able to environmental effEcts. Bnvironmentel components viere 

found to fa.r exceed tbe Ctmet 1c component;::, there by ino icatint? 

the predominating influence of environment in the manifesta~ion 

of such characterc. 2uch hieh environmental variation in these 

character::.: resul ted 11'. non8i~~;nificant difference am.on~~ cOll1bina-

tions wi th rE:~,~ard to thesf characters. DUE to the low heri tabi-

li ty, selection 0::' tiotYjer palm~ ~hould not 1;)8 based on these 

characters. 

Louis (1931) observed a wide ranee in phenotypic varia-

tion in 25 varietie::; and two hybrids. l'Iaximuffi phenotypic coef:':'i-

cient of variation W8..3 o'odsrved for the number of femaleflo''1ers 

(66.66) follo~lled OJ' settin~; percentaL~e ( - 7. ,'"\ i' , b \ t ~ • v.) j, n um e r of nuts 

per annum (58.69), lenett of leaf (56.79) and number of spathes 

per annum (50.74). A very hiGh genotypic correlation o} I'emalp 

flovler production vii th .yield (0.961) in the present ,:: tuay sugge-

3t::.~ that selection oj' 2;}other :palllls 'based on female t'101'18r 1Jrod1.1-

ction will be much more effective than that based on yield. 

Genetic Divergence. 

~here Exists considerable EirlOunt of genetic varia.tion 

even with in one t:.~rouIJ of coconut:, say tall, vlhicl1 of/ers great 

scope for sel ection ( ,Lavappa, 1 ':;'13). I t is desi rabl to to inve-

stigate the degree 0: variabili ty in a population 01' tall and 

dwarf palms v,hieh can be utilised for selection of parents to 

achieve the breedin~ objectives. 

In the present investigations, grouping ot' the 14 parental 



combinationn in to clueters using the com~ut~r orient~d itera-

ti ve algori thm ba~;ed on f'lahalanobis' D2 V·:>l1.1·' S T,'a« 01 CL, \':I ~_) performed. 

J:hree clusters Ilere identified (Table 4.7). Cluster I cosisted 

of combinations 1 and 10 , the progenies of which were poor in 

performance i'Vi th respect to all the chara.cters <;1tud ied. ~\imi-

larly cluster II contained combinations 13 a.nd 14 and they were 

found to possess superiority in respect of the desirable traits 

such as spadix production, number of branches per spadix, femalE: 

flower production, trunk c;irth, number of functional leaves, 

annual leaf production, number of leaflets, lenGth of' leaf, 

petiole and leaflets (Tanle 4.2A, 4.2B, 4.3A 8nd 4.3P). ;'Ta.tura­

lly, these two clusters were the most distant ones (12.76). The 

third cluster was constituted by the remaining 10 combinations, 

which were ruoderate in these characters as evidenced by analYSis 

of variance. 

The observationf.:' made from the ana1Y8i8 of variance of 

individual characters could be substantiated by clustering based 

on 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 

"tlere the mo~;t desirable oneB and those used ~"or combinations 

and 1 0 were inferior for hybridisation. Bavappa et a1. (1973) 

a1 so grouped 9 1:'1 faruil i es of I·JeT X Dvlarf' green coconut hybrid 8 

into four clusters based on 13 vegetative and yield ~raits u3in~ 

hahalanobis n2 and identified superior mother palms. They sugge-

sted that, 1<1i th proper choice among tall and dwarf varieties, 

efficient exploi tation of the hybrids could be effected. Ilala-
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krishnan (1982) also used D2 analysis to asses t~enetic diver-

gence in 24 cuI ti varn of \>lest coast tall coconut palms and 

grouped them in to f!ix clusters on the bastfj of 17 economic 

character~3 consti tuting vegetative, floral and nut cllaracterf3. 

Clusters T and II were :found to be genettca.lly closer, the 

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

distance of 8.72. 

Investigations made on variability in T X cno coconut hy-

brids showed that the traits such as spadix production, number 

of branches per ppad. ix, ff:male flower product i en, trunk Ci rth, 

number of functional leaves, annual leaf production, number of 

leaflets, length of leaf', pet i ole and lea:flE tEl neve direct and 

marked influence on the number of buttons set and that theGe 

characters can be relied up on in the selection of potential 

mother palms capable of producing high yielding pro~ertie8. 

Effect of season on floral characters. 

There appeared to have definite effect~~ of the season on the 

behaviour of the palms in respect of the manifestation of major 

economic traits in coconut. Spathe opening was almost nil from 

October to December during t11e course of the investigation. 

Spadix emergence waG observed to commence by early January and 

it gradually increased reachtnt' a peak in the middle of Harch 

wi th a total of 2'0 spadices in the population stud ied in the 

standard week from 11th March. There after the production 

decreased slowly and attained zero by the next October. This is 

in general agreement with the findings cif Patel (1938) who 



observed that thp maximum number of bunches onened during the 

month 01' t'larch at iHleshvlar-1 and in the month of Aprtl at 

Kasaragod. The number of bunches was very low from October to 

January at both the places. They reported relatively high rate 

of abortion of spadices that were to oppn durinc the rainy 

months and attributed to the drought at the time of formation of 

branches. Bhaskaran and Lepla (1983) also obtained similar 

results in tall and dwarf varieties and expressed the view that 

abortion of spadix occured mostly during the south west monAOOD. 

Spadix abortion was lowest during hot "lsathsr period (October 

and November). 

Female flower production also showed a nimilar trend as 

spadix production. 10re female flowers were produced durin~ the 
months of February, Narch, April and [.lay and a maximum of 978 
was recorded in the experimental trees during the period from 

11 th to 17th of f';arch. Whf"re as the minimum production of 18 was 

recorded during January 8th to 14th (Table 4.13). No spadix was 

produced in any of the selected palms from 15th October (begi­

nning of the study period) to 31st of December 1985. This is in 

agreement with the observation made by Patel (1938) and Bhaska­

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

female flowers in v!eT v8.riE'ty w-ac~ low from September to t"\Ja.nuary 

and hit;h durinc ~ilarch to ~/jay at Kasara{;od. The 1mV' production in 

September to ,Janua.ry is probably due to the adven38 effect of 

the seasons at the time of differentiation of the ovary a.nd the 

peria,nth from the primordium of the female flower whichtakes 

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

b " 



~:pathe. In other ..... lords ~ the first differentlation of the: ovary 

in the spadices which open during February to June takes place 

in the rainy monthG. On the contrary, c1i:;~ferentiation of the 

ovaries of the spadices that open during August to December when 

production o~ female flowers is generally low, takes place 

during the dry months of February to June (Menon and Pandalai~ 

1960). Bha8~aran and 1eela (1983) also observed similar pattern 

for female flower production. They reported that 50 per cent of 

annual female flower production was accounted for in hot weather 

period. 

(:Jetting of buttons in the inflorescence!:: havinr ::lcti va 

female phase durine the course of the investigations exhibited & 

uniform trend - the values ranging from 30 to 47 per cent except 

in the last week of June, when it was only 1.8 per cent which 
possibly could be the undesirable consequences of beavy raine. 

(328 ml) experienced during this period which in turn affected 

adequate pollination. High setting percentaee observed during 

A.ueust, September and October must be due to the favourable 

climatic conditions especially the absence of moisture stress in 

the soil and a tempere.ture ranee of 22oCto 30oC. Pelati ve humi-

d i ty in the pnvlBS 90 and between 60 and 80 in t'n e 1',1': • Pollen 

fertility appeared to be the least influenced by seasonal varla-

tiona. It was above 90 per cent in all standard weeks except in 

the summer months of April and ;1ay during which the fertility 

was between 60 and 70 per cent. The decrease in fertility could 

be due to the effect of relctt i vely high temperature th8t pre­

vailed and lor dueto increased moisture stress in the 80il as 



reported by Stanley and LinRkens (1974). Pollen Viability also 

had the 2ame trend keeping a level above 80 per cent for most of 

the study periodd, but was totally inviatle in summer months. A 

moderately high level of button setting notwithstanding low 

pollen fertility and complete pollen inviability 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 too high to be detrimental to pollen 

germination cannot be ruled out. 
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SmmARY 

Dwarf Orange (T X eDO ) hybrids maintained at the KADP ~ar~ o~ 

the Co llsfe of Her ti cuI i::ure, ICerala A{"ricul tural Uni vend ty Tor 

a continuous period of 12 months from 15th Octoher 1QS5. Saliant 

results obtained from the Rtudy are summarised below. 

1. The pcllen -rarento did not differ sitnifJcantly in th~:ir 

contribution to the prof,enies in the maEni tude of vari8.bilit~T 

expres:c:ed by any 0:" thE" 17 characterR s+,ua i pd wh i 1e femR If; 

parents differed in their contribution in most of thn treits. 

2. A very high penoty~ic corrplation o~ 0.971 WBG obpErved het-

1:leen the number OT flovvers :-3e1; and the numbpr (' 

fellow-eel by trw number of functional 198vE:'c (0.S6;:~) an(l thE"' 

number of female flowers (0.961). So, emphasis should be ~ivnn 

to theee attributec in exerci8in~ Relection. 

3. PhenotypiC coefficient of variation was found to be highes~ 
for the number o:f huttonE'o set (88.83) iollo"('vpcl b;, number of 

., ] fl (\,TT.?_S) :;:ema..8 . o\Vers . '. d t - 'b + t ( k 4 '~7 1 an I'ercen ,age o:t' ut "on!':' EE:', .J • .J I; • 

The genotypic coefficient of vBiation was wBximum for number of 

female flowers (42.88) fo11owed by number of button2 2et (3~ .82) 

and the numbE'r of' r-paclict'G (22.68) indica.tin{: B. treater j.nfJu--

ence of environment in the expression of these attributes. 



4. A very high heri tabil i ty was observed for in tETnodal d ista­

nce (46.0) followed by L?,irth (35.9), len[;th of leaflet;:; (35.7) 

and annual lea:f production (32.1). Very 1011 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 r1ahalanobis' D2 analysis based on 14 characters 

for which combinations differed significantly. Cluster I consi-

sted of two combinations which \vere inferior v{i th 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 hlO clusters were most divergent. The third 

cluster consisted of the remaining 10 combinations which were 

moderate with respect to the desirable traits. 

6. Spadix production did not occur during October, i~ overcber and 

December. It 'liaS found to commence in early January and 

gradually incresed reaching the peak by the middle of Harerl (29 

spadices in the standard week from 11 th flarch) • r:L'hereafter 

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 ",as low during the months of 

January anf February and medium to moderately high from ~arch to 

October (27 to 47 per cent) with a drastiC drop to 1.8 per cent 
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Poll~n viability al~o bed 8 nimilar trpnrl. 

tely inviable dllr ine: mon th[:. Lpril end f'Ia~r 

cosoquent an the ~iCh ambient ~pmpprature. 
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PLATES 



Plate-1 Early male phase 

Plate-2 Early female phase 



Plate-3 Typical tree of Cluster I Plate-5 Typical . tree of Cluster II 

Plate-4 Typical tree of Cluster II 



Plate-6 Normal fertile pollen ()l.. 600) 

Plate-7 Normal pollen-tube growth 
in 25% sucrose solution~j~ 
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APPENDIX 

Weather parameters for different standard weeks 
from 15th oct. 1985 to 14th oct.1986 

Standard 
week 

Temperature 
in OC 

Oct. 15-21 30.9 

22-28 32.1 

Nov. 29- 4 32.0 

5-11 31.6 

12-18 31.7 

19-25 32.2 

Dec. 26- 2 31.9 

3- 9 32.0 

10-16 32.1 

17-23 32.5 

24-31 32.3 

Jan. 1 - '7 .31 . n 

8-14 31 .9 

15-21 32.4 

22-28 33.2 

Feb. 29- 4 34.3 

5-11 34.5 

12-H3 32.7 

19-25 35.1 

Mar. 26- 4 35.8 

5-11 36.11 

12-18 36.2 

19-25 35.a 

Apr1.26- 1 36.1 

mi.n. 
(3) 

22.0 

22.4 

23.5 

22.4 

22.3 

20.7 

23.3 

21 .1:1 

23.1 

22.8 

21 .5 

23.7 

21 .9 

23.0 

21 .3 

21 .7 

22.8 

23. ~5 

24.5 

24.5 

24.6 

25.3 

Rainfall 
in mm 

98.9 

110.9 

11 .7 

2.7 

2.2 

54.6 

1 .2 

0.7 

1 .2 

Relative humidity 

}<'N 
( 5 ) 

83 

87 

80 

81 

90 

67 

79 

79 

78 

73 

64 

67 

67 

77 

78 

68 

'7'7 ,j 

67 

87 

8 " <-

A11 
l..; 

( G ) 

64 

62 

59 

67 

65 

62 

41 

48 

44 

37 

55 

5" t:. 

37 

44 

49 

34 

30 

37 

49 

51 

1+4 
Continued. 



( 1 ) (2 ) (3 ) (4 ) (5 ) C- ~ b I 

April 2- 8 36.4 25.4 79 49 

9-15 36.4 25.7 81 52 

16-22 35.9 24.9 82 58 

23-29 35.4 24.8 23.2 84 59 

Hay 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 25.3 0.4 85 57 

Jun. 2tl- 3 32.3 23.3 31 .8 86 66 

4-10 31.9 23.4 27.5 87 65 

11-17 30.2 22.8 146.9 93 82 

113-24 29.0 22.8 205.6 94 85 

Jul. 25- 1 27.() 22.9 328.2 96 84 

2- 8 29.7 24.0 17.9 88 72 
9-15 28.8 22.7 142.6 95 80 

16-22 29.2 22.8 117.5 95 78 

23-29 30.0 23.3 64.3 94 73 
Aug. 30- 5 30.0 23.0 33.6 92 76 

6-12 27.4 21 .9 305.0 96 88 

13-19 29.3 23.3 19.9 88 76 

20-26 30.1 23.2 93 68 

Sept. 27- 2 31 .3 23.0 90 60 

3- 9 30.9 22.0 23.7 92 60 

10-16 31 .0 23.0 3.4 93 65 

17-23 29.3 22.5 192.2 94 SO 

Sept. 24-30 30.3 23.2 77.1 93 74 

Oct. 1- 7 30.5 23.1 11 4.1 94 72 

8-14 31 .8 23.3 27.4 94 65 

-------------------- --------------------- ---------------------
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ABSTRACT 

Investigations conducted on variability in 14 F, parental 

combinations of T X eDO coconut hybrids at the ZADP -(arm 

attached to the Colleze of Horticulture, Vellanikkara revealed 

no significant difference between pollen parents in their 

contribution to the progenies in any of the 17 characters 

studied, unlike the female parents. The number of spadice8 was 

found to be hiC;hly correlsted with the number of buttons set 

followed by the number of :functional leaves and number of femaJ. e 
© 

flowers produced. 

The fourteen parental combinations were grouped into three 

clusters using 1',Iahalanobis' D2 analysis. Clusters I and II were 

the most divergent ones. 

Production of spadices and female flowers were found to 

be high during March, April and May and absent during October, 

November and December. Heavy rain during active female phase was 

found to affect setting of button adversely. J<'ertil i ty and via-

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

and May due to high temperature. 
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