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was posi tively correlated wi th weight of the pod and seeds

per pod.

Thirty hybrids from full diallel cross of SlX okra

inbreds were evaluated by Sundhari et ai., (1992). They

observed significant and positive genotypic correlation

(0.36) for internodal length and wi th number of pods per

plant. Number of pods per plant, pod length and pod girth

had positive and significant association with individual pod

weight. Between pod length and pod girth the association was

strong (0.38).

Mishra and Singh (1992) conducted a study on 18

cultivars of okra and observed positive and significant

association of plant height 'lATi th frui t length, frui ts per

plant, fruit weight and 1000 seed weight. However it had

negative correlation with number of nodes per plant, days to

50 percent flowering, number of seeds per fruit, yellow vein

mosaic resistance and yield per plant. The number of nodes

per plant recorded a significant and positive association

wi th frui ts per plant at phenotypic as well as genotypic

level. Days to 50 percent flowering showed a significant

positive association with the seeds per fruit 'lAThile fruit

girth was negatively correlated with 1000 seed weight at both

levels.

studies conducted on ten okra inbreds revealed

significant correlation of plant height with first flowering

node (0.47 gcv) , internodal length (0.63 gcv) and days to

first flowering (0.49 gcv) (Patel et ai., 1993).

2.1.5 Path coefficient analysis.
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IN1'RODUCTION

Okra (Abeimoschus escuientus (L. ) Moench) lS an

important vegetable crop grown throughout India for its

tender pods. The 2lverage nutri tional value of the pods is

far superior in comparison with that of tomato and brinjal.

Okra pods are rich source of vi tamins, calcium, potassium,

iodine and other mineral matters (Pal et ai. /' 1952).

Traditional cultivars of okra are highly susceptible to

yellow vein mosaic virus (YVMV) , shoot and frui t borer and

generally they are annual having a short fruiting period. In

this context an okra form locally known as " Thamaravenda If,

which was considered as A.manihot deserve importance, 'S~nce

it adorns many remarkable traits such as resistance to YVMV,

tolerance to fruit and shoot borer, adaptability, good

cooking quality and perennial nature suitable for ratooning.

This form of okra is grown in Kerala to a very limited extent

in the homesteads. Being an underexploited vegetable croPlno

serlOUS attempts have been made on its crop improvement,

speCles affinity and cytotaxonomy.

Morphological features of this species form resembles

those of A.manihot and A.cailiei which are cultivated species

of Papua New Guinea and West Africa. Probably this form of

okra was introduced to this part of the country fairly early.

During the course of evolution this species form has been

showing some extent of variability in many plant characters.

Collecting all the available genotypes and evaluating them

based on the morphology, yield and yield contributing

characters will help to select desirable forms of direct

economic importance.



Cytogenetical studies on this species wi th regard to

A.esculentus will offer basic information on cytotaxonomy,

chromosome affini ty bet"Ween the species and possible gene

introgression. Attempting the synthesis of the amphiploid

between these edible species seems to be a viable proposition

if the amphiploid combines itself with the desirable traits

of both the parental species will be of great value.

Keeping the above points into consideration, the

present study "Was conducted "With the following specific

objectives.

1. to collect the maximum available genotypes in the

edible form of Abelmoschus sp. locally known as Thamaravenda.
)

2. to study the extent of genetic variability occurrlng

In the genotypes collected, work out the selection

parameters and to identify prQmising forms of direct economic

importance,

3. to confirm the. chromosome number of the specles,

make a detailed study on the morphological features and

determine its species and taxonomical status .
.J

4. to study the crossabili ty and chromosome affini ty

wi th A. esculen tus 1 Qnd

5. b,o attempt the synthesize of amphiploid of

A.esculentus and the species proposed for improvement.
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REVIEW OF LITERATURE

"Thamaravenda" was considered to be a form of A.manihot

belonging to the family Mal~~aceae. This species forms were

mainly cultivated in 'West Africa, Papua New Guinea and

sparsely grown in the Indian subcontinent(Van Borssum Waalkes

1966) . The plant is mainly cuItivated for its tender pods

for use as vegetable and for fibre and mucilage in industry.

It is resistant to Yellow Vein Mosaic (Arumugham et al.,

1975) f,)owdery Mildew(Mc Leod et al., 1983, Jambhale and

Nerkar 1983, 1992) and Jassids (Nerkar, 1990) therefore being

tried in interspecific hybridisation with the ultimate aim of
h

developing a resistant cultivar.

As the volume of work done in A. manihot lS less,

Ii terature on studies conducted in related species is also

dealt with. The pertinent Ii terature for the present study

lS reviewed under the following headings

1. Variability, biometrical and genetic divergence

studies

2. Interspecific hybridisation and crossability studies

3. Cytological and cytogenetical studies

4. Induction of amphiploidy

2.1 Variability studies

Considerable amount of variabili ty had been observed

within different specles of Abelmoschus In many plant

characters except number of ridges per frui t ( Vashista et

al., 1982). Hamon and Charrier(1983) observed great

variability especially in fruit shape in collected samples of

A.e~culentu3. I~ozy~e analy~i~ revealed a much greater



diversity among wild species A.moschatus and A.manihot than

cultivated species A.esculentus and A.caiIIei (Hamon et al.,

1991, Ariyo 1993).

Yield being a complex character affected by a number of

component characters, information on the association of these

characters was effective to study the relative importance of

these characters in selection. A study on the coefficient of

genotypic and phenotypic variance (gcv, pcv), heri tabili ty,

genetic advance and correlation studies are useful guides for

selection.

2.1.2 Heritability,

variation.

Genetic advance and Coefficient of

Kaul et al. r (1978) compared t1lTenty genotypes of

A.esculentus and reported high genotypic coefficient of

variation (gcv) for pod yield per plant (31. 14), seed yield

per plant (24.73) and pods per plants (21.09). High

heri tabili ty values were observed for pod yield per plant

(0.94), days to first flower (0.89) and days to first harvest

(0.87). In a three-season study with 18 cultivars of okra,

gcv, heritability estimates and genetic advance were found to

be high for yellow vein mosaic, branches per plant, pods

per plant, seeds per pod, length of pod, plant height and

moderate for pods per plant and pod weight. Days to 50

percent flowering, nodes per plant, pod girth and 1000 seed

weight had low values (Mishra and Chhonkar, 1979).

Murthy and Bavagi (1982) conducted studies on SlX

varieties of okra and reported high heritability for

characters like plant height, days to flowering, pod length

and yield. The highest heritability value (0.99) was shown
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by pod length. Studies conducted on twenty five A.esculentus

genotypes indicated high heritability and genetic advance

values for frui ts per plant, plant height and root length

(Vashista et al., 1982). In another study by Palaniveluchamy

et al. r (1982), plant height showed the highest estimates of

heritability and genetic advance.

Comparative study on eight cultivars of okra revealed

that gcv and pcv were high for fruit yield per plant and

plant height. A high genetic advance as percent of mean

along with high heritability was observed for fruit yield per

plant, number of branches and plant height (Reddy et aI' r

1985). Ariyo (1990) estimated gcv, pcv and heritability for

15 agronomic characters

lines of diverse origin.

'..rere recorded for plant

in okra for two seasons using 30

High gcv and heritability estimates

height at flowering, edible pod

length, final plant height, number of seeds per pod and

length of mature pod indicating their likely effectiveness

for selection.

An investigation on 23 okra genotypes for eight economic

characters revealed high gcv and heritability estimates for

yield per plant and number of fruits per plant. High genetic

advance was shown by yield per plant (Venketesh, 1991).

2.1.3 Association of characters with yield

Studies conducted on 20 genotypes of okra showed that

selection of plants having more primary branches per plant

and plant height would result ln selection of high yielding

genotypes (Kaul et al., 1978). Fruit yield was found to have

positive and significant genotypic association with number of

£rui ts per plant, ! numbQr of branchQs per plant, frui t
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length and plant height (Singh and Singh, 1979 and Vashista

et al., 1982).

Arumugham and Muthukrishnan (1981) conducted studies on

okra variety Pusa sawani and F1 hybrid of Col x A.manihot and

reported that fruit yield was highly correlated with number,

length and seed content of fruits and its lower degree with

plant height and days to flowering.

Based on the studies conducted on six varieties of okra

Murthy and Bavagi (1982) reported significant and positive

correlation with number of fruits per plant and negative

correlation "\Mith days to flowering. Reddy et al., (1985)

found significant and positive correlation between fruit

yield and days to flower, plant height, number of branches,

frui t length, frui t girth and frui ts per plant when they

screened eight okra cultivars and their 28 F1' s. Yield was

reported to have significant positive correlation with weight

of pod and number of pods per plant by Mishra and Singh

(1987) and Balakrishnan and Balakrishnan (1990).

Based on an investigation on 23 okra genotypes for eight

economic characters Venkatesh, (1991) found that genotypic

correlation of frui ts per plant, frui t weight and plant

height showed significant association "\Mith yield. Sundari et

al., (1992) conducted a comparative study on 30 hybrids from

full diallel cross of six okra inbreds. Characters Ii ke

internodal length, number of pods per plant, pod length,

pod girth and individual pod weight showed positive and

significant association with yield. Correlation coefficient

between yield and number of pods per plant was the highest

(0.88) . similar results obtained except for internodal

length by Mishra and Singh (1992) on evaluation of 18

cultivars of okra.
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Plant height, number of pods per plant and days to first

flowering were found to be the important yield contributing

factors according to Patel et al., (1993) after evaluating

ten okra hybrids.

2.1.4- Association between different components other than

yield.

High correlation was observed between seed yield and pod

yield when twenty genotypes of okra were evaluated by Kaul et

al., (1978). High and positive correlation was found between

node at which first frui t appeared and days to flowering,

but wi th yield and frui t number, first frui ting node had

negative correlation (Murthy and Bavagi 1982). El Maksoud et

aI.,.. (1984) evaluated hybrids between the inbred lines of

A.esculentus cultivars viz. Balady and Gold coast. In the Fz

generation, positive correlation was seen between plant

height and each of fruits per plant, fruit weight and fruit

length. Late flowering was positively associated with more

frui ts per plant and larger frui ts . Comparative studies on

eight cultivars showed that significant positive correlation

vas there for frui ts per plant wi th days to flover, plant

height, number of branches, fruit length and fruit width

(Reddy et al.,.. 1985).

Mishra et al., (1990) based on a stUdy on 12 cultivars

reported that plant height established a positive and

significant correlation with nodes in main stem, pods per

plant and pod weight, there was negative correlation between

plant height with pod girth and seeds per pod. Branches per

plant showed a positive significant correlation with seed per

pod ~nd nQg;ltivQ corrQl~tion "With pod lQngth. Girth of pod
~
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was posi tively correlated wi th weight of the pod and seeds

per pod.

Thirty hybrids from full diallel cross of six okra

inbreds were evaluated by Sundhari e tal. , (1992). They

observed significant and positive genotypic correlation

(0.36) for internodal length and with number of pods per

plant. Number of pods per plant, pod length and pod girth

had positive and significant association with individual pod

weight. Between pod length and pod girth the association was

strong (0.38).

Mishra and Singh (1992) conducted a stUdy on 18

cultivars of okra and observed positive and significant

association of plant height wi th fruit length, fruits per

plant, frui t weight and 1000 seed weight. However it had

negative correlation with number of nodes per plant, days to

50 percent flowering, number of seeds per fruit, yellow vein

mosaic resistance and yield per plant. The number of nodes

per plant recorded a significant and posi tive association

wi th frui ts per plant at phenotypic as well as genotypic

level. Days to 50 percent flowering showed a significant

positive association with the seeds per fruit .......hile fruit

girth was negatively correlated with 1000 seed weight at both

levels.

studies conducted on ten okra inbreds revealed

significant correlation of plant height with first flowering

node (0.47 gcv), internodal length (0.63 gcv) and days to

first flowering (0.49 gcv) (Patel et al., 1993).

2.1.5 Path coefficient analysis.



9

Path coefficient analysis facili tates the parti tioning

of the correlation coefficient of genetical parameters of

crop plants into direct and indirect effects of varlOUS

traits involving the yield per plant.

Path coefficient analysis carried out on twenty

genotypes of okra by Kaul et al., (1978) revealed that days

to 50 percent germination had the maximum direct effect on

days to first pod harvest and can be used as a marker

character to select early plant types. I t also indicated

that primary branches per plant followed by Y)od yield per

plant had the maximum direct effect on seed yield, Which in

turn had high correlation (0.65) with pod yield.

Singh and singh (1979) conducted studies on thirty

strains of okra and reported positive direct effect of

internodal length, frui t width and number of frui ts per

plant towards yield. But number of branches per plant, days

to flowering and frui t length had negative effect towards

yield.

six varieties of okra were tested by Murthy and Bavagi

(1982) and their studies revealed direct and significant

effect of number of fruits per plant (+1.2173) and days to

flowering (+1.0658) on yield. But they had negative effect

on yield through flowering and fruit number respectively.

Path analysis on Fz generation plants of seven okra

genotypes showed that the number of fruits per plant followed

by frui t weight had the highest direct effect on yield.

(Balakrishnan and Balakrishnan 1990). Path analysis on

cultivar 'Pusa sawani' by Singh et al., (1990) revealed that

number of fruits per plant, fruit weight, fruit length and

fruit diameter were the important yield components of okra.
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similar results were obtained by Venkatesh (1991) ln a study

of 23 okra genotypes.

Fruit length and number of fruits per plant were

considered as the most important variables for selection and

hybridization programme for improvement of okra by Mishra and

Singh (1992) based on a study on 18 cultivars of okra.

2.1.6 Genetic divergence studies

02 and canonical analysis are used to assess the nature

and magnitude of genetic divergence. It also helps in

solving taxonomical problems in biological population of

intervarietal or sUbspecies and species level. Invariably

the application of 02 analysis is associated with the use of

canonical variable analysis.

Based on Analysis conducted on thirty okra varieties

using 02 statistics, the varieties were grouped into eight

clusters by singh and singh (1979). Oays to flowering,

number of fruits per plant and fruit bearing branches were

found to be important contributors to genetic divergence.

Pratap et al., (1980) employed D2 statistics on the data

on yield and yield related characters to assess genetic

divergence in seven diverse parents of A.esculentus and other

21 F1 hybrids. The genotypes were divided into six clusters,

cluster I and cluster II being the largest. Maximum genetic

distance was shown between clusters III and V. Fruit length

contributed most towards total divergence.

Suresh Babu (1987) conducted canonical variate analysis

on 14 entries comprising of A.esculentus line 11 H R 20-31,

A. tetraphyIIus var tetraphyIIus the inter specific hybrid,

amphidiploid and nine advanced generation lines stabilized

£or resistance to yello", vein mosaic virus. The genotypes



would be grouped into four clusters. The recurrent parent,

A.esculentus line 11 HR 20-31 and all the advanced generation

lines formed one cluster. The solitary clusters were formed

by the wild species and the amphidiploid. The reciprocal

hybrids formed a separate cluster. The variable like fruits

per plant, width of epicalyx segment, weight of fruit, days

to flower and first fruiting node were the major contributing

variables towards diversity of the entries.

Principle component analysis was used to analyze the

variation pattern 1n 20 accessions of okra by Ariyo and

Oduluj a (1991). The studies revealed that the first three

principal components viz. 1. life span, length of mature

pod, length: breadth ratio, number of branches per plant,

number of leaves per plant and flowering period; 2. stem

pigmentation, colour of leaf ve1ns, petiole pigmentation,

pedicel length, final height and pod pigmentation, 3. pod

colour, pod pigmentation, internodal ::"ength, stem

diameter, pod length and leaf lobing accounted for 49.49

percent of the total variation among the 30 characters that

described the 20 accessions. Venkatesh (1991) classified 23

genotypes of okra into five clusters based on principal

component analysis.

Factor, principal components and canonical analysis

were used to study the extent of genetic diversity among 30

accessions of West African okra. Pigmentation of various

parts of the acceSS10ns and fruit characters contributed

significantly to the total variation observed. The first

three canonical variables accounted for 100 percent of the

total variance, the first variable primarily consisted of

the number of pods per plant and pod weight whereas the

second canonical variable was primarily loaded by number of
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seed per plant and flower colour, the third canonical

variable was comprised of 100 seed weight and number of

epicalyx segments (Ariyo 1993).

2.2 Interspecific hybridization and crossibility studies

Interspecific hybridization provides means to transfer a

few of the valuable characters from wild or economically

inferior species to the agronomically superior CUltivated

speCles. Interspecific hybridization was carried out in the

genus Abelmoschus for the last half a century with different

objectives.

The cross that had been most studied was that of two

cultivated species A.esculentus and A.manihot (Teshima , 1933

ustinova, 1949 ; Pal et al' r , 1952 ; and Kl1\Ilada 1969).

Success although partial is most easily obtained if

A.esculentus, the species with the highest chromosome number

was used as the female parent. The Fl hybrids were vigorous

but not very fertile.

Pal et al. r (1952) conducted studies on morphological

characters and interspecific hybridization among the

different specles of Abelmoschus V1Z. A.esculentus,

A.tuberculatus, A.manihot, A.manihot var pungens and

A.ficulneus. Whereas the first four species readily crossed

with each other and formed normal viable seeds, crosses with

A.ficulneus resulted in only shriveled or empty seeds. The

hybrid plants showed strong heterosis in growth and fruiting.

They were also early in flowering. The studies revealed that

A.tuberculatus was more related to A.esculentus than any

other species.



Mamidwar et al. r (1980) while studying crosses between

cultivars of A.esculentus and A.manihot found that fruit set

was higher when A.esculentus was used as the female parent

with 8.33 as the near value for percentage fruit set.

Hybridization work done between plant of A.esculentus

and unnamed West African okra resulted In day length

sensitive hybrids with shortened internodes (Martin 1982) .

Interspecific crosses between two cultivars of

A.esculentus and a cultivar of A.manihot and one of the

reciprocals were successful. On comparlson of parental FI ,

F2' BCl and BC2 genotypes, heterosis over the better parent

was observed for number of frui ts per plant, plant height

and number of branches (Dhillon and Sharma, 1982). Pillai

(1984) produced interspecific hybrids between A.manihot and

A.esculentus and found that the hybrids produced fruits but

the seeds per fruit was less. Nerkar and Jambhale (1985)

conducted hybridization between A.esculentus x A.tetraphyllus

and A. esculen tus x A. maniho t. The hybrids exhibited

heterosis for plant height, spread, number of branches,

mean index of leaf and flower Slze.

Prabha (1986) conducted investigations to assess the

extent of compatibility between A.esculentus and A.manihot.

All the crosses were compatible and the hybrids exhibi ted

vlgour for several of the polygenically controlled

characters.

2.2.1 Interspecific hybrid sterility.

Teshima (1933) observed that A.esculentus and A.manihot

crossed only when the former was used as the female parent.
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Chizaki (1934) also studied this cross and reported that the

Fl hybrids were partially fertile.

Pal et al., (1952) conducted interspecific crosses

between five species of Abelmoschus viz. A.esculentus,

A. tuberculatus, A.ficuineus, A.manihot and A.manihot var

pungeni; and reported that the crosses mostly resulted In

shriveled or empty seeds. The various Fl hybrids studied

were sterile. Pollen fertility ranged from 40 to 95 percent

in different crosses, the highest being in the cross

A.esculentus x A.manihot.

About 90 percent sterility was reported in interspecific

hybrid between A.esculentus x A.manihot by Arumugham et al.,

(1975) . In interspecific hybridization between different

Abelmoschus species viable seeds "¢ould be obtained only in

crosses between A.manihot (2n = 58, 68) and A.fi 8ulneus (2n

= 72) and A. tuberculatus (2n 58) resulting plants were

sterile. (siemonsma 1982). Partial seed fertility of 5.9

percent and 7.1 percent were obtained in crosses A.esculentus

x A.manihot and A.esculentus x A.manihot. ssp manihot

respectively by Jambhale and Nerkar (1985).

2.3 Cytological and cytogenetical studies.

2.3.1. chromosome number

The chromosome number of okra (A.esculentus) showed a

wide range of variation. Teshima (1933) reported its

chromosome number as 2n = 72~Kuwada.(1966) confirmed it as 2n

= 124. The mostly prevailing chromosome number 2n = 130 had

been reported by Joshi and Haridas (l9~6) and Joshi et al.,

(1974). The reported chromosome number for A. manihot was in

the range of 2n =60 to 68 (Teshima (1933) and Kuwada (1974)).



2.3.2 Ploidy levels In Abelmoschus

Charri~r (1984) reported three ploidy levels in the

genus Abelmoschus first ploidy level was having n = 28 to 36

which included A.angulosus (n = 28), A.fisculneus (n = 36),

A. tuberculatus (n = 29)" A.manihot (n = 30 34) and

A.moschahus (n = 34). Ploidy level second had n = 62 - 69

and it included specles such as A.crinitus (n = 69),

A.esculentus (n = 62 - 65), A.tetraphyllus var tetraphyllus

(n = 65 - 69)and A. tetraphyllus var pUJ:lgens (n = 69). The

third ploidy level includes only A.caillei with n = 92 - 100.

2.3.3 Cytogenetical studies.

In order to identify the parental specles of

A.esculentus a number of interspecific crosses had been

attempted. A considerable but incomplete pairing of

chromosomes was observed in the cross A.esculentus (n = 65) x

A.ficulneus (n = 36). cytological studies of the PMCs

revealed 27 bivalents and 46 univalents indicating good

affinity of homologous chromosomes (Pal et al." 1952).

Meiotic studies of the hybrid between A.esculentus (n = 65)

and A.tuberculatus (n = 29) revealed almost perfect pairing

of the genome of A.tuberculatus with 29 chromosomes of

A.esculentus. The F1 hybrid gave 29 bivalents and 36

univalents Joshi et al., 1974). A. tuberculatus was thus

accepted as one of the progenators of A.esculentus.

Kuwada (1957, 1961) obtained sterile Fl hybrid of the

cross between A.esculentus 2n = 124 and A.manihot (2n = 68).

The meiotic studies in the interspecific Fl showed little

chromosome homology between the genome of the two species.
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The amphidiploid (2n =192) obtained by colchicine treatment

of the Fl hybrid was fertile and it was named as Nori-Asa.

Simonsuma (1982) proposed a hypothesis that A.caillei

might be a natural. amphiploid of A.esculentus and A.manihot.

Kondiah et al. r (1990) made crosses between A.caillei and

A.tetraphyllus and with two induced amphidiploids viz.

A.esculentus manihot and A.esculentus tetraphyllus.

Cytological studies 1n the cross between A. tetraphyllus x

A.caillei gave 66.5 bivalents and 6.52 univalents vhereas the

cross betveen A.esculentus - tetraphyllus x A.caillei, 71.8

bivalents and 18.22 univalents were observed in addition to

trivalents and tetravalents indicating high degree of

homology between the genome of A. tetraphyllus and A.caillei

which suggested that A. tetraphyllus would have contributed

two genome to A.caillei. Chromosome pairing behavior in the

Fl of A. esculen tus - maniho t x A. caillei gave 46 bivalents

and 13 univalents. It was likely that out of 46 bivalents

majority could be due to genome homology between A.manihot

and A. caillei. I t thus indicated indirectly that A. manihot

might have contributed one genome and A.tetraphyllus two

genomes to A.caillei.

2.4 Induction of Amphidiploidy

Joshi et al' r (1974) reported sterile hybrid between

A. tubercula tus (n = 29) x A. fisculneus n = 36). The

genomes of the two species showed very little homology.

However the induced amphidiploid showed 65 bivalents.

Although the amphidiploid was sterile the allotetraploid

structure of A.esculentus could be reconstructed.
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Jambhale and Nerkar (1982) synthesized an amphidiploid

from the cross A.esculentus (2n 130 x A.manihot ssp

manihot (2n 194) by colchicine treatment of the

interspecific hybrid. The amphidiploid plants exhibited

reduction in height and spread, number of prlmary branches,

length of petiole, stipule, bracteole, and length of fruit

fruit gigantisum was observed for size of flower, breadth of

bracteole and girth of fruit. Considerable lncrease In

length of stomata, frequency of stomatal chloroplast and

pollen diameter was observed In the amphidiploid while

frequency of stomata per square millimeter was reduced, the

chromosome configuration at metaphase - I in amphidiploid was

more or less regular forming 162 bivalents.

Suresh Babu and Dutta (1987) induced an amphidiploid by

colchicine treatment of the F1 hybrid of the cross

A.esculentus (n = 65). x A.tetraphyllus var tetraphyllus (n =

69). The induced amphidiploid showed regular meiosis forming

134 bivalents and was highly fertile.
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MATERIALS AND ~mTHODS

The present investigations were carried out In the

College of Horticulture ,Vellanikkara Thrissur during the
I

year 1993 - 95. The study was carried out at the vegetable

Research Farm of the Department of Olericulture. The

Vegetable Research farm lS located at an al ti tude of 22.5 rn

above MSL between 10° 32" N latitude and 76° 16" E longitude.

The area enjoys a warm humid tropical climate.

The investigations were carried out under the follv~ing

heads

1. Variability correlation, path coefficient and genetic

divergence studies

2. Interspecific hybridization and crossability studies

3. Cytological and cytogenetical studies

4. Induction of. amphiploidy

3.1 Materials

The materials comprised of twenty two diverse genotypes

of "Thamaravenda" collected from different parts of thG

state and National Bureau of Plant genetic Resources,

Regional station Vellanikkara varying in morphology and

yield. List of genotypes and their sources are given in the

table 1. For the cytogenetical studies A. esculentus line

AE - 202 (plate 1) and a representative genotype of A.manihot

AM - 4 (plate 2) were selected.

Methods

3.2.1 variability; correlation, Path coefficient and Genetic

divergence studies



Table I.Mofllhological characters and place of collection of 22 genotypes of

"THAM.ARAVEND~'

Genotype Source Stem

Colour

Leaf

Colour

Fruit

Shape

Fruit

Colour

Spines

on fruit

AMI

AM2

AM3

AM4

AM]

AMI0

AMl1

AM12

AM14

AM18

AM19

AM20

Triprayar b

Moovattupuzha a

Manarkadu c

Ottapalam c

Mannuthy c

NBPGR Vellanikara a

NBPGR Vellanikara c

NBPGR Vellanikara a

NBPGR Vellanikara b

NBPGR Vel Ianikara b

NBPGR Vellanikara c

NBPGR Vellanikara c

e

d

e

e

e

d

e

d

e

e

e

e

Ridged broad long

.Deeply furrowed short

Ridged, long broad

Ridged, loni, broad

Lon& ridged broad

Smo oth with typic aI

constriction towards base

Deeply furrowed ridged

long

Deeply furrowed, short

Long rideg. broad

Long ridged, broad

Long ridged, broad

Ahnost smooth short,

slender

b

a

b

b

b

a

b

a

b

b

b

b

Non spiny

Non spiny

Non spiny

Non spiny

Non spiny

Non spiny

Non spiny

Non spiny

Non spir.y

Non spiny

Non spiny

Spiny

AM21

AM23

AM25

AM27

AM28

AM31

AM33

AM34

NBPGR Vellanikara c

NBPGR VeJlanikara b

NBPGR Vellanikara a

NBPGR Vellanikara a

Mannuthy a

Kaipamangalam c

Trichur b

Mavelilr.kara a

e

e

d

d

d

e

e

d

Short, deeply furrowed a

Shortest deeply /i~rrowed a

Long slender and smooth a

Deeply furrowed, short a

broad

P.idged broad long b

Ridged broad b

Smooth at the base and a

ridged at. the end

Non spiny

NorJ spiny

Spiny

Non .piny

Spiny

Non spiny

Non spiny

Spiny

towards

AM35

AM36

Mavelikkara

Mavelikkara

c

b

e

e

Smooth at t..'1e base and

ridged /It the end

Deeply furrowed oblong

b

b

Apex

Spiny

Slightly

spiny
·~·~~~"-·ili~~;",~",·..r",.", r ., ", , m" " "'" "'.n.."'."'."'.n n".n"' n'" "'.~ r:'··D·~·~p·p'i;:;k' u'~ r.•."'..n."'".. "' M ' "' r"..m~ ..~~ ..~ ..

b - Predominantly green with pink tinge

c - Predominantely pink with green tinge

d - Light pink



Plate 1. Abelmoschus esculentus line AE - 202 selecte8 £or

interspeci£ic hybridisation.



Plate 1



Plate 2. AM - 4 the genotype of Thamaravenda selected for

interspecific hybridisation

Plate 3. Variability
,
In fruit shape and slze observed

'I'hamaravenda



Plate 2

Plate ':l,-,
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Under this programme the twenty two genotypes of

A.rnanihot were raised in the field in a randomized complete

block design with two replications. The spacing allotted was

60 cm between rows and 45 cm between plants. The treatments

were raised in two equal rows of 5 m length which formed a

plot in each replication. The crops received timely

management and care as per the Package of Practices

Recommendations of Kerala Agricultural University (1993).

3.2.1.1 Observations recorded.

Five plants were randomly selected from each genotype

per replication and observations were recorded on the

different qualitative and quantitative characters.

Observations on the following quanti tative characters '",ere

taken and their averages worked out as treatment mean for

further statistical analysis.

1. Days to first flowering.

The number of days taken for the first plant to

flower 1n an entry was recorded and termed as the date to

first flowering.

2. First flowering node.

The node at which first flower appeared in each of

the observation plant was noted and their average was taken

as first fruiting node.

3. Plant height.

Plant height was recorded from the base to the tip

of the plant after 120 days of sowlng.

4. Basal stem diameter.

Diameter of the stem at the base of the plant was

measured in centimeter, 120 days after svwing.
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5. Maximum number of internodes.

Total number of internodes on the main stem of each

plant ~as taken after 120 days of so~ing.

6. Internodal length.

The length of internode between sixth and seventh

node of the plant taken,120 days from the sowing.

7. Number of primary branches.

The number of prlmary branches per plant was

counted 120 days after sowing.

8. Length of petiole.

The length of the petiole of seventh leaf of each

plant was measured in centimeters 90 days after sowlng.

9. Length of leaf.

The length of seventh leaf of each plant was

measured in centimeters 90 days after sowing.

10. Length of main leaf lobe.

The length of maln leaf lobe of seventh leaf from

the tip of each plant ~as measured in centimeter 90 days

after sowing.

1I. Number of epicalyx segments.

The number of epicalyx segments of rlpe flower bud

1n each genotype was counted 90 days after 5 Ovll ng .

12. Length of epicalyx segment.

Length of epicalyx segment of rlpe flower bud of

each genotype was recorded.

13. Width of epicalyx segment.

width of epicalyx segment of the ripe fl~~er bud of

each entry was recorded.

14. Length of fruit.
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Ten days after frui t set the leng th of the frui t

was measured from the basal cap to the tip of frui t ill an

entry.

15. Girth of fruit

Ten days after the frui t set the diame ter of the

fruit was taken at the point of maximum bulging in an entry.

16. Single fruit weight.

Weight of a single fruit was taken ten days after

fruitset from each of the observation plant

17. Number of ridges per fruit.

The number of ridges per fruit of each entry was

noted, ten days after fruit set.

18. Number of fruits per plant.

Total number of frui ts borne on the five

observation plants were recorded in each entry and their mean

was computed as number of fruits per plant.

19. Fruit yield per plant.

Weight of fruits harvested from the five randomly

chosen observation plants were noted in each entry and their

mean taken to get the fruit yield per plant.

20. Days to first harvest.

The number of days taken to harvest the first fruit

In the five Observation plants in each genotype was taken and

their average was taken to get the days to first harvest.

21. Days to final harvest.

The days in which the five observation plants of

each genotype was finally harvested was treated as the days

to final harvest.

22. Number of seeds per fruit.

Number of seeds per fruit of ten randomly selected

pods was noted and the mean was worked out.
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23. Hundred seed weight.

Weight of hundred seeds 1n each genotype was taken.

Sample size was three.

3.2.1.2 statistical analysis

The mean of the values recorded on observations of five

randomly selected plants were taken for statistical analysis.

Data on different characters were sUbj ected to statistical

analysis at the computer centre, Department of Agricultural

statistics, Kerala Agricultural Universi ty. The analytical

method suggested by Fisher (1954) was employed for estimation

of various genetic parameters.

3.2.1.2.1 Phenotypic, Genotypic and Environmental var1ances.

The var1ance components were estimated using the formula

suggested by Burton (1952).

phenotypic variance (Vp) = Vg + Ve

where,

Vg genotypic var1ance

Ve = environmental variance

Genotypic var1ance (Vg) = (vt - VE)!N

where,

vt = Mean sum of squares due to treatments

VE = Mean sum of squares due to error

N = Number of replications

Environmental variance VE

3.2.1.2.2 Phenotypic and Genotypic coefficient of variation.

The phenotypic and genotypic coefficient of variation

were calculated by the formula suggested by Burton and Devane

(:l.gS~~ •
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Phenotypic coefficient of variation (pcv) = (Vp/X) x 100

where,

vp = phenotypic variance

X = Mean of character under study.

Genotypic coefficient of variation (gcv) (Vg/X) x 100

where,

Vg = genotypic varlance

X = Mean of character under study.

3.2.1.2.3 Heritability

Heri tabili ty in the broad sense was estimated by the

formula suggested by Burton and Devane (1953).

Heritability In the broad sense, H = (Vg / Vp) x 100

where,

Vg = ~enotypic variance

vp = ~henotypic variance

3.2.1.2.4 Expected genetic advance

The genetic advance expected for the genotypes at

five percent selection pressure was calculated using the

formula suggested by Lush (1949) and Johnson et al' r (1955)

wi th value of the constant K as 2.06 as g..:.. yen by Allard

(1960)

Expected genetic advance Ga = (Vg/Vp) x K

where,

Vg = §enotypic var~ance

Vp = phenotypic variance

K = 5election differential



3.2.1.2.5.

mean)
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Genetic gcun (Genetic advance as percentage of

Genetic advance (GA) calculated by the above method was

used for estimation of genetic gain

Genetic ga1n, (GA) = (GA/X) x 100

'oAlhere,

GA = Genetic advance

X = Mean of character under study

3.2.1.2.6 Phenotypic,

correlation coefficients

Genotypic and Environmental

The phenotypic, genotypic and environmental correlation

coefficients were· worked out to study the extent of

association between the characters. The phenotypic,

genotypic and environmental var1ances were worked out in the

same way as the variances were calculated. Mean product

expectations of the covariance analysis are analogous to the

mean square expectations of the analysis of variance. The

different covariance estimates were calculated by the method

suggested by Fisher (1954)

Phenotypic covariance between two characters 1 and 2

(CoVp 1, 2) = CoVg 1,2 + CoVe 1, 2

CoVg 1, 2 = Genotypic covariance between characters 1 and 2

CoVe 1, 2 = Environmental covariance between ct"taracters 1

and 2

Genotypic covar1ance between characters 1 and 2

Covg 1, 2 = (Mtl, 2 - Mel, 2) / N

where,

Mtl, 2 = Mean sum of products due to treatment between



characters 1 and 2

Mel, 2 = Mean sum of products due to error between

characters

1 and 2

N = Number of replications.

Vel = Environmental varlance of character 1

Ve2 = Environmental variance of character 2

The phenotypic, genotypic and environmental correlation were

adopted for the analysis using the formula by Dewey and Lu

(1959). The characters which showed significant correlation

wi th yield at one percent level of significance alone were

considered for path coefficient analysis.

3.1.2.2.7 Path coefficient analysis

In path coefficient analysis the correlation among cause

and effect are partitioned into direct and indirect effects

of causal factors on effect factor. The principles and

techniques were suggested by Wright (1921) and Li (1955) for

cause and effect.

3.2.1.2.7 Genetic divergence studies.

The genetic divergence among 22 genotypes of A.manihot

was calculated uSlng all the 22 characters of variabili ty

analysis. The method suggested by Mahalanobis (1928) was

used to estimate the genetic divergence.

Grouping of genotypes to clusters was done by Tocher's

method (Rao, 1952). Coefficient among the various factors

were worked out in all possible combinations according to the

£ormul~ suggQstQd by Johnson et a~'r (1955).
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3.2.2.1 Interspecific hybridis~tion.

Under this programme the genotypes AE - 202 and AM - 4

were crossed reciprocally. For crossing ripe flower buds of

the male parent were selected and bagged In butter paper

bags. On the female parent flowers were emasculated one day

prlor to their opening. A slight ring like incision was made

at the base of the ripe flower bud as deep as to remove the

corolla and calyx as one uni t, exposing the staminal tube

and stigma. Thus the undehised anthers were removed

carefully using a pair of forceps and the emasculated flowers

were bagged. Next day morning, before 9. a. m., the butter

paper bags were removed and pollination was done by the

pollen of the bagged flovler from the male parent. After

pollination the flowers were again bagged and properly

tagged. The bags were removed three days after pollination.

when the pods were dried the seeds were collected.

3.2.2.2. Crossability and morphological studies.

Interspecific crossing was done between AE - 202 and AM

- 4 in both directions. Altogether 35 crosses were made in

each direction. The number of fruits set and the number of

seeds per fruit were noted to work out the setting percentage

and crossability index. Further the parental species and the

interspecific F1 plants were raised In the field for

comparison of their morphology as per IBPGR guide lines.

3.2.3. Cytological and cytogenetical studies

Cytological studies on the specles A.manihot and

A. esculen tus were conducted by stUdying their meiosis. In

order to observe the cytogenetic relationship between these
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species, a detailed meiotic study on the interspecific F1

was also made. Elaborate pollen and microspore studies were

also made on the species and their interspecific hybrid.

3.2.3.1. Fixation of flower buds.

For this flower buds were collected from AE - 202, AM

4 and their interspecific hybrid between 5.15 a. m. to 6.30

a. m. when the maximum number of pollen mother cells (PMCs)

were in the stages of division. The collected buds were cut

half way longitudinally and put immediately in Carnoy's B

fixative consisting of six parts absolute alcohol, three

parts chloroform and one part glacial acetic acid for 24

hours. Then the buds were transferred to another fixative

containing three parts of ethyl alcohol and one part of

acetic acid, the acetic acid part was saturated with ferric

acetate which served as a mo "rdant. After another 24 hours

of fixing in the second fixative, meiotic preparations were

made. For later use· the flower buds In the fixative were

stored In a refrigerator in 70 percent alcohol.

3.2.3.2. Preparation of slides.

For the preparation of slides two or three anthers from

a flower bud were taken at a time on the slide. Acetocarmine

stain of 0.5 percent concentration was added and a coverslip

was placed over it. Then it was sUbj ected to heat near

boiling. For obtaining the desirable spread of chl~omosomes

pressure was applied on the coverslips by folds of blotting

paper and was observed under a microscope to study the

chromosomQ numbQr a.nd thQ a.ssocia.tion of chromosomQs _ ThQ
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slides were temporarily sealed with paraffin wax and could be

stored for about three to four days without deterioration of

the PMCs. Microphotographs were taken from temporary

preparations using Lei tz Biomed microscope attached wi th an

automatic camera.

3.2.3.3. Microspore and pollen fertility studies.

For studying the microspores immature anthers were

placed on a slide and a drop of Alexander stain was added.

This stain was prepared as per the procedure given by

Alexander (1980). Later it was covered with a coverslip and

slightly warmed. SUbsequently slight pressure was applied so

that the mlcrospores were ejected out of the anther.

Observations were made on the percent of tetrads, diads,

triads, pentads etc.

Pollen fertility was assessed by staining In Alexander

stain. Then the percent of stained and unstained pollen and

their diameter were worked out.

3.2.4. Induction of Amphiploidy.

For the induction of amphiploidy a method suggested by

Suresh Babu and Dutta (1987) was followed. The amphiploids

were primarily identified by studying the chloroplasts of the

guard cells and subsequently confirmed by cytological

studies.

3.2.4.1. Chloroplast preparation.



For this study a method suggested by Jambhale and Nerkar

(1980) for staining the guard cell of the adaxial epidermis

of okra leaves was followed. Number of stomata per uni t

area, number of chloroplasts per stomata and average length

of guard cells were noted.
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RESULTS

The present investigation included variability,

biometrical and divergence studies involving twenty two

genotypes of A. manihot. Under this programme a detailed

cytogenetical study on A.manihot In relation with

A.esculentus was also made, Regarding the cytological

observations pre-metaphase-I stages were not easily

amenable for cri tical analysis "While chromosomes could be

clearly observed in the early and late metaphase - I stages

on"Wards. The results pertaining to the above aspects have

been described under appropriate headings in this chapter .

• 4.1 Variability, Biometrical and Genetic divergence studies.

4.1.1. Variability, heritability and genetic advance.

The general analysis of varlance of the 22 genotypes of

A.manihot sho"Wed significant differences for all the nineteen

characters studied (Table 3). The genotypic mean and

population mean are glven in table 2. Range, genotypic and

phenotypic coefficients of variation, heritability, genetic

advance and genotypic gain for all the 19 characters are

given in tables 4 and 5.

1. Plant height

There was significant difference among the genotypes for

height of the plant. N4 - 23 was the tallest and ~~ - 10 the

d\lTarfest. The value ranged from 70.5 cm to 159.4 cm. The

general mean for this character was 108.7cm. The phenotypic

and genotypic coefficients of variation were 26.15 and 25.04

respectively. This character showed values of 0.91;, 53. 7
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Table 2. Mean value of 19 biometric characters in 22 genotypes of"THAMARA'v'E):-.j"DA:'

.... ' ... " •.111,'''.11'.111,''' .. '' ....,.'',."'.''' ..... ,,, .•,, •• ,...... ",••".",."'........... '.'... 110..........".,...................,..."............,.",....... ,••,.....",... ,... ,.........1: .......... "'.,............" ...... " .................."'......" ..........,n.",.........,...".,."'-'..................._ •.••.,..

Genotype Height of the No: of Main stem No: of Inter

plant branches diameter (cm) internodes nodal

(em) on main stem length

(cm)

AMI 74.75 2.26 9.15 27.72 2.43

AM2 151.30 2.71 10.68 28.01 3.31

AM3 86.8 3.32 11,66 31.45 3.01

AM4 91.8 2.80 10.75 29.5 3.05

AM7 92.45 3.00 10.24 25.30 3.00

AMIO 70.53 3.26 8.89 28.96 3.54

AMll 93.4 2.44 11.43 26.78 2.61

AMI2 156.05 2.85 10.82 31.1 0 5.29

AM14 95.03 3.25 12.02 33.75 2.66

AM18 140.40 2.00 10.85 32.10 2.65
\."
p.,

AMI9 87.39 2.05 10,23 24.70 2.38

AM20 137.80 2.92 11.20 37.43 2.74

AM21 96.07 1.95 9.56 29.03 2.20

AM23 159.40 2.75 12.24 35.10 4.16

AM25 119.96 3.00 10.33 31.03 4.85

AM27 135.96 2.63 10.66 40.90 2.09

AM28 136.56 3.30 12.38 29.41 3.31

AM31 102.41 2.35 13.95 31.67 3.93

AM33 85.76 2.81 8.84 23.32 2.95

AM34 102.90 4.40 11.35 40.85 2.90

AM35 87.00 2.85 9.25 30.90 2.70

AM36 88.53 2.58 10.48 25.40 2.28

Grand mean 108.7375 2.79 10.77 30.66 3,09

CD 17.10 0.77 1.60 3.184 0.77

(5%) (5%) (5%) (5%) (5%)
.__.......... -.... _.- ....__ ........ _....................-........ .........• , .. _... _............ ................ - ..•... _...._.__ ... _---_._---_.__._--_._----------_.
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Table 2 (Contd.)
~"""'-'-'-'-""-"--"""--'--"'--"-""""'-'--......._....... ,...__..............-..._............_..........-.........-........... .......__............-..._............_-...__._--------.-.__.._---------

Genotype Petiole Length Length Days to First Pedicel Fruit Fruit

length of leaf of basal First floweri length length girth

leaf floweri ngnode (em) (em) (em)

lobe ng

(em)

AMI 17.10 13.52 22.40 67.40 9.08 2.05 14.55 10.60

AM2 25.99 18.05 27.35 57.00 7.52 2.38 9.79 11.35

AM3 22.40 16.55 25.96 63.88 8.16 2.22 12.84 11.53

AM4 25.10 20.01 27.60 62.20 8.00 2.37 12.73 10.84

N:vf7 23.25 17.62 26.08 59.95 7.46 2.65 13.52 10.25

AMI0 10.30 14.70 17.15 42.43 6.30 2.00 11.05 12.35

AMl1 21.90 17.56 27.70 64.50 6.45 2.53 13.10 10.01

AM12 28.72 19.88 27.07 56.90 8.17 3.57 11.53 10.96

AM14 24.45 19.80 30.65 62.65 6.83 2.66 12.98 11.88

AM18 28.00 17.30 25.50 5.5.00 7.69 2.20 14.10 10.80

AM19 21.49 17.31 25.40 65.30 7.74 2.41 12.99 11.85

AM20 19.97 16.68 22.77 55.20 6.25 2.10 11.03 8.95

AM21 28.70 18.53 28.22 58.20 7.51 2.12 12.43 9.94

AM23 23.43 19.30 32.55 59.70 8.55 2.20 10.60 12.75

AM25 24.13 17,62 26.02 56.55 7,26 1.85 09.45 10.98

AM27 19.83 16.92 22.15 62.60 8.15 2.32 17.89 07.47

AM28 23.94 18.97 27.17 64,50 8.27 2.16 10.82 10,45

AM31 31.35 22.30 32.90 63.70 7.68 2.87 13.25 10.43

AM33 25.28 19.73 26.10 65.95 8.31 2.73 13.85 10.25

AM34 19.70 23.75 26.84 62.96 8.16 2.50 14.05 09.74

AM35 19.50 16.11 21.48 60.71 7.67 2.75 11.35 09.15

AM36 18..50 18.58 27.09 55.20 7.56 2.27 11.05 11.25

Grand mean 22.87 18.22 26.19 60.11 7.67 2.41 12.50 10.63

CD 0.18 0.05 2.75 3.45 0.45 0.29 1.77 1.07

(5%) (5%) (5%) (5%) (5%) (5%) (5%) (5%)

nn.........·llrtu·''''''''·tn-.rttr...·n..n... trltl· ...·url''·.W''.-I!I·....,u·l1.... r ....llr..rm...."·.... 'u·.n·....m·...·l!'·",·......'.·,"· ...·'w"rQl·'n·"'·'ln..·l1rm"ttrllrn1...r.II"II1·IIt·I..It'·...to.-tor,"·u.·.r..,·In......r ..r"r."....r••"Ilr'............-,.nu
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Table 2 (Contd.)
"..,.....,..,,,·........,.'.nr....."·...·.,.·,,,·'..·....n.."·....,"·!.n·,,,·..,....·'.'·n'·"'·1I•."".,""ft.·.,'·qn.,..,.,.'"· ......,·n'·..,·n'·I\'..1I"1...1Ir\ll'·".·,1'·...·' ..·'"·m·m·n'·'..·U,·ru...,·".·'''·.wlrrnrlO....r.....''·.n·','....,...........................,......"....................,..

Genotype Fruit ridges Single fruit Fruits I Yieldl Seeds I Hundred

weight (g) plant plant fruit seed

(g) weight

(g)

AMI 6.20 26.42 6.82 168.95 51.84 6.14

AM2 8.10 23.90 11.92 285.02 61.25 6.46

AM3 6.00 25,50 6,19 149.84 69,96 6.38

AM4 7.52 29,12 10,14 282.11 52,25 6,57

AM7 6,22 26,76 5,87 145.05 46,25 6,26

AMI0 7.70 17.03 17.05 266.64 66.45 5.53

AMl1 8.60 25,00 12,36 303.20 53.35 6.94

AM12 5,75 20,40 7.09 135.94 39.65 7,79

AM14 5,53 29.50 11.10 310.54 55.45 8.27

AM18 6.70 33,60 16,48 546.57 64.60 5.35

AM19 6,18 31.39 7.10 206,95 45.50 4.32

AM20 8.45 21.45 16.24 329.41 40.72 6.55

AM21 7.50 29,80 10,12 291.75 44.08 6.77

AM23 9.15 26.54 11.91 297,65 65.31 7.22

AM25 7.85 21.10 4,29 85.45 45,35 7.34

AM27 0.00 28,97 25,56 721.27 48.50 5.62

AM28 7.86 27.43 9.05 232.29 32,10 6.22

AM31 6,39 32.40 8.91 275.45 47.20 7,60

AM33 5.25 30,60 17,23 512.29 46.85 6.47

AM34 5.00 21.50 15,27 313.01 41.92 5.32

AM35 5,75 23,35 9,29 203.51 40,28 6.55

AM36 5.89 30.50 7,68 219.07 45.29 6.76

Grandmean 6,53 26.47 1.26 285,54 50,20 6.47

CD 0.453(5%) 2,52(5%) 1,88(5%) 53,5(5%) 6.29(5%) 0.11(5%)

_..__._.-...__...-_...-..__...._-_....._..._-_..._....._- ............_.-..........._........-.._....._..._.....-...._...._.__.....__....__........- .........._....._...- ....._..._....._.~---_ .._...._._....__._--



Table 3. General Analysis of Variance for 19 characters in 22 genotypes of

"THAMARAVENDA" .

3~

",.....",.,.,'.....nrnr_" ..'''·n'·'''.'.·'''....-''rm·''...''·•.,·m·'n·,.,·n'·"'·."·,....t'I·'u·m....·'..·'u·"rnrll.·'tT'...·....."',,,....-'.."tI ..ltr...·o,'·'''·'er..'-.,'·".·,''·...·'II·",.....'......,,·.,.·..,·.,,·....,.,·.......n ..·"...................... Ii ~ tU ....................

Soutce DF Ht ofthe No. of Main stem No. of Internod Petiole ~ngth

plmt branches diameter internodes allength length ofleaf

onmainstem

Replication 1635.9 0.14 6.85 52.19 0.31 11.77 00.35

Treatment 21 1550.1'" 0.59 '" 3.12 '" 45.03'" 1.37 '" 42.40'" 10.33*

Error 21 0067.5 0.14 0.59 02.34 0.14 03.59 02.08
...~_.__.__....._.____.__....H._._.._....._.___·.•._··__...•.._._.•._..._.....___._.....____•...._____..._._.._.•... __..__.._...•______..__._._.._..______

Source DF Length of First First flowering Pedicel Fruit Fruit Fruit

blsa1leaf flowering node length length width ridges

lobe
_.._......- .._...._--_ ..._..._...._...._.. ••• _._••••••__•••_._•••• _ ••••__•• _ ..........._._••••_ ••••••••••__ ••••__._••_ ••__._H•••_ •••••_ •••_._ ••___ •____••_.__._•• H _____• ___••_._.____._._

Replication 0.002 3.55 0.07 0.009 0.008 0.97 0.02

Treatment 21 25.30 '" 59.85 '" 1.04 ole 0.280 ole 7.080* 2.81 ... 7.05 ...

Error 21 1.75 2.75 0.05 0.020 0.720 0.27 0.05

Soutce D F

Replication

Treatment

Error

21

21

Single fruit Fruitdl Yield I plll1lt Seeds I Fruit 100 seed

weight plant weight

0.37 7.74 5558 2.09 0.007

38.30 * 50.58 '" 42667.2 * 199.69 ... 1.62 *

1.47 0.82 661.52 9.14 0.003

... Significant at 1 % level
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and 48.38 for heritability, genetic advance and genetic gain

respectively.

2. Number of branches.

The highest number of branches was produced by ~~ - 34

and lowest by AM - 21. The range was 1. 95 to 4.40. ficv and

pcv were 17.08 and 21.64 respectively. Compared to other

characters studied, this had the lowest heritability of

0.62. The genetic advance and genetic gain were O. 78 and

27.95 respectively. The general mean recorded was 2.79.

3. Main stem diameter.

For this character the values ranged from 8.84 cm in AM

- 33 to 13. 95elllin AM - 31. The general mean was 10.77 cm.

The heritability \Nas 0.68. Genetic advance, genetic gain,

pcv and gcv were 1.91, 17.73, 12.65 and 10.44 respectively.

4. Number of internodes on main stem.

The genotypes showed significant difference for this

character. The general mean for this character was 30.66.

The highest number of internodes were produced by AM - 27

(4.90) and the lowest by AM - 19 (24.70). The genetic galn

was 29.45 and heritability 0.90. The gcv and pcv were 15.07

and 15.88 respectively.

5. Internodal length.

For internodal length also the genotypes shov.red

significant difference. The general mean for this character

was 3.09 cm. The highest value of 5.29 cm was recorded by AM

- 12 and the lowest 2.09 cm by AM - 27. The heri tabili ty
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gev, pev, genetic advance and genetic galn were 0.82,

25.40, 28.11, 1.46 and 47.25 respectively.

6. Petiole length.

The grand mean for this character was 22.8 cm. The

values ranged from 31.35 cm for AM - 31 to 10.30 cm for AM 

10. The gcv was 19.27 and pcv was 20.97. The values of

0.84, 8.34 and 36.47 were recorded for heritability, genetic

advance and genetic gain respectively.

7. Length of leaf.

The largest leaf was produced by AM - 34 and smallest

leaf by AM - 1. The range of observations was 23. 75 cm to

13.52 cm. The general mean was 18. 22 cm~ gev and pev were

11.15 and 13.68 respectively. Heritability, genetic advance

and genetic gain were 0.66, 3.41 and 18.72 respectively.

8. Length of basal leaf lobe.

Significant difference was recorded regarding this

character by different genotypes. The largest value was

recorded by AM - 31 and the smallest by AM - 10. The grand

mean for this character was 26.19 and the values ranged from

17.15 to 32.9 cm. The heritability was 0.87 pcv and gcv

were 14.04 and 13.10 respectively. Genetic gain was noted to

be 25.20.

9. Days to flowering.

The general mean recorded by this character was 60.11

days. The earliest flowering genotype v.ras AM - 10 (42.43

days) and the latest flowering genotype was N1 - 1 (67 days).



The gcv and pcv for this character were 8.89 and 9.31

respectively and the heritability was 0.91.

10. First flowering node.

The genotype AM - 20 flowered at the lowest node (6.25th

node) whereas the genotype AM - 1 flowered at the highest

node (9.08th node). The overall mean recorded was 7.67. The

heri tabili ty for the character was 0.92. The gev and pcv

were 9.2 and 9.62 respectively.

11. Pedicel length.

The heri tabili ty and genetic advance recorded by this

character were 0.87 and 0.69. The grand mean was 2.41 em.

The genotype AM - 12 had the longest pedicel (3.57 em) and AM

- 25 had the shortest pedicel (1.85 em).

12. Fruit length.

Significant difference was recorded by the genotypes for

this character (plate 3). The genotype AM - 27 (plate 4)

produced the longest fruit of 17.89 em. The smallest fruit

had a length of 9.45 em produced by AM - 25. The grand mean

for this character was 12.5 em. The heri tabili ty , genetic

advance, pev and gcv were 0.82, 3.32, 14.27 and 15.81

respectively.

13. Fruit girth.

The values for this character ranged from 12.75 em for

AM - 23 to 7.47 cm for AM - 27. The general mean was 10.67

cm. Heritability and genetic gain were 0.83 and 58.65

percent respectively. The gcv and pcv were 10.62 and 11.68

respectively.
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14. Fruit ridges.

Large and significant difference was recorded by this

character among the genotypes. I t had a high heri tabili ty

value of 0.99. There was a genotype having smooth fruit AM 

27 and another wi th frui ts having ridges as high as 9.15.

The gcv and pcv for these characters were 10.62 and 11. 68

respectively.

15. single fruit weight.

The average frui t weight of 22 genotypes also showed

significant difference. The values ranged from 17.03 g for

AM - 10 to 33.60 g for AM - 18. The heri tabili ty for the

character was 0.93 and the genetic gain was 32.15 percent.

gcv was 16.22 and pcv was 16.85.

16. Fruits per plant

There was significant difference among the 22 genotypes

for this character also. The minimum number of fruits was

observed for the genotype AM - 25 (4.29) and the maximum

number fruits was produced by AM 27 (25.56). The

heritability observed was 0.97. Genetic gain had a high

value of 89.79 percent. The general mean for this character

was 11.26. The gcv was 44.31 and pev was 45.04.

17. Yield per plant.

This character had the highest values for gev, pev and

genetic advance. The treatment mean ranged from 85.45 g for

AM - 25 to 721.27 g for AM - 27. The general mean for this

character was 285.54. Heritability value was 0.97. The gcv,

pcv and genetic advance values were 50.75, 51.55 and 102.95

respectively.



Plate 4. AM - 27 a superior genotype of Thamaravenda

Plate 5. The interspecific hybrid of AM - 4 x AE - 202



Plate 4

Plate 5



Table 4, Range, Coefficient of variation, gcv, pcv and Heritability as a percentage of mean for

19 characters in uTIlAM.ARAVENDP:'

,,,,,,,,,,,",,u,,,,,,,,,,",,,,",,u""'''~'"'"R'~g~'"'''''''''''''''C'~'~'fr~f·"·"··.....J"··G~~~typT~'·"""··" ..·..Ph·~;;~typT~~~["~ ...H~;;t;~~~

Character variation coeff of f of variation bility

variation

Height of plant

No of branches

Mainstem

diameter

No of

intenodes on

mainstem

Internodal

length

Petiole length

Length of leaf

Length of main

leaf lobe

First flowering

First flowering

node

Pedicel length

Fruit length

Fruit girth

Fruit ridges

Single fruit

weight

Fruits I plant

Yield I plant

Seeds I fruit

100 seed

weight

70.53-159.4

1.95-4.40

8.84-13.95

23.32-40.90

2,09-5,29

10.30-31.35

13.52-23.75

17,15-32,90

42.43-67.40

6.25-9.08

1.85-3.57

9.45-12.75

7.47-12.75

5.00-9,15

17,03-33.60

4.29-25.56

85.45·721,3

32.10-69.96

4.32-8.27

7,56

13,29

7.14

4.99

12,04

8.29

7.92

:5,05

2,76

2.79

5.78

6.80

4.85

3,34

4.58

8.04

9,00

6.02

0,79

25.04

17.08

10.44

15,07

25.40

19,27

11.15

13,10

8.89

9,20

14.97

14,27

10.62

28.66

16.22

44.31

50,75

19.44

13.90

26.15

21.64

12.6:5

15,88

28,11

20,97

13.68

14,04

9,31

9.62

16.05

15.81

11.68

28,86

16.85

45,04

51.55

20.36

13.92

0.917

0.623

0.681

0.901

0.817

0.844

0.664

0,871

0.912

0.916

0.870

0.815

0.827

0.987

0.926

0.968

0,968

0,913

0.997



Table 5. Genetic advance and Genetic gain as percentage of mean for 19 characters in

"THAMARAVENDA»
._.__ .•._----_._--_ _-_ _...•.....__ .__ .-_ _.•.. -_._-------_._-_ ...••....•._-_..•---_._--_.---_ .•.. _-----_.
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Character

Height of the plant

No: of branches

Main stern diameter

No: of internodes on main

stem

Internodal length

Petiole length

Length of leaf

Length of main leaf lobe

First flowering

First fl owering node

Pedicel length

Fruit length

Fruit girth

Fruit ridges

Single fruit weight

Fruits / plant

Yield / plant

Seeds / fruit

100 seed weight

Genetic advance Genetic gain Mean+- SE

53.70 49.38 108.74 +- 8.22

0.78 27.96 2.79+-0.37

1.91 17.73 10.77+- 0.77

9.03 29.45 30.66+- 1.53

1.46 47.25 3.09+- 0.37

8.34 36.47 22.87+- 1.9

3.41 18.72 18.22+-1.44

6.60 25.20 26.19+-1.32

10.51 17.48 60.11+- 1.66

1.39 18.27 7.67+- 2.79

0.69 28.63 2.41+- 5.78

3.32 26.56 12.50+- 0.85

2.11 19.85 10.63+- 0.52

3.83 58.65 6.53+- 3.34

8.51 32.15 26.47+- 1.21

10.11 89.79 11.26+- 0.91

293.95 102.95 285.54+- 25.72

19.21 38.27 50.2+- 3.02

1.85 28.59 6.47+- 0.05
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18. Seeds per fruit.

The highest number of seeds per fruit was produced by AM

- 3 (69.96) and the lowest seed number per fLuit was in AM 

28 (32.10). The general mean for this character was 50.20.

Heritability, genetic gain, gcv and pcv were 0.91, 38.27

percent, 6.02 and 19.44 respectively.

19. Hundred seed weight.

This character had the highest heri tabili ty value of

0.99. Significant difference was recorded by the genotypes

for this character also. The lowest hundred seed weight was

for AM -19 (4.32g) and highest for AM - 12 (7.79 g). The gcv

was 13.90 and pcv was 13.92. The general mean recorded for

the character was 6.47 g.

4.1.2 Correlation·studies.

The genotypic and phenotypic correlation (rg and r p ) of

the different characters with the yield was worked out. The

results are given in table 6 and 7. The characters f'rui t

length, frui t girth, fruit ridges and frui ts per plant

showed significant phenotypic and genotypic correlation with

yield. But for internodal length, the genotypic correlation

alone was significant. The character fruits per plant showed

the highest and significant positive correlation with yield (

rg == 0.91 and rp 0.91). The next significant positive

correlation was shown by frui t length (rg == 0.67 and rp ==

0.6) . Number of fruit ridges showed the highest negative and

significant correlation with yield (rg = -0.52 and rp = 0.51)

followed by fruit girth (rg == -0.49 and rp == -0.44).

4.1.2.1 Inter-correlation among different characters
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Table 6. PbeDotypit correlation coefficieu (rp) 8rDOD8 yield and its compooents in ThIImanrvenda

NIL cl lUia No. r:Jl 1daDod PeDele L. ~ D.,..IO Fnt P,dicll FNI F1ue Fnd ~ Fr~ YlekVpl s.. :Wrr ~ch

bradIe .... iaIKaod Ii It:p r:Jllul oCbaul SowmIl ~ Ieslglh !alP p1iI D~S &nil ~
&Ill

.. drod
~ _00 ~ :.Illobe & IDOde ~ '"8ltt

=-
ItmI

Hap 0.003 0.401 0.460 0.431 0.389 0.248 0.288 -0.113 0.127 0.098 ·0.186 -0.063 0.104 -0.076 0.218 0.239 -0.046 0185clpbsc
Na. r:Jl 0.113 0.364 0.258 -0.270 0338 ~.O85 -0.032 -0.012 0.058 -0.106 0.047 -0.064 ~.509 0.072 -0.147 -0.098 0.035
bnDoca
lUia 0.384 0.243 0.432 0.498 0.657 0.241 ~.005 0.146 ~.037 0.102 0.48 0.226 -0.065 0.015 0.038 0338
1IeIII....
Na. cl 0.046 -0.054 0.253 0.013 -0.031 0.011 0.079 0.247 -0.358 -0.326 ~.226 0.487 0.371 -0.006 0.024
iaIaDod
., CllI......
~ci 0.288 0.270 0.266 -0.265 0.044 0.286 -0.495 0.334 0.312 -0.417 -0.322 -0.403 -0 015 0.4jJ
a111ap
Peliole 0.528 0.721 0.290 0.176 0.421 -0.057 -0.022 0.090 0.458 -0.221 0.051 -0124 0.417
~
1AqJIta 0665 0.235 0.121 0.420 0.018 -0.022 -0.035 0.208 0.008 -0.088 -0269 0160
atlili
1.qdI 0.370 0.175 0.296 -0.106 0.267 0.225 0.448 -0.311 -0.095 -0005 0530
.:lbuli
a~

0.,..10 0.548 0.216 0460 -0.210 0.255 0.460 0.167 0.057 -0283 0.028
5oW'Ulll
h1l 0.111 0291 -0005 -0.316 0.296 -0.140 0.035 -0072 -0123
50.-
.1ICHle
PNul 0126 -0076 -0.263 0.047 -0.114 ·0.054 -0286 0344
~
Pnil ·0.423 0.113 0.415 0.462 0.595 ·00<» -0326
~
PM 0.519 -0.041 -0.425 ·0.443 0.486 0134
g1k
Pnit -0.232 -0.422 -0.508 0.160 0225
tidps

3iIlP 0.020 0.399 0.004 -0069
&ui&.....
~ 0.908 0.15~ -0315

•
"':1''' 0.140 -0272,I,.,.. -0058

(ut



Almost all the delete characters studied showed

significant correlation among themselves. Plant height

showed significant and positive correlation with number of

internodes in maln stern (rg and rp = 0.46) and internodal

length (rg 0.46 and rp = 0.43). Number of branches per

plant had significant and positive correlation with number of

internodes on mainstem(rg = 0.52) and significant and

negative correlation with single fruit weight. Main stem

diameter had significant and positive correlation with

petiole length, leaf length and length of basal leaf lobe(rg

= 5.02, 0.66 and 0.78 respectively).

Number of internodes per stem had significant positive

correlation with fruits per plant (rg = 0.51) and significant

negative correlation with fruit girth (0.42). Internodal

length had significant negative correlation with fruit length

(rg = 0.56), single fruit weight rg = 0.43) and hundred

seed weight (rg = 0.51) but positive correlation with fruit

girth (rg = -51).

First flowering day had significant and positive

correlation wi th first flowering node (rg = 0.58), frui t

length (rg 0.45) and single fruit weight (rg = 0.50).

There was significant positive correlation for fruit length

with single fruit weight ( rg = 0.48)/ fruits per plant (rg =

0.53), negative significant correlation with fruit girth (rg

= -0.64) and fruit ridges (rg = -0.83). with seeds per

frui t, fruit girth showed a high positive correlation (rg =

0.59 ) whereas with fruits per plant its correlation was

significant and negative (rg = -0.49).

Fruit ridges showed significant negative correlation

with fruits per plant (rg = -0.43).
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Ttlble 7 Gmotypic cornhdiOll cotflaeot(rg)~ yie Id sod its ccmpoomls iD 1'haD8nIvenda

-- _._-----
N~ fIl lbiIa N~ fIl ~ Plllic6a LeQ8lIa LqIII Days to Fnt Pedltet r.- FnIr Ffllit s. Fr.mJ;ll

Yle~'pl s-!Wt HIftIIr·
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4.1.3 Path-coefficient analysis.

The direct and indirect contribution of the different

yield components were found out by parti tioning the

correlation between yield and their components into direct

and indirect effect. Only those characters which showed

significant correlation either with yield or yield

contributing characters were considered for this analysis.

These characters were plant hei ght, number ~f internodes,

internodal length, days to flower, frui t length, frui t

girth, fruit ridges and fruits per plant.

positive direct effects on yield were shown by the plant

height, days to flower, frui t length, frui t girth and

frui ts per plant whereas number of internodes, internodal

length and frui t ridges showed negative direct effect on

yield. The highest posi tive direct effect was shown by

fruits per plant· (0.8463) followed by plant height and

highest in direct effect by number of internodes (table 8).

Though plant height showed a positive direct effect on

yield, its indirect effect on yield through all the yield

contributing factors were negative except for frui ts per

plant (0.19). The direct effect of number of internodes per

plant on yield was negative ( -0.21). But it had positive

indirect effect on yield through plant height (0.12), frui t

length (0.03), frui t ridges (0.03) and frui ts per plant

(0.43). A negative indirect effect on yield was shown by

number of internodes through internodal length (-0.007),

days to flower (-0.005) and fruit girth (-0.009) though its

correlation with yield "llvTas positive (0.39) (Fig. 1).



Table 8. Direct and Indirect effect of yield components on fruit yield in "TIIAMAR.A.VENDP:'
.....- ....,......._...................................,............. ,.......,.,".............,,,.....,,,.......,.,.................,.....,..................................."....,.,............... ,,,.....-............................,,,.................-..................................._......................-.-.....-..

Sl no Plant No of Interno Days Fruit Fruit Fruit Fruits! Correl

height interno dal to length girth ridges plant ation

des length flower with

yield

Plant 0.252 -0.100 -0.048 -0.013 -0.025 -0.001 -0.009 0.195 0.229

height

No of 0.122 -0.207 -0.007 -0.005 0.034 -0.009 0.031 0.425 0.385

intern0

des

Interno 0.111 -0.014 -0.109 -0.029 -0.068 0.009 -0.029 -0.263 -0.453

dal

length

Days -0.031 0.009 0.029 0.108 0.064 -0.006 0.024 -0.145 0.043

to

flower

Fruit -0.045 -0.050 0.054 0.0496 0.139 -0.012 0.068 0.391 0.671

length

Fruit -0.009 0.066 0.037 -0.023 -0.058 0.028 -0.049 -0.347 -0.494

girth

Fruit -0.025 0.066 -0.037 -0.028 -0.99 0.014 -0.096 -0.357 -0.519

ridges

Fruits ! 0.058 -0.104 0.034 -0.019 0.064 -0.012 0.040 0.846 0.911

plant
·_···__·_··__.R_.....__··.. ..._..._._....-....... _.._- ..-... .........,_......._........,...__._ ......__ ..._.._...-.,_.......-_.. ........._._..-.-._..._....._...._--_..._-_.__.__.__..._.._-.._--.__ .._-.---

Underlined diagnol values indicate direct effect

Residual 0.0798.
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Fig L Path diagram 5howing direct and indirect effects ofille cornpouenls ofyield in "TIlamarav(,nda"
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Internodal length had a direct negative effect on yield

(-0.1088) and its indirect effects on yield through number of

internodes, days to flower, fruit length, fruit ridges and

fruits per plant were also negative. positive indirect

effect on yield through plant height (0.1107) and fruit girth

(0.0096) was shown by this character. I ts correlation wi th

yield was significant and negative (- 0.453).

positive direct effect on yield (0.1081) was shown by

days to flower and positive indirect effect on yield was

shown by this character through number of internodes,

internodal length, frui t length and frui t ridges. Its

effects on yield through plant height, frui t girth and

fruits per plant were negative.

Fruit length showed direct positive effect (0.1390) and

indirect posi tive effect through internodal length, days to

flower, fruit ridges and fruits per plant on yield. It had

a high positive correlation with yield. But its indirect

effect on yield through plant height, number of internodes

and fruit girth was negative.

Though fruit girth showed a positive direct effect on

yield (0.0280), its correlation with yield was negative and

significant (- 0.494). Except through number of internodes

(0.0659) through all other characters taken in this study its

indirect effect on yield was negative. It showed the

greatest negative indirect effect through fruits per plant.

Both direct effect on yield (0. 0959) and correlation

with yield were negative (-0.519) for fruit ridges. positive
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indirect effect on yield was sholArn by this character through

plant heig ht (0.0248), number of internodes (0.0663) and

fruit girth(0.0144). Though other characters like internodal

length, days to flower, fruit length and fruits per plant

the effect on yield was negative for these character$.

l.'rui ts per plant showed the greatest direct effect on

yield (0.8463) and correlation with yield (0.911). I t also

acted posi tively on yield through plant height, internodal

length, fruit length and fruit ridges. However its effect

on yield through number of internodes and days to flmler and

fruit girth were negative.

4.1.4 Genetic divergence studies.

On grouping the 22 different genotypes,

were obtained (table· 9).

three clusters

Cluster I had the maximum number of genotypes (15). It

was followed by cluster III having six genotypes. Cluster II

had only a single genotype.

Fruits of all the genotypes in cluster I were moderately

ridged with medium length though their yield varied widely.

All of them gave moderate yields. The plants were

comparatively of lesser height with medium sized leaves. The

genotypes in this cluster were AM - 1, AM - 3, AM - 4, AM -

7, AM - 10, AM - 11, AM - 14, AM - 18, AM - 19, AM -

20, AM - 21, AM - 33, AM - 34, AM - 35 and f\.M - 36.

Cluster II consisted of AM 27 alone. This gave

highest yield and had the longest fruits which were smooth
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TABLE 9. Clustering pattern in 22 Genotypes of "THAMARAVENDA".

Cluster ntnnber N"tnnber of gerotypes in each c1ullter Gerotypes

1.

I

II

ill

15

6

AMI, AM3, AM4, AM7, AMID,

AMI1, AM14, AM18, AM19,

AM2D, AM21, AM33. AM34,

AM35, AM36

AM27

AM2, IM12, AM23, AM:25,

AM28, AM3l



and the thinnest. The plants were very tall and had the

maximum number of internodes among genotypes.

Genotypes yielding fruits with deeper ridges were

included in cluster III. They were AM - 2, 1I.M - 12, Ar'1

23, AM - 25, AM - 28 and AM - 32. They were tall and

comparatively with longer internodes. These plants flowered

comparatively earlier and gave shorter fruits and lower

yield.

The maximum intra cluster distance of 3. 707 shown by

cluster I. Cluster III showed an intracluster distance of

2.914 and for cluster II the intracluster distance was zero

Slnce it contained a single genotype (table 10).

The intercluster distance between cluster II and cluster

III was the maximum (8.95) followed by that between cluster

II and cluster I (7.56). The intercluster distance between

cluster I and cluster III was minimum (3.374).

A diagrammatic representation of clustering of genotypes

1S given in figure 2.

4.2 Cytological, cytogenetical and crossability studies

A detailed observation of meiosis and salient features

of the external morphology were expounded in the parental

species, interspecific hybrid and the amphiploid. The

observations pertaining to the above aspects have been

described under appropriate heading in this chapter.

4.2.1 Meiosis in A.esculentus

Cytological studies confirmed the chromosome number of

A.esculentus line AE 202 as 2n 130. The chromosome

configuration at metaphase I was regular forming 65 bivalents

( Plate 6). A few pollen mother cells (PMC's) having upto



TABLE 10. Inter and Intra cluster distances among three clusters from 22 Genotypes of

"TIIAMARAVENDN .

I'.

Cluster

IT

ill

I

3.701.

7.563

3.374

II

0.000

8.952

ill

2.914
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Underlined diagnol figures indicate intracluster distance



Fig2. Diagrammatic representation of clustering of 22 genotypes in THAMARAVENDA
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four univalents were also observed due to the precautious

separation of some bivalents at this stage (Table 11). At

anaphase I disjunction of chromosome was regular without any

abnormalities. Distribution of chromosomes to the poles was

equal at anaphase I and II. After telophase II four separate

cells, microspores forming the tetrads were observed (plate

14) .

Pollen stainability was 96.15 percent (Plate 11). The

mean diameter of fertile pollen grain was 0.0594 Mill and the

range was 0.0531 to 0.0708 Mill.

4.2.2. Meiosis in A.manihot.

The course of meiosis ln A. manihot line AM 4 was

studied and the chromosome number 2n = 184 was confirmed for

this species. At metaphase I the chromosomal association

consisted of 92 bivalents (Plate 7). Due to the early

separation of some bivalents a few cells sho'oiJing upto SlX

univalents were also observed (Table 12). At anaphase I and

II normal disjunction of chromosomes to the poles was

observed in all the PMC's studied. At telophase I and II,

two and four groups were formed respectively. At tetrad

stage four microspores were observed.

The average pollen stainabili ty was 97.08 percent and

mean fertile pollen diameter was 0.0593 Mill (Plate 12).

4.2.3 Interspecific hybridization.

Interspecific hybridization between A.esculentus and

A.manihot were carried out in both directions. The crosses

w.ere successful only when A.manilJot was kept as the female

parent (plate 5). The fruit set in the successful direction



Plate 6. Metaphase I in AE - 202 showing 65 bivalents x 1000

Plate 7. Metaphase I In AM - 4 showing 92 bivalents x 1000
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Table 11 . Chromosome association in metaphase 1 in pMCs of A esculentus line AE - 202

5 f:u

I FREQUENCY NO FREQUENCY %
•__ .M •••• __• •• _ ••• _ •• _ ••• __._ •••• __•• •••••••• ••• • __ • _

2 2 40

N

RANGE

MEAN I

CELL

ill IT

64

65

63

63 - 65

4

2 - 4

2

TOTAL NO OF

CELLS = 5

40

20

64.0 2.4



Table 12.Chromosome association at Metaphase 1 in PMCs ofTHAMARAVENDA line AM - 4

N III II I FREQUENCY NO FREQUENCY %

90 4 2 40

92 20

91 2 20

89 6 20

RANGE TOTAL NO OF

89 - 92 2 - 6 CElLS =5

MEAN I

CEll

90.5 3.0

57



of crosses was 62.85 percent and crossability was worked out

as 40.6percent.

4.2.4 Meiosis in the interspecific hybrid.

Meiosis in the interspecific hybrid (Plate 8) was

critically observed and the chromosome number was ascertained

as 2n = 157. Chromosomal association ln metaphase I

consisted of bivalents and univalents (Table 13) in the PMC's

examined. The number of bivalents ranged from 63 to 65 and

the maximum number of bivalents were observed in 60 percent

of the PMC' s. I n general the bivalents were oriented in the

equatorial plane while the univalents were sca~tered ln the

cytoplasm. In the later stages of meiosis some disjunctional

abnormalities like laggards, unequal distribution of

chromosomes, mUltipolar spindle formation and micronuclei

were noticed. The highly irregular meiosis resulted in the

formation of diads, triads, pentads and hexads in varying

proportion in addition to the normal tetrads. (Plate 15 and

Table 16). sUbsequently pollen grains produced were mostly

sterile (Plate 13). Pollen stainabili ty observed was only

18.26 percent. The mean diameter of fertile pollen grains

was 0.062 MID and that of sterile pollen grains was 0.0363 MID.

It produced an average 20.42 seeds per pod.

of
4.2.5 Induction amphiploidy.

"-
Amphiploidy was induced by treating 0.1 percent

colchicine on the vegetative buds. Only one bud out of 45

buds of the interspecific hybrid of A.manihot x A.esculentus

resulted ln amphiploidy. This could be easily made out by

vigorous shoot wi th thick leaves put forward by the bUds

effected by colchicine treatment. Amphiploidy was further



Table 13 . Chromosome association at Metaphase 1 in PMCs of interspecific hybrid AM • 4 x

AE - 202

,'n .-.
•-~ !

00

N ill IT I FREQUENCY NO FREQUENCY %
...-.......•-- .~,--_._-_.__ __ ._----.__.-._ -._--_ _._-_.--_ -----------

65 27 3 60

RANGE

MEAN!

CELL

64

63

63 - 65

29

31

27 - 31

TOTAL NO OF

CELLS = 5

20

20

64.0 29.0



identified by studying the stomata and guard cell chloroplast

of the adaxial leaf epidermis, sUbsequently confirmed by

meiotic studies.

4.2.6 Identification of amphiploidy by stomatal studies.

stomata and guard cell chloroplast of parental species

and the amphiploid induced were studied. I t was found that

the length of stomatal opening (0.0592 MID) and the number of

chloroplasts in the guard cells (20) of the amphiploid was

markedly more in comparison with the progenitor species,

whereas intensity o.f stomata per millimeter (13.5) was lower

in the induced amphiploid.

4.2.7 Meiosis in the amphiploid.

Meiosis in the Cl generation amphiploid was studied,Its

chromosome number was confirmed as 2n = 314. The chromosome

configuration at the metaphase I was more or less regular

forming 157 bivalents (Plate 9 and 10) in the 40 percent of

the PMC's studied. At this stage bivalents ranged from 155

to 157, univalents 0 to 4 (Table 14). SUbsequent stages of

meiosis were regular. At anaphase I and I I disj unction of

chromosomes to the poles was equal. Normal tetrads having

four microspores were found at the end of meiosis. Pollen

stainabili ty observed in the amphiploid was 58.33 percent.

The mean diameter of fertile pollen grains was 0.071 flIl1.

Amphiploid produced an average of 42.5 seeds per fruit.

4.2.8 Morphological studies.

Observation recorded on the morphological characters of

A.esculentus, A.manihot and the interspecific hybrid are

presented in the table 15.



Plate 8. Metaphase I in AM - 4 x AE - 202 with 2n = 157

having 65 n~ and 27 I~ x 1000

Plate 9. Metaphase I in the synthetic amphiploid AM - 4 x

AE - 202 with 2n = 314 x 1000

Plate 10. Chromosome configuration during Metaphase I showing

157 bivalents in the synthetic amphiploid drawn

using camera Lucida x 1000
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Table 14 . Chromosome association at Metaphase 1 in PMCs of synthetic amphiploid involving

AE • 202 AND AM - 4

61

IV

RANGE

:MEAN /

CEIL

III II I FREQUENCY NO

157 2

155

156 2

155 4

TOTAL NO OF

155-157 2 - 4 CElLS=5

155.75 1.5

FREQUENCY %

40

20

20

20

--_. ---



Plate 11. Pollen of AE - 202 x 400

Plate 12. Pollen of AM - 4 x 400

Plate 13. sterile and fertile pollen of the cross AM - 4 x AE

- 202 x 400
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Plate 14. Normal tetrads seen In AE - 202 x 400

Plate 15. Dyads, tri.ads, tetrads, pentads and hexads seen in

the F1 (AM - 4 x AE - 202) x 400



Plate 14

Plate 15



Table 15. Comparison of characters of parents (AE - 202 and AM - 4 ) and their interspecific

hybrid

CHARACTERS AE - 202 AM-4 F1---_.•._..._-_..__._...._..._._-_._--_....._....__._.-_.._...._-_..._....._.._._---_...__............_..•......._.....-_.._-_....__.__._------_._-----
Plant height 84.80 101.52 161.67

Days to flowering 44.67 61.06 52.67

First Dowering node 6.33 7.52 7.46

Number of primary branches 2.3 3.23.2 4.1

Number of internodes 25.34 24.13 36.67

Internode length 4,1 2.3 7.4

Stem colour Pale green Green with purple Green with

patches purple patches

Petiole length(cm) 17.56 28.98 30.24

Shape of leaf Iregular palmate Iregular palmate Regular palmate

Basal lobes of leaf Not overlapping Overlapping Overlapping

Size of leaf Small Medium Large

Colour of leaf Green Green with pink Green with pink

vems vems

Length of stomatal opening 0.0374 0.0503 0.0413

Range 0.0295 -0.0472 0.0354 - 0.0531 0,0354·0.0472

Number of stomata per mm 25.8 25.92 32.4

Number of stomatal chloroplasts 11.38 10.9 12.5

Flower colour Yellow Yellow Yellow

Red colouration of petal base Present on both Only on one side Present on both

sides sides

Flower size Small Medium Large

Number of epicalyx segments 10 7.52 6
...--.-.... .- """"'" -. _ ," m .m , , ,....-. -.... .......- .....-.....-.

(Contd)
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Table 15. (Contd.)
.............- , - _ _-- -.",._ _ _ _ ,..- _.." _ __ ___ ~~"

CHARACTERS AE - 202 AM - 4 F j

-_._-----_._----_.•. _-_.__ ... _-_..• -_._---_..---_.------------_._------_ ... _------------------_._-----
Length of epicalyx segment 4.6 3.05 2.4

Width of epicalyx segment 0.16 0.95 0.65

Persistance of epicalyx segment not persistant Not persistant Not persistant

Length of fruit(cm) 28.29 14.23 19.73

Girth of fruit(em) 6.5 9 10.7

Fruit shape Long slender Oblong Semi - oblong

Number of fruit ridges 5 7.8 8.1

Fruit colour Pale green Green with purple Green with purple

tinge tinge

Number of seeds per fruit 58.87 52.25 20.42

Number of fruits per plant 11.2 10.14 12.26

Single fruit weight 31.16 29.12 20.67

Field reaction to YVM:V susceptible Resistant Resistant

Fertility of pollen 96.15 97.08 18.26

Pollen size 0.0594 0.0593 Fertile: 0.062

Sterile: 0.0363

Range(mm) 0.0531 -0.0708 0.059 -0.0649 0.059 - 0.0708
........,.. m '." ' m uoo••" ". 11'· ..". •• ,., "' , , , , , ,.. 011 , .._ ••" ..'.,.~.., _ ..- __-.. .-..-.

63



Parental difforences was seen ln almost all the

characters studied. These included characters such as plant

height, days to flower, number of primary branches, number

of internodes, internodal length, shape of leaf, leaf

Slze, flower size, number of epicalyx segments, length and

girth of fruits, number of fruit ridges and fruit colour.

Morphologically all the plants of the interspecific

hybrid looked alike. Plants were robust and vlgorous and

represented more towards the semi-wild species (Plate 5). In

the interspecific hybrid the mean values were higher for the

characters li ke plant height, internodal length, number of

internodes, petiole length, size of leaf, number of

stomata per square millimeter, number of stomatal

chloroplasts, girth of frui ts, number of fruits per plant

and number of fruit ridges. The F1 hybrid recorded 115.7

percent heterosis with respect to fruits per plant over its

cultivated parent AE - 202. Intermediate mean values were

recorded for characters such as days to flowering, first

flowering node, length of stomatal opening, number of

epicalyx segments, 1"ridth of epicalyx segments and length of

fruit.

The induced amphiploid grossly resembled the Fl hybrid

for most of the morphological characters. The characters

such as girth of stem, leaf shape, primary branches, width

of epicalyx segments, length of frui t and field reaction to

'{VMV were similar to those of the F1 hybrids. Unli ke the

interspecific hybrid the amphiploid was more fertile and

produced an average 42.5 seeds per pod.



Table 16. Frequency of dyads, triads, tetrads, pentads and hexads during the formation of

mierospores in AM • 4, AE· 202 and their interspecific hybrid

FREQUENCY %

-------->

p;£ 202

AM4

F1(AE202'" AM 4)

DYADS

12.9

TRIADS

28.5

TETRADS

100

100 

34.1

PENTADS

16.3

HEXADS

8.3



Discussion



DISCUSSION.

The present study was aimed at the genetic improvement

and cytogenetical studies on Thamaravenda which was

considered as a form of A.manihot. Thus the study explored

the variability occurrlng in the specles proposed for

improvement and pinpointed different characters to be

considered for further development. It also elucidate

chromosome affinity of the species with A.esculentus. These

information provide the basic biometrical and cytological

edifice for further breeding programme in "Thamaravenda".

Based on these, the present study was carried out and the

results obtained are discussed below.

5.1 Variability studies.

The success of crop improvement largely depend on the

magnitude of variability and the extent of heritability

exhibi ted by the desirable characters. In -t-&e- okra great

variabili ty in quali tative and quanti tative characters had

been observed by many workers like Vashista et. al." (1982).

Hamon and CharriQr (1983) Hamon et. al." (1991) and Arigo

(1993) .

In the present study the twenty two genotypes showed

significant difference among themselves ln all the 19

characters studied namely plant height, number of branches,

main stem diameter, number of internodes of main stem,

internodal length, petiole length, length of leaf, length

of basal leaf lobe, days to first flowering, first

flowering node, pedicel length, fruit length, fruit girth,

fruit ridges, single fruit weight, fruits per plant, yield

per plant, seeds per frui t and hundred seed weight. This



revealed considerable scope for improvement of these

characters.

The yield peJ~ plant, length of fruit, number of

frui ts per plant was highest for AM - 27. I t also had the

largest number of internodes on the main stern (40.9). The

internodal length 1i/aS least for this genotype (3.09 cm). AM

23 was the tallest genotype (159.4 cm). The earliest

flowering genotype was AM - 10 which flowered in 42 ,43 days

and the genotype N~ - 20 flowered at the lowest node (6.25).

Fruit girth was highest for AM - 23 (12.75 cm) and lowest for

AM - 27 (7.47 cm). The heaviest fruits were produced by

genotype AM - 18 (33.6 g). The number of seeds per fruit was

highest for AM 3 (69.96) and the hundred seed weight

highest for AM - 12 (7. 77~;g) . The genotypic coefficient of

variation was of high magnitude for yield per plant, fruits

per plant, seed yield per plant, internodal length and

height of plant resulting in high heritability. This

indicated that these characters were least affected by

environment. Kaul et. al., (1978), Mishra and Chhonka1f

(1979), Murthy and Bavagi (!982), Ari90 (1990) and

Venketesh (1991) have also reported a high genotypic co

efficient of variation for the above characters coupled wi th

a high heritability. The characters like main stem diameter,

length of leaf, days to first flowering, first flowering

node and fruit girth had comparatively lower gcv indicating

that these characters are highly influenced by environment.

The effectiveness of selection depends upon the heritability

and genetic advance of the character studied. High

heritability along with high genetic gain was shown by height

of the plant, yield per plant, frui ts per plant and frui t

ridges, This indicates the presence of addi tive genes and
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shows that these characters can be improved by selection.

Such results were also obtained by Mishra and Chhorkar

(1979), Murthy and Bavagi (1982) , Reddyet al." 1985 and

Ari't)o (1990). Eventhough heri tabili ty was high for days to

first flowering and first flowering node, these characters

showed a low genetic gain indicating the action of non

additive gene action for the expression of these characters.

The present study also indicates that high heri tabili ty lS

not always coupled wi th high genetic gain as reported by

Johnson et· a1." (1995). Therefore direct selection has

only limited scope for improving these characters.

5.2. Correlation studies

A thorough knowledge of the relationship between yield

and its component characters will help to produce a

simultaneous improvement of yield and yield contributing

characters. I n the present stUdy also the characters frui t

length and fruits per plant showed significant positive

phenotypic and genotypic correlation with yield. Such

results were also obtained by Singh and Singh (1979),

Arumugham and Muthukrishnan (1981), Vashishta et a1.,

(1982), Reddy et a1., (1985), Mishra and singh (1987),

Singh et a1., (1990) and Venketesh (1991). Therefore an

improvement In these characters will produce a simultaneous

improvement In yield. The highest yielding genotype AJ'.1 - 27

had the maximum length for the fruit which directly

influenced the yield. I t had the maximum number of fruits

per plant and the fruits had no ridges (Plate 4).

Internodal length and main stern diameter showed negative

correlation with yield. Negative correlation of internodal

length with yield in A.esculentus was reported by Mishra and



singh (1992). The internodal length was the minimum In AM 

27. High yielders are having the minimum internodal length

is clearly substantiated by the fact that the internodal

length is having a negative association wi th yield. Though

negative correlation of the internodes per stem with fruits

girth was observed, the yield was not substantially reduced

as the number of internodes increased. The phenotypic

correlation was smaller than genotypic correlation indicating

that environment had smaller, but similar effect on these

characters.

The above finding shows that plants producing long

fruits with minimal internodal length as well as plants

having more frui ts per plant and mIn imum h'ull girth may be

selected for future breeding programmes.

5.3 Path coefficien·t analysis.

Path coefficient studies revealed that plant height,

days to flower, fruit length, fruit girth and fruits per

plant had a positive direct effect on yield whereas number of

internodes, internodal length and fruit ridges showed

negative direct effect on yield. such results were also

reported by Murthy and Bavagi (1982), Balakrishnan and

Balakrishnan (1990), singh et al., 1990, Venketesh (1991)

and Mishra and Singh (1992).

Though plant height did not have a significant

correlation wi th yield, the indirect effects of the same

through the number of internodes, internodal length, days

to flower, fruit length, fruit girth and fruit ridges was

negative. The indirect effect of plant height through fruits

per plant was minimum indicating that plant height is not an

important yield determining factor. This is also justified
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by the fact that the direct effect of internodal length on

yield was also negative as against the result got by singh

and singh (1979) in A.esculentus. Days to flower also did

not have a significant effect on yield. Fruit length, with a

significantly high correlation wi th yield, but not having

much of the direct effect, did influence through the fruits

per plant. This observations coincide with the findings of

Singh et a1., (1990) and Mishra and Singh (1990) In

A.esculentus; . Though the fruit girth did not have a

negative direct efJ"ect, the correlation of the same with

yield was significantly negative. similar results as in the

case of fruit girth hold good for fruit ridges also. A high

direct effect of the fruits per plant on yield was observed.

This is supported by the fact that the correlation of fruits

per plant with yield was highly significant. such an

observation was earlier noted by many workers like Kaul et

ala , (1979) , Singh and Singh (1979), Murthy and Bavagi

(1982), Balakrishnan and Balakrishnan (1990), Singh eta

a1., (1990) and Mishra and Singh (1992).

5.4 Genetic divergence studies.

The non-hierarchical Euclinear cluster analysis was used

to cluster genotype~:. This has resulted in three clusters in

the present study. The cluster II distances itself from

clusters I and cluster III, but the distance between cluster

I and cluster III was not to that extent. Similar results

had been earlier reported by Pratap et a1., (1980), Suresh

Babu (1987), Ari~o and Odulaga (1991) and Ariyo (1993) In

the genus Abelmoschlls. In the cluster II fruits of all the

genotypes were moderately ridged wi th medium length. Though

the yield varied widely all of them gave moderate yields.
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These plants were comparatively of lesser height with medium

sized leaves. The genotypes in this cluster were AM - 1, AM

- 3, AM - 4, AM - 7, AM - 10, AM - 11, AM - 14, AM

18 , AM - 19 , AM·- 20 , AM - 21 r AM - 33 , AM - 34, AM

35 and AM - 36.

Cluster II consisted of AM - 27 alone. This genotype

gave highest yield and had the longest frui ts which were

smooth and slender. The plants were very tall and had the

maximum number of internodes among the genotypes. These

traits made this genotype quite distinct from others thus it

formed a solitary cluster (Plate 2).

Genotypes yielding fruits with deeper ridges were

included in cluster III. They were AH - 2, AM - 12, AM

23, AM - 25, AM - 28, AM - 31. These plants were tall with

comparatively longer internodes and flowered comparatively

earlier and gave fruits with lower yield.

5.5 Cytogenetical studies.

The present cytogenetical studies between A. esculentus

and A.manihot evaluate the interrelationship between the two

species based on the chromosome number, chromosome homology

and response to chromosome dOUbling of the interspecific

hybrid.

5.5.1 The Chromosome number of A. esculentus line AE - 202

and the A.mainhot line AM - 4.

The somatic chromosome number of A.esculentus

from 2n = 66 to as high as 2n = 144 (Charrier 1984).

(1938) reported two kinds of okra, a diploid type with 2n =

66 and a tetraploid type with 2n 130. The variety of okra

that Teshima (1933) used in his experiment was having 2n =



72. The somatic chromosome number

several investigators except Teshima

of okra observed by

(1933) and Ford (1938)

was always in the range of 120's and 1-30' s. From their

information it 1S possible to deduce that there might be two

forms of okra, one in the range of 60's to 70's and the

other 120's to 130's in their somatic chromosomes. It was

widely believed that chromosome race with 2n = 72 realized by

Teshima (1933) had disappeared. But this speci es form of

okra was rediscovered by Ugale et al., (1976) and Kamalova

(1977). The A.esculentus line AE - 202 used in the present

study has 2n = 130 chromosome showing that this line belongs

to the mostly prevailing tetraploid group.

Cytological studies on Thamaravenda which was considered

to be a form of A.manihot evoke a considerable interest. It

was established in the present study that its chromosome

number n = 92. Charrier (1984) reported A.manihot as a

diploid species of Abelmoschus having chromosome number in

the range of n = 30 - 34. This indicated that Thamaravenda

cannot be considered as a species form of A.manihotwas its

chromosome number realized in the present investigation as n

92 which tallies with gametic chromosome number of

A.caillei. So from the present study it can be deduced that

Thamaravenda stands apart from any form of A.manihot, but has

strong evidence tha tit comes under the complex polyploid

species A.caillei.

5.5.2 Cytology of interspecific hybrid.

I n the interspecific hybrid almost all the ilaplophase

chromosomes (n = 65) of A.esculentus were found to pair with

the homeologous counterparts of the Thamaravenda which is now

recognized as A. caillei forming mostly 65 hivalents and 27
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univalents. This confirms the proposal of Siemonsuma (1982)

that A.caillei might be a natural amphiploid of A.esculentus

and A.manihot. The fertile amphiploid of "Nori-Asa" between

these two species realized by Kuwada (1957, 1964) resembled

A.caillei in morphological characters. According to Kondaiah

et. al., (1990) A.manihot might have contributed one genome to

A. caillei. Joshi and Haridas (1976) had already confirmed

the allopolyploid origi n of A. esculen tus consti tuting the

genomes of A. tubercula tus and A. ficulneus. So the present

study confirmed the complex polyploid origin of Thamaravenda

which can be reg arded as A. caillei. Further cytological

studies on this species in relation with the basic genomes of

A.tuberculatus, A.ficulneus and A.manihot will provide its

true mode of origin. Having a high degree of chromosome

affinity between A.esculentus and A.caillei confirmed in the

present investigation shows that the gene introgression

between these species is quite possible and this information

can be utilized in the future breeding programmes.

The interspecific hybrid was found to be partially

sterile. The cytological basis for the high sterility could

be enquired by taking into consideration of the data

available on the meiosis. In the pollen mother cells

observed at metapha~;e I univalents ranged from 27 to 31.

Further abnormalities were also recorded at the later stages

and these included presence of lagging chromosomes,

occurrence of micronuclei and mUlti~olar spindle formation.

Thus the occurrence of distributional abnormalities of

chromosome at meiotic stages could be accounted for the 81.74

percent pollen sterility in the Fl hybrid.

5.5.3 Cytological studies In the synthetic amphiploid.



I n the pres..an.t stJ ldy an ampbiploid was induced by

doubling the chromosome compliment of the interspecific

hybrid. The amphiploid expressed normal chromosome behavior,

increased pollen fertility and seed set in comparison wi th

the interspecific hybrid. Its chromosome number was

established as n = 157.

In the amphiploid the frequency of multivalents was very

low even though as high as 65 bivalents were observed in the

interspecific Fl hybrid. This can be attributed to the

preferential pairing of chromosomes coined by Darlington

(1937) . Presumably the parental chromosomes are similar

enough to pair in the Fl, yet they differ in small segments

that is the cryptic chromosomal differences (Stebbins 1950)

of the species involved. Burnham (1962) observed that in

genera having small chromosomes there '""ould be low frequency

of crossing over and- hence no multivalent association might

occur. So the extrHmely small chromosomes of the parental

species can also be attributed to the regular chromosome

behavior of the amphiploid. The detailed cytological studies

in amphiploid synthesized 1n the genera Hibiscus and

Abelmoschus r Kuwada (1964) and Jambhale and Nerkar (1982)

showed that they can surV1ve as stable and fertile synthetic

species. The amphiploid synthesized in the present study can

be a proof and infact an experimental evidence thereof.

5.5.4 Crossability between the parental species.

The result of the crossabili ty studies between the two

species showed that crosses Wilre successful only when

Thamaravenda line AM - 4 was kept as female parent. The

reciprocal crosses did not set any frui t. This unilateral

cross incompatibility can be attributed to some pre or post



fertilization barrier as per Kalloo (1988). As the crosses

are successful when the parental line having much higher

chromosome number was kept as female parent shows that embryo

endosperm balance might have a critical role in the seed set

in this specific cross combination.
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SUMMARY

The present investigation on "Genetic improvement and

cytogenetical studies" in Thamaravenda (Abelmoschus manihot

L.) was conducted at the Vegetable Research Farm, Department

of Olericulture, College of Horticulture, Vellanikkara during

the years 1993 - 95. The maj or obj ectives of the study were

to collect the maximum available genotypes of the edible form

of Abelmoschus sp locally known as "Thamaravenda", study the

extent of genetic variabili ty and identify promising

genotypes among them I confirm the chromosome number of the

species, determine its species and taxonomic status / study

its crossabili ty and chromosome affinity wi th A. esculen tus

and attempt to synthesis an amphiploid of A. esculen tus and

the species proposed for improvement.

Genetic variab.ili ty and divergence among 22 genotypes

were assessed. The genotypes stUdied showed significant

variation among thl~mselves for all the characters namely

plant height, number of primary branches, main stem

diameter, number of internodes on mainstem, internodal

length, petiole length, length of leaf, length of basal

leaf lobe, days to first flowering, first flowering node,

pedicel length, fruit length, fruit girth, number of fruit

ridges, single fruit 1!leight, frui t per plant, yield per

plant, seeds per fruit and hundred seed weight. The

existence of considerable variation indicate the scope for

improving the population.

The genotype AM 27 produced the highest number of

fruits per plant (25.56) and the yield was also maximum for

this genotype (721.27 gm per plant). Besides this it produced
I

smooth, long frui ts and had maximum number of internodes.
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These desirable qualities combined ln this single genotype

indicate its scope for use in further breeding programme.

High value of genotypic coefficient of variation combined

wi th high heri tabili ty was shown by characters like frui ts

per plant, yield per plant, frui t ridges and height of

plant showed that these characters were least influenced by

environment. High heritability along with high genetic gain

was shown by height of the plant, yield per plant, fruits

per plant and number of fruit ridges. This indicates the

presence of addi ti ve genes and shows that these characters

can be improved by selection.

Significant positive phenotypic and genotypic

correlation with yield was shown by fruit length and fruits

per plant indicating that an improvement of these characters

will produce a simultaneous improvement ln yield. Fruit

girth, fruit ridges, internodal length and main stem

diameter showed correlation with yield.

When path coefficient analysis on the genotypes was

conducted it was seen that fruits per plant showed the

highest posi tive direct effect on yield. Posi tive direct

effects on yield were shown by plant height, days to flower,

fruit length, fruit girth and fruits per plant. The

residual effect was only 0.0798 indicating that 92.02 percent

of the variation in yield was contributed by the component

characters namely plant height, number of internodes,

internodal length, days to flower, frui t length, frui t

girth, fruit ridges and fruits per plant.

The 22 genotypes were grouped into three clusters wi th

the aid of Euclinear cluster analysis. Cluster I had the

maximum number of genotypes (15) followed by cluster III

which had SlX genotypes. Cluster II had only a single
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genotype AM - 27. Cluster I showed the highest intracluster

distance followed by cluster I I I. Cluster I consisted of

plant producing medium broad fruits while plants with broad

short and deeply furrowed frui ts were included in cluster

III. The single genotype AM - 27 included in cluster II had

the longest most slender and smooth frui ts which made it

quite distinct from the other genotypes.

The chromosome number of A.esculentus line AE - 202 and

Thamaravenda type AM - 4 was confirmed to be 2n = 130 and 2n

184 respectively. Both these specles showed regular

meiosis forming bivalents. Due to precarious separation of

bivalents 4 6 univalents could also be observed. The

chromosome number of 2n = 130 for AE - 202 showed that it

belonged to the tetraploid group of A.esculentus. The

somatic chromosome number 2n = 184 for AM - 4 indicated that

it was not at all a i.orm of A.manihot, but it came under the

complex polyploid specles A.caillei.

In the interspecific hybrid between AE - 202 and AM - 4,

all the haplophase chromosomes (n = 65) of A.esculentus were

found to pair wi th the homeologous counter parts of AM - 4

forming mostly 65 bivalents and 27 univalents. This is

indicative of the complex polyploid origin of Thamaravenda

having all the genomes of A.esculentus.

The interspecific hybrid was found to be partially

sterile producing on an average 20.42 seeds per fruit. The

reason for this must be due to the meiotic irregulari ties

such as more number of univalents at metaphase - I, presence

of lagging chromosomes, occurrence of micronuclei and

mUltipolar spindle formation.
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An amphiploid was produced by colchicine treatment of

the vegetative buds of interspecific hybrid, which had

normal chromosome behavior and increased pollen fertility and

seed set. The chromo:wme number of amphiploid was found to

be 2n 314. The amphiploid showed lower frequency of

multivalents owing to the preferential palrlng of

chromosomes.

Successful cros:~es between AE 202 and AM 4 was

possible only when Ar-1 - 4 was used as female parent. The

reciprocal crosses did not set any frui t. This showed the

existence of unilateral cross compatibility between the t'Wo

specles.
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ABSTRACT

The present investigation on "Genetic improvement and

cytogenetical studies in Thamaravenda (A.manihot L.)" was

conducted at the Vegetable Research farm, Department of

Olericulture, College of Horticulture , Vellanikkara during

the year 1993 - 95. The maj or obj ectives were to collect

maximum number of genotypes of the local Thamaravenda type,

to assess their variabili ty , identify promising genotype

among them~con.firm chromosome number of the species and its

species· affinity with A.esculentus and attempt the synthesis

of an amphiploid of A.esculentus and the "Thamaravenda" type,

AM - 4.

Twenty two genotypes of Thamaravenda collected from

different parts of Kerala were raised in randomized block

design in the field ·and statistical analysis was done on the

various observations recorded namely plant height, number of

primary branches, main stem diameter, number of internodes

on mainstem, internodal length, fruit length, fruit girth,

single fruit weight, fruits per plant, yield per plant,

seeds per frui t and hundred SeeJ;::t- weight. The genotypes

expressed significant variation for all the characters

studied. Genotype AM - 27 showed a combination of desirable

characters like highest number of frui ts per plant, high

yield and long fruits. High value of genotypic coefficient

of variation combined wi th high heri tabili ty was shown by

characters like fruits per plant, yield per plant, number

of fruit ridges and height of plant. Fruit length and fruits

per plant showed significant positive correlation with yield.

Fruits per plant sh~~ed the highest positive direct effect on

yield. Using Euclinear cluster analysis the 22 genotypes



'Were grouped into three clusters each having fifteen, one

and six genotypes respectively. The solitary cluster II

consisted of AM - 27.

The chromosome number of A.esculentus line AE - 202 and

Thamaravenda type AM - 4 'Was confirmed to be 2n = 130 and 2n

= 184 respectively. These observations indicated that AE 

202 belonged to tetraploid group of A.esculentus and that AM

- 4 actually came under A. caillei. In the interspecific

hybrid bet'Ween AE 202 and AH 4 all the haplophase

chromosomes (n = 65) of A.esculentus 'Wa~found to pair 'With

the homeologous counter parts of AM - 4 forming 65 bivalents

and 27 univalents shO'Wing a good amount of chromosome

affinity between the species. The interspecific hybrids was

found to be pa~tially sterile. The synthetic amphiploid

produced from the interspecific hybrid sho'Wed a lOwer

frequenQ] of multivalents and its chromosome number was 2n =

314 and "Was more fertile than Fl hybrid. The A.esculentus

lines AE - 202 and Thamaravenda line AM - 4 were crossable

only when AM - 4 'Was used as female parent.
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