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INTRODUCTION

Cardamom {Elettsria cardamomum Maton,) is one of the
oldest known spices. It 1s mentioned in early Sanskrit writing
as 'Eta' from which most of the Indian names of the spice have
been derived. Popularly knowm as 'The Queen of Spices' it is
by far the most important spice in trade and commerce, having
z2arned about sixty crores of rupees as forelgn exchange in
1985-56 alone. The commercially important product of this
plant is the dried capsule which may be used for flavouring
beverages or the seeds may be extracted and powdered for use
in curry powder, cakes, biscults.and other baked foods; in
desserts, puddings and a whole varlety of other traditional
and modern culinary jtems. Indian cardamom is used in the
preparation of medicines, too. It is a powerful aromatic,
carminative, stomachic and diuretic and checks nausea and

vomiting. Some even bellieve 1t to be a potent aphrodisiac.

In.India; Kerala, Karnataka and Tamil Nadu account for
the majority of the area under this crop with 58,769 ha,
29,260 ha. and 3,108 ha. respectively. These three states
sharé in the order of 61.12 per cent, 30.44 per cent and 8.43
per cent of the total area (Cheriaﬁ. 1985) under cultivation
of cardamom. The present day production of cardamom in India
1s estimated at an average of about 4700 metric tonnes with
the bulk of the produce being oxported to the countrias in
the Middle East. Although India holds a prime positlon among
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the cardamom producing countries of the world, her producti=
vity at 50 to 75 kg per hectare is very low and is not in any

way near the Guatemalan average of 250 kg per hectare.

Strong compeotition from other cardamom producing
countries such as Guatemala, Tanzania and Srilanka together with
production constraints on account of cultivation of poor gencztic
material, high incidence of pests anil diseases and increased
cost of production are - major threats to the cardamom industry
in India. Hence high productivity and superior quality of pro-

duce is warranted to tackle these problems.

Breeding of better types with higher production poten-
tial and resistance 1s an important method of achleving this
objective, The informatlion on the type of varlabllity availa-
ble in the genetic stock and the part played by the environment
on the expression of characters 1s a -prerequisite for any crop
improvement programme. The present study 1s therefore undere
taken to obtain information on the magnitude of genetic varise
bility in the population and the extent to which the desirable
characters are horitable. Tec explore the genetic varlability,
phenotypic and genotypic ccefficlents of variation, heritabi-
1ity and genotlic advance of different characters were detor-
mined. Attempts have also been made to study the correlations
betwieen yleld and its ccmponents and the direct and indirect
effects of these components on yleld..
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REVIEW OF LITERATURE

Cardamom is a cross—pollinéted crop which shows a lot
of variation in the natural population (Purseglove, 1975
Gopimony, 1976 and Shankar et al, 198l), However studies on
tho magnitude of genetic variabllity and the extent to which
the desirable characters are heritable, which are .prerequisites
for any crop improvement programme, are areas where only limited
research has been done so far. Hence the literature pertaining
to the present investigation is restricted to a review of the
work done in closely related and other crops under the following

headings:

1. Studies on genetic variablility and the estimation of

genetic parameters:

2, Correlation and path coefficient amalysis

l. Studies on genetic variabllity and the estimstion of

genctic naramsters

a) 1Intravarietal variability:

" Most of the variations within a variety for quantita-
tive characters are resorted to be due to the effects of environ-
ment. Reports on these lines were published by Rieman et zl.as
early as in 1950. They recorded significant differences in the
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ylelding capacity of the potato variety 'Chippewa'. They con=-
cluded that these variations were heritable and their occasional
appaarance was the rule and not the exception in asexual propae-

gation.

Davidson and Lawley (1953) reported that high and low
yvilelding clones appeared in 'King Edward' and probably in other

varietlies of potato.

GCross and Simmonds (1954) tried to identify mutations in
Dwarf Cavendish' group of bansna with the help of differences
in leaf ratios. They suggested tﬁat rather than helght, leaf
ratios serve better to identify the varietics. In potato Cockere
ham and Macarthur (1956) showed that there was significant di-
fference in yleld and disease reslstance among the sub-clones
of the variety "ajestic'. A study conducted by Shepherd (1957)
reinforced the views of Gross and Simmonds (1954). He opined
that the leaf ratio seemzd to b2 a character least affected by
enviromant and therefore would bz of great use for detection

of intra varietal varlation.

Nayar (1958) suggested that the occurrence of somatic
mutations in banana offers greater scope for selection of desire
able types. Simmonds (1959) had observed that although banana
offered little scope for detection of such subtle changes as
wore detected in potatoes, there was still reason to balieve

that they were no less subjected to such changes,



Harris ot 2l .(1967) studied the effects of thres
different environments on a clone of potato and found evidence
to suggest that the different environments altered the rela-
tive expression of growth and yield parameters, Clonal variage
tion in potato was also reperted by Terry gt 3zl .{1970), though
they could noit find significaent differences with regard to clone x
location interactions, the clone x year x location interaction

was significant for plant helght and yield.

Compton gt 2L.(1965) estimated genetic variances from
Intra varietal familiaes in open pollinated varisties of corn
and found that the genetic variances of intra variotal families
tended to be lowsr than those from inter varietal families. The
ratio between these genetic variances was less than one for the
characters studied, suggesting that additive gene action with
no more than partial to complete dominance was the prdmary

cause of genetic variation in open pollinated progenies.

In mango distinct clonal variations wers observed when
grown in different areas (Singh, 1971). This difference was
often met with In ‘Desheri® and 'Alphonsec'.Root stock, soil
and climatic factors as well as indiscriminate myltiplication

ware attributed as the reasons.

Exploitation of natural vsrilability in cardamom has led

to the evolution of "Hema" series cne to twelve at Mudigere,



saven selections at Pampadumpara and five sclections at

Appangala (Nambiar, 1972),

Chandrasekharan and Parthasarathy (1975) reported that
in genetically comnlex, vegetatively propagated plants like
apple, dahlia, chrysanthemum and potato, conditions favourable
for occurence of variations exsist. It was pointed out that
the variations in yield observed in the sub clones were largely

due to envirorment.

Milutinovic ot al.(198L) after studying the clones of
the sour cherry variety 'Oblacinska' suggested that thore was a
possibility of improving the characteristics of this variety by

clonal selection.

Based on the results of clonal selection in the apricot
"Welkopavilovickal’, Vachun {1981) observed that the variability
was high for yield but low for vigour and fruit quality.

Pattanshettl, st al.(1981) found that there was much
graater variation in yvield among clones than among seedling pro-
geny families in a study on sixty seedling progeny families and
elghty provisionall& selected cleones of cardamom. Twenty per
cent of the clonas were found to have cumulative avorage yields/
clump of more than 300 g. They concluded that rapid improveaent

could be effected through clonal selection.
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Rajesvan et 3l . (1984) studied the variability in ratoon
crop of banana variety Palayankodan and observed that signifi-
cant varlation exsists for all characters studied, Finger
number /bunch, finger weight and height and circumference of
the pseudostem at flowering gave high values for heritability

and genetic advance.
b) Inter varietal variability:

Kamalam gk zl .(1977) conducted a study in ten varieties
of sweet potato and estimated phenotypic and genotypic coeffim
cients of variation, heritabilit;lggnetic advanée,fcr-six cha-
racters. Ganotyplc coefficient.of variation was lower than
the phenotyplic one for all the characters studied. Length of
vina and numbsr of tubers showed very high degree of phenc=
typic and genotyplc coesfficlents of variation associated with

high heritability estimates and genstic advance,

Balasundaram gt gl .(1978) estimated genetic variabi-
13ty and heritability in sugarcane and revealed that stalk yisld
and its components, number of stalks per row sultable for mill-
ing, single stalk weight and amount of sugar produced per row
were highly heritable in the broad sense and showed high genetic
variability.

Jones gt 31 .(1978) studied varisbility and heritability
for fibre content, cracking and sprouting in sweet potato and



8

suggested that heritability estimates for the above characters
were sufficiently independont to allow selecticn of one or sny
combination simultaneously without adversely effecting the

others.

Biradar et 21.(1978) conducted detailed investigations
with twelve varieties of cassava to estimate genetic variability
for seven quantitative characters and reported that phenctypic
cocfflelent of variation was highor than that of genotysic for
all the characters studled. Phenotypic and genotypic coeffici-
ents of variation, heritability and gznetic advance estimates
were high for numbar of nodes and rooct yleld per plant indicate
ing considerable scope for improvement of economic tralts like

tuber yield.

Kaminski (19738) examined eleven characters in 120 varice
ties of potato for three years., He found that the more variable
and the least heritable characters were tuber humber per plant
and mean tuber weight. Morphological characteristics of the
aerial parts displayed low variability and diffeored in herite-
bility. |

In a study of varlability and heritability of fourteen
characters in ginger, Mohanty gt zl.(1979) reported that the
genotypic coefiiclent of wvariation, expected genetic advance
and heritability estimates were hich for number of sscondary
rhizome fingers and total Toot weight and leaf breadth.
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Dandin et al.(1981) presented the verietal descriptiox
based on data collaéted from 18D accessions which was conside-

rod to represent the known genetic variabllity in cardamom.

Sulilkeri et 21.(198l) suggested that the habit of the
nrostrate type of cardamom 1s better sulted to dry conditions
than the erect type. Average yield of green capsules per clump
at the and of tha third year after planting was significantly
highar for the prostrate type than for the erect type. ]

George gt al (1981) opined that panicle characters were
the most variable among the twelve characters measured in 180
accessions of wild and cultivated .cardamom and twelve ecotypes

were indentified.

Pattanshetti (1981) §tudied variability in the yield of
cardamom raised from seeds collected throughout Karnataka.
Yield was highly variable. A yleld of over 530 g was obtained
from 4%% of tho population. Pattanshetti (1981) reported that
high variability in yield {83.8%) and a high percentage (44.23%)
of low yielding clones were the major factors responsible for

low yield in cardatom.

Gurusinghe gt 21.{1985) reported that, of the six intro-

ductions of Eloktaria Cardamomum, evaluated under artificial

shade condition at sa a2liitude of 500 m, Indian bulk clone 37,

Malabar and Local bulk showed good performance.
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2. Corzalation and path coefficient snalysis

Galton (1839) conceived the idea of correlation of
variables for the first time and Fisher (1918, 1954) developed
the method of applying the th=ory of carrelation of variables,
in the understanding of thelr Influence in biologiecal systems,

Snedecor and Cochran {1967) improvised the mathematical
computation of the coefficient of correclation in biological

system.

The expression of inherited characters 1s often influen=
caed by the genotype, the environment and the genotyoic environe
mental interaction. Burton (1952) introduced a convenient pro-
cedure for the calculation of the phenotypic and genotyplc

coefficients of correlation.

Jones (1959) reported that the yleld of tuber in taploca
was aésociatad positively with relatively large leaves, dura-
tion and higher values for the leaf area index. Magoon (1972)
reported that the number of tubers per plant in Tapioca was’
significantly and positively correlated with tuber yiold per
plant, Further the yleld was slgnificantly and directly corrce
lated with tqber length, tuber circumference, plant height and
rind thickness. Length of tuber was, however positively asso-

clated with girth.

Muthukrishnan gt al .(1973) reported that tuber yield in
tapioca 1is positively and significantly correlated with number
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of nodes por plant and negatively with leaf breadth, Accore
dingly tuber yield could be predicted on the basis of number

of nodes, plant helght, length and breadth of leaves and length
and girth of individual tubers. William and Gazali (1974)
found that tuber size is_the major component of yield 4n

cassava.

Wilson (1976) while conducting detailed studies on the
offect of differcent components on yield in cassava, obtalned
slgniflcant valuas for correlation among node number, leaf

number, leaf area and dry matter production.

Meister and Thompson (1976} studled the phehotypic
correlations among the yleld components of potate such as
mumber, size, spacific gravity of tubsrs and number of leaves,
A model for yield formation as affected by tﬂe above components
was proposed and analysed by the path coefficient method anmd
the effects of genotypic and envirommental correlations were

seperated.

Yiaity and Chatterjee (1977) in a study with fifty
varisties of potato for five characters, found that yield was
positively correlated with height and number of tubers por
plant. There was.significant partial correlation between yield
and leaflet size., Multipnle correlations indicated that leaflet
size had the greatest influence on yleld followed by tibsrs per
plant and height,
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Kawano gt al .(1977) stated that varietal varilation in
yield and harvest index were sufficient for making efficient
visual selection in cassava. He observed that harvest index
is highly associated with root yisld. The correlation betwsen
harvest index and root yleld was significant. It was concluded
that in the selection for root yield harvest index is a better

criterion to be relied upon,

Ribeiro (1977) suggested that root production was re-
lated to plant height, stem diameter, number of shoots and
number of leaves. He recommended that the relationship root
fresh weight/dry welght of plant, could be considercd as a
valid criterion in the selection of cultivars for high pro-
ductivity in tapioca.

Kamalam ot al .(1978) conducted correlation studies in
seventy one selfed progeny lines of cassava for tuber yield
and it's five components, ¥iz. harvest index, number of tubsars,
number of nodes, weight of vegetative part and plant height,
The tubsar yleld was positively and significantly assoclated

with all the above characters.

Sequra moreno and Puentecrindad (1978) while estimating
the phenotyplc correlations in potato cultivars found that
plant height and tuber number had the maximum direct influence
on yield. Average leaf length was of importance in inter spe-
cific crosses. In some of the cultivars stem number and average

number of leaves were also of importance.
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Challaiah and Kulkarni (1973) in a study on the growth
and yisld attributes in potato found that frosh weight of top
and tubers had significant association with the tuber yileld,
Total tuber welght had significant association with the tuber
yield while average and gradewise specific gravity had no sig-
nificant correlation with yield.

Mohanty et 3l .(1979) reported thet in ginger rhizome
yield was positively and significantly correlated with numwber
of stems, leaves, secondary rhizome fingers, tertiary rhizome
fingers and total rhizome fingers. Plant height, leaf breadth,
girth of secondary rhizoms fingers and mumber and weight of

adventitlous roots were zalso positively correlated with yileld.

Sreekumar gt al (1980) in studies on quantitative and
quallitative attributes of ginger cultivars found that there was
significant positive correlation betwsen plant height, tiller
nunbar, leaf number and rhizome weight. The dry ginger per-
centage had a slgnificant negative correlation with crude fibre

content,

Radhakrishnan and Gopakumar (1984) while studying the
correlation betwaen yield and its components in taploca, found
that a high value for harvest index was indicative of a corres-
pondingly high tuber yield. Harvest index was inversely influ-
enced by the number of leaves which abscisod during the fourth
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month after planting. An increase in stem length had a
negative tnfluence on yvield while an increase in tuber girth

had a positive influence.

Dayal gt a) .(1984) reported that positive phenotypic
and genotypic correlations were found between thousand seed
welght and total tuber yield/plant in potato., Number of leaves
on the main shoot, number of shoots per plant and harvest index
were also positively correlated with yield. They suggested that
thousand seed welight could be used as 2 valid criterion in

selection for yield in Fl seedlings of potato,

Wel et 21.(1985) found that there was positive genotypic
and phenotypic correlations between weight per bunch and height
in banana. Hands per bunch was also positively correlated with
girth of the plant and fingers per bunch., It was established
that plant helght and plant girth were the two most important

characters‘for selection.

Since tho correlated variables exert their influence,
both dirsctly and indirectly:--through other variables and since
the residual factor also gets involved, for the proper under-
standing of thoe role of causation on the ultimate effect, a
different procedure of analysis has to be depended upon. Viright

(1921, 1923, 1934) introduced the path coefficient analysis and
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the method has been found to be useful in solving the problems
mentionad above. In this method the theory of causatlon and
offect is made applicable. The ultimate dependent varlable
is referred to as the 'effect!, and the components, which by
themselves may or may not be dependent on other variables as

the "causes®,

Niles (1922, 1923) Tukey (1954) and Dewey and Lu (1959)
recommnended the application of the path coefficient analysis
as a potent method for resolving the accurate and dependable
criteria 1n selection procedures in the breeding of plants

and animals.

Durate and Adans (1972) emphasised the identification
and the classification of the components (causes) to different
orders (first, second, third etc.) and the vital importance of
the formulation of the cawpal scheme in path analysis studies.
The recommendations too have been followed with success by
various authors in different crop specles. Tal (1973) during
a study on yield and yield components in seven potato cultivars
established a caysal relationship between anvironmoental resour-
ces, commonent traits and yield based on the concept that yisld
components were determined sequentially at different stages in
the ontology of plants and the hypothesis that the environmental

rasources could be seperated into independent groups with each



16

contributing to the development of a component trait. These
components were estimated using the method of path coefficlent

analysis based on the postulated causal ralationship.

Thamburaj and Muthukrishnan (1976) in an investigation
of assoclation of metric tralts by path analysis indicated that
the weight of follage, girth of tubers and number of tubers/vine
contributed maximum direct effects on tuber yield indicating
the 1mportange of these characters for selection indices for
sweet potato. The number of leaves, length of petiole and

length of tuber had nzgative direct eff-cts on tuber yield.

Simple and mubusl correlations and path at the levels
of the first and second order of components was studied by
Pushkaran st al .(1976) in sweet potato and reported that an
increase in the length of vine caused significant increase in
tuber yield, Buﬁ at the same time the overall area of leaf
should not be allowed to increase because thls character had

negative relationship with yleld,

Nambiar (1979) in an analysis of inter-correlations of
coefficients among the morphological characters and yield in
turmeric, revealed that the number of tillers, plant height
and number of fingers had significant correlaticn with yield.
Path coefficiant analysis indicated that wherever significant

positlve correlations between yield and morphological characters
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wore established, it was mainly due to substantial positive
contribution by plant heicht and number of fingers either

directly or indirectly. He concluded that plant height in
turmeric was a single important morphelogical character on

which szlection for vizld could be made.

Sidhu et al.(1980) in trials with eighty one potato
cultivars found that the greatest contribution to tuber yield/
plant was made by the number of tubers/plant followed by tuber
weight. Ratnambal et al . (1980) partitioned the phenotyoic
correlation between yie}d and the morphological characters
into direct and indirect effeocts by the method of path co-
efficient znalysis in ginger and revealed that the character
plant height exhibited a high direct effect as well as high
indirect effect in the establishment of correlation between

vield and other morphological characters.

Pandita and Sichu (1980) reported that the number of
stems and average tuber welght had high positive direct effect
on yield in potato but plant height and number of tubers per
plant had negative effects. Vijayaraghava Kumar ot al .(1984)
in a comparative study of the contribution of biom2tric chara-
cters on yield in dessert varleties of banana revealed that

hand weight made the highest direct contribution to yield
while finger welght and number contributed indirectly.
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Chaudary ot al.(1984) in a study on path coefficient
analysis in Fipg genaratlon of potato crosses, renecrted that
helght and follage welght were positively and significantly
correlated with yield and they coculd be recommanded as selec-

tion criteria.



MATERIALS AND METHODS
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MATERIALS AND METHCODS
Exa Y i

The present study was conducted at the Cardamom Research
Station, Pampadumpara during the period 1935=-35, Four popular
cultivars of cardamom (Elettaria gardamomum Maton,) viz. Malabar,
Mysore, Vazhukka and PV=}l {a promising selection from Malabar)
planted at the above station were used for the investigation.

A short description of the varieties is given below:

{1) Malabar : Plants are of medium height, leaves 30 to 45 ¢ms
long, short petioled and the lower surface of leaves are pube-
scent. Panicles are prostrate and trail on the ground. Flowers
have long pedicels, capsules are small, globose, rounded or

ovoid and lightly ribbed. CPLATE 2 1)

(2) lAysore : Plants are more robust and taller than those of
Malabar type. Leaves are long petioled, broad and non pubescent.
Panicles are erect, flowers are horne on short pedicels, fruits

are fusiform, lona, three angled and ribbed., CAPLATE:R)

(3) Vazhukka ¢ Plants are medium tall with non-pubescent leaves
and semi-erecte-panicles, This is an intermediate type between
lalabar and Mysore. ¢ PLATE : 3)

(4) PV=1 : It is of mzdium height, main characteristic feature
is the shape of capsules which is thin and long. Panicles ara
semi=orect to prostrate. (PLATF: 4)
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Experimental methods

Plants of two age groups (three and six years) from
the above four varieties ware selected for the study. One
) proyenies
hundred séxu&&ﬁpf each variety in each age group were labelled
separately and randomly divided into five replié¢ations (plots)
consisting of twenty plants each. Observations on the followw

ing characters were recorded as described below.

(1) Numbor of productive tillers/olant

The total number of panicle bearing tillers were taken
- as productive tillers and their number per plant was counted

and recorded.

(2) Heloht of tillers/plant

The height from the base to the tip of the pseudowstem
was measured and expressed in centimeters. The average of

five tillers per plant was recorded.

{3) Ngmber-of Yoaves/tiller

The total number of leaves present on each tiller was
counted and the average number of'leaves on five tillers in

each plant was recorded.

(4) Nymber of vanicles/olant

The total number of panicles per plant was counted and

the values ware recorded.
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(5) Lenath of nanicle

The length of the panicle was measured from the point
of its attachment to the pseudo=stem to the tip. The mean
value of five panicles selected at random from each plant was

recorded in centimeters.

(6) Number of nodes/panicle

The number of nodes (point of attachment of the raceme)
present in each of the flve selected panicles was counted and

the average value was recorded for each plant.

(7) Internodal length §n the panicla

The distance between the two successive nodes in the
proximal, mid and distal portions of each panicle was measured
and the mean value of five panicles per plant was taken as the
longth of the internode in the panicle and was expressed in

centimeters.

(8) Number of capsules/panicle

The total number of capsules formed in each of the five
selected panicles was counted and the average valus was recorded

for each plant.

(9) Hundred capsule welcht/plant

One hundred capsules were counted out from each plant in
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each variety at the time of harvest and the welght was recorded

in grammes,

(10) Capsule volume

It was recorded by the water displacement method., Water
was filled to a known level in.a measﬁring cylinder, hundred
capsules of uniform boldness were counted out and immersed come
pletely in the measuring cylinder. The displacement in the
lovel of water from the orlginal to the final level was recorded
in cubic centimeters and was taken to bz a measure of the capsule

volume.

(11) Number of seeds/capsule

Five capsules were selected at random from each plant at
the time of harvest and the mumber of seeds was counted in each
capsule and the mean value'was recorded as the number of seeds/

capsule/plant,

(12) Fresh weiaht of capsules/plant

The plants were harvested in five rounds at forty day
intervals from September to February and the fresh weight of
the capsules harvested at each round from each plant was recor-
ded and the average value of the flve harvests was taken to'be

the average fresh weight of the capsules per plant.
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(13) Yield or Dzy weiaht of capsules/plant

The capsules harvested at each round from each plant
were dried separately in trays placed in smoke houses or curing
houses vhere the room temperature is brought upto about 54=55
degrees celsius. This temperature 1s maintained for about
three hours after which the ventilators of the smoke houses
are opened out to allow for quick cooling of the heated cap-
sules, After cooling, the temperature 1s again raised to about
44°C and maintainad at this level for about 30 hours. Thereafter
the temperature is ralsed further to about 54°C for three hours,
by which time the whole process of drying is comaleted. The
dried capsules were rubbod bn wireé mesh to remove the stalk,
dried portions of the flower.from the capsules énd other foreign
matier. This proceés is known as pollshing. After polishing

the weight of the dried cépsules was recorded in grammes.
Statistical analyses ~

The data collected in respect of the different metric
traits were tabulated and analysed statistically.
(1) Estimation of Intra-vorietal variability :

The general mean (/) and the standard deviation {¢=) was
determined for all the thirteen metric tralits in both the age

groups. The phenotypic expression of the tralts were categorised
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under three heads to study their frequency distribution. The
categories include negative group (below)q-rj, controcl or
median group (f*-d" tom+#), anl positive group (aboves+o-),
The frequencies of phenotypes under these three categories were
calculated and analysed statistically, using the Analysis of
variance technique of Completely Randomised Design. The Error
variance was taken to be an estimate of the variability within
the variety and Bartlett's X test (1937) was applied to test
the homogeééty of variance estiﬁates. The significance of the

observed value was tested against the appropriate tabular value.

The .coefficient of variation of each character was also
calculated to get 2 unit free measure of the variation within

the varlety.

(2) Inter varletal variability analysis

Tho data relating to the different parameters were analy-
sed statistically by apnlying the technique of analysis of
variance for factorial experiments in Completely Randomlsed
Dasign (Cochran and Cox, 1957) and the significance of main
effects and interaction effects was tested by the F test. The

outline of the analysis of variance table showing the source
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of variation and corresponding degrees of freedom 1is given below:

Source dearee of fraeedon
Treatments 7
Between age groups {(A) 1
Between varieties (B) 3
AxXB 3
Error 32
Total 39
(3) Estimation of genetic pargmeters

The phenotyplc and genotypic variances, coeificients
of variation, heritability in the broad sense, expected genetic
advance and genetic gain were studied using the following msthods,

Variance : ‘The obsarved variability for each character was
partitioned into genetic and environmental components. The
components of varlance for each character were worked out

following Johnson gt 2} .{1955).
Genotypic varilance (Vg)

Vv, = SZV - S2E Where S2V = Mean sum of squares due to
g = varietles

S2E = Mean sum of squares due to
. error

r = Number of replications
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Environmental varlance (Vé)
Ve = Mean sum of squares due to error
Phenotypic variance (Vb)
+ =G
Vb = vg Ve Where ‘Vg enotypic variance

Vé = Environmental variance

Phenotyplc coefficient of variation (Burton, -1952)

Ex 100

POV = ey - Wthere pev = Phenotypic .coefficient
Mean of varlation

Vb = Phenotyplc variance

Genotyplc - Coafficient of variation (Burton, 1952)

gev =“v9 x 109 Where gacv = Genotypic .coefficient

of variation

fean

Vg = Genotyplc variance
Heritability in the broad sense (Hanscn et al., 1956)
5 Vg x 100 5 -
he = . Vhere h® = haeritability expressed

Vp in percentage
Vé = genotyplc variance
Vb = phenotypic variance

The expected Centtic Advance under selection was estimated
following (Lush, 19249 and Johnson st 3}l., 1955)

GA =K th Vb Vihere GA = Genetlc advance
h? = heritability in the broad sense
K = sgelection differential vwhich is
2,06 at 5% selection in large
samples (Miller et al, 1958 and
Allard, 1960)

Vb = Phenotypic variance
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The expected genetic gain under selection was estimated
using the formula oroposed by (Johnson gt al., 1935)

CC = GA x 109 Yihero CG = Genetic gain

i = = General msan
p.4

CA = Genetic advance
(4) Correlation analysis
The inter-relationship of all the thirteen characters
was analysed as follows:
Estimation of covariance - The genotypic, environmental and
phenotypic covariances were computed using the method suggested

by Snedacor, 196!.

Cov (gys 9,) = MSPV=MSPE Where Cov(g,,g,) = Genotypic co-
T variance betwoeen
Xl andd X2

MSPV = Meen sum of products
between varieties

MSPE = Mean sum of products
error

r = Numbar of replications

Cov {oy, 92) = MSPE Where Cov(el.ez) = Environmental
covarlance

C‘OV(pJ_vpz) = Cov (91092) + Cov (91'92)

Where Cov(pl,pg) = Phenotypic
. _ covarlance

Genotypic correlation coefficient (Al-Jibouri et al., i958)

T, = Cov (gy495) Where r = Genotypic correlation
9 ﬁ q ~coefficient
gl x "g2 Vgl = Genotypic variance
. of first character

v 95 = Ganotypic variance
g of sacond character



28

(3) Path coefficient analysis ¢

Path coefficient analysis as suggested by tiright (19$21)
and elaborated by Dewey and Lu (1958) was utilised to parti-
tion the cause and effect relationship among the characters.
Eight morphological characters showing high genotyplc correla=
tion with yield of capsules were subjected to path coefficlent
analysis in order to separate the cause and effect relationship
among the characters into measures of direct and indirect
effects on yleld, by assuming a linear model Y = alxl * agXsessse
+ aXg, where Y and Xi (L = 1,20000seee0e8) are standardised
variates corrazsponding to yleld and its attributes respectively,
The following set of simultaneous equations were formed and

solved for estimating the various direct and indirect effects.

8
riy _— jzzl pjy I‘ij; i. = l’ 000000.8, Where’ riy denotes

Coefficient of correlation betwecen independent character Xg and

dependent character v, rij denotes the coefficient of correla-

th

tion between 1" and jth characters, Pjy denotes the direct

offocts of the jth character on v.
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The above esguation can be written in a matrix form as

shown belows:

A B “ i c:_Y
Ty Ty Tiz Tz Tiq4 15 Tie Ti7 Tag P1y
Toy Yoy T22 Toz Tog Tos Tog T27 Tog Poy
T3y Talr Ta2 T3z Tas T3z Tae 37 Tas 3y
Tay Tal Taz Taz Tas Tas Tas Tar Tas Pay
Toy " |Tsy Tsp Tss Tss Tss Tsg Tsy Tag Psy
Toy 61 Te2 Tez Tea Tes Tes To7r Tas Pey
7¢ 7w T72 T3 T4 T1s T Tr7 Trs Py
Lray_— :91 Te2 Tes Tma Tes Tes Ts7 Tes| Pay

whera,

Ty STy Ty S

je. A=BC, hencaC = B';A. Vhere B‘l is the inverse
of B.

The residual effect which assumes the contribution of

the rest of the charzcters not included in the causal.scheme
. 8
was obtalnad by the formula (1 - 82)%, whore R2 = = Piv rij‘
1 =1



RESULTS
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RESULTS

Tha data collected on the varlous morphological traits
in cardamom in the four varieties of two aje groups were statisti-
cally analysed and the results are presented under the following

headings.

. Intra varietal variability analysis
. Inter varietal variebility analysis

Estimation of genetic parameters

O 0 w o »

. Correlation and path coefficient analysis

A. Intra varietal variability analysis
Number of arodyctive tillers/plant

The range in mean values, frequency distribution of the

different phenotypes, intra varietal variance and coefficient
of variation of the four varieties at two different age groups
for the number of productive tillers are presented in table: 1,
Statistical analysis of the data to test the significance for
intra-varietal variability for the four cultivars showed no

significance in either of the age groups.

In the third year group the cultivars lMysore and PVl
showed the same range in the number of productive tillers
(1 to 5), which was very low compared to those of Malabar and
Vazhukka where tiller numboer ranged from 2 to 21 and 1 to 15

respectively.



Table s 1 INTRA VARIETAL VARIABILITY FOR NUMBER OF PRODUCTIVE TILLERS/PLANT
RANGE IN MEAN VALUES  FREQUONCY OF DIFFERENT VARIAMCE  GOEFFICIENT OF
VARIETIES PHEMNOTYPES VARJLAT TON
3 YEAR 6 YEAR CLASSES 3 YEAR 6 YEAR 3 YEAR 6 YCAR 3 YEAR 6 YEAR
=va Group 16% 4%
MALARAR 2 to 21 7 to 50 Median Group 40% 593, 10,66 68,82 56,37% A43.57%
+ve Group 44% A485%
=ve Group 84% 28%
MYSORE l1t05 3 to 35 Median Group 16% 32% 1,36 86,36 49.41% 60,97%
+ve Group - 407%
-ve Group 48% 44%
VAZHUKKA 1to 15 5 to 26 Median Group 48% A4 7.48 22,96 71.97% 46.97%
+ve Group 4% 8%
«va Group &% 100%
PV-1 1105 2 %0 17 Median Group 4% - 1.5 13,68 48,92% S1.70%
+ve Group 443% -
X (@) 3 YEAR = 1,35 NOT SIGNIFICANT

6 YEAR = 2,90 NOT SIGNIFICANT

e
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The mean number of productive tillers per plant ranged
from 7 to 50, 3 to 35, 5 to 26 and 2 to 17 in Malabar, Mysore,
Vazhukka and PV=l respectively in the sixth year group.

The freguency distribution of negative variants ranged
from 8% in PV=l to 84% in Mysore with Vazhukka and Malabar having
48% and 16% respectively in the third year group, The values
for the median group was uniform for both Vazhukka and PVl
(48%) while it was 40¥ and 16% for Malabar and Mysore respecw
tively. The proportion of positive variants was nil for Mysore
and 4% for Vazhukka in the third year group. Malabar and PV=1
showed a uniformly high frequency of positive varilants (44%).

The frequency of negatlive variants in the sixth year
group rangad from 4% in Malabar to 1004 in PVal while it was
296 in Mysore and 44¥% in Vazhukka. The maximum freguency of
median variants was in Malabar (52%¥) followed by Vazhukka (48%)
and Mysore (32%). The varlety PV=l had no positive variants
while it was &% in Vazhukka, 44% in Malabar and 40¥ in Mysore.

The highest value for the coefficlent of variation in
the third year group was in the cultivar Vazhukka (71.97%)
followed by 56.37%, 49.41% and 48,92% in Malabar, Mysore and
PVel raspectively. In the sixth year group the maximum value
for the cocfficient of varlation was in the cultivar Mysore
{60,973) followed by PVal, Vazhukka and Malabar with 51, 70%,
46,975 and 43,57% respectively.
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Heloht of tillers/plant

The range in mean values, frequency distribution of the
dlfferent phenotypes, intra=varietzl variance and coefficient
of variation of the four varletles at two different age groups
for the height of tillers/plant are presented in table : 2,
Statistical analysis of the data to test the significance for
intrae=varietal varlability for the four cultivars showed no

significance in elther of the age groups.

The height of tillers ranged from 181.60 to 296,60 cm
in Malabar, 224,20 to 363,80 cm 1n Mysore, 132,30 to 296,20 em
in Vazhukka and 146,40 to 330.00 cm in PV=l in the third year
group and from 208.40 to 407.80, 194.00 to 391,80, 224,82 to
406.20, 162.00 to 342.00 centimeters in Malabar, Mysore, Vazhukka
and PVel respectively in the sixth year group.

Under the third year group the frequency distributicn of
negative variants varied from zero percent in Mysore to a maxi-
mum of 60 in Vazhukka while 1t was 36% in Malabar and 44% in
PV=1l. The median group of phenotypes rangad from 28% in Mysore
to 40% in Malabar, Vazhukka and PV=l showed no variation for
phenotypic frequency (32%).

In the sixth year group the frequency of negative variants
ranged from 16% in Malabar to 56/ in PV=l. Mysore and Vazhukka

show8d a frequency of 20} each. The maximum fregquency for the



Table ¢ 2 INIRA VARIETAL VARIABILITY FOR HEICHT OF TILLERS/PLANT
RANGE IN MEAN VALUES FREQUENCY OF DIFFERENT VARTANCE COEEEICIENT OF
VAFIIETIES P » mT - ES \ ARIATL()
3 YEAR 6 YEAR CLASSES 3 YEAR 6 YEAR 3 YEAR 6 YEAR 3 YEAR 6 YEAR
181,60 to 208,40 to ~ve GROUP 36% 165
MALABAR 296,60 407.80 Median Group 403 565  101l4.36 2455.42 13.49% 15,86%
+va Group 24% 25%
224,20 to 194,00 to =ve Group - 20% _
MYSORE 363.80 391,80 Median Group 28% 48%  1520,38 2797.64 13.62% 17,03%
+ve Group 723% 32%
132.80 to 224.80 to ~ve Group 60%  20% -
VAZHUKKA 296,20 405,20 Median Group 323% 325 1547.65 3569.24 19.16% 18,53%
‘+ve Group a% 4504
146,40 to 162,00 to ~ve Group 44% 565 '
PV-1 330,00 342,00 Median Group 32% 44%  2707.90 2133.50 22,028 17,92%
+ve Group 24% -

%* (3) 3 YEAR = 0.24 NOT SIGMIFICANT

6 YEAR = 0,09 NOT SIGNIFICANT

ve
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madian class was noted in Malabar (56)%5) when it was 48%, 44%
and 32¥% respectively in Mysore, PVel and Vazhukka. The free
quency of positive vsriants varied from zero in PV=l to 48%

in Vazhukka. Malabar and Mysore showed 28% and 32% of posi-

tive variants respectively.

The highest value for the coefficient of variation in
tha third year grous was in the cultivar PVal (22,.02/%) followod
by 19,16, 13.62% and 13.49% in Vazhukka, Mysore and Malabar
respectively. In the sixth year group the maximum value for
the coefficient of variation was in the cultivar Vazhukka
{15.53%) followad by PV=l, Mysore and Malabar with 17.92%,
17,03% and 15.86% respectively.

v of vaog / r

The range in mean values, frequency distribution of the
three class categories of phenotypes, intra-varietal variance
and coefficient of variation of the four varieties at two diffe-
rent age groups for the number of leaves/tiller are presented
in table 3. Statistical analysls of the data to test the
significance for intra-=varietal variability for the four culti-~

vars showed no significance in either of the age groups.

The numbar of leaves/tiller rTanged from 19 to 18 in
Mysore and 8 to 18 in Vazhukka. Both Malabar and PV=l recorded
a range of 1l to 21 leaves/tiller in the third year group. The



Table ¢ INTRA VARIETA! VARTABILITY FOR NUMBER OF LEAVES/IILLER
RANGE IN MEAN VALUES FRECUENCY OF DIFFERENT VARIANCE "COEFFICIENT OF
VARIETTS - “E""""p}mwo"f“"_"vpas """' - IIAL 10
3 YEAR 6 YEAR CLASSES 3 YEAR 6 YEAR 3 YBAR 6 YEAR 3 YEAR 6 YEAR
11 to 21 11 to 21 ~ve Group 20% 16%
MALABAR Median Group  56% a4 6,26 B.84 17.,42% 18,17%
+ve Group 24% 40%
-ve Group 20% 32%
MYSORE 10 to0 18 8 to 18 Median Group 44% 407% 6.28 9,94 16.97% 21,07%
+va Group 36% 28%
~ve Group 64% 2434 N
VAZHUKKA 8 to 18 12 to 23 'Medlan Group 26% 36% 4,95 T, 7O 18.546 16,75%
+ve Group A0%
~ve Group 283§ 443
PV-1 11 to 21 1i to 18 JMedian Group 28% 32% 7.8 5,10 35,78% 16.,22%
+vo Group 44% 4%

~C(3) 3 YEAR = 0,05 NOT SIGNIFICANT
6 YEAR = 0,12 NOT SIGNIFICANT

3¢
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number of leaves per tiller in Malabar, Mysore, Vazhukka and
PV=l ranged from 1ll to 21, 2 to 18, 12 to 23 and 1l to 12 rese
pectively in the sixth year group.

In the third year group the frequency of negative
variants ranged from 20% in Malabar and Mysore to 64% in
Vazhukka while it was 28% in PV=l, The maximum frequency of
median class phenotypes was recorded in Malabar (56%) followed
by Mysore (44%), Vazhukka and PV=l gave a uniform value of 23%.
The positive variants ranged from 8% in Vazhukka to 44% in PVl
when it was 24% and 36% in Malabar and Mysore respectively.

In the sixth year gréup an entirely different trend in
the distribution of phenotyplec variants was noticed. The maxie
mum negative variants were seen in PV=l (44¥%) followed by Mysore
(32%4) Vazhukka (24%) and Malabar (16%). PVel showed the maximum
frequency in the median class of 52%, while it was lowest in
Vazhukka (36%). Malabar and Mysore recorded 44% and 403 of
madian phenotypes respectively. The frequency of positive
variants was uniform in both Malabar and Vazhukka (40%) while
it was only 4% in PV~1l and 28% in Mysore.

The highest value for the coefficient of variation in
tha third year group was in the cultivar PVel (35.78%) followed
by 18.54%, 17.42% and 16.97% in Vazhukka, Malabar and Mysore

respectively. In the sixth year group the maximum value for the
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coefficient of variation was in the cultivar Mysore {21.07%)
followed by Malabar, Vazhukka and PV=l with 18,17%, 16.75%
and 16.22% respsctively.

Number of ganicleslolant

The range in mean values, frequency distribution of the
three class categoriass, intra-varietal variance and coefficient
of variation for number of panicles/plant in the four varieties
unddr the two ago groups are prescnted in table:d4., Statistical
analysis of the data showed no significant variation within the
variety in both the age groups. |

In the third year group the number of panicles/plant,
ranged from 3 to 48 and 5 to 27 in Malabar and Mysore respecti-~
vely. While the range was almost similar (1 to 22) in Vazhukka
and PV-], #alabar showed the maximum rénge of variability
(22 to 145) for number of panicles in the sixth year group,
followed by Vazhukka (15 to 112), Mysore (13 to 75) and PVal
{3 to 33).

The frequency of negative variants ranged from 4% in
Mysore to 60% in Vazhukka in the third year group while it was
16% in Malabar and 32% in PV.)l for the number of panicles per
plant. The frequency of median class variants was maximum in

Mysore (64%) which was closely followed by PV=l (56%). Malabar



Table ¢ 4 INTRA VARIETAL VARIABILITY FOR NUMBER OF PANICLES/PLANT

VARIANCE COEFFICIENT OF

RANCE IN MEAN VALUES
VARIETIES VARIATION
3 YEAR 6 YEAR CLASSES 3 YEAH 6 YEAR 3 YEAR 6 YEAR 3 YEAR 6 YEAR
3.00 to 22,00 to -ve Group 16% 20% 146,16 1018,.80 75,56% 54,80%
MALABAR 48,00 145,00 Medlan Group 44% 24%
+ve Group 407% 55%
5,00 to 13,00 to «vz Group 4% 52%
MYSORE 27.00 75.00 Median Group 64% 24% 41,32 337.34 49,29% 56.75%
+ve Group 32% 24%
1.00 %o 15.00 to =ve Group 60% 16%
VAZHUKKA 22,00 112,00 Medlan Group 36% 32% 16,28 667.30 70.93% 51,213%
+ve Group 4% 52%
1,00 %o 3,00 to -ve Group 2% 28j%
PV-1 21,00 35,00 Madian Group 56% 12% 34.16 75,38 65,76% 49.66%
+ve Group 12% -

X(3)3 YEAR = 1,23 NOT SIGNIFICANT
6 YEAR = 1,45 NOT SIGNIFICANT

6%
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and Vazhukka recordad 44% and 36Y% respactively. The freguency
of positive variants was low in Vazhukka (4%}, while it was
highest in Malabar (40¥). PVl and Mysore recorded 12% and
32% of positive variants.

In the sixth year group PVl recorded:the maximum number
of negative variants (88%) followed by Mysore (52%), Malabar
(20%) and Vazhukka (16%). Malabar and Mysore were uniform
with 24% of median class variants. Vazhukka recorded the maxi-
mum frequency of 32% and PV-l the minimum frequency of 12% in
the median group. There were no positive variants in PV=l in
the sixth year group while Malabar, Vazhukka and Mysore recor-
ded 56%, 52¥% and 24% respectively.

Malabar recorded the highast value for the coefficient
of variation in the third year group (75.56%), followed by
Vazhukka (70.53%),?V-1 (63.76%) and Mysore (49.2%%). In the
sixth year group the maximum value for the coefficient of
variation was in the cultivar Mysore (56.,75%) followed by
Malabar, Vazhukka and PVel with 54,80%, 51.21% and 49,66% ros-
pectively,

Lenath of nanicle

The range in m2an values, frequency distribution of the
three class categories, intrz varietal variance and coefficient

of variation for the length of panicle in the four varieties of



Table 2 9 INTRA VAUIETAL VARIABILITY FOR LENGTH OF PANICLE

RANGE IN MEAN VALUES FREGUENCY OF DIFFERENT VARIANCE COEFFICIENT OF
VARIETIGS PHENOTYPES T VARIALION
3 YEAR 6 YEAR CLASSES 3 YEAR 6 YEAR - 3 YEAR 6 YEAR 3 YEAR 6 YEAR
14,34 to 21.40 to =ve Group 4% 2%
MALABAR 44,00 68.20 Medlan Group 68% 40% 835,20 226,91 28.66% 34.14%
+ve Group 28% 2%
19,00 to 29.80 to =vo Group - 20%
MYSORE 39,00 61,60 Median Group 44% 86% 38,23 65,16 21.8%% 18,45%
+yve Group 567% 24%
10,34 to 27.80 tc ~ve Group 523% 163
VAZHUKKA 35,00 77,80 Median Group 36% 28% 46,33 199,69 34,95 25,25%
+ve Group 12% S56%
10,00 to 12,34 to =ve Group 32% 64%
PV-] 43,34 44,40 Median Group 60% 36% 53,48 106,17 34.,09% 33.59%
+ve Group % -

(3) 3 YEAR = 0,04 NOT SIGNIFICANT
6 YEAR = 0.45 NOT SIGNIFICANT

|87
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cardamom under the two age groups are presented in table :5,
Statistical analysis of the data showed no significance for
variation within the varisty at the two stages of growth.

The length of panicles ranged from 1l4.34 c¢m to 44,00,
12.00 to 39,00, 10.34 t¢o 35,00 and 19,00 to 43.34 centimeters
in Mala?ar. Mysore, Vazhukka and PV=l respectively, in the
third year group. The maximum range of variability in the
sixth year group was seen in Vazhukka (27.30 to 77.80) followed
by Malabar (21.40 to 68.20), PV-l (12,34 to 44.40) and Mysora
(29.80 to 61.60).

The frequency of the negative variants in the third
year group varied from zerc in Mysore to 52% in Vazhukka. The
frequency of negative variants was 4% in Malabar when it was
32% in PV=l. The frequency of median class variants in Malabar
and PV-l were 68 and 60% raespectively when it‘was 44% in Nysore
and 36% in Vazhukka. The positive variants ranged from 3% in
PV~l to 56% in Mysore. Malabar and Vazhukka recorded 28 and

12% respactively.

In the sixth year group the frequency of negative vari-
ants ranged from 16% in Vazhukka to 64% in PV=l, In Malabar
and Mysore 1t was 28% and 20% respectively. The maximum fre~
quency for the median group variants was recorded in Mysore

(56%) followed by Malabar (40%), PV=l (36%) and Vazhukka (234).
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The frequency of positive varlants was nil in PVl when it was
56% in Vazhukka, Malabar and lysore recorded 327 and 24% of

positive variants respactively.

The highest value for the coefficient of variation in the
third year group was in the cultivar Vazhukka (34.95%), followed
by PVel (34.09%), Malabar (28.66%) and Mysore {21.82%). In the
sixth year group the maximum value for the coefficient of vari-
ation was in the cultivar Malabar (34,14%) followed by PV-1,
Vazhukka and Mysore with 33.59%, 25,25% and 18.45%.

Number of nadesf@anicle

Table : 6 represents the range in mean values, distribue
tion of different phenotypes, intra=varietal variance and co-
efficient of variation of the number of nodes per panicle in
the four cultivars under the two age groups of cardamom. Stati-
stical analysis of the data showed no significance for intrae
varietal variability for the four varieties under the two age
groups. The mean values. for the numbesr of nodes per panicle
ranged from 8 to 22, 13 to 20, 5 to 24 and 5 to 15 in the cul=
tivars Malabar, Mysore, Vazhukka and PV=l respectively, in the
third year aroup. In the sixth year group the means ranged
from 10 to 25 and 3 to 22 in Malabar and PV=l rdspectively. In
Vazhukka and Mysore it ranged fzrom 13 to 25 and 13 to 24 res-
nectively.



Table 2 6 INTRA VARIETAL VARIABILITY FOR NUMBER OF mnﬁs/pmmx.ﬁ.‘,
RANGE IN MEAN VALUES FREQUENCY OF DIFFERENT VARIANCE ' COEFFICIENT OF
- PHENOTYPES ~ VARIATION
VARIETIES VARIATION
3 YEAR 6 YEAR CLASSES 3 YEAR 6 YEAR 3 YEAR 6 YEAR 3 YEAR 6 YEAR
8 to 22 10%t0 25 =ve Group 8% 20%
MALABAR Median Group 4074 56% 8,32 17,49 18,874 23.59%
“+ve Group B52% 24%
-ve Group - 16%
MYSORE 13 t0 20 13 to 24 IMedlan Group 76% 64% 2,34 0,10 10.11% 17.13%
+ve Group 24% 2004
-va Group 36% a%
VAZHUKKA 5 +o0 24 13 to 25 Median Group 44% 52% 12,98 11,62 283,86% 18,34%
+ve Group 20% 40%
~ve Group 60% 36%
PVl 5 to 15 8 to 22 Medlan Group 40% 52% 8.61 15,72 26,96% 25.,15%
+ve Group - 12%

(@) 3 YEAR = 0,65 NOT SIGNIFICANT
6 YEAR = 0,12 NOT SIGNIFICANT

A%
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The frequency of negative varlants in the third year
group ranged from zero in Mysore to 60% in PV.l, Malabar and
Vazhukka showed 8% and 36% respectively, Mysore gave the moxie
mum frequency of median types (76%) followed by Vazhukka (44%).
It was uniform for both Malabar and PV-1 (40%). No positive
variants was noted in the cultivar PV=l vhen Malabar gave a
maximum frequency of 52%. Mysore and Vazhukka recorded 24 and

20 per cent of positive variants respectively.

In the sixth year group an entlrely different trend in
the frequency distribution of the three phenotypic variants
was noticed in the different cultivars. The frequency of noga-
tive varlants ranged from &% in Vazhukka to 364 in PVa=l, Mysore
and Malabar gave 16% and 204 respectively. HMysore gave the
maximum frequency of 64% in the moadian class followed by
Malabar with a frequency of 56%. Vazhukka and PV=) recorded
a uniform value of 52% of median class variants. The frequency
of positive variants ranged from 12¥ in PV=l to 40% in Vazhukka.
Under Malabar and Mysore the frequencies were 24% and 20% res-

pectively.

The hichest value for the coefficlent of variation in the
third year group was in the cultivar Vazhukka (283.86%), followsd
by PV=1 (26.96%), Malabar (18.87%) and Mysore (10.11%). In the

sixth year group the maximum value for the coefficient of vari-
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ation was in the cultivar PV=l (25.15%), followed by Malabar,
Vazhukka and Mysore with 23.59%, 18.34% and 17.13% respectively.

Internodal lenagth in the panicle

The range in mean values, frequency distribution of the
three class categories of the different phenotypes, intra=
varietal variznce and coefficient of variation for the inter-
nodal length in the panicle of the four varieties of cardamom
under the two age groups are presented in table :7. Statistical
analysis of the data showed no slgnificant difference for intra
varietal variability in the two age groups, for all the four

cultivars studied.

The interncdal length in the panicle ranged from l.12 to
1,92, 1.20 to 2,14, 1.09 to 1.90 and 1.20 to 2,14 centimeters
in Malabar, Mysore, Vazhukka and PV=l respectively in the third
year group. In the sixth year gigyp it ranged from 1.25 %o
2.43 cm in Malabar, 1,50 to 2.96{in Mysore, 1.50 to 2.60 cm in
Vazhukka and 1,10 to 1,80 cm in PVal.

In the third year group the frequency of negative vari-
ants ranged from 203 in !iysore to 80% in Vazhukka. Malabar and
PV=1 recorded 52¥% and 24% of negative variants respectively. In
the medlan group Malabar and Mysore recorded a frequency of 24%

while it was 28% and 16% in PV=l and Vazhukka respectively.



Table : 7

INTRA VARIETAL VARIABILITY FOR INTERNODAL LENGTH IN THE PANICLE

VARIANCE

RANGE IN MEAN VALUES FREQUENCY OF DIFFERENT COEFFICIENT OF
VARIETIGS PHENOTYPES ARIATION
3 YEAR 6 YEAR CLASSES 3 YEAR 6 YEAR 3 YEAR 6 YEAR 3 YEAR 6 YEAR
1,12 to 1l.25 to =vo Group 52%  40%
MALABAR 1.92 2.48 Median Group 24%  32% 0.22 0,12 34,03% 19.36%
+ve Group 24%  28% ,
1,20 to 1,50 to «ve Group 207% g%
MYSORE 2.14 2.96 Median Group 24% 28% - 0,04 0,11 13,06% 15.89%
+ve Group 56%  64%
1.09 to 1.0 +to =ve Group 80%  16%
VAZHUKKA  1.90 2,60 Median Group 16% 207 0.03 0.08 13,30% 13.65%
+ve Group 4% 64%
1.20 to 1l.10 %o =ve Group 24%  92%
PV-.1 2,10 1,80 Median Group 28% 8% 0.04 0,03 13.30% 12,67%
+ve Group 43% -

XC(®) 3 YEAR = 1,44 NOT SIGNIFICANT
6 YEAR = 0.54 NOT SIGNIFICANT

L]

b
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Mysore had the maximum number of positive variants (56%

followed by PV=1 (48%), Malabar (24%) and Vazhukka (45%).

In the sixth year group PVel showed the maximum fre-
quency of negative variants (92%), while it was only &4 in
Mysore and 16¥% in Vazhukka, Malabar had a frequency of 40%.
PVel gave the minimum fregquency of medium types (8%) while it
was maximum in Malabar (32%). Mysore and Vazhukka had 28%
and 29% of median varlants respectively. There were no posi-
tive variants in the sixth year group for PVa=l whils both
Mysore and Vazhukka shewed a uniformly high freguency of 64%,
Malabar racorded a frequency of 28% in the positive group.
The highest value for the cocfficlent of variation in the
third year group was in the cultivar Malabar (34.03%), followed
by Vazhukka and PVl with 13,30% and Mysore with 13.06%. In
the sixth year group the maximum value for the coefficient of
variation was in the cultivar Malabar (19.36%) followed by
Mysora, Vazhukka and PV=l with 15.89%, 13,65% and 12,.67% fes—
pectively,.

Numbser of cansules/panicle

The range in mean values frequency distribution of the
pheanotypes intrazevarielal variances and coefficient of varia=
tion of the four varieities under the two age groups are pre-

sented in table ¢ 8, Statistiecal analysis of the data showed



Tabls ¢ INTRA VARIETAL VARTABILITY FOR NUYBER OF CAPSULES/PANICLE
RANGE TN MEAN VALUES FREQUJENCY OF DIFFERENT ‘VARIANCE * COEFFICIENT OF
— bR
VARTETIES ""'lg"p'ﬂ'n?‘o' M YDES | — VARIATION
3 YGEAR 6 YEAR CLASSES 3 YEAR 6 YEAR 3 YEAR 6 YEAR 3 YEAR 6 YEAR
6 to 43 24 to 72 =-vo Group 16% 127 ' ‘
MALABAR Median Group A8% 28)% 124,88 206,50 43,384 28,19%
+ve Group 36% 60%
«ve Group 245% 56% ' '
MYSORE 8 to 48 16 to 66 Moedian Group A8% 36% 134,00 167,24 47,13% 39.57%
+ve Group 28% 8%
=ve Group 65% 20% ' '
VAZHUKKA 4 to 36 18 to 83 Median Group 16% 36% 58,84 281.48 81,27% 35,15%
. +vo Group 16% 44%%
-vo Group 1655 76% ‘
PV.] 4 to 42 12 to 36 Median Group 64% 20% B3,74 84,56 40,49% 32.93%
+ve Group 207% A% .

X‘(sjs YEAR = 0,20 NOT SIGNIFICANT
6 YEAR = 0.34 NOT SIGNIFICANT

6%
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no significant variation within the variety for the two age
groups.

In the third.year group the range in the number of
capsules par panicle in zll the varlieties were almost similar,
6 to 48 in Malabar, 8 to 48 in lMysore, 4 to 35 in Vazhukka and
4 to 42 in PV=1, But the trend was different in the sixth year
grous with the values ranging from 24 to 72 in #alabar, 16 to
66 in Mysore, 18 to 85 in Vazhukka and 12 to 56 in PVal,

The frequency of negative variants in the third year
group was the same in both Malabar and Pvel (16%) while it was
highast in Vazhukka (68%) and only 24% in Mysore. The maximum
frequency of medlan types was in PV=l (64%5) followed by Mysore
and Malabar with {48%). It was only 16% in Vazhukka. In Malabar
36% of the phenotypes were in the positive group, while it was
16,28 and 20 per cent respectively in Vazhukka, Hysore and PVal,

In the sixth year group the highest frequency for nega-
tive variants was in the cultivar PV=l (76%) followed by Mysore
(563), Vazhukka (20%) and Malabar (12%). In the median group
Mysore and Vazhukka gave the same frequency of 36%, while it
was 26% and 20% in Halabar and PVal respectively. The positive
variants ranged from 4¥ in PV=l to 60% in Malabar with Vazhukka
and Mysore having 44% and 8% respectively.
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The highest value for the coeff;cient of variation in
the third year group was in the cultivar Vazhukka (51.27%),
followed by Mysore (47,13%), Malabar (43.38%) and PV=1 (40.43%),
In the sixth year group the maximum value was in the cultivar
Mysore (39.57%), followed by Vazhukka, PV=l and Malabar with
35,15%, 32.93% and 28.13% respectively.

Hundred cansule weight/plant

The data praesented in table :9, represents the range in
mean values, frequency distribution of the different pheno-
types, intra-varletal varlance and coefficient of variation
for the hundred capsule:~weight of the four varieties of cardamom
under the two age groups. Statistical analysis of the data
showed that the 1ntravariet§1 variability for all the four
cultivars was not significant in both the age groups.

In the third year group the range was maximuxm in Malabar
(50 to 139) followed by Vazhukka (20 to 82), PV=l (56 to 105)
and Mysore (44 to 72). In the sixth year group the range in
mean values were 49 to 92, 74 to 134, 57 to 127 and 54 to 88
in Malsbar, Mysore, Vazhukka and PVe.l respectively.

In the third yesar group the frequency of negative varlants
ranged from 8% in Malabar and PV=l to 80% in Vazhukka. Mysore
showed a frequency of 69% of negative variants. The frequency
of median group were 32% and 36% for Malabar and Mysore while



Table : 9 INTRA VARTETAL VARTABILITY FOR HUNDRED CAPSULE WEICGHT /PLANT
RANGE TN MEAN VALIUES FRECUENCY OF DIFFERENT VARTANCE ' CO"aFF;(_EENT QF
PHE PE ARIAY TON

VARIETIES
3 YEAR 6 YEAR CLASSES 3 YEAR 6 YEAR 3 YEAR 6 YEAR 3 YEAR 6 YEAR
50 to 130 49 to 92 =ve Group &4 60%
MALABAR . Madian Group 32% a2% 3.34 124.65 22,28% 16,71%
+va Group 6074 8%
44 to T2 74 tol34 =ve Group 60% -
MYSORE Median Group 36% 2% 86,98 201,98 16,185 15,32%
+re Group 4% 72%
20 to 82 57 0127 «ve Group 80% 404 :
VAZHUKKA Median Group 254 16% 184,38 266,92 31,.22% 20.43%
+ve Group 12% 44%
56 to 105 54 to 88 =ve Group K 44%
PY-1 Median Group &% 52% 189,80 94.74 19,67% 14,14%
' +ve CGroup % A%

X'(3)3 YEAR = 0,4645 NOT SIGNIFICANT
6 YEAR = 0,3136 NOT SIGNIFICANT

¢S
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it was 8% for both Vazhukka and PV=l. In the positive group
PV~l gave a very high frequency of 84% followed by Malabar
(60%), Mysore (4%) and Vazhukka (12%) respectively.

In the sixth year group the frequency of negative vari-
ants ranged from zero in Mysore to 60% in Malabar, Vazhukka
and PV=1 gave a frequency of 40% and 44% respectively. The
maximum freguency in the median group was in PVl (52%) follo-
wed by Malabar (32¥). Mysore and Vazhukka gave frequencies
of 28 and 16% respectively. The maximum value in the positive
group was registered in Mysore (72¥%) followed by Vazhukka (44X),
Malabar (8%) and PV~l {(4X).

The maximum value for the coefficient of variation in the
third year group was in the cultivar Vazhukka (31.22%), followad
by 22.25% in Malabar, 19.67% in PV~l and 16.18% in Myscore. In
the sixth year group the highest value for the coefficient of
variation was in Vazhukka (20.493), followad by malabar, Mysore
and PVl with 16,71%, 15.32% and 14,14¥% respactively.

Capsule Voelumo

The range in m2an values, frequency distribution of the
phenotypes, intra=varietal varilance and coefficlent of variation
for the four varieties under the two age groups in relation to

capsule volume are presented in table :10. Statistical analysis



Table ¢ 10 INTRA VARIETAL VARIABILITY FOR CAPSILE VQLUME
RANGE IN MEAN VALUES FREQUENCY OF DIFFERENT VARIANCE ' COEFFICIENT OF
‘"Ja'iiﬁﬁﬁﬁﬁﬁﬁ§""" . ~VARIATION
VARIETIES _—
3 YEAR 6 YEAR CLASSES 3 YEAR 6 YEAR 3 YEAR 6 YEAR 3 YRAR 6 YEAR
40 to 106 53 to 100 =ve Group 20% 284 B
MALABAR Median Group 52% 48B4  217.02 174.18 17.29% 16.51%
+vn Group 28% 24%
41 to 92 68 to 123 =ve Group 60% 214
MYSORE Median Group 20K 45% 183,82 148,82 25,52% 13,77%
+ve Group 20% A4%

PR

32 to 88 49 to 105 ave Group 7% 56%

VAZHUKKA Median Group 2435 143,56 420,65 19.91% 27.89%
+vo Group 20% 20%
43 t0 99 62 to 112 ~ve Group g% 20%

PV-1 Median Group &% 565% 169,66 143.66 18,354 14,71%
+va Group 24% 245

X (@) 3 YEAR = 0,04 NOT SIGNIFIGANT
6 YEAR = 0.43 NOT SIGNIFICANT

44
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of the data showed no significant variation for intra-varietal
variability in both the age groups.

The capsule volume in the third year group ranged from
40 to 105, 41 to 92, 32 to 88 and 43 to 99 cubic centimeters
in Malabar, Mysore, Vazhukka and PVl respectively. 1In the
sixth year group the range in mean values were from 53 to 100,
68 to 123, 49 to 105 and 62 to 112 cubic centimeters, in Malabar,
Mysore, Vazhukka and PVel respectively.

The frequency of negative variants in the third year
group ranged from 8% in PVal to 727 in Vazhukka., The frequency
of negative variants in Mysore and Malabar were 60% and 20%
respectively. In the median group PV=l aml Vazhukka gave a
uniform value of %, while Mysore recorded a frequency of 20%
and Malabar 52%. The maximum frequency of positive variants
was reqistered by PV-l (84X%) while both Mysore and Vazhukka
showed a uniform frequency of 20%. Malabar had .2 frequency

of 28% in the positive group.

The maximum frequency of negative variants in the sixth
year group was In Vazhukka (56¥). Mysore, PV=l and Malabar had
values of 8, 20 and 28 per cent respectively. The maximum
value in the median group was for the cultivar PV=l (5635) while
Malabar and Mysore were uniform with 43%. Vazhukka gave a frae

quency of 24% in the madian group. In the positive group Malabar



96

and PV=l gave uniform frequencies of 24% while Mysore and

Vazhuklka recorded 443 and 20X respectively.

The highest value for the coefficlient of variation in the
third year group was in the cultiver Mysore (25.52%), followed
by Vazhukka, PV=1l and Malabar with 19;9E%, 18,35% and 17.29%
respectively. In the sixth year group the maximum value was
in the cultivar Vazhukka (27.89%) followed by Malabar (16.51%),
PV=l (14.71%) and Mysore (13,77%).

Number of seeds/capsule

The range in mean values, frequency distribution of the
three class ¢tegories, intra-varietal variance and coefficient
of variation under the two age groups in relation to number of
seads/capsule of the four varieties are presented in table: 1l.
Statistical analysis of fhe data showad no significant variation
for inira-varietal variability for hoth the age groups.

The number of seeds per capsule in the third year ranged
from 8 to 17, 7 to 13, 6 to 18 and 7 to 17 in Malabar, Mysore,
Vazhukka and PVel respectively. In the sixth year group it
ranged from 11 to 18, 13 to 18, 11l to 19 and 7 to 16 in Malabar,
Mysore, Vazhukka and PVel respectively.

The frequency of negative variants in the third year group
ranged from 16} in Malabar to 40% in Vazhukka. Mysore and PVl
gave values of 36% and 20/ respectively., Vazhukka recorded the



Table : 11

A VARTETAL VARIABILITY FOR

MBER _OF SEEDS /CAPSULE

RANGE IN MEAN VALUES FREQUENCY OF DIFFERENT + VARTANCE COEFFICIENT OF
VARIETIES PHENOQLYDES VARIAT ION
3 YEAR 6 YEAR CLASSES 3 YEAR 6 YEAR 3 _YEAR 6 YEAR 3 YEAR 6 YEAR
8 to 17 11 o 18 =ve Group 16%  44%
MALABAR Madian Group A8% 207 7.94 4.42 22,79% 14.68%
+va Group 36% 36%
-ve Group 36% 12%
MYSORE 7 to 18 13 to 18 Median Group 40% 324 9,58 2,58 27.34% 10,32%
+ve Group 24%  56%
-va Group 40%  20%
VAZHUKKA 6 to 18 11 to 19 Medlan Group  56% 28% 6,20 5.40  24.41% 15,12%
+ve Group 4%  52%
-ve Group 20%  52%
PV-1 7 to 17 7 to 16 Median Group 44%  AO% 8,124 4,72 23.61% 16,974
+ve Group 36% &%
% (3)3 YEAR = 0,04 NOT SIGNIFICANT

6 YEAR = 0,14 NOT SIGNIFICANT
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maximum number of median types (56%) followed by Malabar (48%),
Pv=l (44%) and Mysore (40%). In the positive group Malabar
and PV=) were uniform (36%) while lMysore and Vazhukka recorded
values of 24% arnd 4% respectively.

In the sixth year group the frequency of negative variants
rangad from 12¥% in Mysore to 52% in PV=1l. Malabar and Vazhukka
gave fraquenciles of 44%¥ and 20¥% respectively. The percentage
values of the median class in the four varieties were 20% in
Malabar, 32% in Mysorae, 28% in Vazhukka and 40¥ in PV=1. The
positive variants were maximum in Mysore and Vazhukka (56 and
52% respectively). PV-1 recorded the lowest value of 8%, while
Malabar gave a frequency of 36% in the positive group.

The highest val&e for the coefficlent of varlation in
the third year group was in the cultivar Mysore (27.34%) follo-
wed by Vazhukka, PV=1 and Malabar with 24,41, 23.61 and 22,7%%
respectively. In the sixth year group the highest value for
the coefficient of variation was in the cultivar PV-1 (16.97X),
followad by Vazhukka {15.12%) Malabar-{14.65%) and Mysore
(10,32%).

Fresh welaht of capsulaes/plant

The range in mean values, frequency distribution of the
different phenotypes, intra varietal varlance and coefficient

of variation under the two age groups for the four varieties of
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cardamom with respect to fresh weight of capsules is presented
in table: 12, Statistical analysis of the data showed no sig-
nificant variation in intra-varietal variabllity under the two

age groups.

The fresh weight of capsules/blant (wet yield) ranged
from 27 to 1973, 47 to 743, 3 to 408 and 20 to 416 grammes in
1Aalabar, Mysore, Vazhukka and PVa=]l respectively in the third
vear group and from 232 to 3370, 115 to 2053, 170 to 3340 and
61 to 1050 grammes in the sixzth year group,

In the third year group the frequency of negative varlants
ranged from 8% in Malabar to 68% in Vazhukka while 1t was 20% in
Mysore and 24% in PV-l. The maximum frequency for the median
group was in PV=l (72%) followed by Mysore (60%) Malabar (52%)
and Vazhukka (28%). Vazhukka and PVel had a very low frequency
of positive variants (4¥), while it was 40% and 20% in Malabar

and kysore respectlively.

In the sixth year group the frequencies of negative
variants ranged from 20% in Malabar to 68% in PV=l. In Mysore
and Vazhukka the frequency of negative variants were 56% and
28% respectively. In the median group the cultivar Malabar,
Vazhukka and PV-l were uniform in percentage frequency (32%)
while Mysore gave only 28%, The frequency of positive variants
in PV=l was zero while it was 48Y% in Malabar, 49% in Vazhukka
and 16¥% in Mysore.



Table : 12 INTRA VARIETAL VARIABILITY FOR FRESH WEIGHT OF CAPSULES/PLANT

RANGE IN MEAN VALUES FREQUENCY OF DIFFERENT VARIANGE COEEFICIENT OF
VARIBTIES ~— PHENUI YPES - ~ VARIATION
3 YEAR 6 YEAR CLASSES 3 YEAR 6 YEAR 3 YEAR 6 YEAR 3 YEAR 6 YEAR
~va Group a4 20% 239201,60 912978,00 115,21% 70.41%
MALABAR 27 to 1973 232 to 3370 Median Group 52% 32%
+vo Group 40% 48% -
. -ve Group . 204 56%
MYSORE 47 to 743 115 to 2053 Median Group 60% 28% 49702.54 279754,50 91.35% 79.33%
+ve Group 20% 16% -
=va Group 65% 268%
VAZHUKKA 3 to 408 170 to 408 Median Group 28% 32% B8839.98 692317.60 139,75% 71.09%
+ve Group 4% 40%
=va Group 24% 68%
PV.1 20 to 416 61 to 1050 Median Group 72% 32%  17704.70 55500.85 82,33% %2,67%
+va Group A% -

X (3)3 YEAR = 2,97 NOT SIGNIFICANT
6 YEAR = 1,70 NOT SIGNIFICANT

09
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) The highest value for the coefficiont of variation in
the third year group was in the cultivar Vazhukka (139.78%),
followed by Malabar (115,21%), Mysore (91.35%) and PVl
(82.33%). In the sixth year Mysore had the hlghest value
(72.33%) followed by Vazhukka, Malabar and PV-l with 71.09%,

70,41% and 52.67% respectively.,
Dry woight of capsules/vlant (Yield)

The results presented In table : 13 shows the range in
mean values, freguency distribution of the three class cate-
. gorlas of the phenotypes, intra-varletal variance and coeffi-
cients of variation undeér the two age groups of the four varie-
ties for dry woight of capsules per plant (yield), Statistical
analysis of the data showed no significahca for intrawvaristal

variance for the four varletles under the two age groups.

In the third year group the dry weighf ranged from 6 to
415, 10 to 129, 1 to 32 and 5 to 83 grammes in Malabar, Mysore,
Vazhukka and PVel respectlively. In the sixth year group the
dry weight of capsules ranged from 42 %o 783, 26 to 421, 46 to
757 and 22 to 212 in Malabar, Mysore, Vazhukka and PV=l respac=
tively.

The frequency of nagative variants in the third year
group ranged from 8% in Malabar to 68% in Vazhukka. PVl and
Mysore recorded 24% and 12% of negative variants respectively.




Table 2 13

INTRA VARIETAL VARIABILITY FOR DRY WEIGHT OF CAPSULES/PLANT (YIELD)

RANGE IN MEAN VALUES FREQUENCY OF DIFFERENT VARTANCE COEFFICIENT OF
VARIETIES EHENCIYPES VARIATION
3 YEAR 6 YEAR  CLASSES 3 YEAR 6 YEAR 3 YEAR 6 YEAR 3 YEAR 6 YEAR
~ve Group % 24%
MALABAR 6 to 415 42 to 783 Madian Group 48% 28% 10992.62 41389.18 116,23% 69,58%
+ve Group 44% 48% o
. =va Group 129% A5%
MYSORE 10 to 129 26 to 421 Meadian Group 68% 32% 1852,10 13486,10 86,90% 69,85%
+ve Group 20% 20% .
=ve Group 68% 268%
VAZHUKKA L to 82 46 to 757 Median Group 286% 32% 398,96 30749.62 138,70% 67.38%
' +ve Group 4% 40% .
«ve Group 24% 687
PV-1 5 40 83 22 to 212 Median Group 72% 32% 705,74 2374,66 79.25% 49,08%
+ve Group 4% -
X3 YEAR = 3,18 NOT SIGNIFICANT
6 YEAR = 1,71 NOT SIGNIFICANT
o
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In the median group PV-l gave the highest frequency (72%)
followed by Mysore (66%), Malabar (48%) and Vazhukka (28%).
Both Vazhukka and PV=1l gave only very low frequency (4%) of
positive variants. While Malabar showed a maximum frequency

of 443, Mysore racorded only (20%).

In the sixth year group the frequencies of negative
variants ranged from 24% in Malabar to 635 in PVal, MNysore
and Vazhukka gave 42% and 28% respectively. The frequency of
median types was uniform for Mysore, Vazhukka and PVal (323%)
while Malabar gave 28% of median t?pe variants., There were
no positive varisnts in the cultivar PVal., When Malabar gave
the hichest frequency of positive variants (48%) IMysore and

Vazhukka gave 20 and 40 per cent respectively.

The higheét value for the coefficient of variation in
the third year group was in the cultivar Vazhukka (138,70%),
followad by Malabar (116.23%), Mysore (85.90%) and PV=1 (79.25%).
In the sixth year group the maximum value for the coefficient
and £9-58%
of variation was in Mysore and Malabar with 69.835[gespective1v

followed by 67.3%% in Vazhukka and 49,095 in PV-1,

B. Inter varietal variability analysis

The variability for thirteen characters in the four
varicties, viz. Malabar, Mysore, Vazhukka and PV=l was studied
and the results are presented below,

or _of d v T

The mean number of productive tillers in the two age
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groups of th?.fogf varieties of cardamom is presentsd in

FiG:}
table 3 14.Zistatistical analysls of the data showed signifi-
cant variation among the varieties, between the age groups

and in thelir interactions.

In the third year group the number of productive tillers/
plant ranged from the minimm of 2,34 in Mysore to the maximum
of 7.56 in PV=1. The variety PV=1l which was on par with Malabar
showed significant superiority over Vazhukka and Mysore. The

varicties Vazhukka and Mysore were statisticaly on par.

In the sixth year group the number of productive tillers/
plant ranged from the minimum of 2.40 in PV=l to the maximum of
19,04 in Malabar. Malabar was significantly superlor to !ysore,
Vazhukka and PV=l respectivsly.

All the varlaties, except PV=l, showed a significant
increase in the number of productive tlllers with increase in
age. The difference in the number of productive tillers between
the sixth and third year stages was 12.86 in Mysore, 11.80 in
Malabar, 6.4l in Vazhukka and «-5,16 in PV-l,

Helcht of tillers/plant

The mean height of tillers in the two age groups of the
. CFGIR)
four varietles is presented in table : 15./Significant varlation
was observed among the varletles, between the age groups and in

thelr inteoractions.
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Table : 14 INTER VARIETAL VARIABILITY FOR NUMBER OF PACDUCTIVE
TILLERS/PLANT

Age Group/Varieties Malabar Mysore Vazhukka PV-] HMean

3 year 724 2.34 3.7 7.56 3.23
6 Year 19,04 15.20 10.20 2,40 11.71
Mean 13,14 Be 77 6.96 4,98

CD (0.05) For varietal means 1,52 Significant
- CD (0.05) For Age group means = 2,17 Significant

CD (0.05) For Variety x Age
group interaction

]

3.07 Significant

Table : 15 INTER VARIETAL VARIABILITY FOR HEIGHT OF
TILLERS/PLANT

Age Group/Varieties Malabar Mysore Vazhukka PVl Mean

3 year 236,04 286,10 205.29 236,31 240,93
6 year 312.40 310,52 322,27 257,62 300.70
Mean 274.22 293,31 263.78 246,97

CD (D.0%) For varletal means = 17,01 Significant
Cb {0,05) For Age group means = 24,06 Significant

CD (0.05) For Variety x Age group .
interaction = 34.02 Significant
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In the third year group the height of tillers ranged from
the mininum of 205.29 ¢m, recorded by Vazhukka to 2 miximum of
286,10 cm, recorded by Myscre. DPVal, Malabar and Vazhukka were
statistically on par, while Mysore was significantly superior to
all of them.

In the sixth year group the maximum height of tillers was
recorded by Vazhukka (322.27 cm) followad by Malabar, Mysore and
PVl with 312,40, 322.27 and 257.62 centimeters raspectively.
HMalabar, Mysore and Vazhukka were statistically on par but sig-
nificantly superior to PVal,

All the varictios showed significant increase in the
height of tillers with increase in age. The difference between
the two groups was 116.98 cm in Vazhukka, 76.36 cm in HMalabar,
24,30 cm in Mysore ani 23,31 cm in PV=l,

Nypber of leaves/tiller

The data regarding mzan number of leaves per tiller in
the two age groups of the four varieties of cardamom are pre-
sented in tables 16.££gzgéigtical analysis of the data showed
significant differences between the age groups and in the
varlety x age group interaction. But there was no significant

difforance among the varletles.

In the third year group the number of leaves/tiller ranged
from the minimum of 12,90 in Vazhukka to the maximum of 14,96 in
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Table ¢ 16 INTGER VARIETAL VARIABILITY FCR NUMBER OF
LEAVES/TILLER :
Age Group/Varieties Malabar Hysore Vazhukka PVil Mean
3 year 14,36 14,96 12.00 14.64 13.99
6 year 16,36 14,96 16,56 13.92 15.45
Mean 15,36 14,96 14.28 14,28
¢h (0.05) For varietal means = 0.93 Not
Significant
cb {0.,05) For Age group means = 1,31 Significant
CD (0.05) For Variety x Age group
interaction = 1,686 Significant
Table ¢ 17 INTER VARIETAL VARIABILITY FOR MNUMBER OF
PANICLES /PLANT
Age Group/Varieties Malabar Mysbre Vazhukka PVl Mean
3 year 15,9¢ 13,04 5.89 8,837 10,95
6 year 58,24 32,36 950,44 17.48 33,63
fMean 37.11 22.70 28,16 13,18
CD (0.05) For Varletal means = 4,93 Significant
CD (0.05) For Age group means = 7,06 Significant
CD (0.05) For Variety x Age group

intaraction

il

9.98 Significant
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Mysore, The cultivars Mysore, PV=l and Malabar were statis-

tically on par but significantly superlor to Vazhukka,

In the sixth year group the number of leaves per tiller
ranged from a minimum of 13,92 in PV=l to a maximum of 16.56 in
Vazhukka. The cultivars Vazhukka and Malabar were significantly
superior to PV=1, and on par with Mysore. There was no signi-

ficant difference between Mysore and PV=l.

The varieties Malahar and Vazhukka showed an increase in
the number of leaves per tiller with increase in age while
Mysore gave the same value in both the age groups. PV=1 showed
a deéreasa in the number of leaves per tiller with increase in
age, The difference in the number of leaves produced per tiller
batween the sixth and the third year group was highest in Vazhulkka
(4.56) followed by Malabar (2,00) and PV=} (=0,72).

Number of panicles/plant

The mean number of panicles per nlant in the two age
groups of the four varieties of cardamom is presented in table:l?.@ﬁeﬁ
Statistical analysis of the data showed significant variation
among the variesties, between the age groups and in theirlintern

actions.

In the third year group the mean number of panicles per
plant ranged from 5.89 in Vazhukka to 15.99 in Malabar. Mysore
and PVal recorded values of 13,04 and 8.87 respectively, Malabar
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is sigmificantly superior to Vazhukka but on par with Mysore
and PV-.l, The cultivars Mysore, Vazhukka and PV=1 are also
statistically on par.

In the sixth year group the mean number of panlcles per
plant ranged from 17.48 in PV=l to 58,24 in Malabar. Mysore
and Vazhukka gave values of 32,36 and 50.44 respectively, The
cultivar !lalabar is significantly superior to Mysore and PVl
but statlstically on par with Vazhukka. Nysore is significantly
superior to PVal,

All the cultivars showed a significant increase in the
number of panicles produced per plant with increase in age.
When the difference in the number of panicles produced between
the sixth and third year group was highest.in Vazhukka (44.55),
it was only 42,25 in Malabar, 19.32 in Mysore and 8,61 in PVal,

Lenath of vanicle

The data regarding the mean length of panicle in the two
age groups of the four varieties of cardamom are presented in
table:l8. ggg%?étical analysis of the data showed significant
variation between the age groups and in the varlaty x age group
interaction, But the variation among the varleties was not

statistically significant,

In the third year group tlysore had the maximum length of
panicle 28,34 cm followed by Malabar, PV=l and Vazhukka with
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Table : 18 INTER VARIETAL VARIABILITY FOR LENGTH OF PANICLE

Age Group/varieties Malabar Mysore Vazhukka PV=l Hean

3 year 25,91 28.34 19,47 21,46 23,79
Mean 35,01 36,03 35.83 26.07
Cb (0.0%) For varietal means = 3,49 Not significant
CD (0,05) For Age group means = 4,94 Significant
CD (0.05) For Variety x Age group= 6.98 Significant
intaraction

Table : 16 INTER VARIETAL VARIABILITY FOR MUMBER OF NCDES/PANICLE

Age Group/Varleties Malabar Mysore Vazhukka PVl Mean

3 year 15,31 15,12 12,50 10.86 13.45
6 year 17.72 17.60 19.64 15.76 17.68
Mean 16,51 16.36 16.07 13.31

cD (0,05) For Varietal means = 1,24 Not significant

CD (0.05) For Age group means

ch {0.05) For Variety x Age group
interaction

1.75 Significant
2.48 Significant
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25,91, 21.46 and 19.47 centimeters respectlively. Mysore is
significantly superior to Vazhukka and on par with Malabar and
PV=l. The cultivars Malabar, PV=l and Vazhukka are also statis~

ticslly on par.

In the sixth ysar groub Vazhukka gave the maximum value
of 52,13 cm followed by Malabar, Mysore and PVal wiih 44,11,
43,73 and 30,67 centimoters respectively. The cultivar Vazhukka
is significantly superior to Malabar, !Mysore and PV=l, There was
no significant difference between Malabar and Hysore but they

ware both significantly superior to PVl,

All the cultlvars tested showed a significant increase in
the langth of panicle with increase - in age. The difference in
the two age groups was highest in Vazhukka (32.71), followed by
Malabar 18.20), IMysore (15.,39) and PVal (9.21) respectively.

Number of nodes/oanicle

The mean number of nodes per panicle in the two age groups
of the four varieties of cardamom is presented in table: 19, (476:6)
Statistical analysis of the data showed significant variation
between the age groups and in the verlety x age group interaction,
but the difference among the varieties was not statistically sigw
nificant.

In the third year group the mean number of nodes per pani-

cle was 15.31 in Malabar, followed by llysore, Vazhukka and PV=l,



72

with 15,12, 12.5) and 10.85 respectively. Malabar is statis-
tically superior to Vazhukka and PV=)l but on par with Mysore.
Vazhukka and PV=l are alsc statistically on par,

In the sixth year group Vazhukka had the maxinum value
of 19.64, followed by Malabar, Mysore and PVal, with 17.72,
17.60 and 15,76 respectively. Vazhukka was significantly su=-
perior to PV=l and statistically on par with Malabar and [ysore.
The cultivars Malabar, Mysore and PV=l were also statistically

on par,

All the cultivars tested showed a significant Increase in
the number of nodes per panicle with increase in age. The di-
fference in the number of nodes produced per panicle between
the two age groups was highest in Vazhukka (7.14), followed by
4,90 in PV=l, 2.4S in Mysore and 2,41 in Malabar.

Internodal lenath in the panicle

The data regarding the mean internodal length in the pani-
cle in the two age groups of the four varieties of cardamom’ are
presented in table @ 20.ngz§:zgtlcal analysis of the data showed
significant differences among the varietles, between th=» age

groups and in their interactions.

In the third year group the internodal length in the pani-
cle ranged from 1.28 em in Vazhukka to 1.53 cm in Mysore. Malabar

and PV=1l, gave values of 1,37 and 1.50 centimeters respectively.



Table 1 20

INTER VARIETAL VARIABILITY FOR INTERNODAL
LENGTH IN THE PANICLE

Age Group/Varioties Malabar Mysore Vazhukka PVl Mean
3 year 1037 1,53 1028 1050 1142
6 year 1,78 2,08 2,06 1.36 l.82
Mean 1,57 1080 1067 1043
Ct (9.05) For Varietal means 0.01 Significant
Cch (0.05) For Age Group means = 0.,l1 Significant
¢D (0.,05) For Variety x Age group = 0.16 Significant
interaction
Table ¢ 21 INTER VARIETAL VARIABILITY FOR NUMBER OF
CAPSULES /PANICLE
Age Group/Naricties Malabar Mysore Vazhukka PVl Mean
3 year 25.80‘ 24,56 15,96 22,84 22,54
6 year 50.96 32,68 47,72 27.92 39,82
Mean 38,38 23.62 32.34 25,38
cD {0.05) For Varietal means = 4,40 Significant
¢h (0,05) For Age Group means = 6,23 Significant
For Variety x Age Group = 8,81 Significant

cd (0,05)

interaction
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Mysore was significantly superiof to Vazhukka but on par with
PV=l and Malabar. Malabar and Vazhukka were statistically on
par.,

In the sixth year group the internodal length in the pani-
cle ranged from the minimum of 1.36 ¢m recorded in PV=l to a
maximum of 2,08 cm recorded in Mysore. The cultivar Mysore
was significantly superior to Malabar and PV=l but statistically
on par with Vazhukka. Malabar was also significantly superior to
PVal,

All the varieties except PV«1l showed an increase in inter-
nodal length with increase in age. The differonce in internodal
length in the panicle between the two age groups was 0.78 in
Vazhukka, 0.55 in Mysore, 0.4l in Malabar and «0,13 in PV-l.

Number of capsules/panicle

The mean number of capsules per panicle in the two age

groups of the four varieties of cardamom is presented in table:21.(fi¢:8)
Statistical analysis of the data showed significant variation
among the varieties, between the age qroups and in their inter-

actions.

In the third yzar group the number of capsules/panicle
ranged from 16,95 in Vazhukka to 25,80 in Malabar. Mysore and
PV=l gave values of 24.56 and 22.84 respectively. The cultivar
Malabar was significantly superior to Vazhukka and statistically
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on par with Mysore and PV=l, There was no significant diffeo=-

rence between Mysore, Vazhukka and PV=l,

In the sixth year group the number of capsules/panicle
ranged from the minimum of 27.92 recorded in PV-l to the maximum
of 50.96 recorded in Malabar. Vazhukka and Mysore recorded
values of 47.72 and 32.68 respectively. Malabar was signifi-
cantly superior to Mysore and PV=]l and statistiecally on par with
Vazhukka, Mysore and PV=l were also statistically on par.

All the cultivars showed significant Increase in the
number of capsulss/panicle with increase in age. When the di-
fference in the number of capsules/panicle betwaen the two age
groups was 30.76 in Vazhukka it was only 25,16 in Malabar, 8,12
in Hysore and 5,08 in PV=},

Hundred caosule welght

The data on the mean welght of hundred capsules in the
two age groups of the four varieties of cardamom are oresented
in table: 22ﬂég§g:?;t1cal analysis of the data showed significant
difference batween the age groups and in the variety x age group
interaction, vhile the variation among the varieties was not

significant.

In the third year group hundred capsule weight ranged from
the minimum of 43.49 g In Vazhukka to the maximum of 87,892 g in
PV=l, The cultivar PV=1l was significantly superlor to Mysore




Table : 22 INTER VARIETAL VARIABILITY FOR HUNDRED
CAPSILE VEIGHT /PLANT

76

Age Group/Varietics Malabar Mysore Vazhukka PVel Mean

3 year 81,90 57.64 43,49 87.89 67.73
6 year 66.30 92.76 79.76 63,80 77.03
Mean T4.35 75.20 61,62 78,34
cb (0.05) For varietal means = 4,76 Not significant
Ch (0.05) For Age group means = 6,74 Significant
CD (0.05) For Variety x Age group = 9,53 Significant
interaction

Table : 23 INTGR VARIETAL VARIABILITY FOR CAPSULE VOLUME

Age Group/Narieties Malabar HMysore Vazhukka PV=l Mesn

3 year 70.98 60.76 53.14 85,15 67,50
6 year 79.52  88.56 73,51 81,44 80,85
Kean 75.45 74.66 63.32 83,39
cp (0,05) For varietal means = 4,96 Significant
CD (0.05) For age group means = 7,02 Significant

¢t (0.05) For Variety x Age growp = 9,93 Significant
interaction
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and Vazhukks and statistically on par with Malabar. Malabar was
significantly superior to Mysore and Vazhukka.

In the sixth year group hundred capsule weight ranged from
66.80 g in Malabar to 92,76 g in Mysore. Vazhukka and PVel re-
corded values of 79.76 g and 68,8) g respectively. Mysore is
significantly superior to Vazhukka and statistically on par with
PV=l and Malabar. There was no significant difference between
the cultivars PV=1, Malabar and Vazhukka.

Mysore and Vazhukka showed significant increase in hundred
capsule welcht with increase in age, but a reverse trend was
noticed in Malabar and PV=l, The difference in the capsule
walght between the sixth and third year was 36.27 g in Vazhukka,
35.12 g in Mysore, =15,10 g in Malabar and =19.,09 g in PV=l,

Cansule Volume

The data on the mean capsule volume in the two age groups

of the four varieties of cardamom are presented in table : 23,(#G:/0)

Statistical analysis of the data showed significant difference
among the varieties, between the age groups and in thelr intor-

actions.

In the third year group the cultivar PV=l recorded the

maximum value of 85,15 cc, followed by Malabar, Mysore and Vazhukka

with 70.98, 60,76 and 53.14 cubic centimeters Tespectively. PVal
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was significantly superior to Malabar, Mysore and Vazhukka. The

cultivars Mysore and Vazhukka were statistically on par.

In the sixth year group the cultivar Mysore gave the
highest value of 88.56 ¢c, followed by PV-.l, Malabar and Vazhukka
with 8l.44 cc, 79.92 cc and 73.51 cc respectively. Mysore was
statistically superior to Vazhukka but on par with PV-1l and
Malabar. There was no significant difference between the culti-
vars Malabar, PV=1 and Vazhukka,

All the cultivars except PV=ml showed a significant increc-
ase in capsule volume with increase in age. The difference in
the capsule volume between the sixth and third year groups were
27.30 c¢ in Mysore, 20.37 cc in Vazhukka, 8.94 ¢c in Malabar and
«3,71 cc in PV=l.

Numbsr of sceds/capsule

The mean number of sseds per capsule in the two age groups
of the four varieties of cardamom 1s presented in table: 24jgg§;y)
tistical analysis of the data showed significant vpriation among
the age groups and in the variety x age group interaction. But

the difference betwoen the varietal means were not significant,

In the third year group the number of seeds/capsule ranged
from the minimum of 10,34 in Vazhukka to the maximum of 12,36 in
Malabar., Mysore and PV=l recorded values of 11.32 and 12,08 res-

perctively. Malabar was significantly superior to Vazhukka but
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Table : 24 INTER VARIETAL VARIABILITY FOR NUMBER OF SEEDS/CAPSULE

Age Group/Varieties Malabar Mysors Vazhukka PVel Mean

3 year 12,36 11.32 10,34 12,08 11.52

6 year 14,32 15,56 15.36 12,80 14.51
Mean 13.34 13.44 12.85 12.44

¢ (0.05) For varietal means = Q.85 Not significant
cp (0,09) For Age group means = 1,22 Significant

CD (0.05) For Variety x Age group

interactlion = 1,73 Significant

Table : 25 INTER VARIETAL VARIABILITY FOR FRESH VWEICHT OF
CAPSULES /PLANT

Age Group/Varicties Malabar_lMysore Vazhukka PV=l Mean

3 year 424,45 244,04 67.35 161,60 224,36
6 year 1356,38 661,88 1170.60 447.28 909,16
CD (0.05) For varietal means = 173,53 Significant
CD (0.05) For Age group means = 245,41 Significant
CD (0.05) For Variety x Age group

interaction = 347,06 Significant
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on par with PVal and Mysore. There was no significant difference
batween the cultivars Mysore and Vazhukka.

In the sixth year aroup the number of seeds/capsule ranged
from the minimum of 12,80 in PVa=l to the maximum of 15.56 in
Mysore. Malabar and Vazhukka recorded values of 14,32 and 15.36
respectively, Mysore was significantly superior to PV=l and on
par with Vazhukka and Malabar. There was no significant diffe-

rence between the cultivars Malabar and PVal,

All the cultivars tested showed an increase in number of
§eeds/bapsu1e with increase in aée. The differences in the num-
‘ber of seeds/capsule between the sixth and third year groilps were
5.02 in Vazhukka, 4.24 in Mysore, 1,96 in Malabar and 0,72 in
PV-1. |

Fresh waight of capsules/plant

The mean fresh weight of capsules in the two age groups
of the four varieties of cardamom 1s presented in table: 25.(7?6:A;)
Statistical analysls of the data showed significant varlation
among the varieties botween the age groups and in their inter-

actions.

In the third year group Malabqr gave the highest value of
424,46 g followed by Mysore, PV=l and Vazhukka with 244,04,
161,60 and 67,35 grammes respectively. Malabar was significantly

supearior to Vazhukka and on par with liysore, and PV=l, There was
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no significant difference between the cultivars Mysore,

Vazhukka and PV=l,

In the sixth year group Malabar recorded the maximum
value for the fresh welght of capsules with 1356.83 g, followed
by Vazhukka, Mysore and PV=l with 1170.60, 661.83 and 447,28
grammes respectively. Malabar was significantly superior to
Mysore and PV=l but on par with Vazhukka. There was no signi-
ficant difference between the cultivars Mysore and PVal,

Al) the varieties showed a significant increase in the
fresﬁ woight of capsules with increase in age. Tha cultivar
Vazhukka recorded the greatest difference in fresh weight of
capsulos (1103,23 g) between the two age groups followed by
932,42 g in Malabar, 417.84 g in Mysore and 285,63 g in PVa.l,

Dry welght of capsules/plant {Yield)

The data on the mean dry weight of capsules/plant (yield)
in the two age groups of the four varleties of cardamom are pre-
sented in table: 26.zf§$g€§gtical analysis of the data showed a
significant variation among the varleties, betwean the age groups

and in their interactions.

In the third year group the dry weight of capsules ranged
from the minimum of 14,39 g recorded in Vazhukka to the maximun
of 90,92 g recorded in Malabar. Mysore and PVasl recorded valuas

of 49.52 g and 33,54 g respectively. Malabar was significantly



Table : 26
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INTER VARIETAL VARIABILITY FOR DRY WEICHT

OF CAPSULES/PLANT

Age Group/Varieties Malabar Mysore

Vazhukka PVl Mean

3 year 90.92 - 49.52  14.39 33.54 47.09
6 year 292,36 166,24 260,24 99,28 204,53
Mean 191.64 107.88 137.31 66.41
CD (0.05) For varietal means = 36,81 Significant
cp (0.05) For Age group means = 52,06 Significant
CD (0.05) For Variety x Age group = 73.62 Significant

interaction
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superior to Vazhukka and statistically on par with Mysore and
PV=)l. There was no significant difference between the culti-

vars Mysore, Vazhukka @nd PVal,

In the sixth year group the dry weight of capsules ranged
from the minimum of 99.28 recorded in PV=l to the maximum of
292,36 g recorded in Malabar. Mysore and Vazhukka gave values#
of 166.24 g and 260.24 g respectively. Malabar was significantly
superior to PVal and lysore and was on par with Vazhukka, There
was no significant difference betwzen the cﬁltiVars Mysore and

PV=.l,

All the cultivars showed significant increase in the dry
weight of'capsules with increase in age. The cultivar Vazhukka
recorded the maximum difference of 245.85 g in the dry weight
of capsules between the two age groups while it was only 65.74 ¢
in PV=1l. Malabar and Mysore showed a difference of 201.44 and
116,72 grammes respectively.

C. Estimation of Genetic parameters

Data on phenotypic and genotybic variances, Phenotypic
and genotypic coefficients of variation, heritability, genetic
advance and genetic gain of the thirteen characters at the third

year stage are presented in table: 27,

The phenotypic variance ranged from the minimum of 92.01
recorded for internodal length in the panicle to the maximum of



(3 YEAR)

Table ¢ 27 ESTIMATION OF GENETIC PARAMETERS IN CARDAMOM

Phenotypic Genotypic Phenotypic Genotypic co- Herita- Genetic Genetic

Character variance variance coefficient efficient of bility advance gain
. of variation wvariation

Height of tillers (cm) 1479.61 1028.30 15.96 - 13,30 0.69  55.06  22.85
No. of productive tillers/plant 8.69 6,12 56.35 47,28 0.70 4.27 8L,7

No. of leaves/tiller 2.54 1,53 12.27 8.86 0,52 1.84 13.18
No. of panicles/plant 36.84 15.63 55.42 36,11 0.42 5,30 48,39
No, of capsules/paniéle 54.08 16.16 33.36 18,24 0,29 4,52 20.54
Fresh weight of capsules/plant (g) 45777.19 17310.62 95,36 58,64 0.37 166,66 74.28
Dry weight of capsules/plant (g) 2005,30 822,61 95.18 60,90 0,40 37.80 80.26
100 capsules weight (g) 475.72 421,31 32,20 30,30 0.88  39.79 58.74
Capsulaes volume (cc) 238,21 180,14 22,86 19,88 0.75 ..24.04 35.61
No. of seeds/capsules 3.19 0.21 15.50 4,04 0.06 0.25 2,16
Length of panicle (cm) 31.59 12,59 23.62 14,91 0.39 4,61 19.37
No. of nodes/panicle 6.84 4,10 19,22 15,05 0.61 3.26 24,24
Internodal length in the panicle (cm) 0.01 0.0l 9.11 9.91 0.71 0.19 13,35

b8
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45777.19 recorded for frash weight of capsules. Genotypic
variance ranged from the minimum of 0.0l recorded for inter-
nodal length in the panicle to the maximum of 17310.62 recorded
for fresh weight of capsules/blant.

The phenotypic coefflicient of variation ranged from
9.11 recorded for internodal length of panicle to 95.36 recorded
for fresh welght of capsules. The genotypic coefficicent of
variation ranged from 4.04 recorded for number of se=ds/capsule
to the meximum of 60.90 recorded for dry welght of capsules per
plant.

Characters like fresh weicht of capsules/plant, dry
welght of capsules/plant and number of produciive tillers/plant
showed a high genotypic coefficient of variation while charace
ters like number of leaves/tiller, nmumber of seeds/capsule and

‘internodal length in the panicle recorded very low values.

Heritability values of the different characters ranged
from 0,06 recorded for number of seeds/capsule to 0.88 recorded
for 100 capsule weight. The heritability values wore low for

number of capsules/panicle and number of seeds/capsule.

Number of leaves/tiller, number of panicles/plant, fresh
weight of capsules/plant, dry weight of capsules/plant and
length of panicle recorded medium heritability. Height of
tillers, number of productive tillers, 100 capsule welight, cap=

sule volumz, number of nodes/panicle and internodal length in
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the panicle recorded high heritability. But among these,
number of productive tillers/plant, fresh weight of capsules/
nlant, dry welght of capsules/plant and 100 capsule weight Te-
corded high valuss for genetic gain. HMaximum genetic advance
(166.66) was recorded for fresh weight of capsules/plant apd
the lowest value of 0.19 was recorded for the internodal length

in the panicle.

Eventhough heritability estimates were high for height
of tillers, numbar of nodes/panicle, a2nd internodal length in
the panicle, the estimates of genetlc gain were low for the

above characters.

Data on phenotypic and genotypic variance, phenotypic
an? genotypic coefficients of variation, heritability, genetic
advance and genctic gain of tha thirteen characters at the sixth

year stage are presented in table: 23

The phenotypic variance ranged from the minimum of 0.13
racorded for internodal length in the panicle to the maximum of
273387.90 rocordad for fresh welght of capsules/plant. Genow
typic variance ranged from the minimum of 0.10 recorded for
internodal length in the panicle to the maximum of 157973.00
recorded for fresh welght of capsules/plant.

Phenotypic coefficient of variation ranged from 9.93 re-

corded for number of seeds/capsule to a maximum of 65.37 recorded




ESTIMATION OF GENETIC PARAMETERS IN CARDAMOM

Table : 28 (6 YEAR)

Phenotypic Genotypic Phenotypic Genotypic co- Herita- Genetic Genetic
Character variance variance coefficient efficient of bility advance gain

: of variation variation

Height of tillers (cm) 1596.26 665,048 13.28 8.57 0.41 34.29 11,40
Mo. ¢f productive tillers/plant 58,59 49,87 65,37 60,31 0.85 13.42 14 .60
tlo. of leaves/tiller 3.73 0.59 12,52 6.47 0.26 1,06 6.56
Mo. of panicles/plant 413,90 315,96 31.34 44,85 0.7 31.99 80,72
No. of capsules/panicle 164, 89 116.7 32,13 27.13 0.70 18.72 47.G0
Fresh weight of capsules/plant (g) 273387.50 157978,00 57.51 43,72 0.57 622,40 68,46_
Dry weight of capsules/plant (g) 12016.29 6729.83 53,60 40,10 0.56 126,46 61,82
107 Capsules “‘weight (g) 185,56 131.63 17.68 14.89 0.70 19.90 25,83
Capsule volume (cc) 85,30 26.18 11.46 6.32 0.30 5.81 7.19
No. of seeds/capsule 2.07 1.47 9.63 8.36 0.71 2,10 14,47
Length of panicle (cm) 110,67 71,34 24,65 19,79 0.64 13,56 32,71
No. of nodes/panicle 6,32 1.56 14.22 7.06 0,24 1.24 7.01
Internodal length in the panicle {cm) 0.13 0.10 20.15 18.00C 0.79 0.60 32.87

48
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for number of productive tillers. Cenotynic coefficient of
variation ranged from 6.32 recorded for capsule volume to a
maximum of 60.31 recorded for number of productive tillers/

plant.

Characters like fresh weight of capsules/plant, dry
weight of capéules/blant. number of panicles/plant and nunber
of productive tillers/plant showed high phenotypic and geno-

typic coefficilents of variation.

Heritability values ranged from the minimum of 0,24 re-
corded for number of nodes/panicle to the maximum of 0.85 re-
corded for number of productive tillers/plant. Number of nodes/
panicle, capsule volume and numbar of leaves/tiller recorded low
heritability. Height of tillers, frash weight of capsules/
plant and capsule volume recorded medium heritability. Number
of productive tillers/plant, number of panicles/plant, nmumber
of capsules/panicle, 100 capsule welght, number of seeds/capsule,
length of panicle and internocdal length in the panicle showad
high heritability. High values for genetic gain were recorded
for frosh weight of capsules, dry weight of capsules, nunber of
capsules/panicle and number of panicles/plant, Maximum genastie
advance (622.40) was recorded for fresh weicht of capsules.,
Characters like number of seeds/capsule and internodal length
in the panicle recorded very low values for genetic advance in-

spite of their high heritability estimates.
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D. Correlation and path coefficient analysis

Analysis of co-variance was done for all the possible
pairs of characters. The genotypic and phenotypic co-variance
componants ware computed in a similar manner ;s for the corres—
ponding variance components and from these, the genotypic corre-

lation coefficients were estimated.

The inter-relationship of 211 the thirteen character
combinstions were analysed and the results are presented in

tables: 29 (third year group) and 30 (sixth year group).

In the third year group positive correlation with yield
.was recorded in all the characters studied, out of which nine
characters viz. Number of productive tillers/plant, numbsr of
leaves/tiller, number of panicles/plant, number of czpsules/
panicle, fresh weight of capsules/plant hundred capsule weight,
numbar of seeds/capsule length of panicle and number of nodes
per panicle registered very high values of 0.3161, 0.5433,
N.9828, 2.7247, 1.0000, 0.5765, 1.5638, 0,7345, 0,8167 respecw
tively. All the other characters althcugh nositive racorded

very low valucs.

In the sixth year group strong positive correlation was
noticed for eleven character combinations. Dry weight of cap-
sules/plant had hich positive correlation with height of tillers,
numbar of productive tillers/plant, number of leaves/tiller,



Table : 29

GENOTYPIC CORRELATION COEFFICIENTS AMONG YIELD AND COMPONENT CHARACTERS (3 YEAR)

Numbar Fresh Dry Hun- Number Number Inter-
Height of Num?er Num?er Nu?ber weight weight dred Cap- of Length of nodal
ch + of produc- | ° angcles ° 1 of of cap- sule seeds of nodes length
aracter tillers tive gzzes p per cag:; %% capsules cap- sules volume caggﬁle panicle pei L in :hf
tillers per sules welght panicle panicle
per tiller plant panicle plant per
plant plant
Height of tillers -.1.0000 0,1866 0,8282 0,6076 0.7569 0,3525 0.3092 0.0986 0.08l4 0,3609 0.9850 0.5426 0,8929
Humber of produc-~
tive tillers 1.0000 0.7124 0.8352  0,9712  0,9189 0.9161 0.9332 0,7890 1,9934 0.4722 0.2811 0.3236
Number of leaves
per tiller 1.0000 0.7550 1.0618 0,5733 0.5438 0,.6898 0.6587 1.4545 0,8178 0.2680 0.9658
Number of panicles
per plant 1.0000  1.1074  1.0022 0,$828 0,4957 0.2696 1.4209 0,9890 0.9477 0,3384
Number of capsules
per panicle 1.0000 0.9442 0.9247 0,8314 0,6973 1.6966 0,9679 0.6034 O,8243
Fresh welght of
capsules 1,0000 1.0020 0,3795 00,3236 1.5861 0,7695 0.8390 0.1520
Dry weight of .
capsules 1.0000 0.5765 '0.3184 11,5638 0,7345 0.9167 0.1147
Hundred capsule
weight 1.0000 0.9689 1,7993 0,1724 «0.1738 0.4522
Capsule volume 1.0000 1.6497 -0,0041 20,4670 0.5603
Seeds rqr capsulae 1,0000 0,6422 0.07%96 2.8594
Length of panicle 1,0000 0,8559 0,6234
Nodes per panicle 1.0000 - 0,0073
1.0200

Internodal length
in panicle

06




GENOTYPIC CORRELATION COEFFICIENTS AMONG YIELD AND COMPONENT CHARACTEAS (6 YEAR)

Table : 30
Nu?ber Number  Number  Number ﬁgisgt wgiyht Hun- Number Number Inter-
Helght g duc of of of o% ofg dred Capsule of Length of nodal
Character - of ptgvg ~ 1leaves panicles capsules capsules capsules S3P~ volume seeds of nodes length
tillers tillers per per per ger pgr sules per panicle per in the
per tiller plant panicle plant plant welght capsule panicle panicle
plant
Helght of tillers -.1.0000 0.8740 0.9014 0.9002 0.8193 0.8017 0.8782 0,3870 ~0,4223 1,0248 0.9980 0.9976 0.9992
Humber of produc-
tive tillers 1.0000 0.7573 0.,7768 Q,7026 0.7210 0,7762 0.2079 0.2616 0,550L 0.,%444 0,3318 0.56817
Number of leaves
per tiller 1,G300 0.9997 0.9992 0.,9978 1.0000 -0.1866 -1,0084 0.7190 0.9996 0.3998 0.3096
Number of panicles
per plant 1.0000 0.9989 0.9998 0,3980 ~0.1722 0,3946 0.5411 0.8518 0.9629 0, 5008
Number of capsules
per panicle 1.0000 0.9937 0.7978 =0,3130 -0.8066 0,4216 0,7881 Q,3399 0.4621
Fresh weight of
capsules 1.0000 0,.9939 -0.3493 -0.7762 0.4314 0,30%3 0.3873 0,5282
ny welght of capsules 1.,0000 -0,2301 =0.7020 0,5413 0.3718 0. 9606 0,6346
Hundred capsula weight 1.0000 0,4524 0.8247 0.4211 0.3853 0.7742
Capsule volume 1,0000 0.0965 .0,3364 «0,8274 =0,0716
Seeds per capsule 1,0000 .0.9219 0,9515 11,0695
Length of panicle . 1.0000 0.9989 Q.9722
Nodes per panicle 1.0000 0,9%98
Internodal length
in panicle 1.0300

{6




32

number of panicles/plant, number of capsules/panicle, fresh
weight of capsules/plant, length of panicle, number of nodes/
panicle and internodal length in the panicle with values of
0.8782, 0.776é, 1.0000, 0.9980, 0.2973, 0.9939, 0.8718, 0.96056
and 0,6346 respectively. The characters, number of leaves/
tiller, number of panicles/plant and number of capsules/panicle
gave very near perfect correlation with yield., Hundred capsula
weight and capsule volume showed a negative correlation with

vield in the sixth year group.

The cause effect relationshin of the different attribu-
tes to yield was analysed and the data were presented in tables:

31 (third year group) and 32 (sixthé year group). (Fi6:/4&1S)

Cnly the characters showing high positive correlation
with yield were chosen for estimation of direct and. indirect

components in path coefficient analysis.

~ In the third year group the maximum direct effect on
yield was recorded by the fresh weight of capsules/plant
(1.02247) followed by number of productive tillers/plant
(2.06624) and number of nodes/panicle (0.03027). The highest
indirect effect of all the characters on yield was through the

frosh waight of capsules/plant.

In the sixth year group the madimum direct effect on
yield was recorded by the number of panicles per plant (1.36976)



Table : 31

PATH COEFFICIENT VALUES - DIRECT AND INDIRECT GENOTYPIC EFFECTS

ON YIELD THROUGH VARIOUS YIELD COMPONENTIS

{3 YEAR)

Number of Fresh : Genotypic
productive Number of Number of Number of weight of Hundred Length Number of correla-
tillers leaves per panicles capsules capsules capsule of nodes per tion with
per tiller per plant per per welight panicle panicle yield
plant panicle plant
0.06684 -0,01808 -0.07807 0,01229 0,53304 ~0,01024 ~0,00418 0,00851 r=0,%161
0.04762 -~0,02538 ~0,07058 2.01265 0.56618 ~0,00757 ~0.00724 0.00811 r=0,5438
0.05582 -0.01916 -0.09348 0.01265 1.02247 ~-0,00544 -0,00876 0,02869 r=0,5828
0.,06491 -0,02538 -0,09348 0.01265 0.56542 -0,00912 ~0.00857 0.01827 r=0,9247
0.06138 -0,01455 -3.09348 0,01195 1.62247 ~0.00636 ~0.00681 0,02540 r=1,0000
0.,06237 ~0,01751 -0,04634 0.01052 0.59252 -0,.01097 0.00004 -0,01414 r=0,5765
0.03157 -0,02075 -0.09245 0.01225 0.78679 0.00004 -0.00886 0.02591 r=J, 7345
0.01879 -0,00680 -0.08839 0.00764 0.85785  0.00512 -0,00738 0,03027 r=0.8167

RESIDUE = 0.00068

UNDERLINED NUMBERS INDICATE DIRECT EFFECTS

ALL OTHERS ARE THE INDIRECT EFFECTS

£6



Table : 32 PATH COEFFICIENT VALUES - DIRECT AND INDTRECT GENOTYPIC EFFECTS

ON YIELD THROUGH VARIOUS YIELD COMPONENTS (6 YEAR)
Helght Number of Number of Number of weirﬁghof Length Number of Internodal G tvoi
gfg productive panicles capsules cagsules- eo? nodes per lengthoig gggrgffc
tillers per per plant » Lo
tillers per panicle the panicle +tion with
per plant plant panicle plant yield
-0.02661 -0.11058 1.23306 -1.03806 0,59049 -0.92468 0.31968 0,43487 =J,8781
-0.02325 =0,12653 1.06403 -0.89020 0.859078 -0.59706 0.17042 0.28798 r=0.7761
~0,02395 -0.09829 1.36976 -1,26562 1,23523 -0,78922 . 0,30856 0.26148 =0.%9979
-0,02180 -0,08890 1,36825%5 -1.26701 1.23511 =0.73020 0.30119 0.20111 r=0,9977
-0,02133 -0,09122 1.36949 -1.26663 1.23548 ~0,.74613 0.28434 0.22988 r=0.5939
-0.02655 -0,08153 1.16676 - -3,99853 0.99493 -0.92653 0.32010 Q.42312 r=0.8717
-0.02654 -0.06729 1.31894 -1,19087 1.09624 -0,92551 0,32045 0.43513 r=0.5805
~0.02659 -0.08372 0.82295 -0,58549 0.65258 -0.%0077 0.32039 0.43522 r=0.6345

RESIDUE = 0,12090

UNDERLINED NUMBERS INDiCATE DIRECT EFFECTS

ALL OTHERS ARE THE INDIRECT EFFECTS

48
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followed by fresh woight of capsules/plant (1.23548). The
direct effects of number of capsules/panicle and length of
panicle on yield were also high but negative, the values belng
=1,2670) and =0.22653 respectively. The hichest indirect effect
of the height of tillers, number of productive tillers, number
of capsules/panicle, fresh welght of capsules/plant, length of
panicle, number of nodes per panicle and internodal length in
the panicle, on yield was through the number of panicles per

plant,



FiG: 14 . PATH DIAGRAM SHOWING THE DIRECT EFFECTS AND INTER-~
RELATIONSHIPS BETWEEN YIELD AND EIGHT SELECTED VYIELD CcOMPANENTS iN CARDAMOM
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DISCUSSION

The present investigation seems to bhe the first of its
kind in this particular dollar yielding crop. Biometrical ana=
lysis on 1ntré and inter varietsl variations in cardamom revealed
the existence of natural variability in the population for a
positive selectién response. The main objective of this study
was to select out the better vielding clones in each varioty and
to fix the characters which will show a2 good response for selec=
tion and further improvement, The results of the study are dise
cussed henceforth z2long with tho reports of similar studies in

related crops.
Intra varictal variagbility:

Analysis on intra varietal varlation showed no signifi-
cant variation for any of the traits. However, the cultivar
Malabar showed the maximum range in mean values for the charac-
ters nunber of lsaves/tiller, mumber of capsules/oanicle and
hundred capsule weight at the third year stage and for the
height of tillers and number of nodes/panicle at the sixth
vear stage. In general the maximum range in mcan values for
& majority of yield attributing characters like number of proe
ductive tillors/plant, number of panicles/nlant, fresh welcht
of capsules/plant and dry weight of capsules/plant was in
Malabar at both the stages of arowth.
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In Vazhukka, the maximum range in mean values at the
third year stage were recorded for mumber of nodes/panicle
and number of seeds per capsule while at the sixth year stage
maximum range in moean values were recorded for number of leaves/
tiller, rmumber of capsules/panicle, hundred capsule weight,
capsule volume, fresh weight of capsules/plant and dry weight
of capsules/plant. The minimum range in mean values for most
of the characters studied at both the stages of growth were in
the cultivars Mysore and PV-l when compared to Malabar and
Vazhukka., Except for internodal length in the panicle in Mysore
and height of tillers and length of panicle in PV=l at the third
year stage, all other characters showed minimum range in mean
values., At the sixth year stage both Mysore and PVal showed
the minimum range in variability for a majority of the charac-

ters studied,

Analysis on ﬁhe frequency distribution of the different
phenotypes clearly demans%rated that the maximum freguency of
positive variants for yield and its attributes were in the
cultivars Malabar and Vazhukka at the sixth year stage and in
Mysore and PV=1 at the third year stage. In the sixth year
group the maximum frequency of positive varlants in majority
of the yield attributing characters like number of leaves/
tiller, number of panicles/plant, length of panicle, internodal

length in the panicle, number of capsules per panicle, and fresh
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welght of capsules/plant were observed in Malabar followed by
Vazhukka. The genaral trend in the number of peositive variants
in the third year stage was quite different from that in the
sixth year stage, with the cultivars Mysore and PV=l showing a
higher frequency of positive variants.

llaximum positive varlants for a majority of the yield
attributing characters like height of tillers, number of leaves/
tiller, number of panicles/plant, length of panicle, number of
nodes/panicle and number of capsules/panicle were seen in the
cultivar Mysore at the third year stage. For fresh weight of
capsules/plant and dry weight of capsules/plant positive vari-
ants appeared in almest equal freguency at both the stages of
growth, For Pv;;)positive variants were observed at almost
equal frequencies for fresh welght of capsules/plant and dry
weicht of capsules/plant at both the stages of growth. Far
number of nodes/panicle maximum positive variants were found
at the sixth year stage. 1In all the other remaining ten charace
ters the frequency of positive variants was maximum at the third

year stage.

The estimates of coefficient of variation were high in
Malabar, Vazhukka and Mysors while it was low in the cultivar
PV=1l, S0 in the licht of the evidence on.the studies of intra
varistal varlability and the freguency distribution of positive



variants it is indicated that the cultivars lialabar and Vazhukka
may bo more sultable for selectlon and further improvement at
the sixth year stage since they show a greater range in variz-
bility and a hicher frequency of positive variants. In Mysore
and PV=l the results indicated that the range of variability
was narrow at both the stages of growth, more so in the sixth
year stage. The frequency of positive variants was more at the
third year stage thereby indieating that there is probably grea-
ter scope for seleétion and improvement at an earlier stage in

both Iysore and PV=l.

Intra varietal variations in yield and 1its components
were also reported in potato by Rieman et al (1957) in the
variety 'Chippewa!, Davidson and Lawley (1953) in the varicty
'King Edward! and Cockerham and Macarthur  (1956) in the varioty
"Majestic'. Harris et z) (1967) found evidence to suggest that
the different envirommonts altered the relative expression of
growth and yield parameters 1in potato, clonal variation in
potato was also reported by Terry gt 2) (1970). Distinct clonal
varlation was also reported in Mango in the varieties 'Alphonso!
and 'Dasheri' (Singh, 1971) in apricot *'Welkopavilovickal!
(Vachun, 1981) and in sour cherry ®*Oblacinska' (Milutinovic
gt al, 1981). Pattanshetti (1982) reported high varisbility in
yield in cardamom. Rajeevan (1284) reported intraclonal varia-

tions for yield and its components in banana.
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Inter varietal varlability @

The present investigation clearly demonstrated the
éxistence of appreciable amount of varlability among the varie-
ties tested. Out of the thirteen quantitative characters
studled, elaoht characters showed significant variations. These
characters were number of productive tillers/plant, heicght of
tillers, mmbor of panicles/plant,internodal length in the
panicle, number of cazpsules/panicle, capsule volume, fresh
weight of capsules/plant and dry welght of capsules/plant, Wide
range of varlablility was exhibited by helght of tillers, fresh
welght of capsules and dry weight of capsules. Number of pro-
ductive tillers/plant, number of panicles/plant, internodal
longth in the panicle, number of capsules/panicle and capsule

volune showad narrow range of variability.

There was also significant varlation between the age
groups for all the thirteen characters studied and for the
variety x age group interactions. The varieties Malabar, Mysore
and Vazhukka recorded higher mean values at the sixth year stage
for all the characters compared to those at the third year stage.
But PVel showed low mean valuss at the third year stage for num=
ber of productive tillers/plant, number of leaves/tiller, inter~
nodal length in the panicle, hundred cansule weicht and capsule

volume,
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For almost all characters wide rangs of variability was
observed among the varieties, Malabar and Vazhukka at the sixth
vear stage. In characters like 100 capsule welght, capsule
volume, number of nodes/panicle and height of tillers wide vari-
ability was expressed at the third year stzge in PVel and liysore.
This indicated that a steady stades in growth and othar charac-
ters are attained by different varietles at different stages.

In general it can be seen that the cultivar {Malabar was superior
to Vazhukka, Mysore and PVl with respect to yield and its

attributes,

The phenotypic variability may be due to genztic or en=
virommental factors or due to the interaction bstween the two.
Hence partitioning of the total variability into heritable and
non=heritable portions helps the breeder to assess the genetic
value of the varicus gensctypes and also the extent of improve-
ment that can be achieved in a particular crop., To make a more
valid‘comparison phenotypic and genotypic variability were com-
puted in terms of the corresponding ccefficients of variation
Viz. phenotypic coefficient of variation (p.c.v.) and genotypic
coefficient of varlation {g.c.v). In the present study high
deC.V. Values were observed for dry weight of capsules/plant,
fresh weight of capsules/plant and numbsr of productive tillers/
plant in the third year group and for the number of productive
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tillers/plant, number of panicles/plant, fresh and dry weight
of capsules/plant in the sixth year group. This indicated that
these characters are potentially variable, This was in accor-
dance with the reports made by Biradar gt 21.(1978) in Cassava,
where the phenotyolc and genotysic coefficients of variation
were high for tuber yield per plant. Mohanty et al (1979) found
that the genotypic coefficlent of variation was high for number

of secondary rhizome fingers and tctal root weight in ginger.

The difference betwaen the phenotypic and genoctysic co=
efficients of variation for the different traits indicated that
it was least in the number of seeds per capsule, internodal
length in the panicle and humired capsule weight., This clearly
suggested that these characters were least influenced by the en=-
viromment and genstic factors play a dominant role in determining
the expression of these traits. The large difference between
the two coefficients of variability (p.c.v and g.c.v) observed
in the case of fresh and dry weight of capsules/plant, number
of nodes per panicle, number of leaves/tiller and number of
panicles/plant indicated that external factors play an important
role in determining their expression.

Tho estimates of heritability separate the genetic vari-
ability from phenotypic variability and indicate the possibility

v, and extent to which improvement cam be brought about through proper
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selaction. It also provides us with a clear picture of the
average effect of genas transmitted from parents to offspring

or ratio of additive genetic variance to total variance. [Heri-
tability along with genetic gain is usually more useful than
heritablility estimate alone in predicting the selection rose
ponse (Johnson et al, 1955; Swarup and Chaugale, 1962). Heri-
tability estimates in the broad sénse will be rellable 1f accom=
panied by a high genetic advance (Ramanujam and Thirumalachar,

1967).

In the present investigation the third vear data showed
moderate to high heritabllity values followed by high genstic
gain for the characters number of productive tillers/piant,
huhdred capsule welght, fresh weight of capsules/plant and dry
weight of capsules/plant. In the sixth year data,moderate to
high heritaiility and high genetic galn were recorded for chara-
ctors like number of panicles/plant, fresh and dry weight of
capsules/plant and number of capsules/panicle.

The moderate to high heritability, and high genetic gain
observed for the characters, fresh and dry vieight of capsules/
plant, at both the stages of growth suggests that these charace
ters are malnly of the additive <type and will show a high resg-
ponse for selection and improvement as reported by Panse (1957)

Johnson et al,.{1955) Wright (1935) in other crops.
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In the case of number of productive tillers and inter-
nodal length in the panicle eventhough heritabllity estimates
were high the values for genetic gain were low showlng that
high heritability of the above characters is probably due to
non-additive (Dominance and epistatic) gene effects as reported

by Panse (1957).
Correlation and path coefficlent analysis :

Yield is an important polygenlc character which has a
highl& complex system of inheritance and expression subjected
to varying environmental fluctuations. For better understand-
ing of the inter-relationship of yleld armd 1ts components geno=
typic correlation coefficients have been calculated for the
third 2nd sixth year groups of the four most popular varietles

of cardamom.

In the present investigation it was observed that the
vield or dry weight of capsules/plant is positively and highly
correlated with other eight polygenic characters. Yield or dry
weight of capsules/plaent in the third year group showed strong
positive correlation wilth number of productive tillers/plant,
nunber of leaves/tiller, number of panicles/plant, number of

capsules/panicle, fresh welght of capsules/plant.

In the sixth year also generally the dry capsule yield/
plant was strongly and positively correlated with height of
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tillers, number of leaves/tiller, number of productive tillers/
olant, number of panicles/plant, number of capsules/panicle,
frosh welght of capsules/plant, length of panicle, number of
nodes/panicle and internodal length in the panicle. Similar
positive correlations of different morphological charactors
with yisld were reportad by Mohanty ot al .(1979) and Sreskumar
&t 31.(1930) in ginger, Magoan (1972), Muthukrishnan gt al.
(1973), Wilson (1976), Ribeiro (1977} and Radhakrishnan and
Gopakumar (1984) in taploca. Maity and Chatterjee (1977),
Sequra gt al .(1978), Chasllalah and Kulkarni (1978} and Dayal
at al . (1984) in potato. Vel et 31.(1985) reported that height

and weilght/bunch were positively correlated in banana.

The path analysis method introduced by Uright (1921),
further helps us not only in revealing in absolute terms the
rolationship between yield and its componants, but also helps
in estimating more or less accurately the direct effect of each
of the csuses and the indirect effect that each of them contri-
bute through other componants, in the final causation of the
effect.

Among the eilght characters which showed strong oositive
correlation with yield which were selected for the path coeffiw-
cient analysis, only four characters namely number of produc-—
tive tillers/plant, number of capsules/panicle, fresh weight of

capsules/plant and number of nodes/panicle showed positive
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direct effect with yleld in the third year group. HNumber of
loaves/tiller, number of panicles/plant, hundred capsule weilght
and length of panicle showed a nogative direct effect. The
frosh weicht of capsules/plant showed the highest positive
direct effect on yvield and the indirect effects of all the other
characters were low. In the case of number of productive tillers/
plant, number of capsulas/panicle and number of nodes/panicle,
the positive direct effects were very low and the strong posi-
tive correlation szen with yield was more through the indirect
effect of fresh weight of capsules/plant. The other four chara-
cters !%gﬁsgggber of leaves/tiller, number of panicles/plant,
hundred/weight and length of panicle: which showed very low
nagative diract offects had positive correlation with yield
through the strong indirect effect of fresh weight of cansules/

plant.

In the sixth year group the path analysis revealed that
the number of panicles/plant, fresh weight of capsules/plant,
number of nodes/panicle and internodal length in the panicle had
the highest positive direct effects on yield indicating the im~
portance of these characters to be used in selection indices for
cardamom. The height of tillers, number of productive tillers/
plant, number of capsuloes per panicle and lenath of panicle
showed negative direct offects on capsule yield/plant. Both the
number of nodes/panicle and the internodal length in the panicle
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showed low positive direct effects and the reason for their
high correlation with yield was more through the high indirect
effect of the number of panicles/dant and fresh weight of cap=
sules/plant. Similarly the number of capsules/panicle and
length of panicle which showed a high negative direct effect
was positively correlated with yleld because of the high ine
direct effect of number of panicles/plant and fresh weight of
capsules/plant. The height of tillers and number of productive
tillers recorded low nogative direct effect though they showed
high positlve correlaticn with yield. This 1s also because of
the strong indirect effects through the characters, number of
panicles per plant and fresh welght of capsules/plant. Hence
selection for plants with higher number of panicles and high
frash welight of capsules is essentlal for ultimate realisation

of yield in cardamom.



SUMMARY



108
ADIARY

The present investigation was carried out at the
Cardamom Research Station, Pampadumpara during the period
1985.86, Four popular varieties of cardamom (Elettaria
cardamomum Matod} !;;. Malabar, Mysore, Vazhukka and PVsl
(a selection from Malabar) planted at the above station were

usaed for the experiment.

Plants of two age groups (three years and six years)
from the above four varicties were selescted for the sturly. One
hundred plants of each varlety in each age group were labelled
seperately and randomly divided into five replications consiste
ing of twenty plants/replication. Observations on thirteen
characters yiz. number of productive tillers/plant, height of
£illers, number of leaves/tiller, number of panicles/oblant,
length of panicle, number of nodes/panicle, internocdal length
in the panicle, number of capsules/panicle, hundred capsule
welght, capsule volume, numbor of seeds/capsule, fresh weight
of capsules/plant and dry weight of capsules/plant were recorded
and analysed statistically tc determine the amount of variabi-
1ity within and between varieties. Analysls on intra varietal
variation revealed that, iIn general the meximum range in mean
values for yield and its attributes was in the cultivar Malabar

at both the stages of growth. The maximum frequency of positilve
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variants were in the cultivars, Malabar and Vazhukka at the
sixth year stage and in Mysore and PV=l at the third year
stage, thereby indicating that there is probably greateor scope
for selection and improvement at an earller age in both Mysore
and PV=] and at a later age in Malabar and Vazhukka. The
values for the coefficient of varlation was higher in Malabar,

Vazhukka and Mysore while it was very low in PV-l,

Analysis of intsr varietal variability showed significant
differences between the four varletles tested, for ce¢lght charace
ters viz. numbar of productive tillers/plant, height of tillers,
number of panicles/plant, internodal length in the panicle,
number of capsules/panicle, capsule volume, fresh weight of
capsules/plant and dry weight of capsules/plant. It was also
secn that all the varieties showed significant variztion with

increase in age, for all the thirteen characters studied.

The phenotypic coefficient of vatiation {p.c.v.) was
higher than the genotypic coefficient of variation (g.c.v.) in
all the characters analysed. The fresh and dry welght of cape
sules/plant recorded high values for p.c.v. and g.c.v. in the
third year group, and the number of productive tillers/plant
also had a2 moderately high value for the genotyple coefficient
of variation at the third year stage. In the sixth ye=ar group
the number of productive tillers/plant had the highest values



110

for p.c.v. and g.c.v. while the values were moderately high
for both p.c.v. and ge.c.v. in frash weicht of capsules/plant,
dry weight of capsules/plant and number of panicles/plant.
Analysis on the genestic parameters concerned with yield attrie-
but~»s in both the years indicated the scopo for further impro=-
vement in yield potential in this crop through combination

breeding programme.

Estimation of heritability (broad sense) revealed that
hundred capsule weight had the highest value followed by cap=-
sule velume. Internodal length in the panicle height of tillers
number of productive tillers/plant also showed high heritability
values in the three year group., The estimates wers low for
number of capsules/panicle and number of seeds/capsule, the

latter having the lowest heritabllity.

In the sixth year group the number of productive tillers/
plant had the highest value for heritabiliiy in the broad sense
followed by internodal length in the panicle. Number of panicles/
plant, numher of seeds/capsule, number of capsules/panicle and
hundred capsule welght also showed moderately high values. The
estimates were low for number of leaves/tiller and number of

nodes/panicle, with the latter having the lowest heritability.

Hoderate to high heritability together with high genetic

gain was seen for number of productive tillers/plant, hundred
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capsule weight, fresh and dry weight of capsules/alant; in
tha third year group suggesting that these characters are
mainly of the additive type and will show a high response

for selection. Similarly in the sixth year group the number
of panicles/plant, fresh and dry weight of capsules, and
number of cavsules/panicle showed moderate to high heritabi-
1ity and high genetic galn and may be expected to show a high

response for selection and further improvement.

Studies on the genotyplc correlation coefficionts ree
vealed that the dry weight of capsules/plant (yield) is nosi-
tively and highly correlated with number of productive tillers/
plant, number of leaves/tiller, number of panicles/plant,
number of capsules per panicle, fresh weight of capsules/
plant, hundred capsule weight, length of panicle and number
of nodes/panicle in the third year aroup. In the sixth year
groun yield was strongly and positively correlated with height
of tillers, number of productive tillers/plant, number of pani-
cles/plant, number of capsules/panicle, fresh weight of cadssules/
plant, length of panicle, number of nodes/banicle.and inter—

nodal length in the panicle.

Path coefficient analysis at the genotypic level in the
third year group showed that number of productive tillers/olant,
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number of capsules/panicle, frash weight of capsules/plant

and numbar of nodes per panicle showed positive direct effect
with yield with the fresh weight of capsules/plant showing the
highast positive direct effect on yield. In the sixth year
group, the number of panicles/plant showed the maximum direct
effect on yield followed by fresh weight of capsules/plant,
number of nodes/panicle and internodal length in the panicle.
Both the number of nodes per panicle and the internodal length
in the panlicle showed low positive direct effect and the reason
for their high correlation with yleld was more thrsugh the high
indirect effect of the number of panicles/plant and fresh weight
of capsules. Based on the studies conducted it is suggested
that a plant with higher number of panicles/plant and high
fresh welcght of capsules promises a positive response to in-

crease the yleld of cardamom/unit area.
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ABSTRACT

The present investigation was conducted at the Cardamonm
Raesearch Station, Pampadumpara to obtain information on the
magnitude of genetic variability in the population and the
extent to which the desirable characters are heritable.

Four popular cultivars yiz. Malabar, Mysore, Vazhukka
and PV=l of two age groups three and six year old planted at
the above sta%ion were used for tha study. Observations were
made on height of tillers, number of productive tillers/plant,
number of leaves/tiller, number of panicles/plant, number of
capsules/panicle, fresh welght of capsules/plant, dry weight
of capsules/plant, hundred capsule weight, capsule volume,
mumber of seeds/capsile, length of panicle, number of nodes/
panicle and internodal length in the panicle. Tho data colle-
cted was subjected to studies on genetic variability, estimaw
tion of genetic parameters, correlation and path coefficient

analysis.

Variability analysis revealed that significant diffew-
rences exsisted among the varleties for elght of the thirteen
morphological characters studied. They were number of produce

tive tillers/plant, height of tillers, number of panicles/plant,



internodal length in the panicle, number of capsules/panicle,
capsule volume, fresh and dry welght of capsules/plant. The

variability within the varleties was not significant,

Tﬁe phenotypic coefficient of varlation {(p.c.v.) was
hicher than the genotypic coefficlent of variation {g.c.v.)
in 3all the characters studied. The fresn and dry we?ght of
capsules per plant recorded high values for p.c.v. and g.c.v.
in the third year group, while the number of productive
tillers/plant had the highest value for p.c.v. and g.c.v. in
the sixth year group. Moderate to high heritability together
with high genetic gain was seen for number of p;oductive
tillers/plant, hundred capsule weight, fresh and dry weight
of capsules/plant in the third year group and for number of
panicles/plant, fresh and dry welght of capsules/plant and

number of capsules/panicle in the sixth year aroup.

Studies on the genotyplc correlation of different
characters revealed that yield was positively and highly
correlated with number of productive tillers/plant, number of
leaves/tiller, number of panicles/plant, number of capsules/
pénicle, length of panicle, number of nodes/panicle, hundred

capsule weight and fresh weilght of capsules/plant in the third



year qgroup. And in the sixth year aroup yield was strongly
and positively correlated with height of tillers, number of
productive tillers/olant, number of panicles/plant, number
of capsules/panicle, length of panicle, rumber of nodes/
panicle, internodal length in the panicle and fresh weight

of caosules/plant.

Path analysis revealed that the maximum direct con-
tribution to yield was through fresh weight of cajsules/
plant in the third year grodawénd number of panicles/plant
and fresh weight of capsules/plant in the sixth year group.
This suggests that selectlon for improvement of yield in
cardamom should be based on fresh welght of capsules/plant

and number of panicles/plant.



